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Current Research for Carboxylesterase and Prediction of
Bioavailability of Prodrug

TERUKO IMAT*
School of Pharmacy, Kumamoto University, 5-1 Oe-honmachi, Kumamoto 862-0973, Japan

Summary: A prodrug is a pharmacologically inactive derivative of an active parent drug, and it
that is bioconverted to the active drug in vivo. Through the chemical modification of a drug to a
prodrug, we are able to deliver drugs into to the target site, to optimize therapy and minimize tox-
icity. A major pathway for the bioconversion of prodrugs to the active parent drugs is via carboxy-
lesterase (CES) activity. Among human CES isozymes, hCES1 and hCE2 predominantly participate
in the hydrolysis of prodrugs in the liver and small intestine, respectively, although the substrate
specificity is quite different between two isozymes. Since the expression levels of CES vary among
individuals, there is a range of pharmacological responses following prodrug administration. Spe-
cies differences are caused by the tissue-dependent hydrolase activity mediated by CES, which
makes it difficult to predict effectiveness in humans from a preclinical study using animals. The
hydrolysis parameter of several ester prodrugs in the in situ rat jejunal single pass perfusion has
been related to the in vitro hydrolysis parameter in the intestinal S9, in order to propose the noble
quantitative prediction of intestinal first pass metabolism by in vitro-in situ correlation. We have
developed a novel experimental method for predicting the human intestinal absorption of prodrugs
using Caco-2 cells in which CES-mediated hydrolysis has been inhibited. The expression of hCE1l
and hCE2 shows inter-individual variation and is regulated by several mechanisms, such as gene
polymorphism and epigenetic processes. Understanding of the regulation of CES expression and
species difference of CES catalytic properties will be helpful in the design of prodrugs with in-
creased specificity and enhanced physicochemical and biological properties.
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DAY FHVIZCES1E CES2 7 7 Y —DNj#H
o TIMAKRGEEINSG., LM Lads, EEEIZAE
HRNTIX, H—BEERIC K - THEEANERS WS 6
3% <, CESIEMZMHELTH 10~20% DK
SIREEAIE D Z E A%\, 72, RURHEH~OM
ERE{MONTWEVEERDY, 77Uy 70%
HICEDbDLIE DL, TURITy TOTHAL R
HRHNBREFHODICZ, ETHOIATT—E2 R
MTEIEDRET LV, TATIT—EOMEAND
B %L, EREHE IR HEYED 2 VI HE
PLETHAH. AWTIE, TAFI—EBLLTH
FEM AR b A TV S CES 2 DBlkRE 7 a F
F v 7FORNEEF IO W T T 5.

1. IXAT7—EDOHE

TAT T —ERMAGHEHE) BEORKTDH
D, HEY YF (OP) 1T 2 ISHEDE VWSS 3
FNV—TIZRKENSL Y, OP%#3E L35 A-Es-
terase, OP Il o THH#E S5 B-Esterase, &
A, BOMIIZHIE S 2\ C-Esterase D 3 7' )V
— 7T 5. A-Esterase DLEMEEFE X HDL Ok
JR)% 7T % Paraoxonase (|44 : Arylesterase,
EC3.1.1.2) T® 4. Paraoxonase DIEEHLNID
WTIE, ChETHRA Gl dH o728, RLOX
R ST O R D, WWERLELT, 20
D His RIS 4 7— FEBEL, AV T L
RED 2 A & ¥ OFAE T THERZRTHIPEGNT
5. C-Esterase & L Tl /ML F& LT
YER$ % Acetylesterase (EC3.1.1.6) 2% % 7%, #
MR S CTwiv, —%, B-Esterase I8 S
N BMEFEI213, Carboxylesterase (CES, EC3.1.1.1),
Acetylcholinesterase (AChE, EC3.1.1.7), Butyr-
ylcholinesterase (Cholinesterase, EC3.1.1.8) 72 &
®, Ser ZiEMEHLE LTS 47— FZIERK
5L DY)y TaTT—ERZDITN—TTh
HEhs, Z0XHIC, CESIZF AT —ELIFE
NHWHERO—MTH Y, HERL LTomM%
BRI A TR LH—DIRT I —ETH 5.

2. ANNEKEXVIIXRTFT—EOHFEEHABEST T

ANVEFIYNVIATFF5—+F (CES) &, b b
OFEEL CES7A VH¥FAL LA THDLhCELDT I/
EEREH ORI EED S, CES1 %5 CES5D 520D 7

7IY—IHEHEhTWE 2, E5IL, ThTho
773 —R@¥ 777 I —IH5HEN5. CESIE
CRDT I /B 4RIEIVNEAEED KDEL Lt 7 %
—ICHM SN TS L, BERAMIT/ AN
155 5. CES OAMRNIC BT 5 AR5 130
REF{THH, L ATFU— VI ATFIVRIRIEL 2
TN DMK R L T A TV A BSOS 0 W % fil 54
LMFETHAH. Lz, ey va—w
PHEATIUE, AT VBRI ZMEST 2. 7
Na— BB ERa AL VR LG, R
CES (hCEl) WXk oTasxzF L yhEkEh,
T2 RLCHEHELZEREZET S EEHAMOZ
LThHA.

CORIBRMBETFIZEBE, TIa—NEREHBIC
Wi 52812k, $5-EBALTIAKS % /MR
e T, kv LTmHhBiTses i
HALATEEE Z 2 b5, Tia—jklLT7Ful
Ly a—VEEFRATAIEICXY, KD
OV ba—VRORERGH ZRETELDTIEE
WEAHH. 127FL, ZoOIBIEe + CES O¥A,
CES1 7 7 3 —® hCE1 IZO&fiiib - 72 TH
D, CES2 77 Y —I2I3L X F VLIS IZHT 5
B IE RV Y. L7228 T, CES 4 THoO FUBHF
YB & VRS oA 2 AT A LiE, FEFWICEET
»H5b.

Table 1 [Z#BWICHBT % CES 7 7 I V) —Dligd#s
A% R 5. CES1 & CES2 7 7 3V —oOHfs
ik, BRI > TRES. PIZIE, £ OBY
FO/PNBICIZCES2 77 3 Y —WHHET S0, 4 X
X CES DAL BT, MAKGHEZRTEHEED
RBL XV HHD TR, % 72, V/hEIZIE CESL
7733 —=bIET S, —F, HEIZIZZ oHW
MTCES1773IY—2FICRIL, CES1 XD D
BEWLARILVTCES2 77 I —3RHT 5. Ffm
2, 9y MIFIEICIE CES2 7 7 3 Y —YFfEL &2\
A, Al &b AP LED CES1 74 VA LAH9%
B4 s, BEcEed, v, £ XTECES2 77
IV —DBHEAETEOIHL, v PTIECESL 7 7
IV—HEBL, YYATREM7 7 I Y =T
5. ZTDOXHIZ, CES OMMEAAITIZKR & AN
HbH, S5, FTolBEOMBENITIZICERKD 4T3
J WBERIEDSRIN L 7253 R O CES1 BE R A ETE T
5. ThZFhd CES 74 V¥4 0B RERMES
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Table 1. Tissue-specific expression profile of CES isozymes in mammals and humans.

Species Isozyme  Small intestine Liver Kidney Lung plasma
Mouse CES1 - + 4+ + + 4+ 4+ + 4+ + + + +
CES2 + + + ++ + ++ + - -
Rat CES1 = 4 o S ++ + ++ + ++ +
CES2 + + + - - _ _
Beagle Dog CES1 - ++ + + + 4 + -
CES2 - + + + + + + -
Monkey CES1 + + +++ + NT -
CES2 ++ + + + ++ + NT -
Human CES1 = + 4+ + = ++ + -
CES2 ++ + + + + 4+ _ _

—, undetectable; +, weakly expressed; + +, moderately expressed; + + +, strongly expressed;

NT, not tested.

IATNVIBREBIZR 2 5720, BWEBRTRLN
HANBESD S e + ORNEEZ HMIZAMHET 5 2 &
XTEY, HEICR K LEDF D 5.

3. CESORIEAH=XLEREERHM

CES IZ & 2 il EiG¥E21x, Ser, Glu, His 2 HHE
WRENDABE LS54 7— FLHOBRIREZZE
T HFF 7 VR — IR EERE 2 R
T, 9, WEIEREEETPOCHET S L,
b7 47— FiZ&o THHMEAL S 7z Ser DK
B, REDOANWKRZVEELE RBBCRL, MR H
h (BRIRE) 2L, AF7=4rF—
(Gly-Gly) O ESHOERE T L DKFREICL T
Zelbkadhsd., Zot, 7NV -BEEPREZIEEK
5 EFRC, SEED SR 27 v a— iR
HIC & o THERLASL T L, RIZ, H2FH
DIEE LT, WP OB CAFAE T 5 HoO 25l
F547—FDHis IZX o> TiHtHbah, kL7
OH™ M7 ¥V -BER PR Z B L CTT VI
OS5 (Fig. 1). SO 2BEBRKIED A A=
ALIXCES DAL LT, ¥ XTHOXY y7usr7y
—BIZHBEDOA D= AL THY, EEWBE L TH
L. LPL%ds, REREEREICIERE 2HEND
5. CES1 & CES2 7 7 3 V) —BROIEREMED
MHEIZOWTIE, ¥ M7 A4 VAL A THDhCEL &
hCE2 TRLARFENhTWw3s. hCE1 O&HEIZIZ,
Methylphenidate, Temocapril, Cocaine (methyl
ester), Flurbiprofen hydroxyethyl ester % &7 WV
I— VRIZHRTT Y VEPEEVEED D D%
w4, ACE BH#3E® Imidapril, Delapril, Quinapril

Glu

His

I H,C”

HZC\ z
C-07H- Ser
P Ny ]
(8} N,
“plo M
L0

First-step

H,
Acyl enzyme
complex

Acyl product
Fig. 1. The two-step hydrolysis of CES.

%EH hCEL ICRRM R EETH L. ZhITHL,
hCE2 IZf¢ Rt o E Wi B X, CPT-11, Cocaine
(benzoyl ester), Aspirin ® & 527 T — L iEH#
HICTHRTT Y WVEINSVEETH Y, hCE2 I
7 ¥ VIEDE R AL E W & KSR U D
. CNETIT, & M CES1E#ED hCEL & ¥ F
Bﬂ%ﬁ CES (Rabbit 1) 122\ T X- #EEE DN S
NTW5H 9, CESL EEFE OG0 Rigid site
L Flexible site 2> HHEK S, IEHEHOHIE W20
WK FSELWEOREZMASHTH L TFHIEH
Twa., —Jj, CES2 BEROHEMITIILIhTw
WA, T3 BEH]H S Flexible site Z K3 %
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Table 2. Possible haplotypes of the CESIA genes and mRNA levels of CES1A1 and CES1A2

in human livers.

CESIA3 y

CESIA3,)

CES1A1 variant

CES1A1 (Producing CES1A2)
1 234 56 141312 11109 8 765 432 1 1 234 56 141312 11109 8 765 432 1
5,4 R L 1ia i 5 (IR ERIE . 3
IR BRI R | ™0 .

CES1A1 variant

CES1A2 [ d CESIA1 CES1A2 4 _(Producing CES1A2)
1 }34 567 8 91011 121314 11312 1109 8 765 4 3 1 }34 567 8 910}[ 121314 113I2 11109 8 765 4 3
Group Diplotype Number of CES1A1/GAPDH CES1A2/GAPDH
(Haplotype/ samples mRNA mRNA
Haplotype) (copy/0.1 pg) (copy/0.1 pg)
I A/A 17 15.7+13.7 ND
I A/B 17 22.3+16.0 0.3+0.3
II1 B/B 3 25.8+18.2 0.5+0.5
v A/C 5 16.0x12.1 8.2x7.0
A% A/D or B/C 9 7.9+7.8 4.8+4.8
VI B/D 1 23.8 13.3
VI C/C 1 ND 5.3
VIIT C/D 2 ND 5.6

V=7 DOREFTFHUENTE Y, CEST KN
A&, iEMdLO Flexibility 124554, %72, CES1
BERAFTTF U F—NVEBET S Glyl,
Gly3i2imz, 141 FHOT I VRIS Gly Th
D, Gly 3 REMERTLET, +FTT7=FV
A—VOREZRELTVWATEELHSL. DX
)12, CES2 BEZ OGO VAM L BEEND %
ERRIC, BRIRBOREND CEST BEFITHRT
%5720, MAMREOE 1L ATy T THEHT IV
L CES tY VYRERELDORHBFIIBNT, RohzK
EEXOT7TIYNELIPKIBTEY, BEVT YVEE
RFOREZMASRTERVDOTEEVIETFRIL
TWh.

4. CES EMHOEABZEE

HHEICE->TELD2&XEDHSHb0D, ¢ MFED
ARG I BUE~ T BE OB AR EZB) 2 H 5.
t s CES®hCE1BXUThCE2 ¥ v /8 2 HDER
ZH| &SNP R, BERHEOEG 25| &k
295 EHEBRO SNP 23#t5 S Cwb. hCE2
DF YR EDOERL LT, ArgdTrp, Val2Met,
Arg?®His 2’5 hTBh ?, HHEHARIC K
REEE, WTFRD T UIVHEIIX0.2% TH 5.
INFETIZ, EhENRE LT, AT o

HROFAEDSHE SN TWEY, T AT VEYOKN
BREREHARMEZAET L POLHHBHNTHS. F
72, WIE, 5 LR -1548A>G I HAAIZ 70%
DHETERDH B L WG SNz, X7 VEY
DENBRBITHELZ RIZS I EfE sty
5.

—7J, hCELIZZ ¥ Y " BoERKkE LT,
Gly'88Arg, Ala?”'Thr, Gly**Glu B & ¥ Asp?®fs ®
SNP 25%#tis S Tw b, Gly®8Arg, Ala?''Thr D%
WEAICHET 2 HME X R VA, Gly"Glu b L O
Asp®ofs (TR L Tix, KESEWAIMET T 59,
Asp®fs ZBE P A T— F2BKTELZWVWIZD
W, KRG REEIRTHET S, L LA, M
THi%" SNP TH Y, EHIELToHEEEY. X
72, Gly 3+ F v 7=F YR —NVEEKT ST 3
JBTHDHD, Glu TERLZZGE, KD
PERKRELMTFT 5. Gly"SGlu ® 7 L VEE X
Caucasian, Black, Hispanic T 3.7%, 4.3%, 2%
THEH, GDEIHRENTIIZRADOH) o TR,
Z @ SNP |2 X % slow metabolizer Dt Meth-
ylphenidate B LT, 1 HADATHS. SNP &
I, hCE1 BIEFI3IEH ICHM g% LT,
FHMM I N TV DB 2 LBEEHRE SNz, Table
21377 & 912, hCEL 1358 16 FHetafk LicB W,
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5 B X O exon DECHIAS R 5 2 FliR &
{21 30 kb B TC, inverted duplication @R
WCTHELTWS. hCE1 22— F¥5#ETEL
TIX 4 FE¥iH Y, CESIAI(BpAR), Btk #F
727\ CES1A3, B X U CESIA3 @ variant TdH 5
CES1A2, ¥ 512, CESIA3 L[ U 5 Lii#EEB &
F exonl DfitH % &> CES1AI variant (CES1A2
LF UEETESY]) 2D 5. FhZFhofadbe
W&, 4fonTay L THHEEL, 9FEDO T4
Ty 4 FIHEENTWS. CESIAL & CES1A2
i signal peptide WiZ 4 7 X JERE#AE LT3
DARTHY, AUHEDY 328 (hCE1) 128
Nah, Eo7F47us 4 7THhCEL ¥ 32 E
DAV T 5. Table 2IRTEHIC, HF47
u&47kﬂ?éamm1amwm2®mmmE
L ORI, 55 ADJFIEY 7 VIiZB W T, Group
I 7 5 Group VI T iZ CES1A1 mRNA % 3l & 7%
CES1A2 X ) &\, ¥ 72, Group VII 3 & U VIII
TiX, CESIA2 mRNA OAPRIIL, Zo®iid
. CES1A1 & CES1A2 13U hCE1l ¥ ¥ /32
HEGRT 525, TORBEIZIIMAEENKENC
EXRTFMENS. CESIAI OFER L ERMDT L
WHEIZRKCKAT82% B LU 17% THHDITHL,
HAANTIZ 75% B LU 25% TH 5. 72, CESIA3
L CESIA2 DT UV IVEBIEIZERKR A D 86% B L T
14% 128 LT, HARATIZ69% BL U 31% L)
HED D 5. hCEL AL D & 9 ¥R B{5F
&I THBENTVADOPAHTH LA, 3
HEOMANE - NiZEO—WmPMHIhO0H 5.
%72, CESIAI £ CESIA2 BlzTORAKTTE
— & — IR L ->TEBY, CESIAIIZIZ Spl &

Human
Monkey
_

C/EBP DR & HBAFIET 5. £D 728, Group III
X2 Group IV T3 CESIA1 ® mRNA %34 CES1A2
WZHRTZword Lk, &, ACE HERT
& % Imidapril O 3B R L O WEARZE DB FEHD 5

CESIA2 D70 E—% —5IR-62 5 -32 IZBIT 5
7HTOERE -34 D deletion I X - T, 28D
NTRE A THRENEN T4% & 22% DHETHIL
THLZERPHLMTEh, BEEEOL LT T
Z AT Spl MATMASEL B LICL- T,

CES1A2 ORBLEHIWRL, MK HEEEIH KT
HIENPBEEINTWDS 10, CES @ SNP A
M %8, i, BELTBY, 6451
WMOEBMICELY, =27 VHRIEREFOBRISHICE
2 REVEDHERDS TN B D DIZLDTHAI.

5. MASBIEDILCTORT v IO
FAREBREOEYEE

L MCEST7TAVYHALLERLY, B CES 74
VWA L OfE & OFE IR, SN Eh T
Wiz, L22L7%&Ad 5, Table 1IZ/RT X H1IZ, /b
i3 FIC CES2 BE3R, HFIEICIZ 12 CES1 B K B
LA RO CES2 BERVMEAEL, (Fo WBDIMAEIC
13 CES1 BEEDHAET 5. ALV % I ENZHIT/N
I & BRI S OB %% BCAh B L, Fig.

2R T & 912, /N CES2 Tl L o@iE<
LRI NT, TNy I I LTI ik
PEZRY. —J, HETIEe b &Sk
INBA, Ty MRA XTSI, I
ligiZ1% CES1 & CES2 OMjEEE A BT 5 %%, CES2
TIIASR S ez, G CEST B R
OIERBEERBL72bDTHAS. ¥V CESL

002 004 006 008 0

Hydrolase activity
(nmol/min/mg protein)

Hydrolase actlvxty
(nmol/min/mg protein)

L l// T
20 00204 80 90 100

Hydrolase activity
(nmol/min/mL)

Fig. 2. Species differences in the hydrolase activities for oseltamivir between humans

and the experimental animals.

Hydrolase activities were determined by measuring hydrolysis of oseltamivir
in the small intestine microsomes, liver microsomes, and plasma.
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(MK1) ZhCE1 &7 3/ BBEH T 93% HIFTH
D, TEAMFICLVEFTERL, L OREITHTL
T MCHEWEEEZ R TEAICH S, [ XS
b 1 MK CES1E % (D1) 2T 5%, &b
hCE1 & 78% OMFEMETH 2. ChF TOREBKT
X, 4 X CES1 & hCE1 OB AN M 5 2
ERLEVA, TRV INICHLTIE, &L RE
LilikeeE R Lz, /2, 9y MIFEICIE 4 MO
CES1BEMPFIEL, Wi hd hCEL & # 70% HIF
THHN, TEVTIEVEMKMEL 2V, —,
S5 v MHEICIE, hCEL £ XX Y 70% DM % F¢
D4 CES1 BFFEL, TV I ELZRFEL L
MAKRES B, S OMKGEREEZKRL T, +t&
VF I N ERORSHEOMPERERZ, © b TIRIF
i 1] 4R 3 D 72 60\ FNSTHE AR AN ML I AFET 5.
Zhizxl, v MCROKS L7284, M4 CES
D H DR TRIEHEAAND 100% OEHIZF SN
3, WRHER D 47% BEWEEK, 16% 13+ vy
IEWN, FRD D 38% 1xF b7 1l P450 12 & A TR1L
RFwe LTSN TS,

6. 7AKRZ Y JTOHREIETOMKI?HEE
N FTRNALSEY T«
FEVZIENVTRLEZEIC, Tuksy sz
BELEXZDOFEMRKRONSNL FTRLSEY F 4
X, 2FMRICALHFOMEYCHICK X BEII

5. BEIESPEI DY -7y Vg THALEE
BT, 5L TOMAK SR IEH OKT 2 H#H <.
Bxd, ROKkSGSh7270 K5y Z7O/MNEBICBT
BMAKGIRDS, WA FTRALFEYTFLIZEDLH
B B% 5 2 5%, Fig. 3 1T/”73 7 v b single-pass
HERERRICBWT, /Mab X ONE % FRER T 5
X2 E Y, BRI R ONK G RO B B
LTwa W, JFua gy Zi3EERED S RBRRIC
BIT956L, 20 mMEICBITT S0, #AD
IATFT—EBIZ Lo TMAKDPHINEIDOEDL LD
DEZEEDL. —#IZ, 7o F5 vy ZI3EEBRP R
HTho7-o, MEMBEN 7T K7y ZREREV.
5T, MW TAR L 22 E A s X
REASE L, FI, ZBILETHEESL L OmEN
BT 5. MBS 2B2%TE, WIEE
i k9528, AR REICRT (5w 15
L, 7u by 7L LTOMBEBITOHALTY,
WA L v, B2 1X, Propranolol @ &% &
A ® Isovaleryl-propranolol (Isovaleryl-PL) iZ,
F v MG % 1IEGEE T B BRI 99% PSR I3 iR
sh, /MG THER L7z Propranolol (PL) (Il
213 14% LW S Wy, 86% IXBE LIl S
nb. —F, Bk Isovaleric acid IZBHEREL D
b, MEICH4BERITTS. CoBITHEOMER,
PL %3593 53 W), Isovaleric acid 23§5MIEIL &
THAHZLITEKL, pH HBERFICE SV ER

Vascular perfusion g e (), (3.0 mL/min)
g l g (), (0.3 mL/min)

Luminal perfusion <

e

Pump

0, gas

Vascular perfusate

Luminal perfusate

Fig. 3. Diagrammatic representation of rat jejunal single-pass perfusion.
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ITCTHWITE 5.

NGB ICMED pH 2l L H 74 & LTHE
HRORNDBE MY %2 RS &, RBHRN cAR L
72 PLIZE, M5 X0 a4 BERBIT 5. £/,
Temocapril D, EPEMARD Temocaprilat (V7
VERVR) IBEBEN3EHIBITTS. PLBX
Uf Temocaprilat ZHAFRX O REMEIZ % <, pH &
BHFEL RV, ZoFEBEOMHEE, BmHE
WG T2b0EEZONE. Thbb, RHE
AN IR TEAAAET 720, JERBICIETHRE
MBKREL, TORRE, BEPEABITLRSTVWERE
ZHN5. FEEOK RS Caco-2 Ml 2 H v 72 F 5k
TH/OLNTWVD, 3~4fF L v MBL O A
X, EREOBREIOTFHEIND XD /S0,
MR ERERBIRT AT 2F V745 42 FOREER
Ml < v v 72 2% ED35 T OIS EL Tw
5b0LEZOHNE. —F, invivo IZBWTIE,
BEHRKIEIE L RTINS K R BRI D 5.
F 72, EBROBENED pH 3KV 720, EHEARH
Y THE, MENOBTIIMAT LI TDH
5. Temocapril D¥ify, WA Temocaprilat 1
WS pH 7.4 D & ST BRI T Y3 L
MBI L2Vl L, BiEPE%E pH 5.4 127
% &, BEPCHTLEICH 15 581735, 2
DEHIZ, WEREOWEHADOYFIZIE, ek 3y
FHNG EERTHINES NS & ZICR-T, HHRE
OWNERDHAD L. L Lo, EEEROE
BRENOBITZEEIHHIT A2 LIETET, D
Kl TOMAKD IR T2 H726FTbDEER
b5,

7. In vitro BAZK 7 FEEM IC K B/ MNERIGETED
hn7k 5 #E D FAl

/NERIBEIC I CES AMCZ K o7 a T 7 — €N
fAfEL, 70 NIy ZE2MKSHET 2720, /NMET
LMK ENETWTO FS v F2&itT 501k
EHTHE. AFTRBE/NEREORT, KHZE L
OB EZRZEL/NEAREY R — 19000 g LiE
(89) 2B % in vitro MAKDFENEED &, DN
PCAROMASBAFHTCENE, Tabksy 7o
A7) ==V FAVERTIT 2 5. T4, /M S9
\CBUT B in vitro MAKGEZ VT T v R, in situ
HERERAD DT D N7-WIGRE O A #H & DM

MEiRX, 2 —E0MFREHHLTWS. F72,
WHERETH 5%, 100 pl/min/mg protein LA LD
H7VT Iy RA&R>Tu 7y 713, WILBRT
SEATIAK SRS L, 20 ul/min/mg protein O A
VT T YADTART v 7 TR 80% MK
Shb L) F—FE/HTW5S. 20 ul/min/mg pro-
tein DEF 27 VT I ¥ AL, ¥ Y87 0.5 mg/
ml @ S9 TIAKGHERZIT o7& EI1Z, FII A
¥ L5 RFEICHY T2, AT IENVDT v bh
B SO BT B IMAKGHZ Y 7T ¥ A1Z 0.02 W/min/
mg protein & IEFIZEL, B FF v 7L LT100%
WIS NA5RLTa VT vy 7 THA. In vitro M
KITIEYE & in situ MAKTIER & OMBINIZ, & b
MESOWTBIIAEAZ VT IV AIZHYBTIIDS
CEWNTELID, 70 FT v 7ZO/NGRILOIRE
ELT, AHRZY—NMIHRBEMELTYS.

8. b MIMBLEE#MIATETIV Caco-2 fllaEFHUL
IZXFINETORS v T ORIRMETFE]

Caco-2 i1, & MR EMENEL 2 5 HEE S vz
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(e.g. DPP4, aminopeptidase)

3) No effect on transporter function
(e.g. P-gp, hPEPT1, BCRP, OATP2B1)

Fig. 4. Expression of CES isozymes in Caco-2 cells (A) and a novel system for estimating human
intestinal absorption of prodrugs using Caco-2 cells (B) and (C).
(A) The mRNA expression levels of hCE1 and hCE2 in Caco-2 cells were analyzed by RT-
PCR. (B) A novel method of evaluating the intestinal absorption of ester compounds us-
ing Caco-2 cells in the absence of esterase activity. (C) The apical to basolateral transport
of 40 uM ethyl-fexofenadine (ethyl-FXD) across Caco-2 cell monolayers with or without
treatment with 200 uM Bis-p-nitrophenylphosphate (BNPP). Circular and triangular
symbols represent the transport of FXD and ethyl-FXD, respectively. Open and closed
symbols represent the transport across Caco-2 cell monolayers sham-treated with trans-
port buffer or treated with BNPP, respectively.
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Fig. 5. Scheme of the screening of ester-type drugs
by in vitro and in situ evaluation and predic-
tion of human pharmacokinetics.
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