- 3764 - Z5% %4k Acta Pharmaceutica Sinica 2025, 60(12): 3764-3774

ET 215 m SR B &R OB AL - A EEAER N R

BEF, FREY, ZuA, KERKR, K F', A BV, #EH"
(1. W R 222220, 29 AR AN 259 0 AT ik 9T B, Wi i 310058; 2. Wiy o = B 255508, WL Butl 310022)

E: B4 8 00 AL (Shexiang Tongxin Dropping Pill, STDP) Ay 2542 J5 1 il 771, B oo st O UL iR A1 < 2 fié i
el B8 BT A, W PR B 22 5997 O U B AL G A A T o AN 90 1 S R D 17 o R0 UG 38 44 F 3 R DR 4
iR, B35 %8 (PEPT1.OATP2B1.MDR1.BCRP). i Iii (OATP1B1.OATP1B3.0OCT1.0AT2). 5/l (OAT1.0AT3.
OAT4.0CT2.MATE1.MATE2-K) fIl.0: fJE (OCTN1.OCTN2.OCT3) 5 B #ia 44, i i 41 i £33 5296 4K 7T STDP X #%
EARRANEIE . 45 3R, STDP ml i & IR RH & 7512 R4t (OCT2.MATE1/2-K), XF Ho A 14 Pz 4k 7o i 2410
il M 5 STDP I (1 259 7 4E OCT2 \MATE1/2-K JI A, AR T 5 326 6 98 78 1B FH (X0 e 4 25 P o 355 38 7R R R [
Jli it — B0t 7T, R STDP_HFIJ?E'JMATEI S B 05 R R0 R R, B MATE2-K A S BB 853 IR ik ds . Bk
— 35 2N HE B STDP J5 A I 3% AT 1 SR BUBUE MATE1/2-K A4, & B0 B8 10 457 1l PR 770 B 0 B i i /s S
BRI, WKXTMATEl% N*é/%mﬁhﬁ%ﬂ@?fﬂﬁﬂ,%fﬂﬁ%%j\jzo%o MR &= R, STDP % ik piZh
G R AR B R AT RE MRS K. IR AR IR, I PR GRS ) STDP [RIXT b %% 3 44 1) 4 1 i 7 A A s R 2 S
Zi¥) - 23R HAE R (DDD) ] BETEAR K . sh S IR kA3 WL R 2= sh e B 25 01 2 Hikifk (bt 52 2JU20230086).

SRR B A O L B IS A RRER M 259 - 25 A ELAE Y TR

FE 525 RI17 XEkFRIRES: A X EHE: 0513-4870(2025)12-3764-11

Predication study on Shexiang Tongxin Dropping Pills-drug
interactions mediated by transporter inhibition

ZHAO lJie-ping', LU Shuang-hui'?, YUAN Liie-xiang', ZHANG Heng-bin', CHEN Xiu',
ZHOU Hui", JIANG Hui-di"

(1. Institute of Drug Metabolism and Pharmaceutical Analysis, College of Pharmaceutical Sciences, Zhejiang University,
Hangzhou 310058, China; 2. Department of Pharmacy, Zhejiang Cancer Hospital, Hangzhou 310022, China)

Abstract: Shexiang Tongxin Dropping Pill (STDP), a compound oral preparation of traditional Chinese
medicine, has the therapeutic effects of improving myocardial ischemia and relieving chest tightness and pain. It is
often used in combination with chemical drugs for cardiovascular diseases in clinical practice. In this paper, the
inhibitory effects of STDP on 17 human transporters were studied by cellular accumulation experiments using
overexpressing transgenic cell models, including important transporters in the intestine (PEPT1, OATP2B1, MDRI1,
BCRP), liver (OATP1B1, OATP1B3, OCT1, OAT2), kidney (OAT1, OAT3, OAT4, OCT2, MATE1, MATE2-K),
and heart (OCTN1, OCTN2, OCT3). The results showed that STDP inhibited the renal cation transport system
(OCT2, MATE1/2-K), but had no significant inhibitory effect on the other 14 transporters. Since the commonly
co-administered drugs are not substrates of OCT2 and MATE1/2-K, atenolol and procainamide, the potential
co-administered drugs of STDP, were selected as substrates for further study. The results reveled that STDP
inhibited the transport of atenolol mediated by MATE1 and MATE2-K, as well as the transport of procainamide
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mediated by MATEIL. Further study showed that the extracts of plasma, liver, and kidney from mice orally

administered with STDP, even at 10-folds of clinical dose, merely inhibited MATE1-mediad transport of atenolol
by 20%, without inhibiting MATE2-K-meidated transport of atenolol and MATE1/2-K-mediated transport of
procainamide. It is speculated that at the clinical dose, STDP is unlikely to significantly affect the renal excretion

of the two drugs. The above results suggest that at the clinical dose, STDP is unlikely to induce significant

drug-drug interactions (DDIs) due to the inhibition of the above transporters. The animal experiments have been

approved by the Animal Ethics Committee of Zhejiang University (approval number: ZJU20230086).

Key words: Shexiang Tongxin Dropping Pill; transporter; accumulation; inhibition; drug-drug interaction;

prediction

% ¥ 1@ 0> 3 AL (Shexiang Tongxin Dropping Pill,
STDP) £ 75 V5 H RACCK P ERAMFE 7 BEFL,
5 IR AL BT K, B 7 7 O AK i AL A
I 2 D, AR AR GE B 451 B B S 2 B ik o8 A Al
Tk Fe®), i B 4 T s O LR I L A 280 2% A 1R 1] 1
JRCY, T T 2017 AN E S 250097 Ao I R
i, STDP T ZAE NHBIIR YT 259, W 56 7 O ML
P I 25 36 A A L IR B- 32 Ak BEL VA 71 36 4B
IR R 6 2 2454 Je vT M RTY, 42 0 SRRE R ; BR
92 o5 45 F IR A R B A R Y, B0 R R AL
7 5 vy WA R I AR 245 B 6 AR AL YT 45, S8 22 Bl ik B
T A 2F J2 BG4 B8 1 2 3 4 ) ) S U P, G 0
JUUET 2 Al P2 B 0 I R AR 2 b BB L /N B SR AR 4
1) 751 B ] DC AR g SR A 7 1, TR AL A T B S
Wi &z, STDP 5 H Hiif J7 jek 09 0 S0 )
AL LGRS 0, BEREZE MR IR S BE i iU ">

BRI IR AR A STDP 540255 F A B R 2451
R, (HI A 25 259 - 25 A BAE H (drug-drug
interaction, DDI) & A= () 0] BB i T R 98 . R
BET 2 i €1, 3% P450 (CYPs) it A5 3 2 M PR AR
P DDI ) 3 # R B, (H 259 %% 15 1 5 1) DDI TS A /]
G CYPs FZRIE TR i, T i8R 78 4
5 &I E R RIS, "SRR
A HEME, DA A T A 245 400 4 JEE 23 A1 T 1) 42 52
Wi 25 ) AR o 245 RT3 ek ) A S AR ) U I A RIS
AN T 5 Wi Y A R SR PR A o, L3S S F 25 i) Ak A
B,

AR ST e i2 {69 3 ) DD, H 5 %5 %€ STDP
XTE B L (B L) EE YR ISR
HY, BLFEIN STDP Ji 2o 411 ] #% 32 {4 1M 51 2 DDI # 7
et

MRS 7%
HAFNRAF  BFEE0 AL (STDP) K (G 100 H

i, L5 210410) B P95 B L2500 A R 2 7] 24t

HRZA MWL R (Gly-Sar, #t5: G2416229). L-HLAK (L-
carnosine, L-Car, fIt*5: D2403140).Hoechst 33342 (it 5:
H2117214).Rhodamine 123 (fit*5: F2411426). 1k 7 37
15 (5 F2217258) 1 2 A (L5 : C2429249) Fifi &7
%A 7T 45 (Hit 5 0 F2129357). 4-Di-1-ASP (it 5 :
D2109163) ZERiMAK (L5 : F23271472) 05 W36 3 (it
51 C1624098). 6- R B 4F 4 3 (5 G2222137). [N fis
& (5 G2220920). FUKE T (it5: G1912154)Fi &
IR (H5: A2305243) & R (k5 B2428214). %
JBT (5 G2227342) K i ik (L5 H2203494). %2 ff
A (L5 B2421048) A BEIR 1 (L5 C2504190)
W bR BT A AR A A R AR T (S
MKCRO0642) N- H % -4- 28 FL ik weg 85 14k ) (MPP", it
51 CUGRO0645) 4 H 35 [H Sigma-Aldrich 2 7 ; /AR
Jig WA (15 S395901, > 98%) 14 (4 Cambridge Iso-
tope Laboratories; DMEM %% 77 3k \RPMI-1640 $% % %k |
DMEM-F12 55 72 5L 7 b i 38 IS A= M RH A IR A A

52 M3 18 H 5% H Gibeo A #; Triton X-100 14 H =
KAWL AT 8 P, Ho A a0 35 O B 7= 43 4l 515y
Hrat.

FEME BB (Agilent1290/6460 Triple
Quad), 3 [H Agilent A 7] ; & 0K 46 & 4t (Centri Vap-
E111201), 3% [ Labconco 2 7 ; {5 & W {5 (DMil), £
Leica /A #] .

MRS AT R A (R 1) %
6 18 20 At B 7Y peDNA3.1(+) (B T ] 7% “mock”™)
P51 BR A S 0 = A U VB ORAE o N5 L e A R
(Caco-2, H "5 : TCHul46) W 5 A [E R} 2 P #1157 57
IR 2 2 A% . Caco-2.MDCK . HEK293 41 fitd
I DMEM 58 215 72 5 (% 10% R 25 135 F1 1% &5 -5
#H#, ), LLC-PKI1 4l i ff F RPMI-1640 58 4> % 7%
B, CHO 28 it 1 Ff DMEM/F-12 52 4= 55 57 5k, 4 i B
37 °C\5% CO, 4 i 55 746 55 7%, 24 40 i 2% 5 5 3|
2£190% I, L 0.25% g fig i AL AL AR

TEE ICR /N, AR EE 2 25 g, T WM 12 24 e S 56



+ 3766 -

2% %4/ Acta Pharmaceutica Sinica 2025, 60(12): 3764-3774

WO [SPF 24, B4 VF Tk 5 - SCXK (#7) 2019-
0002]. FAFEIAETILEE 20~25 °C, ¥i/E 50%~60%, 12 h
BRAGIR . ANRUE N FE3 R, SEIRTZE R 12h, HH
oK. BN TR E 4 WL K 2 B WA B 2% 5 2 et (Gt
5 2JU20230086).

RIRELH)  STDP fif %7 FREL STDP 414} 100 mg,
B 1 mL DMSO # % i, By 100 mg-mL" STDP
£, RAF =20 °C, Il FH B FHAH R0 B OM R 2208
M. BENR B AEB 2 ME (phosphate buffer solution,
PBS): # H NaCl.Na,HPO, 12H,0.KCIl.KH,PO, i& &,
I AR A, P E AR L L, W pHIE 2 7.4,
Hank's T ££ % (Hank's balanced salt solution, HBSS):
fi 75 & NaCl.NaHCO,Na,HPO,-12H,0.KCI.KH,PO,.
MgSO,-7H,0.CaCl,~HEPES. glucose. MES Z&{H¥ (2-
morpholinoethanesulphonic acid, MES): 7E HBSS Fit. /7 %
fii b, FH MESAX# HEPES, JfH NaOH i 5 pH{E % 6.0
KRH 2% ' #{ (Krebs-Ringer-Henseleit buffer solution,
KRH): it 74 NaCl.KCI.KH,PO,-MgSO,-7H,0.CaCl,
HEPES. glucose. A L% HU 2% #h ¥ (artificial uptake
buffer, AUB): it 74 KCI.KH,PO,-MgSO,-7H,0-CaCl,+
HEPES.glucose. 7 1 L AUB /& & %Al _Fjin A\ NH,C1E
AJRI45 449 30 mmol-L” NH,CI ) AUB. iR &AL
il 2L 0.22 pm LRI SEFR T, 4 °CIRAF .

STDP 4% 15 (RRHNGIRR 5T 8 i 2 P o) % 3 A
2 R AR R 258, PEAL STDP X 4% 3z 44 1 4 il /E
H o ¥ Caco-2 41  F25E 205 N IR % 18 4% [ 7 5= DA 4
J S £ ) mock ZH i, LAEESL 110755 FZ M T 24 5L
PR, dF 2235 7 48 h Ja BEAT R M HI e e . FEFE RN
1, AR FEQ T IR IR AL, 40 LA 37 CCTH

% B VRIE BE R 5, IR B W), 37 °CTILiE & %o #h
J, X HEZE 5 0 200 w55 JE A0 4 0% B W, 0 7 2
B 308 200 pL 75 I A RN 28 L 041 55 5% STDP [ 9% &
W, HmE—EnE. BEESRERERF AT
W, LAUKYA (1 PBS J5 e =3 o % L& 5 4H i ik,
BRIRPESIE R T 53 78 55 L, —8O°CIRAE AT o

MATE1 #1 MATE2-K Jy 4 #% 32 1, £ MDCK-
hMATE1 .MDCK-hMATE2-K 4 ffl 1 58 sz 88 i FE v, 4
B 200 pL % 30 mmol-L" NH,C1 ¥ AUB ¥& Wi U5 &
20 min, A] ¥4 1277 A, B 5 & 509 200 uL H #H AUB
T, B Ja LA LR 2 2409 6 WOEEAT R SR S 56

RITRYIBVME 4 AR b 1) 5% eI R
PGV T o N %% KL PR A A 2 % 1 mock 20 i R AR
FEIRMR S, R W AE 4 M 78 5 2%, 13 000 r-min
B0 5 min EFRIEE . J3 700 WU 4 i AR 150 uL,
TEARLBEOR B () FIR IR (4,,) Tl 2 k58
J% : Hoechst 33342 (4., 355 nm./_, 460 nm); Rhodamine
123 (A, 485 nm.A, 535 nm); ASP" (4, 475 nm./,, 605 nm);
6-CFL (4, 492 nm.J_ 525 nm). [df L BCA 3 5E %
FLE FWREE, PL9EOG R B 5 8 IR P 10 LA VT Al 5
i DR 48 L ) IS D R R

ERARIEGUE K Caco-2. 55 3 [F 41 filg J %
H 1) mock 4 i R = AR VR S5, S WCHT A 40 il 72
43 %44, 13 000 r-min B0 5 min ZERIEHK . 2 HIKEL
50 pL 2R, I 250 L Z IS (& AR, AR FR
HIF3 2), iwliEdR% S min, T4 °C.13 000 r-min™ &L
10 min, §{_E3 150 pL #£47 UPLC-MS/MS ll 52, [F] i DA
BCAENE & FLEEWRE . e H 2BV R AR
B MPP & R R N AR R AN d - L-Car

Table 1 The specific accumulation mode of genetically modified cells. d,-L-Car: Deuterated L-carnitine

Cell/transporter IHCUb?tlon Substrate/umol-L" Inhibitor/umole'l X Pre_lflCUb_atlon/_ Lysate agent
medium incubation time/min
PEPTI (Caco-2) HBSS Gly-Sar/20 L-Carnosine/500 15/20 0.1% SDS 100 pL
OATP2B1 (Caco-2) HBSS Rosuvastatin/2 Rifampicin/200 5/5 0.1% SDS 100 pL
MDCK-hBCRP HBSS Hoechst 33342/10 Elacridar/10 30/90 0.5 mol-L™ NaOH 200 uL
LLC-PK1-hMDR1 HBSS Rhodamine 123/5 Ciclosporin A/100 30/90 0.5 mol-L™" NaOH 200 uL
CHO-hOATP1B1 HBSS Rosuvastatin/2 Rifampicin/200 5/5 0.1% SDS 100 uL
CHO-hOATP1B3 HBSS Rosuvastatin/2 Rifampicin/200 5/5 0.1% SDS 100 pL
HEK293-hOCT1 HBSS ASP'/10 Verapamil/200 5/5 0.5 mol-L™" NaOH 200 uL
MDCK-hOAT2 HBSS c¢GMP/20 Indomethacin/200 15/5 0.1% SDS 100 pL
HEK293-hOCT2 HBSS ASP/10 Verapamil/200 5/5 0.5 mol-L™ NaOH 200 uL
MDCK-hOAT1 HBSS 6-CFL/5 Probenecid/200 10/3 0.5 mol-L"' NaOH 200 uL
HEK293-hOAT3 HBSS 6-CFL/5 Probenecid/200 10/3 0.5 mol-L™" NaOH 200 uL
CHO-OAT4 MES 6-CFL/5 Probenecid/200 10/3 0.5 mol-L™ NaOH 200 uL
MDCK-hMATE1 AUB MPP'/10 Cimetidine/100 5/3 0.1% SDS 100 pL
MDCK-hMATE2-K AUB MPP'/10 Cimetidine/100 5/3 0.1% SDS 100 uL
MDCK-hOCTNI1 KRH Ergothioneine/3 Quinidine/500 10/2 0.1% SDS 100 pL
MDCK-hOCTN2 KRH d,-L-Car/2 Mildronate/200 10/2 0.1% SDS 100 pL
MDCK-hOCT3 HBSS ASP/10 Verapamil/200 5/5 0.5 mol-L™ NaOH 200 uL
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Table 2 Mass spectrum parameters of substrates and internal
standard

Internal Fragmentor Collision

Substrate mlz

standard voltage/V ~ energy/eV
Gly-Sar MPP" 146.9/90.0 75 8
Rosuvastatin Loratadine 482.1/258.2 135 35
cGMP MPP* 346.0/152.0 110 16
MPP* Loratadine 170.0/128.0 100 30
Atenolol Loratadine 267.2/145.0 100 22
Procainamide Loratadine 236.1/163.1 80 15
Eergothioneine MPP* 230.2/127.0 95 16
d,-L-Car MPP* 165.2/63.2 115 15
MPP" (1S-a) / 170.0/128.0 100 30
Loratadine (IS-b) / 383.1/337.1 170 20
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Figure 1 Transporters with relatively high expression levels in human intestinal epithelial cells (A), hepatocytes (B), renal tubular cells (C)

and cardiomyocytes (D). OCT: Organic cation transporter; MRP: Multidrug resistance protein; PEPT1: Oligopeptide transporter 1; OATP:

Organic anion transporting polypeptide; MDR1: Multidrug resistance protein 1; BCRP: Breast cancer resistance protein; OAT: Organic

anion transporter; OCTN: Carnitine/organic cation transporters; MATE: Multidrug and toxin extrusion protein; BSEP: Bile salt export pump
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Figure 2 Effects of Shexiang Tongxin Dropping Pill (STDP) on the cellular accumulation of typical substrates of PEPT1, OATP2B1,

BCRP and MDRI transporters. Data are represented as x + s, n = 3. One-way ANOVA followed by Dunnett's multiple comparisons test. P <
0.05, "P<0.01, ""P < 0.001. ROV: Rosuvastatin; RIF: Rifampicin; CsA: Cyclosporin A; ns: Not significant
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Figure 4 Effects of STDP on the cellular accumulation of typical substrates of OCT2, OAT1, OAT3, OAT4, MATEl and MATE2-K
transporters. Data are represented as x % s, n = 3. One-way ANOVA followed by Dunnett's multiple comparisons test, /P < 0.05, P < 0.001.
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Figure 5 Effects of STDP 40 ug:mL™" on the cellular accumulation of atenolol and procainamide mediated by OCT2, MATE1 and MATE2-K

transporters. Data are represented as x = s, n = 3. One-way ANOVA followed by Dunnett's multiple comparisons test, "P < 0.01, ""P < 0.001
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Figure 6 Effects of extracts from plasma, liver and kidney of mice
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Figure 7 Effects of STDP on the cellular accumulation of typical
substrates of OCTN1, OCTN2 and OCT3 transporters. Data are
represented as x = s, n = 3. One-way ANOVA followed by Dunnett's
multiple comparisons test, "P < 0.05, ""P < 0.001. EGT: Ergothio-
neine; QND: Quinidine; MET-88: Mildronate

whx

WAL 0 P L B A0 B, Caco-2 45418 7 | MRP2/3
MIRIBR, DG GBI, MASCRIATH

R A ELAE R — AN SR LR, 3L
w2 52 5 U, PR A SE IR RS AL N AR B P A SR
BLIR AR RE RO BN A5 T 46 R, 7E AR SR8 T
0 STDP 1 fi 2 A 0 32 P 0 JE L, 01 5 2 1
e 5 5 5 £ STDP 15 25 90 Bk R B9 A L
R

{8 Tk T S SR G, Ml BT R

WICHRS s 77 XU T B A7 DT A 2 SEIR AR A TS 2 5 Ml
T SRAE KK S 5 Ge i o M 5 A ROG WE 7T R S i SO E



ARG T8 ST 24 X A ) ) R 7 B a3 AL~ 24 WA EL AR Y] LI T 7 © 3773

PRAE T TR R O R L R U R R RIT ST R, R AT
WXIEK.
FlEs: PrafEE K WA AR 2

References

[1] Chinese Pharmacopoeia Commission. Pharmacopoeia of the
People's Republic of China (14 A R LA [E 24 4t [S]. 2020 Ed.
Vol IV. Beijing: China Medical Science and Technology Press,
2020: 1896.

[2] Xiong M, Jia C, Cui J, et al. Shexiang Tongxin Dropping Pill
attenuates atherosclerotic lesions in ApoE deficient mouse model
[J]. J Ethnopharmacol, 2015, 159: 84-92.

[3] Wang Y, Wang T, Ma T, et al. Shexiang Tongxin Dropping Pill
alleviates myocardial injury induced by coronary microemboliza-
tion by down-regulating APOCI to inhibit STAT3 signaling path-
way [J]. Aging (Albany NY), 2024, 16: 8484-8496.

[4] Yan J, Liu H, Shang J, et al. Protective effects of Shexiang-
Tongxin Dropping Pill against acute myocardial infarction in rats
through inhibition of apoptosis and ERK/MAPK signaling path-
ways [J]. Heliyon, 2024, 10: €39939.

[5] Han, Tie C, Shen N. Effect of Shexiang Tongxin Dripping Pills
on coronary flow reserve in patients with coronary slow flow
phenomenon [J]. Chin J Gen Pract (" 4 4= £l % 2%), 2024, 22:
1530-1532.

[6] Pan Y, Wang Z. A study on the effect of the combination of
Shexiang Tongxin Dropping Pills and metoprolol in the treatment
of coronary heart disease with angina pectoris in the elderly [J].
Chin J Mod Drug Appl (*' E LA 2952 H), 2024, 18: 130-132.

[71 Zheng W, Wu R. Efficacy of Shexiang Tongxin Dripping Pills in
the treatment of microvascular angina pectoris and its clinical
safety [J]. Chin Heal Stand Manag (' [ 2 b 4 % 28), 2024,
15:160-163.

[8] Yang Y, Ma W, Zhang C. Effect of Shexiang Tongxin Diwan
combined with rosuvastatin in the treatment of coronary heart
disease complicated with hypercholesterolemia and its influence
on liver function [J]. Med Innov China (H' [& %% 2% 61 #7), 2024,
21:24-28.

[9] Cai Y. Analysis of the efficacy of dynamic guidance of Shexiang
Tongxin Diwan combined with amlodipine besylate tablets in
patients with hypertension and coronary heart disease under the
concept of general practice [J]. Chin Foreign Med Treat (" 4h[%
JT), 2024, 43: 80-83.

[10] WuY, Lin Y, Fu H. Impact of adipokine metabolism on coronary
microvascular dysfunction and clinical application value of
Shexiang Tongxin Dropping Pills [J]. Acad J Nav Med Univ (¥
TR N EAR), 2024, 451 1250-1258.

[11] Tong Y. The influence of musk heart-passing dropping pills
combined with clopidogrel bisulfate tablets on the efficacy and

safety of patients with acute coronary syndrome after PCI surgery

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[J]. Chin J Clin Ration Drug Use (lIfi /K & B FH 24), 2024, 17:
55-58.

Pan J, Wang Z, Wang X. Pharmacoeconomic evaluation of
Shexiang Tongxin Dropping Pills combined with conventional
Western medicine treatment for coronary heart disease by Markov
model [J]. China J Chin Mater Med (1 [ th 24 4% %), 2021, 46:
1832-1838.

Pan J, Zhou J, Wang X. Meta-analysis of efficacy and safety of
Shexiang Tongxin Dripping Pills combined with conventional
therapy of coronary heart disease [J]. China J Chin Mater Med
(FPEFZ2 L), 2021, 46: 2325-2332.

Saravanakumar A, Sadighi A, Ryu R, et al. Physicochemical
properties, biotransformation, and transport pathways of estab-
lished and newly approved medications: a systematic review of
the top 200 most prescribed drugs vs. the FDA-approved drugs
between 2005 and 2016 [J]. Clin Pharmacokinet, 2019, 58: 1281-
1294.

Schroeter T, Lapham K, Varma MVS, et al. Positioning enzyme-
and transporter-based precipitant drug-drug interaction studies in
drug design [J]. J Med Chem, 2025, 68: 1021-1032.

Sun S, Wang K, Lei H, et al. Inhibition of organic cation trans-
porter 2 and 3 may be involved in the mechanism of the antide-
pressant-like action of berberine [J]. Prog Neuropsychophar-
macol Biol Psychiatry, 2014, 49: 1-6.

Yang X, Ma Z, Zhou S, et al. Multiple drug transporters are
involved in renal secretion of entecavir [J]. Antimicrob Agents
Chemother, 2016, 60: 6260-6270.

Bai M, Ma Z, Sun D, et al. Multiple drug transporters mediate
the placental transport of sulpiride [J]. Arch Toxicol, 2017, 91:
3873-3884.

Talap J, Shen Z, Nie J, et al. The characterisation of the in vitro
metabolism and transport of 6-hydroxykynurenic acid, an impor-
tant constituent of Ginkgo biloba extracts [J]. Xenobiotica, 2021,
51:513-521.

Zhang Y, Chen Y, Dai B, et al. Bilirubin reduces the uptake of
estrogen precursors and the followed synthesis of estradiol in
human placental syncytiotrophoblasts via inhibition and down-
regulation of organic anion transporter 4 [J]. Drug Metab Dispos,
2022, 50: 341-350.

Wang Y, Wang Y, Fang Y, et al. SNDI regulates organic anion trans-
porter 2 protein expression and sensitivity of hepatocellular carcinoma
cells to S-fluorouracil [J]. Drug Metab Dispos, 2024, 52: 997-1008.
Kabeya T, Mima S, Imakura Y, et al. Pharmacokinetic functions
of human induced pluripotent stem cell-derived small intestinal
epithelial cells [J]. Drug Metab Pharmacokinet, 2020, 35:
374-382.

Ci X, Wang Z, Li Y, et al. Expression of drug transporters mRNA
in Caco-2 cells and its viability evaluation [J]. Drug Eval Res (Zj
PP AEAL), 2018, 41: 980-985.

Nies AT, Damme K, Kruck S, et al. Structure and function of



Ny

3774 - #2224k Acta Pharmaceutica Sinica 2025, 60(12): 3764-3774

[25]

[26]

[27]

multidrug and toxin extrusion proteins (MATEs) and their rele-
vance to drug therapy and personalized medicine [J]. Arch Toxi-
col, 2016, 90: 1555-1584.

Tsang YP, Rodriguez AG, Warren MS, et al. Identification of
selective substrates and inhibitors of the major human renal
uptake transporters [J]. Drug Metab Dispos, 2025, 53: 100046.
Sato T, Masuda S, Yonezawa A, et al. Transcellular transport of
organic cations in double-transfected MDCK cells expressing
human organic cation transporters hOCT1/hMATE! and hOCT2/
hMATEI [J]. Biochem Pharmacol, 2008, 76: 894-903.

Zhou Y, Wu X, Deng Y. Effect of cooperation between trans-

porters and metabolic enzymes on drug disposition by intestine

(28]

[29]

[30]

and liver [J]. Acta Pharm Sin (%)% %%4Rk), 2020, 55: 1762-1767.
Zhou Q, Yu LS, Zeng S. Personalized dosing from perspective of
pharmacogenomics of drug metabolizing enzymes and trans-
porters [J]. Acta Pharm Sin (2% 243)), 2017, 52: 1-7.

Dong ML, Luo J, Jiang HD, et al. Research progress on the
changes and mechanism of intestinal drug transporters in inflam-
matory bowel disease [J]. Acta Pharm Sin (% %% %#1}), 2022, 57:
943-951.

Wu X, Ma J, Ye Y, et al. Transporter modulation by Chinese
herbal medicines and its mediated pharmacokinetic herb-drug
interactions [J]. J Chromatogr B Analyt Technol Biomed Life
Sci, 2016, 1026: 236-253.



