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Lead compound optimization strategy (8) — drug transporters and
related drug design strategies
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Abstract: Transporters have a great influence on the transportation and distribution of drugs in the body. On
the one hand, solute carrier transporters could transport drugs into tissues and organs, which may improve the oral
bioavailability or change the tissue-distribution of the drugs. On the other hand, the ATP-binding cassette could
pump some drugs out of the cell, which decreases the intracellular drug concentrations and leads to drug resistance.
This paper summarizes the distribution, substrate characteristics and drug design strategies of several important
drug transporters, such as improving bioavailability by prodrug design, introducing acid group to improve hepatic
selectivity and adjusting the polarity of compounds to decrease efflux ratio.
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Y)-259) M TAE ) (drug-drug interaction, DDI) ()% 4 .
BEAL, B ia ARt 5 b e 4 M 245 1 1) 7 AR A G, 8 i
968 2 F R DLOE ik v 0 A HE R A R B 4 i P B 245
WP, T PRARZG R0 BEA . Rk, TR 5% KRBk is ik
MR S Thaex T 240t k A B 52 L.
N5 2R OC 1) e AR v 4 B DR 4 A R R
F (K1) — K2 T AW N G B IR AT
& (solute carrier, SLC) # 5%, H )"z 40 A T NAK %
NGRS T, R A R 0 ) S U R B AR B
AT IR g . K2 B SLC Bk & 7~
144~ 5 R MR e, F HA — AN P BN A B R R 45 1
B, e ] DA B 5 IR RE e Y s iR s ER. HETC K
PN %5 5E 400 £ Fl SLC #1214, 4 4 65 K ik, H
W5 25 e E M OC IR SLC #5184k B 4G Sk F s
{4 (peptide transporters, PEPTs). A #l ] & 1 % iz 14
(organic anion transporters, OATSs). 5 HLBH & 7 £ ik #
12 A (organic anion transporting polypeptide, OATP) . £
HLFH 7 #£iz 44 (organic cation transporters, OCTs). %
—REEIa I ATP 454 G184k (ATP-binding cassette,
ABC) i Z %, ABC ¥ iz 4 ] DLl 1 7K i ATP 324 i
HER AL E B M. NRIERA D — 5G9 4
Ynhd ABC ¥ iz iR i) A, ¥4 gk 4k 22 57 0 9 A-G I
TAWHEME, (EL5H L, ATP 454 & i ik — M i 75 i
[X (transmembrane domains, TMDs) F1#% # g 45 & X
(nucleotide-binding domains, NBDs) 41 &, H # TMDs
FH 2 A5 IR e 28 i, BAT T A 1 i e I HL AT DA
0l 45 S, T NBDs I ] LL/K i ATP 2 i RE &, T
SRR 4 T HE R A RES . 524z
K1 ABC# iz ik = E A4S P 1 (P-glycoprotein, P-gp)-.

Table 1 Classification of drug transporters

FUIREN 258 9 (breast cancer resistance protein, BCRP).
% 2451 2540 9 & 11 (multidrug resistance protein, MRP)
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Superfamily of transporters Function

Series of drug transporters

Solute carrier transporters (SLC)

which could be used to improve bioavailability

and hepatic selectivity

ATP-binding cassette (ABC)

which may cause multidrug resistance

Mediates the absorption of drugs into cells,

Mediates the expulsion of drugs from cells,

Peptide transporters

Organic anion transporters

Organic anion transporting polypeptide
Organic cation transporters

Organic solute transporter alfa-beta
Novel organic cation transporters
Sodium-dependent bile salt transporter
Monocarboxylic acid transporter

Urate transporter

P-glycoprotein

Breast cancer resistance protein
Multidrug resistance protein

Multidrug and toxin extrusion transporter
Bile salt export pump
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Figure 1 (a) Transporters in plasma membrane domains of intestinal epithelia; (b) Transporters in plasma membrane domains of kidney
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1.1 EBKEEENR (peptide transporters, PEPTs) PEPTs
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TEH: PEPTL M PEPT2, — 3% B AN[E 1 2h 1121 5 LA
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K s O PEPTS R4 K 2 24 JIK B Bl 28 AL B 1)
S5 v B (I Y R L B AX B 45) 20, @) 5 -2 AR
AL A PIRE NS 5 PEPTS Hh £ <1 (1) 20 20 R ik S 1 1 S
FHEAE R, f& 25 IE AR I W A2, (3) PEPTS AJ
PUREE R DA B = K, 2 0K 2k o R R 66 oy 1) B 9 hy
500~635 pm, {H PEPTs J& v ¥ 12 i &5 & 5E R LA & Y
Jike2, W g R, Z MR EH AR
PEPTs (M4 (K1 2), 15t p- P9 ok i 2 bt Ak 3 Sk f AR
(cefalexin 1), 1% 2 2454 47 £ N V& PEAK L 328 J 14 72 1) i)
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Figure 2 Representative marketed drugs as the substrates of PEPT
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TELE K ERALT Z IR, 75 5 % PEPTL AT KU, JF HL7E
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NGEIRSG, 77 F a2 BB 22, a7 LA n
AR, ThAh, L- S IR 2 Al 24 75 1l R fic it
N NAR S, o] 75 S B 4 10 R 7K A, B T80 T 259,
BT DA — 3% FH L- B0 S g 1) 4% i 2427280,

FUI 5 25 0 9% 45 (acyclovirr 5) 1 F1AR A 400
JEA A 10%~20%, 58 N ok Hogh kg b oK e it 5
S B E i TR B4, 19 B AT 25 &% 5 (valaciclovir
4). PRAHMSI R AR & T A PEPTL i IRIK,
N AA A IR TR AR R P R 2 B 9 5 1) 3~5 i, HLI



RBEHSE S P EMEHI TG (\)—— 259z vk S IS 25 BT S - 435 -

Figure 3 Strategy targeting PEPT for prodrug design
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Figure 4 Examples of prodrug design targeting PEPT
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Figure 5 PK profiles of oral administration of JBP485 and J3V in rats
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R (R 2). HE— DI85 SRR, Lk RT 25 I3V 1E
K Bl A 3 AT LRI K AR RS T 25 4) IBPA8S, M Bk i
FLE IR 2538 Tt 73 104 (K 5).

Table 2 Prodrug design of JBP485 by introducing L-amino acids
9 o

e o P BNL S SR
HN. HN\")Q
0 H o H
8 (JBP485)
Compound R? R? F/%
8 (JBP485) H H 21.0
[o]
9(J3V) )\a)-*" H 50.1
NH,
o]
10 H )\]/l;‘ 36.0
NH,
0
11 \/H/'Est H 316
NH,
8]
12 s H 8.7
NH,
(o]

13 \TA])L;‘ H 7.4
MNH.

1.2 HBWHLFEE FE iz 4K (organic anion transporters,
OATs) OATs = % 1t 57 He ia A Ak rhiiy 6t fif 1) P9
R, BRTCZ K IL T 20 2 5 OAT WE A, 3L+ OATL.
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i i R 25 A0 dI i < B DD R R, L
TU4E (bezafibrate, 14) 1Bk e 5795 (mizoribine, 15) #B
& OATL/3 (M, 24 — 3 AN ik HY I & S BURHL LR
(R B 28 AR, 2590 3 e & 0 0, 1A mT e BUR S0

1500 - 13V (12 mgkg")
- J3V (100 mg-kg")

IBP485 concentration / nmol L'

Time/h
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Figure 6 Representative marketed drugs as the substrates of OATs
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JE A — MR PR B, TR b AT D s Sk S A R ) R 1
B A 30 47 5 PH AT 45 1) SRS Ok 0 B PR % . PF-
06409577 2 52 AMPK 357, H: AMPK #shisE A
7 nmol-L* (3 3), (H1Z 4 F /& OAT3 {4+ H.7E 5 i
BRI A i CR B P CL = 7.6 mL-min-kg?), PR
TH DI REN, OATS 1 i 4 38 & 2 A 1 5 K 1
BT R E Y, BRIk, MERR A TN L R AR i
e 5y HR IR A 1 R AR BRI AL & 4 6 OAT 3 1 5% Al
J1o HTHAWT T 45 SR B, 43 1 rhiie & (R B 0] T 4L RF
TB I PR AN A 06 75 1, T R 25 AR 0| e D) 2 R L g o

V14 360 T ke 6 T i O (1) S B AE ELAE FH, BT DA 52 A
TR IR T R Bk AT B AN B e, 25 R RRAL
GOBEE R b, SCE T RS R RN
RSN T B o 2 R, DM T 5 S, B
3466 W 19 ARt 36 K HL X OAT3 1 55 Al J 3 7, gt
— W R iy FR Ak B P 1 B4 A 4 20, FH hOAT3 1 4
EC LU A1) S5 2 B AR, T 0 A o 5 N R K 6 T I 2 )
DRI EYIXT OAT3 SR /) (% 3). WHFLN 0144
R3 JE [ 5 6 S A% 1 5 0> HL g v M 5 14D DO A e TR 3R
159 3 3 1 17 AMPK 3 3l 35 14 il 55 ik hOAT3 % Al
J1 04 G 22, 75 s 3 aE b A AT S i e R AN
REERE— PRI EMMB BN, RAREME
W) 24 (PF-06679142), H 75 K B A4 P9 15 E T B R AU A
0.03 mL-min™-kg™, B03% 7 iZ RGP K2 1% .

1.3 AU BAEF %K Bk (organic anion trans-
porting polypeptides, OATPs) OATPs 7t 45 ¥ I 5
OATs FLUME e 32 [ W& A AN 7], OATPs [ 4 % &
oy F B BRI B K B B 7 1T OAT N %542 7 F &/
B K BB 1 (K 7)B3, OATPs A £ Fh WE AL, Hrp
OATP1B1 Fil OATP1B3 = % 73 A7 - JH 4 Jif 22 ) fist, 2
JFRE & 5 B | i IE ik, 751 2 299 BF R0 72
R ¥R E AR, R OATP1B1/1B3 #f 3 4+ 1tk sl AR 3%
GePEHN N, TTAE S SEDDIRI KA. B — 7T, Ytk
29I SEARATAE T 0N, ST R I g 3 M 1 254 T LA
FEAIRAS BSOS PA R 8 97 2%, Pt AR OATP1B1/1B3
s 25 N AR B A T — R B 2 et
HME

Table 3 Optimization of PF-06409577 by replacing polar group to decreasing its affinity to hOAT3.?Passive permeability (P,,) from the

app.

apical to basolateral (AB) direction was measured in Ralph Russ canine kidney (RRCK) cells. "Ratio of uptake in hOAT3 transfected

HEK?293 cells to uptake in vector-treated cells
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Compound R! R? R®

EC,,/nmol-L* P, /10° cm-s? hOAT3 uptake®
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Figure 7 Representative marketed drugs as the substrates of OATPs
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Figure 8 (a) Complex structure of compound 29 with glucokinase. (b) Increasing the affinity of GK activator to OATP1B1/1B3. (c) Acute

tissue distribution time course of 22 in rat after oral administration
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#1310 b5 AR M EE 8 H % OATPs 4 (K19).
W0 TR B, A8 31 [ R 3 b kAT 45 4 20E 3 Bk
E DGR (A 32), TAE AN 2 38 5] N1R
PR & 0 AT DATE £R 5 55 PR 0 R Al b Ak S R
OATP1B1/1B3 I E# (k&4 33). B 5, B9t N i itk
—PEE NS, B ENEVEECRMAE Y 34, BNY)EE
S5 IR, A 34 FETE ] A A4 A IR JEF I 0f 5 R P L
WL F 3911, Hz JRZH 23 rh i) 245 W ik B AR AT FIR 2HL 23 rp R
REASTIN B 259, N Jm B0t % B4 € LAl o

OATPs X -~ M JiE 4t 7] e 7™ A= A TH] ) 2 i), VF 2
AR T AAAE T N, FEF N E R 3B
YEITRCR T B, a2y B R AR . S
35 & — i T 2 5% 1 ) AMPK 30 751, ok F o g4 14
FA B e M, B0 2 A ge N G A B
AT G5 R 806, PR L A ade 8 1, 184 5 0T B i UL o
AMPK BB, USSR REIRB I H . G
V) 35 H A 2k 4 1 1) SR R 2 B AT BB OATPLBY/
1B2 fiti%iz, 3 H AR PEROR @ M 22,k NJHIE 5
M DLE I S BRI . BN SR T
Fi BE 2 b A5 W 4 B H X OATPLB1/1B2 5% A /7 ) 25 L
FETA, FA AR /N B0 H - 2 R A oG FL AT B 46 B Tk
GG DB OATPIBL/IB2 iz, X n] LA ik & )i
FRENE . B S T A3 B A5 Y) 36 I E S,
U 3 4% M S 2 PR AT, /0N SRR P ) U UL L 45
3, IF Rt T R R (B 10)H2,
1.4 BHIBABFEIEF (organic cation transporters,
OCTs) OCT F %4y 4 OCT1.0CT2 f1 OCT3 =41

Y=
R N o o
X-N “ / \

ICsps > 10 pmol-L"*

A, HoHr OCTL A OCT2 43l 43 A T 4 B A 3 ith
NG, T DAY 5 2453 N HE R I, A 25 W 1
AR FIHEME; T OCT3 40 A )iz, 7R B #E L /N < i
o JFE RIS 285 25 22 ol 4 0 b B34 0 A, 25 T 6 BT ALK
PR 366 J0T R DA S SIS ] B AE N AR Y ) e ag e 44, 1
Z 23 IR O OONE L B oK R e A (B 11) 2
OCT1/2 #6128 W, 24 OCTL/2 # 35 4+ 1k sl Al 7 4 1
HIHI I, TR FEDDI KA. OCTL M OCT2 H A%
o P TR, TR A A2 B B B A ) AR A R
BE R e A OE HL AR IR 95 5 DA B AN HLAR AL S,
T LA i) 71— M e 78 AR AR AR TR A A I LA S i
&Y. BEAh, Hendrickx 54515347 T 354 L& Wt
OCT1/2 IR M 7y, 45 T OCTL2 KW — R 1E .
T S, OCTL/2 fil [n] T ¥ iz 43 1 B MR R /N 4k &
1, Bt OCTLI2 iKW ) 43 T B ¥4 /- 500 A% Lk,
1AW R R T AR (PSA) /)N, LogD i, NI
Al RERE OCT2 ¥4iz, (HAL & W%t OCTL SR A1 /) FI PSA
DA% LogD Z [r) JE A 5

L OATP1B1/1B3 #H 54, OCTL b m] 3 i 34 1k
S TE T P R BE AT I s Ak S W e T A L, ol —
FXUIT (metformin, 37) BRI 5K, i@ M 22, (H /2 A LA
M id OCTL7E 4 il 4 & £&, Woid AMPK, 101 41 %1 b
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Figure 9 Increasing the affinity of SCD1 inhibitors to OATP1B1/1B3
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Figure 10 Decreasing the affinity of AMPK activator to OATP1B1/1B2 by replacing acid group
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Figure 12 Decreasing TPSA and HBD to avoid the efflux mediated by P-gp
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Figure 13  Decreasing pK, to reduce the efflux mediated by P-gp
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Figure 14 Relationship between TPSA and the K, of MRP1
substrates
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Figure 15 Representative structures of inhibitors of MRP1

R R4 45 5 3 BCRP {315 =ik /b ol # 5 12 2 B
B, AT 51 A2 FH 24 B A 1k 22 50090, 91 a3 7 AR At VT 2
BCRP 1 JEE#, ‘& £ BCRP c.421A/A 4l & T B FH ik
[ % 55 2 2 ¢.421C/IC 4l & 1 38 1 2.4 fi50001,

BCRP & /1~ 5 M8 200 i 7= £ i 24 1 1) = B Lok 2
—, HHI & & 3 BCRP 1 2 F I 44 J8 A 1ML % 988 41 Jfg H
ARk, VF % E B AT R 25 P 19 WK T TR L R A
W& SR S2 BCRP (1)), 1fif BCRP N £ 414
PUIE 259, 5 B0 R AU Y I 2R A, iR
IT R T B3, TR, R R 25 B0 T SRS, k% BCRP
XFENIRTT AR50 14y B2 . {H& BCRP {1 )
T4y Tz, B AT G BCRP E 47 259 45 # e

55 (Tariquidar)
BCRP ICgq = 0.70 pmol-L!
P-gp ICs = 0.33 pmol-L"*

56
BCRP ICg; = 1.96 pmol-L"
no effect on P-gp

T BRSNS, BT AR TN 51 B I & BCRP 41l
71 SR H0 i) I A 58 0 1, Ok BN 9 25 W iR 9T 9T AL
H ren,

0 57 75 3% C 72 B 54 K B 11 BCRP 4 M 4l ]
A, B R v, (e s E .
Allen ZE 0842 H £5 21 FTC 2504 Ko143, Ko143 [ 41l
I M R (ECy, = 26 nmol-LY), Hxf HoAl ) ABC #iz
AR ) 70 VRS, SRS AT i B, fE v TR
SFTIZMEE . G, WA UR IR 2 5 A ek
G35 K] P Tt S BR VBT 1) 7] (9] i Sl B JE AR % )
Y145 BCRP )3 P4, Wiese 1 A 2 041 3% — Fr B 2 B
sk, X BRI BRI AT O RFE 5 (R D), 45
R XN ER T B A Y0 PR, B R2HE [ 2K
WA BT B E R M 2 RBOE R R BT
B, 7E R b 5] AW 756 2 S 80 1R N B, TGl N 4
HL U mT DA AEHr i 1« {64 54 XF BCRP J& i tH
T B SR A S P (1ICs, = 149 nmol-LY), 3& & 1F N4k
SUA VAT 5 S T

B, A W 53R B P-gp #0171 tariquidar 9 2L
BCRP 1l 7715 1 . Wiese i @ 2000V e 32 47 9] 25 11
SE R U, WE T4 SRR B, 22 Bk tariquidar 45 44 H g Y
SR R IR T DL AL S O 206t P-gp (4, T
X BCRP #1f1 il 7 1 1 52 W 450 /N, 1] g A2 RO D A5
WA IR 3R o (1) B0 T4k S5 5 P-gp T BB R I A ELAE o
{552 AT 73 21 119 4% & 4 56 1) BCRP 111 il v 14 A A Tk BE
IRIKF (ICs = 1.96 umol-LY), B A 78 A 5206 Feidk —

58
BCRP ICsp = 0.064 pmol-L"*

e

57 (HM30181)

Figure 16  Structures modification of MRP1 selective inhibitors
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Table 4  Structures modification of quinazoline as inhibitors of

BCRP
O
0 HNTS
N0~ A
‘-.o) x’ N/)\Fl?
48 (Gefitinib) 49-54
Compound X R R? IC,,/ nmol-L*
49 c H Ph 882
50 N H Ph 149
51 N 3-NO, Ph 519
52 N 3-NO, 3-Pyr Not active
53 N 3-NO, 3-OMe-Ph 747
54 N 3-OMe Ph 150
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