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Purification and Characterization of Drug Hydrolyzing Enzymes from the Liver

Tadashi SUGTYAMA®", Yoshihiro KATAGIRI”, Shigeyuki USUI", Kazuyuki HIRANO"

Abstract: Carboxylesterases designated as carboxylesterase pl 6.0 and pl 6.2, indomethacin hydrolyzing enzyme, and
carboxylesterase pl 5.3 and pl 4.5 from the livers of rat, pig, and human, respectively, were purified to electrophoretic homogeneity
by several stages of column chromatography. Some properties, especially the substrate specificity, of these esterases were clarified.
Pranlukast was effectively hydrolyzed by carboxylesterase pl 6.2 from rat but not by another esterases, suggesting that the substrate
specificity of carboxylesterases from rat and human reflects the difference in pranlukast metabolism between the two species.
Indomethacin hydrolyzing enzyme from pig exhibited no catalytic activity for a-naphthylacetate, which is a typical substrate of
carboxylesterases. Amino acid sequence analysis of this hydrolyzing enzyme revealed it to be a novel esterase. The substrate
specificity of carboxylesterase pI 5.3 and pI 4.5 from human was observed to be quite different. These results imply that the
differences in the substrate specificity of carboxylesterases between spccies is helpful to understand the metabolism of ester- and
amide-type drugs. In this study, a convenient method was developed to select the mobile phase to separate drugs commonly used in
clinical therapy, using high-performance liquid chromatography (HPLC), and applied to assay for the substrate specificity of
carboxylesterases. Using this method, the time required for not only the setting of HPLC conditions, but also the analysis was

shortened.
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HNRFVINITATF I —HFICHEE, HHIVWETIIY
A LB TOREAHRBEHOERNEFEEL., TOZERIEEK
BICEETHD I EERLTWS, LMo T, AR
FONITAFI—VFIZEL TS, @M T VY
1LZEEL TEERRER S OETEEE2MHATL &
3. E R TOEPORBMBIUVEEEFET L LTEE
BiERELD EEZISND Y,

FTILTHERETIE., v MBS TSN AX D
7 I REBKBEBROSEREZTVL., TORESRESE
HEDBEEENMEIZIDWTRIILE., £/, 75201
HANEFRRICT I REEGEETIEPELTA KA
G EMREL, TIYHBNSA L EAZ L OT7 2
RKBBER DB 270, BEFBRELESIIONT
BRatL/z, 512, E MNFBMSEANFF I T AT
T —EO—&H7S &R EHE T H B o-naphthyl acetate D7K
REMZIRIE 2 BEONINRFIINIRATFI—FEH
BERERL . TOREFAMELECDODWTRIHLE., N
SOERICEDTE, ANAFUINIAFI—VEOEED
SUOEEEREHOERIITDVTRAENICERZ{T> -,

FRETIIHNRFINIZATFS—FOREREED
REICEEEOEYZERTILENH D, EMEER
THHBEELTEEREZ O NS 57 40— HPLO M
FEHINTHD., FWFEICBNTS HPLC ZHNWS I L
E L7, HPLC THRMRET2E MBI RHORE
EAOLENH O, EEIIXE L EBEAOEB M S UE
GHENBBTES, Lhl., ZBREOEDOEENLE
BEEICIL. EYEICBEHORS. SIS LRED
D EENRILD E IR NGBS, £

T, FHETIE, FETHAHINRFINIZAFS—
FICBET 2O S LT, SEEOEY D HPLC
BIEEZ DRI ERT DD ONBESHOBEELRSEE
ERE L

1. EEBHH

HERUMH : Sephadex G-150. PBE 94.  Q-Sepharose
Fast Flow. Q-Sepharose. Blue-Sepharose. Polybuffer 74.
Con A-Sepharose I3 Pharmacia #:/%. Red-Sepharose I3
2 7 R 5. DEAE-cellulose . phenylmethylsulfonyl
fluoride (PMSP I /<t oA L, p-EROF
LZEEE (BA). p-E ROFLLEFEEAFIL (MP). p-
EROFEZEH/M LTI (EP). p-k ROF L HEEE
n-70E) (PP). p-t ROF L HEBEE n-7F)L (BP)
IZFIAAEZE/N S| a-naphthyl acetate. p-nitrophenyl acetate
ISFIAMEMN S, bis (p-nitrophenyl) phosphate (BNPP) .
4-amino-amtipyrine. ethylenediaminetetraacetic acid (EDTA) .
NTO=NVBFAIATAINEEALE. 75200
APDOFERIZNEFEZRTEFBMNS, 1 2 FAFS 2D
FERIIERKGHEFR NS, 72515 LOERIE L
FERO)NSREZT L, TOMDEERFOFERITEH
EOHNSREEZ T, HI2NIFFNMENISHEAL
o OREIETHEDIWVWEI IO NI FTT7 4 —H
ZRWE,

Eh : Sprague-Dawley #MES v k(8 ) IXB A SLC
HhOHEALZ,

HPLC &8 : HPLC #%(EI35E (M) o®FEER W,
VAT LE 2 OR LT (LC10AD) . 5T T 2R3
F4H— (FCV-10AL) . /15 LFd— 7 > (CTO-10A) . HE)
127z 7% —(SIL-10A XL). UV BH2 (SPD-10A) .
7 — & PR3 B (Chromatopac C-R10AX) ™ SRR L 7=,
58S 5 L octadecyl-silica (ODS) % {6 & L 7= Cosmosil
5C18-MS(4.6 X 250 mm ID.. 10mm. FHIATZJ)
R\,

2. HPLC ICL D EMOMICHIFISBEBOBELSR
EDEE
SHEMH10mM U CEHEEW (pH42) ET7 R b
UIVOBREWLLT, M42) . HB0IE 10 mM V) EERE
B PH23) &ET7ERZMUINOBRERELT, M25) D
2HEOBEBHEZHAWE, B 1.5 mL/ min, 717 AR
EiX 50CE L. RHEEREEYBEIRBLEEEZA
Wiz, BEPORPEIL. 2HFICEBHOES L EEL
EHBWTA VI ST 4w IRIETIFS>2EELRE. 7
AV 554 v VBB 2BBHETOESHZHE



W BB FF A FATE Wol. 50, 25-36 (2001) 27

TEEDIZ, LFICRLAETOS I L&D TZ0T
FUEZfT> 7.

ST 7RSS A BBAFOTENZ MU
DHEE, 0~2 3 0%. 2~9.5 D 0%~75%DHEKRIK
75Tk, 95~15 3d 75%E L THRIEL /.

3. Sy MFRERD TSI N R MKBERICETS
it

Sy bRFED S D carboxylesterase pl 6.0 H LU
carboxylesterase pl 6.2 D : TRTORFEERIT 4C
DEBTFTTHo . HFERT Y NFBROERZREL.
KELUZ 4 {EBD 115 % KC ZMATHRES AP —%
AWTHREIFA ALK, 9,000Xg T 20 FHHELLE
%, %23 517105,000Xg T—REIEEO L. LK
L7=3 70 —AES % pH 8.0 D 10 mM Tris-HCl R &K
CRBS Y. FBERTBERET o . '

B E S 512 105,000Xg T—HeEIEELOL. Hoh

7= EFEE 30-70 OWET > E U LR THESEL 7=,

TR % pH 8.0 D 10 mM Tris-HC B ERICHB L. FIEE
BERONTHIIEN L, §oN/EFEFEE pHE.0D 10
mM Tris-HCl 4B T #{L L /= DEAE-cellulose /1 7 L
(22X15.0 cm) &MU, BT L% FBERTHIITLE
WL %IC, BREHELLTNIDLDOEBRNT ST
M (0-04 M) KEDBEHLE., TAFI—EEHDOH
LZESESWML. 01 MELTPUTLE 002 DT Y
ftF FUDLEED pH 70 @ 25 mM V) CEBER TYE
#{r. U7z Sephadex G-150 717 /4 (3.0X66.0 cm) IZHM
LT N2iBZET> . EHEEZSZ pH 74 @ 25 mM
Y- - HEEBREEBE T EE Lo b T -
274 PBE 94 5154 (1.0X10.6 cm) IZHML,
Polybuffer 74-HCl (L 2B b (pH 74—
4.0) ICEDEHLE, EHES 8D, 02 M H{tF b
L& 002 %DT7 AbF R )T LEEFY pH 7.0 D 50
mM ) CESRRER TEMR L 2.

a-Naphthyl acetate DKEEEDME : 1.3 mM Da-
naphthyl acetate. 2 mM @ 4-aminoantipyrine. 0.05 %@ Triton
X-100 &9 pH 8.0 D 50 mM Tris-HCl R R = B H B K
EL 10 UL OBEFRAWE 2 mL OREBRKICINA.37C
TI09A > FaxX—bLEE KIEKRII3ImMOT
7 AL I ABEL 130 mM OFVEEZEE pH
7.5 @ 50 mM Tris-HCl AEER % 2 mL A TRIGZF RS
w7, BEFBEEIIRISKD 500 nm 128V 5 RAE % H
FLTEELRE. 1 212 1 mmol Da-naphthol &AL Y
HEERE 1uit EL77 12,

p-Nitrophenyl acetate M7KEEMEDEE : 1 mM D p-
nitrophenyl acetate & &0 pH 8.0 ® 0.1 M Tris-HCl &K
EREBHRSE L. 10 L OBFRBKRE 2 mL OEEBHK

IZMA T.30C T >F 2 X— b L 7=, p-nitropheny! acetate
DHKB RO RISEENL., RIEED 405 nm 1[ZHBT 5%
HEZHELTRDZ 29, 1 HEIC 1 mmol D p-
nitrophenol 24K 2BF B % 1 unit & L7z,
TSUNARAMDOMKDE : 75 IR SDKRIE
2, HPLC BRICE > TRDZ, 27 uM DT T I H A
&S pH 74 @ 26 mM U CEEBEREEHAB®KREL
7c. 50 uL OBERBH % 150 uL DEFEBRIICIMA T 37C
T300WA o FaxX—FL NEEEYEEL T5mm
Dp-b FOF L HRE# n-TFIVEBERLIZ 2 mL DT
ThZhUNERBRICMA TRIEZEIESE. 1,200
rpm T 10 RO L7, £ 50 ul & HPLC ICHEAL T,
TSN HARNBEIREFOKBREYOSEREHTE LR
FEMEEEH LA, 30 22 1 umol DT TN H A B
KSR TEBERRZE 1unit L7,
WNVKRFUIINIRTFS—EICEDBEMDOMKS R
BEEFEESTWEYE pH 74 D20 mM V) VEBREHRP T
37CITT 30~60 AR EITV, RIEEICY b= bV
NEMATEEREZBIELZ, 1,200 ipm T 10 7z
DUL7EH, EFE SO mL % HPLC IKIHEA L TEHB L UL
DREMOSEZAUELRJBEEZEHL /.
SONROBOMEER ¥ /N8I3 280 nm ITHBITB
WAEZEREL TEHL .,
SDS-RUFZOVNTIRFINER X8 (SDS-
PAGE) : SDS-PAGE & Laemmli '¥ OB HEIZHEN. 9.0%-
RYTZIUINTIREFNERWTIT o, R0 0%
BRI —TVIT 2 NTI)—R250 ZHWTITo 7=,
N-RE7 =/ BETIDOF  HEREEE 100 ug 2K
THEN L BICHEEEREL ., 70%20FBFTL7 T
Ov4 RERRBICT 24 BBIRIEE B X TF ROWi L%
ok, RUNEHIZ 10 FROBEKE MR THELEL
=9, BEE 0.1% M) 7))V A OB (TRA) ICERL.
W HPLC ICK OWHAL LR TF RO5BE%T-5 7=,
115 LEEF{ES ULTRON 300-C4 (4.6 mm 1.D. X 150
mm) ZHEAL. AHIZ 01% MU JOOEEEFET 0—
60%D7 LRI NDOERKST T L MIEDiTo
fzo R7F ROBHIT 210 nm ORHETIT- /2. BS
NERTF RO NKRT IV EEFZ SO 12 0—2
I H— (model 473A. Applied Biosystems) % F U TH#E
HwL7,

4. TORBHEDA » BAS L IKBEEEICHT SR

TEYRBPODA 2 FAY 2 IKBBROBE : T
TOHEBRIZ 4CORGET T o k. THYHRBIIER
BERICHE L RFEE2 AF L THW ., TR

50 g KB LIz 4 {EED1.15% KCL EMATHREY A
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HF—2HWTHREZF A XL, 9,000Xg T 20 2illE
LU=, EiE%E X 512 105,000X g T—REFIEEO L,
WEL/=270)—LABE%S% pH7.4 O 20 mM Tris-HCl £
B 40 mL ICERB S EE, 22wV DIV TO—)V &2 &K
HRBEMN 04%IZ0DEDICERLABNS VBT DMA,
—BRB R L CHIA{L 1T o 7. 105,000X g T 60 43 [HIBE
LUREIZ, EF% pH 7.4 @ 20 mM Tris-HCl AR E R I 0t
LTHDIZE R ET o=,

Bon/-MEEFEE pH 7.4 D 20 mM Tris-HC! B E# TF
54t L 7= Q-Sepharose Fast Flow 1 7 L (1.7X7.0 cm) IZ
ML, W7 L2FABERTHICHRELIRIC, BFE
ZHEATPUYLOERKS T F (0-05 M) I
EnBHESEE, 1 RAY S UKBREEDOH DEL &
SBU, pH 7.4 ® 20 mM Tris-HCl #B#R CTEE{L L7
Red-Sepharose 1 7 /s (0.8X4.0 cm) IZHML7. FED
B 93 % [E 45 & T8t L 7~ Blue-Sepharose 1 T4 (2.5
X 1.7 cm) IZEMLU T pH 7.4 @ 20 mM Tris-HCl R & T
THIgE L., 51T 05 M it DLZEUH
BEE TG L% 20 M b MUY LZETREE
B CEHL~E, EERESEZED,. pH 7.4 @ 20 mM Tris-
HCl BERICH LU TEN LA > RAY O D KEBER DR
HEER - L/,

TEYFRMPSDANKRF I NIRATS—EORBE : §f
EHOTIFRBM S DA RAY OV KMBERORERBRE
12T Q-Sepharose Fast Flow 15 L7 0X T 57 4
—THEHENEI AT 7 —EEHEESICTDONT, 707
k74— H > F5)0 PBEY4 KL BEER L0707
N75 74—, BXU Sephadex G-150 ILX BT I Ai@%
T, AVRF NIRRT I —EOFMBRE L,

AV RAS D VKIBEEOBEL | BERBW 90 pL &
0.1 M Tris-HCl £33 (pH 8.0) 100 uL % 37°CITZT 5 43/
TbAoFax—rallkE S0OuM D1 REAZ S
>% 10 uL MA 37C T 60 ARG ZIT-> 7. NEEYE
HEELT 0555 mM @D p-bE ROF O EEER »n-7OE
WEEDAY ) —IIVBK 2 mL ZHATREZHEIESE
7o#%. 1,200 rpm T 10 ARE O L. EEZEZBEREL.
FOTREF HPLC OB BN 200 uL ICHAMEHE. ZD 50 pl
% HPLC DMICHELTz. 12 FAF L BITA B A
G DKBREYTHD p-/ DDREEHRORZEZH
ELRBEEZEH LU, 1 9HIC 1 nmol D p-7 DOK
BEEBEZELTIEFZEZ 1mit &L,

A RAS L kBBFRREOESR : £ 100 pg DR
WMBEZADY CEBEEEHELEEAEKPEB) ZAED
Freund I 77U —hr72anN> RICHBIE, AZHE
FROUEDOMOTFICE FHENLE, TO®I0B I &I
FRICEHETFIC 3 BREETo> R, REEBRMN S HIK
L7=m# % 10,000Xg T 10 57 H#E L L TES N/ bl

ICFIE® PBS ZMA. 56CIZT 30 BB L THitkD
ML T 7218, 33%BMIC/LDEDICHET &=
U ALEMATZ. 10,000Xg T 10 HHEELL TES NI
Bz /OB O PBS ICIEMRHEIZ PBS ML THEFL, 7Y
FHTIFBA > RAY O U KRBEFETRE L,

5. £ NFRBEDANKF DI T TS —HDEHk
BRERICBAT D5

E FFREM®S D carboxylesterase pl 53 & L U
carboxylesterase pl 4.5 DIFH : TR TOFHIBEIL 4C
DEUETTH -, FHBIZBAT >t 9 — DR
THIRRFICHHL =2 b 02 A E T80T THEREL T
):: 12V

t DO 64 g %2 260 mL DU CEEERIZAN,
Polytron ZFHWTHREY F A XL, 105000Xg Tk
DL 7%, EFE 00207 P b LEE
& pH 8.0 D 10 mM U VEERRER THENTL . [ UIBER
TYH{L U7 Q-Sepharose 71 7 . (2.0X22.5 cm) IZHM
L. 9 LZRAUBERTHIICHRE LRI, BE
ZHFT NI LOERNT T (0-05 M) I
EOBHLE,

IAFT—UEMERTRIOE—2 (pl 5.3) %k
L. 01 MBBEEFMIDTLE002%DT7 LT b L%
B pH 7.0 D25 mM | > EEAREHE T4k L 7= Sephadex
G-150 154 (30X71.0 cm) IZEHEML TN 2EET-
Teo EHIT, BERZ PH 74 D25 mM 1 2 ¥V —)L -1
BEHR CEELL L7 O 7+ —Hh L > 5)L PBE
94 715 L (1.0X10.6 cm) IZHAM L. Polybuffer 74-HCI 2
SHEMMT T (pH7.4—4.0) IZXDEHL -,
EEES (pl 5.3) ZHEDTEML. 02 MIELF U
L&E0.RBDT LT MU TLEEE pH70D 50mM U
CEBRE R TE#{L L7 Con A-Sepharose 174 (13X
10.5 cm) IZHML 7=, 0.2 M a-methyl-D-mannopyranoside
ZEOREER CHREZBHL /2. Q-Sepharose 715 L
SOBHTIATI—EEREZ>RLE 2 EHOE—7
(p14.5) Z@MEL . FEHRDERHT Con A-Sepharose 71 7 L
& Sephadex G-150 I LEHWTHRL ., Boh /=B
FEALTITT740F— (YM-10) ZHOVTEMEL .
BREREE L, BRBEDL GHIT2ETIR 4CTH
wFL=,

DR : Freund 2> 7 — R 7 2 a /N> RICHE
L 7= carboxylesterase pl 5.3 & A AHBREOEE D MO
TIETEHRLZE. 2 BERRFAICREEZEIRL X,
BYIORED 6 BEICKRBRMNSEWL 2 mEn» S .
DEAE-cellulose 7 I L7 0 b7 57 4 —B XU protein
A-Sepharose T I LV O MT I 74— L DPiEEREE
L7z,
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1. HPLC [CL2EMHITICH T IBEEOMBELE
EORKE

ISTCT U NBEUVTAVIST 4 v I BHBORE
B p-E FOF O RRER. LU 4 BEOD p-E RO
FLHEBEBRIATIIZONT, M42 BLU M25 28
BHELTY I bR ET O IRBEDEEY DR
BRI % Table 1 IR UZ, TATFIEDOKEENEL 2
LITHEV, RIFEMRE<S Lok, ERTIVYITT4
v EHIZBTS, BEHEFOTE R PUNORERE
BSEYOMREHMOBRE Fig. 1 1ORLE, &EHED
WCB#HHTOT7E R b U DORRNE S LDITHNER
BEmIE< 2o 7

Fig. 1 6. 74V IT4 v VBEHICBWTEEY
DRFEAK 5 HERDZEOOBEHFOTERZ
IO RERD., TOMESEY DT 5L MEH
BT EEREEOBEE Fig. 2 IRLZ, MEOM
R ICRT RIFRERBERENRD s N,

Table 1 Chemical structures and retention times (min)
for p-hydroxybenzoate derivatives under the gradient
condition with M4.2 and M2.5

Retention time

Compound R TMa2 m25

p-Hydroxybenzoic acid (BA) - H <4 8.32
Methyl p-hydroxybenzoate (MP)  CHs 10.20 10.11
Ethyl p-hydroxybenzoate (EP) CHs 1096  10.87
n-Propyl p-hydroxybc’nzoate (PP) n-G:H, 11.67 11.60
n-Butyl p-hydroxybenzoate (BP) n-CsHs 12.34  12.26

Chemical structures : HO—@—COOR

M4.2 M2.5
15 — 15
A \\ \\
=
£ 1l
é 10 \a \\ \\ 10
W\
§ s 5
>
N
0 0

10 20 30 40 50 60 70
Concentration of CH3CN (%)

10 20 30 40 50 60 70
Concentration of CH3CN (%)

Fig. 1. Retention time values for BA and its esters in
the isocratic elution with M4.2 and M2.5.
O, BA; O, MP; B, EP; A\, PP; A, BP.

& M4.2 M2.5
< 60 60

Z

Q 50 50 4

Jas)

O 40 1 40 1

k]

= 307 30 A

2

s 20 20 7

8 10 10 1

=

6 0 T T T 0 R T

7 8 9 1011 12 13
Retention time (min)

7 8 9 1011 12 13
Retention time (min)

Fig. 2. Relationship between retention time and concentration
of acetonitrile in M4.2 and M2.5

Retention time of BA and its esters was measured under the gradient
condition with M4.2 and M2.5 as a mobile phase. The concentration
of acetonitrile was estimated when the retention time value of p-
hydroxybenzoates was S min.

A = 10B — 70  ceeeveceeees (1)
A:TAVIIT4 v BHIIBONTEEYORE
R 5 HERBEDHOBEHFOTE =
RO DOHER (%)
B: &EPOI/SIT L MAHIIBY S RERRY
(min)

BEWOD HPLC SICHIIZBIBERORE . &%
MOTAVI ST 4y VERIIBT5288HEOMMKIT.
TPy bAMICBITSRFRFMEZRD, XDIZED
BEERATDHIEITEIDBRETELLEASND., £D
HiE% Fig. 31TRLE. ETHRINIC. M2 OBEHZA
WTY IV MEHETS., AEFRENT7 U LDOH
BRI, TIVIIT4 v VBHIIBT 58
BHlHTOTE MO REREHT S, BEHL B
BHOMRETHWT TV I ST v VB ET-> 4
B OREBFEEEL 5 DfHEERD, REEMICHT NS
LB 1,000 LLEDBRE 17 1213, TOBEHED
MRZESWEHELTHRETS. /5012 MBHICS
WTHRERREN 7 9KWOFE, HDVWRTIVITT
AV 7 BEHICBITHEBERA 1,000 KMOFEITIT
M2.5 ZRWTHRBROHIE 2T WEBHHOMMREHRET 5.
M42 BIO M25 OWTHROBEHIT L - TH AR
s MHEERRD, BIEEMICHT BH T LDOERBEREN
1,000 BL £ &7 D RESEMRE TERLVLEEIE, Lo
EREERT D,

BEYOHNEFEO®RE : BKTHEAINTWLLEY
DIEFEKRNAFTER 75 BEOEMITDOWT, Fig. 3
IZHEW HPLC AT RBDBREER B2, 75 BEOEY O
HE R EEOEYP I DONWTEETHBRENSRETE
(Table 2). M42 BLU M25 OWLTHOBBEIM TS 5Bk
SUNBETERDSIEYE, 7720712,
RATZ7zAbO—)b, UEBIZ)FIALTHD,
WIFNHBWDO THREDOE WEHEY TH - .
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f
I Analyzed a drug under ) Calculated CH3CN(%) in

the gradient condition fy> 4 min > M4.2 by the equation* ———~—“ > 1000

with M4.2 and analyzed it under
‘ ’ the isocratic condition

I
1,< 4 min | | Succeeded in measuring
N < 1000 a drug with M4.2 or M2.5
; ated CHa %) i
! Analyzed a drug under t,>4 min (I\:I;‘ZICSut;cthng;lﬁl:((Jf‘? n N > 1000
i lhf: gradle_nt condition "] and analyzed it under
| with M2.5 the isocratic condition
t,< 4 min N < 1000

Drug could not be measured by M4.2 or M2.5
and other methods should be considered

Fig. 3. Flow chart for setting the composition of mobile phase

* A=

Table 2 Analysis of drugs used clinically under the
isocratic condition

Gradient
elution

R

Drug
(min)

Isocratic Gradient Isocratic

elution elution elution
CH:CN 1, Drug tx  CHiCN 1
(%)* (min) (min)  (%)* (min)

Analyses by M4.2

Aciclovir 7.0
Acetazolamide 7.9
Aniracetam 8.6
Allopurinol 7.3
[midapril 10.1
Irinotecan 9.2
Indomethacin 12.6
Ethosuximide 9.0
Eperison 8.7
Carbamazepine 10.8
Quinapril 10.5
Clonazepam 11.3
Clofibrate 15.0
Delapril 11.9

Docarpamine 11.4
Tranilast 10.5

Triamcinolonel 1.2
Tolbutamide 11.6
Nitrazepam 11.2
Nifedipine 11.9
Nefiracetam 9.7
Pindolol 83
Phenytoin 10.8

Phenobarbital 10.0
Fenbufen 11.8
Pranoprofen 10.4

Analyses by M2.5

Aspirin 10.0
Acetaminophen 7.9
Alacepril 109
Ampicillin 79
Enalapril 9.9
Ofloxacin 83
Caffeine 8.5
Carbenicillin = 9.5

Cromoglicate Na 8.9
Chlorpromazine 10.8

0 80
10 42
30 59

1 44
30 58
20 6.7
50 5.3
20 42
20 58
40 42
40 55
40 53
75 49
40 7.0
40 65
30 6.2
40 5.1
40 6.2
40 5.0
50 4.7
30 43
15 45
40 4.1
30 5.2
40 6.6
30 5.4
30 42

8 4.7
40 41
10 54
30 4.1
15 42
15 4.0
25 60
15 53
30 46

Hydrocortisone acetate
Diazepam
Cyclophosphamide
Digoxin
Cimetidine
Cilazapril
Dilazep
Diltiazem
Spironolactone
Sultiame
Sulpiride
Zonisamide
Dexamethazone
Pranlukast
Primidone
Fluconazole
Flutamide
Prednisolone
Betamethazone
Benazepril
Pentobarbital
Fominoben
Maprotiline
Camostat mesilate
Methotrexate
Warfarin

Cefotiam
Tulobuterol
Theophylline
Tegafur
Temocapril
Sultamicillin tosilate
Procaine
Procainamide
Propranolol
Loperamide

12.1
12.5
9.9
9.0
7.5
10.7
10.6
10.2
12.4
9.3
7.6
9.5
10.9
13.4
89
9.2
12.7
10.3
10.8
115
10.9
12.6
10.5
8.8
8.0
12.0

7.2
8.9
8.0
8.4

12.3

8.3
7.9
7.4
9.6
11.6

50
60
30
25

8
35
40
40
50
20

7
20
40
50
20
20
60
30
40
40
40
60
40
20
10
40

4
20

8
15
50
15
10

5
25
40

4.9
4.0
4.6
4.5
5.6
6.5
4.7
5.6
5.8
5.0
5.8
5.7
4.3
6.7
4.8
5.2
43
6.4
4.1
48
4.5
4.3
4.9
4.8
4.5
4.0

5.0
4.0
5.6
4.4
5.7

* Acetonitrile concentration (%) in mobile phase. ¢y, retention time.

10 B - 70. tg, retention time; N, theoretical plate number.
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Fig. 4. Scheme for metabolism of pranjukast in rat, guinea pig,
dog and human

Sy MEFEED S5 D carboxylesterase pl 6.0 & & U
carboxylesterase pl 6.2 D¥EH : DEAE-cellulose /1 7 L7
< &5 7 4 —iZ& o Ta-naphthyl acetate BLUITZ
WA ABMCHT DKEFEEDN 2 DOE— &L TR
TNz, BMYIOE—2 (AT, A4S 40 mM D NaCl
THH L. o-naphthyl acetate BEX XTI 0 H A Mz
LOkfgE®ZRL, 2&HOE—2 (LUF, BES)
X 70 mM @ NaCl THH L. a-naphthy! acetate (2% LT
KEpEHERL., T NAA MR LU TIRIEEAEK
FRIGEYEZ RS Iam o 72 (Fig. 5). A EI% Sephadex G-150
NZL780 T 5T 4 —I12E> T 60 kDa T ICEH S
N, BESE 60 kDa BL 174 kDa fHEICEH S N,
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Table 3 Purification of carboxylesterases pl 6.2 and 6.0 from rat liver microsome

Total activity Specific activity Yield
Fraction Total ;
Protei a-Naphthyl Pranlukast a-Naphthyl Pranlukast «-Naphthyl Pranlukast
rotemn acetate acetate acetate
(mg) (units) (units / mg protein) (%)
Crude Enzyme 1813.6 18083.7 150.6 10.0 0.08 100 100
Ammonium sulfate
fract . (30 -70%) 374.2 12648.0 121.4 338 0.32 69.9 80.6
Carboxylesterase pl 6.2
DEAE -cellulose 14.0 2058.5 29.7 147.0 2.12 16.3 19.7
Sephadex G-150 2.6 688.6 8.1 264.9 312 3.8 5.4
Isoelectrofocusing 1.1 449.6 4.9 408.7 4.45 2.5 33
Carboxylesterase pl 6.0
DEAE -cellulose 14.5 2074.2 13.9 143.0 0.96 11.5 9.2
Sephadex G-150 2.3 614.5 08 267.2 0.36 3.4 0.6
Isoelectrofocusing 0.9 370.2 0.3 411.3 0.33 2.1 0.2
207 120 = PAGE & Sephadex G-150 1o L2 ORI 57 4 — D
- % 2_(,§ 04 5. carboxylesterase pl 6.2 IZ BB, carboxylesterase pl 6.0
£ 180 F ;;: 03 o 133 BETHDZEARMI Nz, I IV AN
5 ot £ " =102 3 U T carboxylesterase pl 6.2 A% carboxylesterase pl 6.0 D
5 {a0 8] Bdoq % — /
5 ost A gl g™ 15 EEWKEESEEZ R, FEESHOYETE. ®
b 5 2700 . . .
< /L il 3 BEREBICE ) CBREERD BNPP 3L PMSF TiE
0.0 - 0.0 = s -
0 50 100 15(()) E ER2ICHEIN., £EBEMEERD EDTA TIHHEEFS

Fraction No. (Fr. 1-50: 8 ml/tube; Fr. 51- 150: 5 ml/tube)

Fig. 5. DEAE-cellulose column chromatography of
carboxylesterases from rat liver microsomal fraction

Crude enzyme was applied to a column (2.2 x 15 cm) of DEAE-
cellulose equilibrated with 10 mM Tris-HCI buffer, pH 8.0, and the
enzyme was eluted with a linear gradient of sodium chloride (0 —
0.4 M). Concentration of sodium chloride; ,
absorbance at 280 nm; @, praniukast hydrolyzing activity (unit/ml);
O, esterase activity against a-naphthyl acetate (unit/ml).

yOR KT x—AITNITLIOINT T T 4 —DfE
B, AESIFEN 2. BESIFEERL 600D T
E—7ELTIATS—EEHNROONL. A EITD
HINRF LIV T AT T — % carboxylesterase pl 6.2, B H
DOHINKRF NI AT F—E% carboxylesterase pl 6.0
E L7z, ZD® carboxylesterases DIFEIBBICH T 5B
FIEME% Table 3 1R L7z, HIEMETI carboxylesterase pl
6.2 \ZHBEEIZ L No-naphthyl acetate DKERIEAK 40
. 772N h A OKBIERDK) 55 BT ERLE,
Carboxylesterase pl 6.2 V3 ¥ B3 I tL N a-naphthyl acetate D
IKERFEMEA S 40 fEIC ER LTS, 752V A b DK
EMIEESEDICLEPWEAD LT,

BEMEOEME  BEBERD SDS-PAGE DR T,
carboxylesterase pl 6.2 /N2 Fid 60 kDa. carboxylesterase
pl 6.0 /N2 Fid 58 kDa ICENZENEH—DE—7 LT
HIRL 7. HEBREOEEEZ Table 4 ITRLZ. SDS-

Niaxmorz,

N-K¥7 = / BRECSI DRI : Carboxylesterase pl 6.2 3
KU carboxylesterase pl 6.0 IZ 7O LT T HEICE ST
zhzh s LU 3 HOXRTF KRR EGSZEMNT

Table 4 Some properties of carboxylesterases pl 6.2 and
pl 6.0 from rat liver

Carboxylesterase Carboxylesterase

Properties
pl 6.2 pl 6.0
Isoelectric point (pl) 6.2 6.0
Molecular weight ( kDa)
SDS-PAGE 60 58
SephadexG-150 60 174
Specific activity (units/mg protein)
o-naphthylacetate 408.7 4113
pranlukast 148 X 107 11 X 10°%
pitrophenylacetate 112.4 615
Inhibition (%)
PMSF (1mM) 97.8 95.0
BNPP (1mM) 98.3 96.5
EDTA (1ImM) 0 0

PMSF, phenylmethylsulfonyl fluoride; BNPP, Bis-(4-
nitrophenyl) phosphate; EDTA, ethylenediamine-
tetraacetic acid.
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Table 5 Substrate specificity of carboxylesterases pl 6.2
and pl 6.0 from rat liver

Carboxylesterase  Carboxylesterase
Substrate pl 6.2 pl 6.0
Km Vmax Km Vmax
Ester-type drugs
Benazepril 80.4 136.0 1002 41.6
Camostat mesilate 141.0  44.0 2324 2174
Delapril 120.2 448 68.8 244
Diltiazem 38.0 3.0 84.2 0.8
Imidapril 4075 374 329.7 308
Irinotecan 499.2 204 715.1 307
Temocapril 467.8 1533.6 2290 176.2
Oxybutynin — 9284 293
Procaine — 117.7 289
Dilazep — +*
Propiverine — —
Zopiclone — —
Amide-type drugs
Pranlukast 61.0 2344 512 110
Aniracetam
to anisic acid 150.0 0.8 689 76.6
to anisamide 126.0 1.1 70.2 6.9
butyric acid
Capsaicin — 133.6 8.5
Fominoben — +*
Flutamide — —
Indomethacin — —
Vmax, nmol/mg protein/min; Km, uM;
* *, below 1.0 nmol/mg protein/min; — , not detected.

&7, Carboxylesterase pl 62 OXTF R¥HF D7 2 /B
BLFNE Yan 5 W ARE L TV hydrolase B D7 2 /B
B D&y & —B L 7. —A. carboxylesterase pl 6.0 D
RTFREHFOT I/ BEFNE Yan 5 P BWEL T
% hydrolase A D7 X /) BEFIOEEH D & —HK LTz,

EYICWTHIRERENE  LATINEEBLUT IR
HEEER S IEMITH TS carboxylesterase pl 6.2 &
carboxylesterase pl 6.0 DEERRMZE Table 5 ITRL =,
MEER E ICT S E YT L TREEEZRL,
$1Z Carboxylesterase pl 6.0 9% < OEMITxt U TKEE
HERLE,

3. 7OBBHRDA Y RAY S KBERICET 512
&t

TIRBDOSEDA Y RAZ S VIKBEROBE . O
Sepharose Fast Flow N5 L7074 —IC&>T
A RAT D TKBEREZRTE—IH 01-015 M
NaCl fHE Tl E N, ENTHIERNWTIAT -
EhERTE—IMBHEN, (Fig. D T2 RAF Y

CH,0 ' CH,COOH
COOH

CH;0
N7 "CH;  N.deacylation : \Q_'(CHZCOOH
2 * N CH
)
© C H

Ct

Indomethacin

l O-demethylation

Homcazcooa
e COOH HO
N CH, N-deacylation “3 CH,COOH
— > I
C=0 + ~ B8
N7 CH,

4 : ;

Ci

Fig. 6 Metabolic pathway of indomethacin

KR TEYE # R T E 4313 Red-Sepharose 77 AIZIZEM
WL <WEFE L 72h o 7248, Blue-Sepharose 717 LT %t
T5EMEITE <. Blue-Sepharose 17 LM 51k 20 M
NaCl DRBETHHEIN:, FBRIIFEBEOEOEE
TTIEHABRNAEE TH >/, EONIBENZITH
BUBREGL. 1 RAY U IKBEBZEOREEREE
Table 6 IR L 7z, HBEREN S DIWRIZ5.9%TH > 7z,

0.8

1000
T so0f loe 2
= 5 0.5M NaCl RN
e =1 ==
2 60k ] . g E
> - - o~
= ] 40.4 o
3 8 =5
B 40f £ Sz
g 5 j02 B2
5 200f 2 Eg
o
Lﬂ ’\/\\ £
ol — 0.0

150

Fraction number (7.4 ml / tube)

Fig. 7 Q-Sepharose Fast Flow column chromatography of
indomethacin hydrolyzing enzyme from pig liver

Crude enzyme in 20 mM Tris-HCI buffer, pH 7.4 was applied to a
column of Q-Sepharose Fast Flow (1.7x 7.0 cm) equilibrated with
the same buffer at 4°C. The enzyme was eluted with a linear
gradient of NaCl (0 — 0.5 M) in the buffer. ------- , Concentration
of sodium chloride; ———, absorbance at 280 nm; @,
indomethacin hydrolysing activity (unit/ml); O, esterase activity
against a-naphthyl acetate (unit/ml).

Table 6 Purification of indomethacin hydrolyzing enzyme
from pig liver

Total Total ~ Specific v 14
Fraction protein  activity activity (%)
(mg) (unit) (unit/mg)
Crude enzyme after gy 153 0.019 100
Lubrol treatment
Q-Sepharose 37.0 28,6 0774 187
Fast Flow
Blue-Sepharose 0525 09 1.7 5.87
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Table 7 Some properties of indomethacin hydrolyzing
enzyme from pig liver

Optimum pH 9.0
pH Stability 9.0-11.0
Molecular weight (kDa) 65 (SDS-PAGE)
Inhibitor Inhibition (%)
PMSF 100
BNPP 100
EDTA 0
Substrate specificity Km Vmax

(uM) (nmol/min/mg protein)
a-Naphthy! acetate -
p-Nitrophenylacetate —
Indomethacin 67.8 9.02
Aniracetam 560 7.69
Nitrazepam -
Prazosin -
Fominoben -
Tiaramide -
Flutamide -

—, not hydrolyzed.

REEZEOEMHE @ HFUBE#ED SDS-PAGE OFEFE. 1
VR AY LU KIREEFE D /N R 65 kDa HiAICE—DE
—ZELTHELE, #7902 —HICE 208 0HNEBR
ICORETIE. THFRHTIHEA > KA Y KR
FPRIT A > R AY S D KRBER & IIUBERER L -
M, TEYFBANARF DN I AT S —Y LGB
RLiaholz,

HRBROMEEBIVCEEBRREMEE Table 7ICEED
7o ABEREFHINARFIUIINIATST—EYO—KNLSEE
T & % o-naphthyl acetate 355X p-nitrophenyl acetate IZXF
UTKBIEWEEZ RS Eholz. YT 5 EEERY
T, A RAY S U BIXETZS Y LDT I RER
EKELTZ, TZIEF LI 2 DOT I REANERE

o} Q COOH
i o /
o~ C /”\ (Esterase) HN H +
T N _—> 1 cHo
N [S—
CH30

. Anisic acid 2-Pyrrolidinone
Aniracetam y

_COOH

O
e
“NH
e
CH30

Indomethacin hydrolyzing
enzyme

(Esterase)

Anisil aminobutyric acid

Fig. 8 Metabolism of aniracetam by indomethacin
hydrolyzing enzyme from pig liver

TEM AL RAY L KBBERET—DDT I REBD
HEKBUI (Fig. 8)e 1 > KAY L UABMBERILRT
JVERIESN TN U T3 KBE 2RI o 7z,

N-REE7 S /BEECT) : > 7 70~ 1 RTYML T
BONLEZDOXRTF REIKFO7 2 JBEESIZ. TU R
ANRFIINIATFS—EDTA YA LTHSD Es-male
DF 2 BRI Y EFNTN 70.0%B L 55.6%DHR
HEHLTHE,

4. £ FRFBRBERDOANKF NIRRT S5 —EDOEYK
R{ERICBEY ST

E MEFEED S5 D carboxylesterase pl 53 H L U
carboxylesterase pl 4.5 DEE . WIVEFVIINIAT T
—t13 Q-Sepharose N T LIZE>T 2 DOE—2ELT
RHE N7z (Fig. 9. BHIDE—213 Sephadex G-150 77
SL0R M 5T 4 —IT&>T 120 kDa fHEIKBHE
N, 2HFEBOE—713 60 kDa fHEICHEHE N, @HD
E—27 & HIZ Con A-Sepharose 1 7 LICIREFI N,
a-methyl-D-mannopyranoside IZ & > TBfan/z., 7oOv
NIA—NT L THAITLIOINT T T4 — DR, B
PIOE—I DEERILS3. 2BEBDOE—V OFEHRIL 45
THol. ZDD carboxylesterases DIFHHE% Table 8
IR U 7z, HBEEMN S D carboxylesterase pl 5.3 DUNEIL
1.2%. carboxylesterase pl 4.5 DY HRIZ 1.0%TH > %z,

REMROEMHE  FHEUBFED SDS-PAGE DR,
carboxylesterase pl 5.3 /N2 Fld 61 kDa. carboxylesterase
pl 45 DN RiT 64 kDa ICENTNE—DE—2 &L T
B U7z, Western blotting D#E3. carboxylesterase pl 5.3
12X 9 2 BRI carboxylesterase pl 5.3 (&t L THE R IR
%ZixL. carboxylesterase pl 4.5 IZ%t U TidbH M I &K
wERLE.

s 100
Eg4 80 2 - 04
(=] J ~ ~~
g £] 2
%3 027 g
8 i F2| Z
S z 1o
-g 2 140 3
=3 el
<
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() o - - = ik
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Fraction No. (Fr.1-220: 9 ml/tube, Fr. 221-320: 4 ml/tube

Fig. 9 Q-Sepharose column chromatography of carboxyl-
esterases from human liver

Crude enzyme in 10 mM phosphate buffer, pH 8.0 was applied to a
column (2.0 x 22.5 cm) of Q-Sepharose equilibrated with the same
buffer at 4° C. The enzyme was eluted with a linear gradient of
NaCl (0 — 0.5 M) in the buffer. -----—- , Concentration of sodium
chloride; O, Absorbance at 280 nm; @, esterase activity (units/ml).
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Table 8 Purification of human liver carboxylesterases

Total Total Specific .
protein activity  activity Y(;;])d

Step (mg) (units) (units/mig)

Carboxylesterase pl 5.3

Crude enzyme 5720.00 16617.0 291 100.0
Q-Sepharose 522.20 47685 9.13 287
Sephadex G-50 26.85 19472 7250 117
Isoelectrofocusing 8.89 806.8 90.65 49
Con A-Sepharose 2.07 199.4  96.56 12

Carboxylesterase pl 4.5

5720.00 16617.0 291 100.0
Q-Sepharose 302.24 893.7 2.96 54
Con A-Sepharose 10.35 387.0  37.39 23
Sephadex G-50 1.73 1752 101.21 1.0

Crude enzyme

B ROMEZ Table 9 IT/RL 7, SDS-PAGE &
Sephadex G-150 N L7 OX N T 7 4 — DR,
carboxylesterase pl 5.3 Id 2 B, carboxylesterase pl4.5 i
BEATHD I ENRENTZ. Con A-Sepharose /1 T AT
MLUTIHEBREBICHEEL ., MRS DITHTFHNICHE
BERF SO TVWD I EMRSNL SERER O E T,
MEES & B2 BNPP B LU PMSF TH#< FHE S 1. EDTA
TIHEES N7,

EYICHTIEERRY BMETHEAIhTH %Y
1249 % carboxylesterase pl 5.3 & carboxylesterase pl 4.5 @
HERHEME Table 10 IKRL7Z, TRATIIAESZEFDOEK

Table 9 Some properties of carboxylesterases pl 5.3 and
pl 4.5 from human liver

Carboxylesterase Carboxylesterase

P ti
roperties p153 o145
Specific activity («mol/mg protein/min)
a-naphthyl acetate 96.6 101.2
p-nitrophenyl acetate 13 16.3
Molecular weight (kDa)
SDS-PAGE 61 64
Sephadex G-150 120 64
Isoelectric point (pl) 53 4.5
ConA affinity + +
Optimum pH 8.0 7.0
pH stability (37°C, 30 min)
L/
more than 65% of =, 14, 8.0-9.0
original activity
Inhibition (%)
BNPP (0.1 mM) 99.3 99.3
PMSF (0.1 mM) 96.9 98.1
EDTA (0.1 mM) 15.8 52

M U T, carboxylesterase pl 5.3 1 & A S IILEENEA Y
v bBIOT O IFT 2 BRI ER KD R
U728, carboxylesterase pl 4.5 (3 2315 1%t L T2 < kMR
EHEEZRS WD, HE2WIED TIHOERERLE,
—7. carboxylesterase pl 4.5 137 AU >, Tk B
KA F T FZ MU T/KBELEZRL A,
carboxylesterase pl 5.3 1 Z ZNSITH L THEWHER I 4o
7z

TIFRHEEFODEYIIH LTI, WEREHIZ7TZ
FEILD2DDT I FHEE (Fig. 8) KB U T=AS, KR
THEMDOLLIBmBRMTARE Big> Tz,

N- K7 I/ BERCH : 7 b7 071 RTYML T
BoNZTISTAPOT 2 ) BEFNI. Carboxylesterase
pl 5.3 A% 5 F D carboxylesterase form 1. carboxylesterase pl
4.5 MY FD carboxylesterase form 2 & i WHIFEM %25
U 7ze E72, carboxylesterase pI 5.3 DT I/ BEECFIE Kroetz
SME|EL TS HU1® O cDNA "S8IERL7 3/
FREO% & —3 L. carboxylesterase pl 4.5 I3 Pindel & 75%R
& L TV 5 human carboxylesterase (hCE-2) 2 & —F L /=,

Table 10 Substrate specificity of carboxylesterases pl
5.3 and pI 4.5 from human liver

Carboxylesterase Carboxylesterase
Drugs pl5.3 pl 4.5
Km Vmax Km Vmax
Ester-type drugs

Camostat mesilate 0.707  0.958 2.700 0.090
Dilazep 0.154 0.112 0.089 0.118
Irinotecan 1453  0.082 0.241 0.074
Benazepril 0.734  0.886 0.785 0.330
ONO-5056 1.060  0.132 2.080 0.476
Quinapril 0.134 0.184 0.122 0.034
Temocapril 0.786  4.762 0.325 0.402
Delapril 1.502 1.569 -
Imidapril 0.287 0.195 -
Aspirin - 2.270 0.244
Oxybutynin - 1.124 0.353
Procaine - 3.330 0.029
Alacepril - -
Diltiazem - -

Amide-type drugs
Aniracetam
to anisilicacid  0.085  0.009 0.301 0.020

to anisamido  0.095  0.007 0.412 0.349
butyric acid

Capsaicin - -
Pranlukast — —
Indomethacin - -
Indomethacin - -

Km, mM; Vmax, umol/mg protein/min; — , : not detected.
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ERETIE, HTEYO HPLC ITK B 044 HE
WRETHHEERF L, TORKER. BEMHEILTY
CEBEERET R NUNLERL, TORABHERHD
WIZBERD pH 2 E A5 L& > TE<DEY D
HPLC BIEMTIEETH B ZEMBHLN > 72, BEK
DESGHRIIT, EMUDTITPLT Mo EITOH> L
EOTEGIIRET DI ENMETH . BHEE
SEEOEYERSHFRICER L 2B, 9&ks
ORTICET HRM. BEUSIICET SRHAKIEIC
HETELEEZOND P,

HYKBELZOWIEETIE., Tv b, 7%, b NOFE
MEEBNIALIORNT T 74— 2B EHLETEY
KBEZORHMET ), SEEOBRZHEL /-, 588
DOEEZDENEHEP JUOEBEFEMEOLEZ Table 11 B&X
X Table 12 2R L7, Z5OREITL 0 EKBREER
IDWTUTFICRT AR & B 29,

1) SDS-PAGE TRO-EZBEFEOF T 1y b FREIIIZ
1F60kDa THO—HL T, T, SHEEFRORE
MENTNOBZEDBEEROICE) OAEETS I &N
rgEINE, —H BERCERERENRDOSN., —
K DB NDITRE X N,

2) TN UI=1 > RAY O UKREEFRIT.
NWHEFINITATIT—EOERER L L T—HRIICHN
54 % a-naphthyl acetate. I MUDBEERN TN HK
RIEWERLU T AT IVBRIEY N U CTKBEEEZ RS
T, T I/ BEFORFNSFHROBREE X SN,
ABEFILT O RAY S D EARICT 2 RBEYOT =5
T LI L TEKBERERT &N SRHRNAER

Comparison of some properties of drug

Table 11
hydrolases purified in this study
Human Rat Pig
hydrorase hydrolase hydrolase

Properties

pl53 pl45 pl6.2 pl6.0

Molecular weight (kDa)

SDS-PAGE 61 64 60 58 65
Sephadex 120 64 60 174 ok

Isoelectric point (pI) 5.3 4.5 62 60 *%

Inhibition BNPP l ! ] ! !
PMSF l ! { l !
EDTA — - - - -

Specific activity* 96.6 101.2 408.7 411.3 0
(umol/mg protein/min)

1, inhibited; —, not inhibited; *, esterase activity against
a-naphthyl acetarte; **, not determined.

R EETsEEL SNk,
3) TIUINNARXNOKBREWIL, Ty ESERLAH
NWRFUINITATI—FORIIRBD SN, b S
LEANARFIINIATFI—EBELINE NFFRED S —
RTEBO SR, ZOZ &}, ARFLILT
AT =BT 2 EMRBITHEENEEL, &
BY TRHARBENE<REIBEENH DI EERL T
5, LIz >T, ANARFINIT AT 5T—HITL RS
WAL THEREMICE > TESNET—FEL0ESE
LT EBEEETHD. B TORBORE
PHRETHBEEZGNT,
4) E hARO2BEONNBFIINIAT T —FIdLE#:
MEWHEESHRANEZEL T, LAL, TOEERKRE
HIZEWIZER > TW, B4 0EMICOVTIE, 2 &
HOBEICLIOWITNOR#EINL2EY, H50WE—4
DEEFOHIRFMENI2EYNH o, BEOT 1Y
ATLDHIRBINDIEYTIZ. BERSEIZLVEND)
ENKESEHIT SR EEENH S, Lidtos T,
cytochrome P4S0 IZK DRBEMERICHINHRF IV T AT
FT—EBIL o THRBEINZ2EYIZIHNT S, BEYOHE
BEVBRBRERTENBIIR#T 271 Y1 LR
INBRETHBHEEZ SN,
ANKRFIUNIATIT—FIZE ORB SN EH O
MELTTORTyINEL, REESN-BICEEEN

Table 12 Comparison of substrate specificity of drug
hydrolases purified in this study

Human Rat Pig
hydrolase hydrolase hydrolase

pl53 pl4s5 pl62 pl6.0d

Drugs

Ester-type drugs

Camostat mesilate +
Dirazep +
Irinotecan +
Benazepril +
Temocapril +
Delapril +
Imidapril +
Procaine —
Diltiazem
Oxybutynin -

| +++++

I+ +++++++

4+ttt
I

|
+ I+ |

Amide-type drugs
Aniracetam + + + + +
(ratio)* 59:31 7:93  36:64 92:8 0:100

Indomethacin — - — — +
Pranlukast — - + +
Capsaisin - — - + -

=+, hydrolysed; —, not hydrolysed;
*, metabolic ratio to anisilic acid and anisamidobutyric acid.
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