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Research progress of drug interaction mechanism and evaluation methods in vivo
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Abstract: Drug - drug interaction is one of the main sources of clinical side effects. The benefits and risks of drug interaction will
seriously affect the safety and effectiveness of drugs. According to the process of drugs in vivo, this paper expounds the mechanism of
drug interaction in vivo from four aspects: absorption, distribution, metabolism, and excretion; In order to predict their possible drug
interactions, and to study potential drug interactions which has also been a necessary process for drug development, this paper also

reviews the development and progress of relatively mature drug interaction models in recent years.
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Fig. 1 Schematic diagram of the DDIs of absorption in small intestinal epithelial cells
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Fig.2 Schematic diagram of the drugs interaction about the

plasma proteins

122 gUMIRRGERE  Z5W)4E LN 28 B 4L 2 1]
W, TTRESZ RS, MONBFREELS . 5
Wi 245990 73 A7 V0 o o = LA 160 i o B R0 i 480 e i«
1 i o B A2 4 I/ R 5 ot 28 2 Jt 411 B T i 1
12 55 106 240 i 7098 1) L R H ik 6% R M T s (1) if 2
S ia I bk, et 2 B E B
B AR o 1% 2B DR i A 1B 40 LA P B 4 A )
R, MBS, N2 BIREINEH — 2N
R ERRA AR, METFE S TR WMEmrZ
VIASREE 1ok 10 i B B ik NI 443, T R — R



EI6HEI0H 20214104 DS EET Y3

Drugs & Clinic

Vol. 36 No. 10 October 2021  + 2195

i 25 2R 1 A B R B 25 It A B R 4 Fhi& A%
551 MR KN T EEE A R BR G 2R
2 Mg IR TR B8 5 3 M ik
N FRINAAEH; 58 4 PR R R IR IEIE S5HE R
GeioE . HATHEFT A, L BE R i H s R B
A4y 32K (BIELIaE A AMERR IS B R
HIZEM. B EEACEANIE TiiaE
H. L BEREZEED. SaR%eED. M
B EFE ATP 45 &R fistk (P-gp. Z 42
KEAMIANEN 255 1) BB FHE 2k,
W i B H AR PR E O AENY ST
iz, MWRFENEEEAS My, BF
TEZ PR TR S0 i BE R as A 1
Z9WAH EAE R BESRAL T i, (R E AT R A 3
EHEAMERIZ R b N T IS ZTERN N IR
B, VrE et A AN AN s s . P-gp AEdl
il HINV 5 1 B 77 B0 b 08 =5 (1 iR lse, 228 T =2 P-
gp HIFMHRIFR, P9 24 106 P I R 42 i B b 308 =5 ()7 B ok
R

Ji6 B BRI A2 FR AR A SR B 5 1 L SE A1 bR,
B RS G LRI R 5 TF . (EX 25 S, R
R BRI I 1 S — R AN i S BE B DX A
BT LK 2 525 e 28 i i 48 B Rk A e ) LA 1Y
R RIS AN o MEAE R, SR AE R
L2 NG LA () 85 M A TR0 B 4 5 B 1
o ER

oAt A= 3B A I R BRRR I 5 BE R B
&, EZGPAEIR AT R LA B RORE, 1T
AR B RS 207 3, A Reis 2R
JTHE.

2 EAE AT REAE A A B —HE “ XL
7)8)” Bel, EARE A DURI 2 AR R R R,
{252 M 25 AR
1.3 HEEAXAYRSENEMm

YLt 2R PA50 & — A5 MR T REAH R B X
TR R s () S Bk AL K [ TR, EZEA7E T4
JCFEULN RN, B REA. BEREA. B
BULR, SH5ENAYRE. JUT A AR
BB AR O TR AL B WA K IR AR P )
871, SRMAFIE R S 5 249 A e A i) i B L (1) 4%
O, HT258s 5 PAS0 4Lk, FEAE T N
WL T, 2 5250100 . P40 AR YR & 3L R 7 411
FH TR BE BT 3 AR SO ANE 0%, 4n CYPLA.

CYP2C. CYP2D. CYP2E F1 CYP3A. 4T P450 fi
YRS TP RE BN, FDA N, MR
SRR R 2 AR B, R PR B TE 1 24
V- M EAER . ST OREY, ZRue T
NG, ABAREH G R ZER AL . X TGRS, 2
YIml 48 3 28 UMD, i SHIFMHIFD . P450 [
AFEE — M A A E PR i SRRl .
29 A EAE FHAE AR R 7R A R B AT DA N
(1) [Er AR [E— P450 7 AL 3k 5 AU ,
AR MR BT i, AEIAR T RE K o 6F A AR
P B P F AR R | S-5 2522 9 W SiE 2R it
R F 2R BRI, (2) [ AY P450 [1)iF
SHVFEY R AR, i S fe sk AR,
FEYIE N ST I 4R, 2R PR . FUAR
#H# & CYP3A M7, SHMZAYERK,
L2 2GR BE AR T TRAME . DRI, BRI = )
9l e SECRORITIA, WA EAE FE IR IR
FRERICNAARE A AR, 25 S kE
1 40%, R 2990 7E A TH 2540 AH EAE
HATAEH SRR . AR S [ 259 78 (1)
Wity , MELH 6.7%H EH B IS WA E/ER I
PRAAIIAS R P23, 7R AR (1 25 0 AH LA
L HAl b & 0i% S 8] CYPA50 (35 M A i
A2 A AR F 0 R Z R IR, o B 5 A )
i HAE i 2 TR T 5 R EAEH R, 245
YA BEAE R B E LA 3.

1. Substrate+Inhibitor cYP? 1. Decrease substrate metabolisn;

2.Substrate+Substrate  E=m Liver =

2. Decrease substrate metabolisn

3.Substrate+Inducer 3. Increase substrate metabolism

co-administrated drugs Results

E3 #APREBEEERREE
Fig. 3 Schematic diagram of the drugs interaction about
liver metabolism
SRHE—#E, N WIEn T AR, B
FEAML (L3R PAS0. HEHE, CYP3A fE/NH 2k
FFAER 1%, (EXRELLZR0 s, WfifsR AR
KA 281, e oK 2 N i AR (L3R P450
FISZIRAR K . AR AT TR B, TiE g (3R P450



+2196 HE36HFEI0H 2021E 10 H

ARt bl

Drugs & Clinic \ol. 36 No. 10 October 2021

SEUE O RZYED R A E R FER R, 20k
ZiPi s — A . AOER A FE N g bR AR 1.
I AEACHEE, Gi/KAERG. WS, PRIT BERR A 4
PEREH:T4EE (UDPGT) MIBREREE (SULT) [28-29],
Y MLz PAS0 RS AN 52 A H R 2R (1) 5,
1M H 225 sem . iRIE AT A3 P450 i
TEPERIR I, Z5NT ok 32K R ISR 4
il 7)) BO-S8l, ikl 5% A AR FA WL T 43 A 5 4
PEFDHIATE AR o 5540 H R I A 7 S
JE A5 e 5 B B MR A, AR BRE TS M . A
F PRSI 7 BRI IR 40 M (.2 P405 Y& 1 .
I RAFFFE R B, HRHIFIXS /N CYPA50 M1
ST HFARRT, J 259 SR,
PR R FREATIREAEE, KM
WIE, PR D AR 259 LR A0 FH S RN AT 3.
Rk, 755 B HIE < R EPEIT IR
SRR R FE, KRR P Ath v ) (19 100 2R 5 A
Fhim, PN Tilg FaedE| P-gp A1 CYP3A, MIfifE
e fth 5 S 1 1 AR A= 2 P e
1.4 HEEEANAYHETA D

Hi 2 259 B LA G P TE A 3 HEBR A4 A1 1 3
2o HEM A SRR N 25 B B EHEMERIAR
THHEMER 25 HEME ) = B4 AL nT DA
W Bilis FLyts MERAR. FFRRSEHEH . — ORI,
24V HEM 5312 B 1 2 B B BRI R . HE
R 250 A ELAR o] DU R N 254 5 HE S B
HiaEAZ PR Ht s ks ki s
BRI 18 AR RN HERG 3B PR -0, SR 12 B 1 B
HHAE FHIZ 2k (OATP). HHIFHE FiicE
H (OCT) . sMEiz®EEH P-gp. MRP,
BCRP 1 MATE 415k, 25040 BAF F 7E AR ) s
B[R 25 E RS AR Y 2 2P AR ELAE 4l
M T e A E AR RE Y Rk, 299AH EAE
R 3 T A AR B A AT IR o B I I, 355
ANERJERL . B INE IR TR SGE AR, X S AR A
SeWa B A E . B i 2590 AR
ALEGN LR AN B, (1) 2 Fhak 2 FHel B
WS AHE AN HEER B, ATk 2P
N TEET AT B 2 RIS I, P T LASE A
[ (0 s 3B, AT 5 B F AR . (20 442
Y35 G 2 E RIS AL, T DA /Zb PRI, 48
Heitte . A SCERIRIE Z R VT 2R 259 RE 30| SKPT 41
X H R WL R I FR L, VIR 2R — KR

WEHEME A A AR R A 255 4 PEPT2 454
F7 8, P REHEE R A T B e A R . FPAE
He gt v () 25 Y0 A0 BLAE F ] AR N S e
HHZ AR R,

VEZ2 25008 1 B NE R RE AR, 25900 HEmE S
FE 52 0E N IMZGUR BT . S BEI R 25 k0%, B
P T2 T RO EE Y, R 25 fE HEL R
(RAH ELAE A AR
2 ) - AYMMEEERIEN S E

R IE R A A RS R M BEAER, 3
ATAEA A 8 S T A [R] (R AR 2R SR ABE 40 24 P R A B A
IR . #0254 AH AR RAEAS R FE AR
RS GE R ZE R 3 Fh 3 BEHLH: 259040 BAE
MR E R 2900A BAE R R AR
Fir . Z9WHH EAE R AT R R AEAE MUK BR L & A
.
21 #HYEFHTEEPHEEERMITENSEE

1 A TR 3 P T RSO PN ) R i R el
Caco-2 ZHiffl (NZ5phlMEani i) B, HT29 4hJf
CNEE i i 40 i 2259, MDCK 4iiffi (Madin-Darby
R4 % D) MDCK-MDR1 412 ( Madin-Darby k:
B e 24T 2535 KD BU. T84 4Hf (FEMEA
sEI a2 ) BAEAG ARG H LR SCREE, T
2 H T o 98 - MDCK-MDR1 4 it B A5 1 i i
Beee 441 D i Rk P-gp AR AL, R AL AL G o Bt f
FH 20 i I53-561, A Uik et JBURL 1K) HEK293 41 i 5
FIE OATPLB3-60, 3 s i m] LI SRARFUAR 43
W o FEIZNM DA — 5 (1) % FEFEFRAE Transwell L, £5
FRER, ®RIME TEER H, 7EH.)Z TEER iA%]—
EAE BT R E S5 . Transwell B~ 2 B LA 4.

E 4 s 8 R A LR
Fig. 4 In vitro experimental model about drug across
monolayer cells
L WIBE 2B (Pap) F1ER (efflux ratio) i
Y 23S 2 AR EAE T RIALE . ER HOTHEETT
52N Papp CREIRAMU AT BRUA Papp (TR ZE
FEJERAMID o



EI6HEI0H 20214104 DS EET Y3

Papp=0dQ/(dt-S-C)

ER =Papp(B—A)/Papp(A—B)

o Papp ARMIBIE RS (em/s); dQ/dt AZEMHEIEE
2y SN RIKIRBEMETAN; C B =] ULARTE fhgh it b (4 4h
W

MR SCHRHRTE P DA% 56 B o s MR AL 1) 245470
38 395 AN Pagp [EAK T 1X 1076 cm/s K,
i R RE L EAE 0~20%, EBHERI I 2 ;
L ZHII Papp [HAE 1X1075~10X 1070 cm/s i, 24
Y RARIE I B AE 20%~70%, /& IR U 1 259 5
B2 Papp 17T 10X 1078 cmi/s i, 25411 AR
ZEit EAE 70%~100%, 245 7 WU 258 . (R Ak
HEZR ER 4 0.5~2 W F7- i sh 3 H#i.

AL, BN AY I SR VPN 25 W AH ELAE R
T, B i 2 T 2 Wil N RS i S FH I
AL, BON'E RGN ESOIRES, R
W25 W) LE Bl N RSSO0 o AR B4 S DA 20V R
RS . RIS AR R AR I A
B ANEAEEE, FA SOEEME R (Per)
AR IO T (Ko PN 25U 1 8

Cout(corrected) = Cout PRin/PRout

Pett= QIN[Cin/Cout(corrected)]/2mLr

Ka=(1— CouPRin/PRou)Q/xr2L

A Q AWGTE M E, Couts Cout (FZIE) 430N
AR TE AR S R S B U 245 AR BE R MR . Cin A2 2RI
%o PRinv PRout 7} HICNERLLHEH CIVRJE . Ly r 2 5RR K
. HE (em) T
2.2 HIRENTEN A

AR ZG AN BAE ] 3 R AEAE N R . /)y
Jin A0 U e A S L AR T IR A SR A ]
Michaelis #%0 (Km) F1 Vinax F T 259040502, @
ARG AT IE S 4, wT LB R T #2451
FHH AR A B A BARE IS 0L

V=Vma{S/(Km=+[S])

CL=Vmal/Km

HrA Vo Vimax 48 BRI DR AN SRR Km 2
Michaelis H %, [S]2 5 ik
2.3 SEIENEE

ME R & 45 A RN INEA P ENT . 8
VB OB I LU 2 A S B A A ) 2
S ] DAE T 250 A AR P IR EE

F=(Ca—Cg)/Ca

Hoh FoM kR A 4545, Cas Ce 23l T 254704,

Drugs & Clinic Vol. 36 No. 10 October 2021  « 2197 -
& ML AT R B
3 #5iE

WRYE 23 AL RN, 29 AR PR
EEAFE KRS, HRAARFERERE . 259
FERNEIE LR AR R 2%, ARBEREERE AT RE
I A o i — SRR AR 1 SR A th A — oA i 14
JERANI, PRIk, A b [ I AANIR] E4 £ E S 254040
BAF BT PR . & 22322 e m]
BEPE S 2 FIALE . AR A1 SIEA6 vl LAY A8 3t S oA FL A
P ERAL AL o SRAA ST TR B 254 2 e 4745
A EAE A, IR 250 N R P A R B 1)
SIS . 2G)AE LA P LA 3 A A SR R 2
W2 M EAR R, 29k WA A 4 55 HiAt 24
YOAR AR 3% 51 25 T 5 5 AV A o I
Mo ZPPIAR AR AR H A IE RO AER, X124
PHEARNATEARM, ATREAFAE TS fed, 24
A B AR ELAE T SN T RE A b B A R4S Y SR A
YRR 208, I BAMAMERL 2 S FRRe iR, Rtttk
HMERLN SENYR WA IAE R . AHELEDE, R4
A RIS N 22 B oo 250 AH LA FIHLAIBIE 7T, 24
YOAHELAT RTE R A SRR b AT BIE -

RBFR HAGEHEARNELEAZY R
SE R

[1] Riechelmann R P, Del G A. Drug interactions in oncology:
how common are they? [J]. Ann Oncol, 2009, 20(12):
1907-1912.

[2] Tulner L R, Frankfort S V, Gijsen G J, et al. Drug-drug
interactions in a geriatric outpatient cohort: Prevalence and
relevance [J]. Drugs Aging, 2008, 25(4): 343 -355.

[3] Juurlink D N, Mamdani M, Kopp A, et al. Drug-drug
interactions among elderly patients hospitalized for drug
toxicity [J]. JAMA, 2003, 289(13): 1652-1658.

[4] Moura C S, Acurcio F A, Belo N O. Drug-drug interactions
associated with length of stay and cost of hospitalization
[J]. 3 Pharm Pharm Sci, 2009, 12(3): 266-272.

[5] Tsuji A. Impact of transporter-mediated drug absorption,
distribution, eliminationand drug interactions in antimicrobial
chemotherapy [J]. J Infect Chemother, 2006, 12(5): 241-
250.

[6] KuntaJR, Sinko P J. Intestinal drug transporters: In vivo
function and clinical importance [J]. Curr Drug Metab,
2004, 5(1): 109-124.

[71 Lee CA, O'Connor M A, Ritchie T K, et al. Breast cancer
resistance protein (ABCG2) in clinical pharmacokinetics
and drug interactions: practical recommendations for
clinical victim and perpetrator drug-drug interaction study
design [J]. Drug Metab Dispos, 2015, 43(4): 490- 509.

[8] Umeyama Y, Fujioka Y, Okuda T. Clarification of P-



* 2198 -

FEIHBFEI0W 20214 10H

ARt bl

Drugs & Clinic \ol. 36 No. 10 October 2021

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

glycoprotein inhibition-related drug-drug interaction risks
based on a literature search of the clinical information [J].
Xenobiotica, 2014, 44(12): 1135-1344.

Vincent J W, Jeffreya A S, Baidakova L K, et al. Role of
P-glycoprotein and cytochrome P450 3A in limiting oral
absorption of peptides and peptidomimetics [J]. J Pharm
Sci, 1998, 87(11): 1322-1330.

Nozawa T, Toyobuku H, Kuruma K, et al. Enhanced
intestinal absorption of drugs by activation of peptide
transporter PEPT1 using proton-releasing polymer [J]. J
Pharm Sci, 2003, 92(11): 2209-2213.

Annegret B E, Sabine G, Bianka H, et al. Recognition of
2-aminothiazole-4-acetic acid derivatives by the peptide
transporters PEPT1 and PEPT2 [J]. Eur J Pharm Sci, 2007,
32(1): 69-76.

Hou Y C, Lin SP, Chao P D L, et al. Liquorice reduced
cyclosporine bioavailability by activating P-glycoprotein
and CYP3A [J]. Food Chem, 2012, 135(4): 2307-2312.
Lemahieu W P D, Maes B D, Verbeke K, et al. Impact of
gastric acid suppressants on cytochrome P450 3A4 and P-
glycoprotein: consequences for FK506 assimilation [J].
Kidney Int, 2005, 67(3): 1152-1160.

Miyako O, Tomohiro T, Toshiya K., et al. Inhibitory effect
of znic on the absorption of B-lactam antibiotic ceftibuten
via the peptide transporters in rats [J]. Drug Metab Pharm,
2008, 23(6): 464-468.

TG, LR, R, S NBERSE S i K B A A
GBI S A AR AT 3], b E 2 AR E
i, 2002, 8(29): 576-578.

Katarzyna S, Monika Z, Irena M, et al. Interaction of
anthracene and its oxidative derivatives with human serum
albumin [J]. Acta Biochim Pol, 2006, 53(1): 101- 112.
Chen Y, Liu L H. Modern methods for delivery of drugs
across the blood-brain barrier [J]. Adv Drug Delivr Rev,
2011, 64(7): 640-665.

Gottesman M M, Pastan I. The multidrug transporter,
adouble-edged sword [J]. J Biol Chem, 1988, 263(25):
12163-12166.

Leeder J S, Okey A B. Drug-Induced Hepatotoxicity [M].
Erlangen: Springer Verlag Berlin Heidelberg, 1996: 119-
153.

Kobayashi K, Mimura N, Hirofumi F, et al. Role of
huanman cytochrome p450 3a4 in metabolism of
medroxyprogesterone acetate [J]. Clin Cancer Res, 2000,
6(8): 3297-3303.

Thummel K E, Wilkinson G R. In vitro and in vivo drug
interactions involving human CYP3A [J]. Annu Rev
Pharmacol Toxicol, 1998, 38(1): 389-430.

Askgaard D S, Wilcke T, Dossing M, et al. Hepatotoxicity
caused by the combined action of isoniazid and rifampicin
[J]. Thorax, 1995, 50(2): 213-214.

Ankel G A, Speedie S M. Detecting drug interactions: a
review of the literature [J]. Dicp, 1990, 24(10): 982-
989.

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[38]

[36]

[37]

[38]

Venkatakrishnan K, VVon Moltke L L, Obach R S, et al.
Drug metabolism and drug interactions: application and
clinical value of in vitro models [J]. Curr Drug Metab,
2003, 4(5): 423-459.

Preuner J G, Lehle K, Eichinger H, et al. First-pass
metabolism of cyclosporine A in human intestine:
Inhibition by diltiazem [J]. Transpl P, 1998, 30(6): 2545-
2546.

Paine M F, Shen D D, Kunze K L, et al. First-pass
metabolism of midazolam by the human intestine [J]. Clin
Pharmacol Ther, 1996, 60(1): 14-24.

von Richter O, Greiner B, Fromm M F, et al.
Determination of in vivo absorption, metabolism, and
transport of drugs by the human intestinal wall and liver
with a novel perfusion technique [J]. Clin Pharmacol Ther,
2001, 70(3): 217-227.

Seliskar M, Rozman D. Mammalian cytochromes P450
improtance of tissues pecificity [J]. Bio Chim Biopys Acta,
2007, 1770(3): 458-466.

Wilkinson G R. Drug metabolism and variability among
patients in drug response [J]. N Engl J Med, 2005, 352(21):
2211-2221.

Lee C A, Neu D, Clouser-Roche A, et al. Identification of
novel substrates for human cytochrome P4502J2 [J]. Drug
Metab Dispos, 2010, 38(2): 347-356.

Kato M. Intestial first-pass metabolism of CYP3A4
substrates [J]. Drug Metab Pharmacokinet, 2008, 23(2):
87-94.

Liu C, Shang Y F, Zhang X F, et al. Co-administration of
grapefruit juice increases bioavailability of tacrolimus in
liver transplant patients: a prospective study [J]. Eur J Clin
Pharmacol, 2009, 65(9): 881-885.

Kiani J, Imam S. Medicinal importance of grapefruit juice
and its interaction with various drugs [J]. Nutr J, 2007,
6(1): 33.

Nowack R. Review article: cytochrome P450 enzyme, and
transport protein mediated herb-drug interactions in renal
transplant patients: grapefruit juice, St John's Wort - and
beyond! [J]. Nephrology (Carlton), 2008, 13(4): 337- 347.
Di Y M, Li C G, Xue C C, etal. Clinical drugs that interact
with St John's wort and implication in drug development
[J]. Curr Pharm Des, 2008, 14(17): 1723- 1742.

Chhun S, Verstuyft C, Rizzo-Padoin N, et al. Gefitinib-
phenytoin interaction is not correlated with the 14C-
erythromycin breath test in healthy male volunteers [J]. Br
J Clin Pharmacol, 2009, 68(2): 226-237.

Shoji K, Tsutomu N, Hiroyuki Y, et al. Intestinal and
hepatic expression of cytochrome P450s and mdrla in rats
with indomethacin-induced small intestinal ulcers [J]. Int
J Med Sci, 2014, 11(12): 1208-1212.

Qin X L, Bi HC, Chen X, etal. Mechanistic understanding
of the different effects of Wuzhi Tablet on the absorption
and first-pass intestinal and hepatic metabolism of
tacrolimus (FK506) [J]. Int J Pharm, 2010, 389(1-2): 114-



FE6HBHE 10 2021410 H

AR b A

Drugs & Clinic

Vol. 36 No. 10 October 2021 -« 2199 -

[39]
[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

121.

Fromm M F, Kim R B. Drug Transporters [M]. Erlangen:
Springer Verlag Berlin Heidelberg, 2011: 5.

He X, Wu W H, Ouyang D S, et al. Progress in transporters
of ABCC2 [J]. Chin Pharm J, 2007, 42(23): 1764-1767.
Molnari J C, Hassan H E, Myers A L. Effects of sertraline
on the pharmacokinetics of bupropion and its major
metabolite, hydroxybupropion, in mice [J]. Eur J Drug
Metab Pharmacokinet, 2012, 37(1):57-63.

Angelin B, Arvidsson A, Dahlgvist R, et al. Qinidine
reduces biliary clearance of digoxin in man [J]. Eur J Clin
Invest, 1987, 17(3): 262-265.

Maitai C K, Mugera G M. Excretion of the active principle
of of Catha edulis (Miraa) in human urine [J]. J Pharm Sci,
1975, 64(4): 702-703.

Bonate P L, Reith K, Weir S. Drug interactions at the renal
level [J]. Clin Pharmacokinet, 1998, 34(5): 375- 404.
Ramamoorthy S, Liu W, Ma Y Y, et al. Proton/peptide
Cotransporter (PEPT2) from human kidney: functional
Characterization and chromosomal localization [J].
Biochem Biophy Acta, 1995, 1204(1): 1-4.

Wang X, Morris M E. Effects of the flavonoid chrysin on
nitrofurantioin  pharmacokinetics in rats: Potential
involvement of ABCG2 [J]. Drug Metab Dispos, 2007,
35(2): 268-274.

Gaillard P J, Voorwinden L H, Nielsen J L, et al.
Establishment and functional characterization of an in
vitro model of the blood-brain barrier, comprising a
co2culture of brain capillary endothelial cells and
astrocytes [J]. Eur J Pharm Sci, 2001, 12(3): 215-222.
Cecchelli R, Dehouck B, Descamps L, et al. In vitro model
for evaluating drug transport across the blood brain barrier
[J]. Adv Drug Del Rev, 1999, 36(2-3): 165- 178.

Hein Z, Schmidt S, Zimmer K P, et al. The dual role of
annexinIl in targeting of brush border proteins and
intestinal cell polarity [J]. Differentiation, 2011, 81(4):
243-252.

Maresca M, Mahfoud R, Garmy N, et al. The mycotoxin
deoxynivalenol affects nutrient absorption in human
intestal epithelial cells [J]. J Nutr, 2002, 132(9): 2723-
2731,

De S J, Bennet L Z, Huang Y, et al. Comparison of
bidirectional lamivudine and zidovudine transport using
MDCK, MDCK-MDR1, and Caco-2 cell monolayers [J].
J Pharm Sci, 2009, 98(11): 4413-4419.

Keely S J, Scharl M M, Bertelsen L S, et al. Bile acid-
induced secretion in polarized monolayers of T84 colonic

[53]

[54]

[58]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

epithelial cells:Structure-activity relationships [J]. Am J
Phusiol Gastrointest Liver Physiol, 2007, 292(1): 290-297.
Hammerle S P, Rothen-Rutishauser B, Kramer S D, et al.
P-glycoprotein in cell cultures a combined approach to study
expression, localization, and functionality in the confocal
microscope [J]. Eur J PharmSci, 2000, 12(1): 69-77.
Kamau S W, Kramer S D, Gunthert M, et al. Effect of the
modulation of the membrane lipid composition on the
localization and function of P-glycoprotein in MDR1-
MDCK cells [J]. In Vitro Cell Dev Biol Anim, 2005, 41(7):
207-216.

Doan K, Humphreys J E, Webster L O, et al. Passive
permeability and P-glycoprotein-mediated efflux differentiate
central nervous system (CNS) and non-CNS marketed
drugs [J]. J Pharmacol Exp Ther, 2002, 303(3): 1029-
1037.

ChenZ Z,LuY, Du SYY, et al. Influence of borneol and
muscone on geniposide transport through MDCK and
MDCK-MDR1 cells as blood-brain barrier in vitro model
[J]. Int J Pharm, 2013, 456(1): 73-79.

Durmus S, Lozano-Mena G, van Esch A., et al. Preclinical
mouse models to study human OATP1B1- and OATP1B3-
mediated drug-drug interactions in vivo [J]. Mol Pharm,
2015, 12(12): 4259-4269.

Ikema S, Takumi S, Maeda Y, et al. Okadaic acid is taken-
up into the cells mediated by human hepatocytes
transporter OATP1B3 [J]. Food Chem Toxicol, 2015, 83:
229-236.

Ishiguro N, Maeda K, Kishimoto W, et al. Predominant
contribution of OATP1B3 to the hepatic uptake of
telmisartan, an angiotensin Il receptor antagonist, in
humans [J]. Drug Metab Dispos, 2006, 34(7): 1109-1115.
Jiang R R, Dong J J, Li X X, et al. Molecular mechanisms
governing differential pharmacokinetics of ginsenosides
and potential for ginsenoside- perpetrated herb-drug
interactions on OATP1B3 [J]. Br J Pharmacol, 2014,
172(4): 1059-1073.

M B, SRR, EROw, & KRG R
FUEE R AN A B R i s 9], R E R,
2009, 34(22): 2928.-2931.

Zhang C L, Xu Y J, Li X P, et al. HPLC determination of
CPT-11 and its metabolite 7-ethyl-10 HCPT in incubation
system of rat liver microsomes [J]. Chin Pharm J, 2013,
48(6): 485.

Fischer V, Einolf H J, Cohen D, et al. Efflux transporters
and their clinical relevance [J]. Mini Rev Med Chem, 2005,
5(2): 183-195.

[Fiemit M¥E]



