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Hydrolysis by Carboxylesterase and Disposition of Prodrug with Ester Moiety
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Prodrug is a useful approach for improving the bioavailability of therapeutic agents through increased passive
transport. Carboxylesterases (CESs, EC.3.1.1.1.) that show ubiquitous expression profiles play an important role in the
biotransformation of ester-containing prodrugs into their therapeutically active forms in the body. High levels of CESs
are found in the liver, small intestine and lungs where prodrugs are firstly hydrolyzed before entering the systemic circu-
lation. Rat intestine single-pass perfusion experiments have shown that CES is involved in the intestinal first-pass hydrol-
ysis. Extensive pulmonary first-pass hydrolysis has been observed in accordance to the substrate specificity of CESI iso-
zyme. Hydrolysis in the human liver and lungs is mainly catalyzed by hCE1 (a human CESI1 family isozyme), whereas
that in the small intestine is predominantly mediated by hCE2 (a human CES2 family isozyme) . hCE2 preferentially
hydrolyzes substrates with a small acyl moiety such as CPT-11, due to conformational steric hindrance in its active site.
In contrast, hCE1 is able to hydrolyze a variety of substrates due to spacious and flexible substrate binding region in its
active site. In addition, hCE1 has been found to catalyze transesterification. Caco-2 cells mainly expresses CES1 isozyme
but not CES2 isozyme. Because of the differences in substrate specificity between CES1 and CES2 enzymes, Caco-2 cell
monolayer is not suitable for predicting intestinal absorption of prodrugs. These findings indicate that identification of
substrate specificity of CES isozymes and development of an in vitro experimental method are essential to support ra-
tional design of prodrug.
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Fig. 1. Simulation Curve of Blood Concentration after Oral Administration of Prodrug
A: ki >k, ki >k; (I1deal prodrug), B: k, >k, ki >k, C: ky>k,, ks >k;.
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Table 1. Classification of Expressed CES in Mammal

Isozyme Molecular weight Expressed organ

CESIA 58000—62000
(trimer/monomer) macrophage
CES1B 58000—64000

Liver, brain, lung, kidney,

Liver, kidney

hCE1(100.0) CES1Al
I: Rabbit 1(77.6)

- MHI1(77.6)
1 crsing
Hydrolase A, RH1(77.1)
—— DI(78.0)
Egasyn(75.5)
CESI1A3
| ES3(Egasyn)(74.6)
Hydrolsse S, RSl(692) .............................
Es-N, MS1(64.9) CESIC

ATS1(45.5)
hCE2(48.0) CES2
_|: Rabbit 2(46.7)
Felica Cauxin(45.5) CES4
ES-male(39.8) CES3
46.5kDa(31.3) CESS5

Fig. 2. Phylogenetic Tree of the CES Superfamily

(monomer)
CESIC 70000— 80000 Plasma (secreted type)
(trimer/monomer)
CES2 58000—60000 Intestine, kidney, liver
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Fig. 3. The Two-step Hydrolysis of CES
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NTWD. CES2BEXDOHEMITIIAIN TN
n, 7 MEAINSFE A S E, Flexible site %

hCE1 hCE2
Cocaine
kcat/Km
CH3 .
Q (mM/min)
Ct+ocus 0.5 0
<D
Methylphenidate
" [-form 7.7 0
mcooc$< >
H d-form 2.1 0
Temocapril
H3CH2C0. Q I \
‘ . 370 75
H N
\_coon
Activity
Flurbiprofen hydroxyethyl ester (nmol/min/mg protein)
F, o R-form 425 0.22
O Wl
S-form 7.1 0.54

Fig. 4.
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LIAT, BROKGHOTORT v 7 ORNEHE
RS S 720121, /Mg & HHE T DK s fReeE %
BRI 20END 5. lasFr RIS INK S RIZIE,
CES1 & CES2 Dligés s fnE®#E L TWw%, hCEIL
& hCE2 O 5 O BB 1272 0 £ % R-Valeryl-pro-
pranolol ZHWT, bt MFBRE/NEI 70V —4
DMK RS DAL AR B E e O U B E R B %
179 ZOEE, WK 70y —LAI12B T2
KO BD 90% LA b % CES 73l L, ZDOND 5%
13 hCE2, 95% 13 hCE1 MMl 9% Z LAV 5 v IT
SN Fiz, MBI OV — L DOMKIREEZ
BEIL TiZ 95% 4 CESIEME TR T &, ZTDIEHED
TANTZhCE2AMH> TWa, LA>T, kRN
fF TR T IV EEWEETIRIZE & A ENK i
INBVDITHL, & MY IV EOE R WE
BW BT MRL, INBIT AR TRV

hCE1 hCE2
Cocaine
keat/Km Reference
(mM/min)
0.5 18.4 9,10
0.73 47 12

Heroin @
Q 69.0 314 10
H3C—CH-0 o 0—C—CH3

Activity
p-Nitrophenylacetate (umol/min/mg protein)
10 60 14

NOz

Structure-activity of Substrate with hCE1 and hCE2
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KR IR ICTFEE L, pH A BLIGEHICE DN T
SEPLHUTIE R ONGERECBITT 5. Liedio
T, 99HEEMED PL MK pH O/NGE BRI

Luminal side

lsov]g{eryl Disappearance rate (nmol/min)
Secretion rate (nmol/min)|

50.5 43.2 8.03

92.9
Input rate
(nmol/min)
Hydrolysis
vicoss [ooge e (pL) ooty
1 CLdeg 1

Vascular side  0.49 7.20 232
Absorption rate (nmol/min)

CL o (¢ L/min): Degradation clearance ) Contribution of CES
141805 Estimation  inan intestinal first-
Inhibition (90%) of carboxylesterase (CES) pass hydrolysis

by bis-p-nitrophenyl phosphate (BNPP)

(100-23) /0.9=  85%

32.5+5.40= Remaining CLyeq 23%

Fig. 5. Absorption of Isovaleryl-propranolol (Isovaleryl-PL)
in Rat Jejunal Single-pass Perfusion

Input and absorption rate of Isovaleryl-PL, absorption and secretion
rate of PL and Isovaleric acid are listed. Rat jejunal loop (10 cm) was per-
fused with 300 um Isovaleryl-PL. The perfusion flow rate was 2.8 and 0.3 ml
/min for the mesenteric vein and the jejunal lumen, respectively. CLge;=
AUCy, /AUCp,;XQ;+AUCy;, ,/AUCp, ;X Q,=degraded amount/AUCp ;.
Where AUCp ; and AUCy, , are areas under the curve of Isovaleryl-PL and
PL in the intestinal lumen at the steady state, respectively. AUCy , is the
area under the curve of PL in the mesenteric vein. Q; and Q, are flow rate of
luminal and vascular perfusate.
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KO BBUKENE WD, PL XD S SITHiNDHEL
DIABRMRKENWETFHENS., £Z2T, E=ZILK
& < v MiZ Butyryl-PL 2§ RN S5 L7205 DIl
i B HERS & FLie U 7z, 2D Figure 6 12 I 8
iR FHfE (AUC) &R, E—ZVIVRTIE#H
5. U 7z Butyryl-PL O i i 13D T <, PL
ELTEEMmRICEELZOITHL, Ty bigdh
1% Butyryl-PL OJEEN PL &0 H 5 <, Butyryl-
PL MR HICREICHFET DFERMT SN, L
MU S, IfiEH T Butyryl-PL O % E ML S

v b IME TR 4 min, 1 X % TREE R 70
min EIMEHP TIEA XOENBMDOTEETH 5.

Butyryl-PL ®JEkL 7 U 75 X 2H 5 &, T
v N T 5.81/h/kg LaMaiE (17.81/h/kg) KD
H/ME L, FrMmiiEE (3.61/h/kg) DK 1.6 5T
Holz. —FH, 1 XTIL6561/h/kg EOAHE
(7.21/h/kg) @ 9 FFITHHE T ZIERICKE/RMEZ R
U7z, &lgds DK gt 2 et U2k, Z v
TV AT i LA O gk 28 T DIk o3 R ig v <

Table 2 IR K DT, HMEIC B W TR HEE S0
KOG REDHETT L, S 5T, Mk D hisK 5 i@ A1
Butyryl-PL OJHK 7 V7 I A &HHTHHD &
Zzon., ZOXDIZ, Butyryl-PL Il 1T
LBWIZHHEDST, T v M TomKss i
Butyryl-PL OHRICEELTWbHDEHZE A 6N

PL administration

Rat |

Dog ]

| Butyryl-PL administration

Dog

[ :AUC of PL
Il :AUC of Butyryl-PL

200 400 600 800 1000 1200
AUC,,,0q (ng-h/mL)

NE L

(=]

Fig. 6. AUCy00q of PL and Butyryl-PL after Intravenous Ad-
ministration of PL and Butyryl-PL to Rats and Dogs
Dose for rat and dog is 2.5 mg/kg and 2.0 mg/kg equivalent to PL,
respectively.

Table 2. Enzyme Kinetic Parameters of Rat Liver Microsomes and Dog Liver, Lung, and Kidney 9000 g Supernatants
for Butyryl-PL and Its Organ Clearance (CL,,,) Estimated from In vitro Data

Tissue Ko Vinax CLin CLorg Blood flow
(um) (nmol/min/mg protein) (1/hr/kg) (1/hr/kg) (Q, I/hr/kg)
Rat
Liver 180+21.8 709+19.3 304+£27.5 3.3 3.6
Dog
Liver 62.5+0.60 292+10.0 901+37.3 1.9 1.9
Lung 65.3+10.4 120+14.4 50.1£7.01 4.5 7.2
Kidney 132£22.6 180+30.7 34.7%+4.10 0.9 1.3

Protein content of rat liver microsomes is 1280 mg/kg. Protein content of S9 fraction of dog liver, lung, and kidney is 3220 mg/kg, 425 mg/kg,
and 423 mg/kg, respectively. Unbound fraction of butyryl-PL in blood (f,) was 0.09. CL;, was calculated by V na /Ky X (protein content) . CL,,
for liver and kidney was calculated by Q X f, X CL;,/ (Q +f,XCLy,), and that for lung was calculated by f, X CLy,.
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ZIWZHETH % Oseltamivil H Temocapril & [@FEIZ
ANVKREBOIZFIVIZATIVKRTH O, /NG TIEm
KGRI NT, X O IC B % hCEL ITX >
TS RENS.22 Z0 LS, gOfs570R
Zw TN TR g S N5 E/NGEREND
BITT 50, ORIy 7 ELTHRYLIZFDZL
<, /NG TR REZZ T IR NREE, 785,
AWK BOIATIVKTHS., LInLRENS, A
NRCBIZATIVOBEEICHEEICL > TIE, T
TREAEMKIGFEEZ TN ENH D OER
ZET 5, 21X, Aceclofenac iZ LR DN
WRFIAFINIZATINTHZH, H5TFRm I
RUBNH B0, RIS W T H MK RIS

FEH TR N, 2

8. kb MNMBLERMAEZTETIL Caco-2 iz ZE W
IZXTIIETORT Y FORKMEFRIORR

Caco-2 fifiuld, b HMAEMEEMEERE S BEEE N
7= human colon carcinoma cell line TH D, K%
% 1 3 512 D WM & Caco-2 #l el 12 18 14 7Y B4 75
HHEAZRT 729, 2 in vivo TOWRINL 2 fEH{E 1 39
5= DR E LEMIET IV E L TERASNTHS.
Caco-2 fifldlid 7 1 V& — ETH&ET 2 &, HIgHk
IR L TN BRI E Rk OBEZ R L, Tl
f& I b D% % <> Phase 1, Phase II B % K OV & #E b
T UAR—=E —HFEBT 5. Caco-2 fMifldic® CES
77 IV —BENEBIT LN, BRI LIT, 2O
FHNY — 3 Fig. TITRTXS1T, b MFEE
FUL, E MMNGEIZE<ERS. » bbb, @
W, b NNBICHET S hCE2 OFE B IS T
<, CES1 772U —@ hCEl "ERHL Tnh5s.
Ak, b bEBITIE/NE & AR IC hCE2 7Y J8 Bl
LU, Y (L& 5 Wi cell line k12 & > TH hCEl %
WP ITHINT 2 FN3ENITR N, 20 BHED & 2
%4, Caco-2 #i 12 BT % hCE1 3 O 5 K13~
Th5.

Table 3 12t M/NETIRIE & A EMAKD RS NI
Y Temocapril @ Caco-2 #ifid SO 12 BV 2 k47 fig
ZRY. 7IRA, FIUAUDIIDEL S THE
LTH, 72, #HARBICHEERE L, Caco-2 il

IZB1F % Temocapril MK D K, (B, &

[ % ]
hCE-2
1.2 1 2 2859 L & & &
L) ‘&6 00 dbo
Liver Small Passage No. &
Intestine of Caco-2 D
,,_,é‘

Fig. 7. Expression of hCEl and hCE2 in Human Liver, Small
Intestine, Colon and Caco-2 Cell

The organ microsomes were obtained from Gentenst (1) and Tissue
Transformation Technologies (2), respectively. Polyacrylamide gel elec-
trophoresis of liver and small intestine microsomes (5 mg), Caco-2 cell S9
(15 mg) was followed by staining for esterase activity using o-naphthyl-
butyrate. *: monomeric form of hCE-1. For RT-PCR analysis, human tissue
total RNA was purchased from BD Science Clontech and total RNA of
Caco-2 cell was extracted. RT-PCR analysis of hCEl and hCE2 mRNA was
performed with TaKaRa Ex Taq.
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Table 3. Hydrolysis of Temocapril in Caco-2 Cell S9 and Hu-
man Liver and Small Intestine Microsomes

Temocapril

K Vi v

S9 of Caco-2 cells cultured in flask for 7 days
P28 441+8.61 15.9+1.62 5.35+0.375
P59 526+19.0 14.7+4.67 5.07+1.56
S9 of Caco-2 cells cultured in transwell for 21 days

P29 547+11.8 14.06+0.988 4.98+0.366
Liver microsomes
576 £33.9 364+15.4 119+13.4
Small intestine microsomes
N.D. N.D. 0.162+0.003

a) : um, b) nmol/min/mg protein, ¢) : nmol/min/mg protein. A hydroly-
sis rate (v) of temocapril was measured at substrate concentration of 250
um. N.D.: not determined.

2ruY—AEFRBETH>. CES ODREIEIZ
g 1z be#g 9 5 S K72, Temocapril 12X %
Caco-2 i DMK s TR K D B L <
WS, B A @i 9 5 R T oMK SR 5
I2IEWTH 5. Caco-2 %ﬂ@i@?@iﬂ‘l‘i%%ﬂ&é
&, Temocapril 1335 i 112 90 % LA _EASHn7K 43 fig =
n, FEBANTIE ﬂD?kﬁﬁ*iElZ%@ Temocaprilat 73
HBETHRIEEINZ. LEN>T, Caco-2 flfdH
[@fEEHNT, 7O0RI vy 7 OWRINEZETHEIT S
&, INGTIAKRD BRI I L&Y E T Caco-2 #l
R TIIMAM R S 1, IR 2 (€ < FAR S % TAEfE
Md 5. Temocapril DI EIL, MK BENHET L
THIRB, BEHEYTH S Temocaprilat @ Caco-2
el B g OB M 1T X T, K 5 fER E /Bl R E
AU ULinLians, #Eck-> T, Caco-2
e B i i IS B B IR RIC L 5 T, o
EFHEITTLES ZEDEASN, EMNGE
Caco-2 M BT 2 M7k 57 fik % beigetgat L 7z BT,
Caco-2 Mlifitl 7% % i M 3F A I A H 0 & 5 2 Bid %
ENEETHS.

9. &HVYIC

[ 358 5 D B T8 13 50 7 M ELAEF 2 S5 BEER I I 3%
FFENDGENEL IR0, iﬁ‘l‘i%ﬁb!ﬂz&bfﬁ<
&, IRNBIREMICII RN E Y EICEENED S Z
EMH D, KNEEICHEND 2T LT, 7
ORIy ZJERAERBLETH D, TATIViFEEK
VB R T DR TE PR ARIN T D IN7K 73 g DAE N 7%
MERINDDITHONSERANH S, Ll

M5, M NDEHFEFEIZ DN T DIFERIERD
FEREICK D, (RINTDIIK 53 2 HilE U 7= B 75
TORIT v TOFHA AR, JaoRkS
v 7 O E D F<FIHUZERELNELHTFEI N
LOTR W EHfEEINS. 4% HmWiaro
RZw TRFEOZDIT, ERITTFEET MK R
RIODWTOHERZERLSFEEL, EEMBEFBITH
MDD EEFHOTWS,
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