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—— Abstract

Background : Chlorpropamude is an oral hypoglycemic agent of sulfonylurea derivatives and has a similar chemical
structure with tolbutamide It is extensively metabolized and only 20% of dose is recovered in urine. 2-Hydroxychlorp-
ropamide 1s the major metabolite found in human urine. The plasma concentration and clearance of chlorpropamide
have an wide inter individual variation up to 30 folds. The polymorphism of cytochrome P450(CYP) isozymes responsi-
ble for catalyzing the chlorpropamide 2-hydroxylation is expected to cause this pharmacokinetic vanation of chlorpro-
pamide. However, there is no information on the CYP isozymes mediating the formation of this metabolite in human.
Recently 1t was reported that chlorpropamide disposition was related with CYP2C9 genetic polymorphism as tolbutamide
did, suggesting that chlorpropamide 1s expected to be a substrate of CYP2C9. Objectives : To characterize and 1dentify
the enzyme(s) mediating the formation of 2-hydroxychlorpropamide, a major metabolite of chlorpropamide, in vitro
metabolic studies of and wmhibitory effects of CYP specific inhibitors on the formation of 2-hydroxychlorpropamide
were performed using human liver microsomes an cDNA expressed CYP isozymes. Additionally, it was evaluated whe-
ther chlorpropamide has the inhibitory potential on activity of CYP isozymes Methods : To identify the CYP isozy-
me(s) involved in the chloropropamide 2-hydroxylation, in vitro incubation studies including NADPH regenerating
system in human liver microsomes and :DNNA expressed CYP isozymes were conducted. Inhibition studies with CYP
specific chemical inhibitors were carried out. The nhibitory effects of chlorpropamide on the activities of CYP isozy-
mes probe reaction were also evaluated. Concentrations of 2-hydroxychloropropamide and major metabolites of probe
drugs were measured with HPLC using UV or fluoroscemce detectors, Kinetic parameters were calculated by fitting
the data to enzyme models using WinNonlin® program Results - The 2-hydroxylation of chlorpropamide was best
fitted to one enzyme model from nonlinear regression and Eadie-Hofstee plot. The kinetic parameters, Km and Vmax
in 3 human liver microsomes were 122 0+20 OpM and 16.2+5.0 pmol/min/mg, respectively. Formation of 2-hydroxych-
lorpropamide was significantly wnhibitied by sulphaphenazole, but not by ketoconazole, S-mephenytoin, quinidine, and
furaphyline. Both ¢cDNA expressed CYP2C9 and CYP2C19 formed 2-hydroxychlorpropamide , and their Km and Vmax
were 279.3+41.9 and 663 0+£152.12pM and 64.6 2.8+and 143.1+12.8 pmol/min/nmol CYP, respectively, intrinsic clear-
ance was similar with that of cDNA expressed CYP2C9(CYP2C19 ; 0.224 vs CYP2C9 ; 0.258 ml/min/pmol). Chlorpro-
pamide inhibited the tolbutamide hydroxylation catalyzed by CYP2C9, but has no inhibitory effects on other CYP 1s0-
zymes tested. Conclusions : CYP2C9 and CYP2C19 participate in chlorpropamide 2-hydroxylation in human liver in
vitro, which is consistent with tolbutamide hydroxylase, However, the relative amount of CYP2C9 is much than CYP2C19
mn human liver and the disposition of chlorpropamide was related with CYP2C9 genetic polymorphism not by
CYP2C19 polymorphism in vivo CYP2C9 is expected to be the major. CYP isozyme catalyzing chlorpropamide 2-hyd-
roxylation, Drug interactions are expected when chlorpropamide is coadministered with drugs which are metabolized
mainly by CYP2C9.
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g37rsl a3t vl s Jehtbe 8371 sle W,
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a2 5 oy 29l YL & YAARYE, o] O_F%.O,]
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Fig. 1. Chemical structures of tolbutamide and chlorpropam-
ide.
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Fig. 2. Nornal clearance and metabolic ratio after chloropro-
pamide 250 mg oral administration in healthy subjects whose
genotypes of CYP2CP and CYP2C19 have been determ-
ined18)(CYP2C19 EM O, CYP2C19 PM [, CYP2C9*1/*1
@®. and CYP2C9*1/*3 ¢ : *p<0.05).

g, CYP2099) 9371d k22 deA
amideol] haiA] AH 7+ vjZ 24 2 cDNA & QAA|7H
CYP 4L o]83 B2 in viro S+ A tolbu-
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bitor) & ©]&5ted 14| 7hell A2} chlorpropamide 2-hydr-
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FH A B FHE AR 2AE Boe AR A
7HA] 10 CoM BASG o, vagd 5L 2 94
Y& ol&3iurk ¢4 AgEY T 2AE homog-
enizerE AHE-3ta] F23F A7) H E) A(Buffer A

KCI 11.48g, NaH,PO, 12.0g, EDTA 0.37g& &85 1L
=X pH 742 BA)dl 3435t th o] F 7800 RPMell
A1 28] AAEES H 4L AEHE ISP TR
24000 RPML. 2 4 EE 3 & n|I2E53S HAAAA
AR, ol YAl &5 B(Buffer B @ MeCLEH0
1017g, NaH,POa' 12.00g, EDTA 037gS Z§4
Hodxf pH 742 BA)o| 43It A7le] 2
B2 4TEAANM olFojhY. FEE vjz2dF:
Bradford W& 0|83 Gl HPYPo g T 5 9l
33 10mg/mlE. B33l AR A7R] -70ColM B
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2. cDNA ¥ QA CYP &4

cDNA %8 24 CYP &4 7(cDNA expressed human
CYP isozymes)< Q4] CYP cDNAL Baculovirus®) §*1
Zpell 293 th o] & insect cello] 747 § wd
NA e Aog, B APl AR 5472 CYPIAL
CYP2C9, CYP3A4, CYP2D6 ¥ E(supersomes)©] .2
o R% vl GentestAHGentest, MA, USA) 2 HE 9]
str
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AlEE Algetgct

5oz 714 = (chlorpropami-
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7¥8taL 37C %A SEZF preincubationA] F T}, ©)
3 whgol AW &
(5SmM NADP/20 mM glucose-6-phosphate/40 mM MgCly)
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Chlorpropamide 2-hydroxylationoll #& 38}l Cytochrome P450 Isozyme?) 9
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_ Vmax*[S
V= Km+/[s] Eq. 1
Two enzyme model
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g QA 7 vag$A e EF CYP AAHAS

o}-8-3t chlorpropamide 2-hydroxylation A3} 37}

1. CYP A& 5] 849 A A (specific CYP iso-
zyme chemical inhibitor)

57 CYP Aadd Fo| &9As]#lel 23t chiorpro-
pamide Ate] Al a=E Hrishr] A8l Zhzte] CYp
oo 5ojg A isS wHshe EANAES
H] 3}59 tH furafyline ; CYP1A2, sulphaphenazole ; CYP2C9,
quinidine ; CYP2D6. S-mephenytoin ; CYP2C19, ketoco-

nazole ; CYP3A4)™

2. X‘]?‘“ a5 597}
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vh-3-2] %k"ﬂ 7W7he 100uM7HA] Tkt B

ZJE}?S}_:_ regenerating system2 7} 3. ¥k2& A7}t
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chlorpropamide 2-hydroxylation®ll g 94 A xS H7}
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2}. cDNA 23 2lx] 7} CYP §4 7949 chlor-
propamide 2-hydroxylation tJA}Fs 3 7}
1. B3 CYP &4 T A 9] chlorpropamide ¢} of
Abs A4
ThFst cDNA 28 Q1A 7H CYP &40l A 9] chior-
propamidethAtA #-5 H713L7] fl8) v AEE A
sHTh A CYP1A2, CYP209, CYP2D6, CYP2CI9,
CYP3A4 779 % 20pmolTIrE AHE3H 2.8 chlorpropa-
mide 71 100 pMOILT. WA S 1412012
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2. CYP2C9 2 CYP2C199)A] chlorpropamide 2-hy-
droxylation djA} 54 H7}
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A5g 7HRe Ae= HrtE CYp209
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7 CYP2C19 8 F2olA thF3t chlorpropamide 71
Ax w9} ¥eL E3}a] 2-hydroxychlorpropamide 4§73
o thet AEAL 82 ok Chlorpropamide Su
MellA 2000 pM7ER1 9] F58 7Hz CYP2093} CYP2CI9
73 & 20pmol 1217+ F<F ¥H-A1Z] = 2-hydroxychl-
orpropamide & A Fate] 74z} 7| GE FrolAe vt
&5 & Arstgch CYP209 % CYP2C199) 7 &4
24 98hd A4(Vmax, Km)e &L 98 FFshe
A =233 WinNonlin® & °]8-3H%ith

ul. 54 CYP &4l tl¥ chlorpropamide?] 24
A&s 47t

1. CYPEAZ Eo] A wg

EA CYP £4F 849 thdl chlorpropamide] #] 3
zZgol) 71213 FEF T AL FHksg HFE7] $shd,
CYP §47Y Eo] &4 A vkgd dFel= HER
7142 AM-3te] chlorpropamide®] €]3F thA} vE-S- 94|
EHE Hrlslgoh CYP &40 Eold < diAl ut
9 7} g ko] w2 Z AL Table 13} Zotth

oo

2. Chlorpropamide®] ¢]3+ & a3 g7}

b vlARE R Ao 7} EANHSE V1R S vt
¥ Km #g I28iM Zalizl 22 FHlskal vl wy
%171 ¥, chlorpropamide 0~100uM7HA} Thg&t 51
2 Ag)st regenerating systemS A7I3 g WS
AlZEETE CYP B4 A GEEE whex7d
wh v 32, 1 o] g AR
7r vjagEoM 9 W R 2yt Zhzte] Hol o
AFE2A ] AYATE 78l chlorpropamided)] ¢ & &
7 CYP 349 Ao tigh As) F=E H7siith

ole

Table 1. The specific substrate reaction and reaction condition for each CYP isozyme
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1. 2-Hydroxychlorpropamide §% ¥4

2-Hydroxychlorpropamide s £+ 94 HPLC¥E & ©]
g3l BA3ElHch olu 2-hydroxy- chlorpropamide &
AFslr] Qs 2o3 FFEAL 7T F UNER
B2 chromatogram’doll 4] ] 2-hydroxy tAMES &<
zdo] 2 FHATH ¢4 A chlorpropamide peak |
A e F2 WAFEZ peakE FIEIAT

o] peakoll FHE EAE FAsId LOMSA 3§
3 23 B2}z 7} 2-hydroxychlorpropamide & &<l
sttt (Fig.3)

(A)

o Cw
Majorfmetabolite

chlorpropamide

Miwies

(B)

- Molecutar Weight : 293

ot 2-hydroxychlorpropamide
iz
E I

Z 1.

L bt addigo s i LI S

Molecular weght
Fig. 3. HPLC chromatogram of chlorpramide and its metabolite
from human urine(A) and chromatogram of 2-hydroxyc-
hiorpropamide identified by LC/MS from human urine and in
vitro microsomal incubation of chlorpropamide.

14,33-36)

CYpP
Spectfic reachons

Isosymes
CYPIA2 phenacetin O-deethylation
CYP2C9 tolbutarmide 4 -hydroxyiation
CYP2C19 S--mephenytom 4-bydroxylation
CYP2D6 dextromethorphan O-gdemethylaton
CYP3/4 midazotam 1—hydroxylation

Substrate/Concentration/Reaction tume

phenacetin / 25;1?% ! 05 ﬁour
toibutamide / 100 M /1 hour
S—-mephenytoin / S0 uM / 1 hour

dextromethorphan / 5048 / 1 hour

midazolam / 25 uM 7 0.5 hour
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Chlorpropamide 2-hydroxylauonell #&}3h= Cytochrome P450 Isozyme®) 7% 2 in vitro & A58 Hrt

AH8-3 HPLCAl 2" Gilson 307 B | Gilson 118
UV 727, Rheodyne 7161 loop injector 2 Waters A+
C8 (5¢m  particle size, 12.5cmx4.6mm)ZH& 0 2 A5y
t}. HPLC o]54Hmobile phase)& 252 : acetonitrilS
50 1 50(v:v)¥l 2 T3] 2™ pHE 85% phosphoric acid
E AHSSl pH 4022 2T 2y 59 44
< LSm/min2 stoem UV HE71E 0148 A& A
T2 235nmE ST AR A HAe whgo] BTy
L1023 A EElstd 48 e 50l & FH oo
HPLC columnol FY35ch EE IFAHL 93 F34]
85+ 01, 025, 1, 2.5, 5 yME F8)3lg o)

2. CYP %] %}29 £ gAEA 5% 24
Phenaceting 7] 422 AMERE 7499 garEal
acetaminophen-& MerckA}Fe] chromolith RP-189 2+ (10x
4.6mm)< ©]-&te] FE3HAaL, 245mm Ao UV A
Z719A BFEASA oln) chlorpropamideE W)
EFEHE Ao, o] 5o 244-& 0.01% phos-
phoric acid : 25 mM KH, PO, : CHy CN2 750 : 185: 65
2 3%

Tolbutamide & 712 FEZ AFEH S 92 thrrEd
¢l 4-hydroxytolbutamide®] ¥4 %718 Ab7)9} 2-dydro-
xychlorpropamide @9} LA 3lR 3, o]w S-mephe-
nytoing Wi EFEZIE AREE9Th

S-Mephenytoing 712 B2 AFEHL 799 tALS
A3l 2-hydroxymephenytoin®  MerckAFe] Lichrosorb
RP-8 Z#(3.9 x 280mm, 10 pm)& o] &3] 2]ty
A2, 225 nm B¢ UV HE719A H 3 B4 &Rt of
W carbamazepine g WF EEEBAZ ARRIIPoH, o]
B4 AL 1% acetic acid : acetonitrile(720 : 280)9]
pel=g

Dextromethorphang 7] EZ A0S 7299 o
AFEA Q] dextrophane WatersA}e]  pBondapack CisZt
(39 x 300mm, 10um)E o]-§3te] R2j3tg o, flu-
oroscence & 719] excitation - 200nm®} emission -304
nme| oA HEEA ST oln levallorphang W)
T BRESEE AN H, o5 24 10mM
KH:POas : CHiCN @ MeOH (750:125:125)0] 21 th.
Midazolame 7)Ao 2 AHEAE ZA49 thaEgRe
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I-hydroxymidazolam®] %+ WatersAF2] pBondapack
Cis@HE o83t 245mmapge) UV HA&7)ol4 B4
3tk old ketoconazole2 WY EFEFZ AN
o, o]FA4te] 242 0.4M acetate buffer(pH4.0) : me-
thanol : acetonitrile(560 : 48: 392)¢]%it}.

EE AEEL vHgo] EY 1087 94 283ty
L2 4FY AFE FH3lo] HPLC Al&Eo)] &Y F9)
157 4=

A+43

7. QA 7+ vla 2 &4 2] chlorpropamide 2-hydr-
oxylation

A 7+ mjmZZ &M 9] chlorpropamide 2-hydroxyl-
ation A} H7oll A regenerating system©] §lE HE-2oj
Me A8 2-hydroxy tAMES] A EA edgte). 357
o} n]AZZ2Eo)A chlorpropamide S 0~1000uMe) thest
FE2 8]gt Ao A 2-hydroxychlorpropamide2] 23
342 Figa(A)ollA e} 7+o] Michaelis-Menten kineticsol]
Z He5Ron two enzyme model B.T}F one enzyme
modelol] T 2 A== Ao2 A=At ojn Km
S 122.0420.0uMoI o1, 16.2£5.0
pmol/mg/min®] R Th(Tabel 2) L-A vjaZ 2o A] 9] 2=}

T wo enzyme model?] H&o] 7V5EkA] kTl

vmaxt

Table 2. Michaelis-Menten parameters estimated for the for-
mation of 2 hydroxychlirpropamide from chlorpropamide
(1~1000uM) in 3 different human liver microsomes(L20,
L21, and L23)

L-20 L-21 L-23 Mean®SD
One enzyme model
Km( M) 7816 12540 14002 1220%200
Vmax{pmol/mg/min) 13.19  21.67 14.60 162450
AIC* 856 1616 252

Two enzyme model

Kml/Km2 41.82/19019  115.95/175.57
Vmax1/Vmax2 S511/17.28 7.79/6.89
AIC 17.23 6.69

* The Akaike Information Criteria
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Fig. 4. Michaelis-Menten plots of the enzyme kinetics (A)
and Eadie-Hofstee plots (B) for the formation of 2-hydro-
xychlorpropamide from the incubation of chlorprapomide in
a human liver microsome (L-C). A range of chlorpropamide
concentrations (1~ 1000uM) was used

&3 A7) A#Z EBadie-Hofstee E50l 283 23
Q1A 7+ m AR £ o)A chlorpropamide & 7] A FEE AR
2 w) 2-hydroxychlorpropamide #8412 TYdd4Awd
(monophasic enzyme modeDol 2 m2= ZHoZ e

t}(Fig. 4B).

. CYP 843 5o] @4As|A ) 2} 3 chlorpropa-
mide 2-hydroxylation A5

14 7F njaZHNM 9 chlorpropamide 2-hydroxyla-
tionoll ¥ CYP &4 o] AajAld] o3t JAF
H7kel Ak Figs o 23kt 35/9 vja g2
A=A CYP2C9 Eo] A4 sulphaphenazoleol] <3l
A 2-dydroxylchlorpropamide @] AjAl o) 7} 3741 A=
Atk AFES lpMol sty FRAAFE thRy-go o)
A 65%(+10.5)01% AAHAALH, 1uM o)AM=
) 100%N A 80%7}8F chlorpropamide 2-hydroxylation
< A At 9o AsiA osiMe
CYP3A4 Eo] A&A|¢) ketoconazole?] IFE(25~50 p
M : 30~40%)9llA] chlorpropamide 2-hydroxylation2] =]
Pdol HAH A1t sulphaphenazolest B g w) A
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o] A e¥gkeh z19le] CYPIA2, CYP2C9, CYP2D6
7} g 479 Eo] A3|A|Ql furafylline, S-mephenytoin,
quinidinedl] 2}8141E 2-hydroxychl orpropamide -3 2)
AR FAto] Aol FEAEA] EUTH(0~20%) .

120

% Control activity

0 10 20 30 40 50 B0
[ inhibitor ] (M)

Fig. 5 Inhibitory effect of selective chemical inhibitors for
CYP isosymes on chlorpropamide 2-hydroxylation in human
liver microsome. Data shows the average value from 3
different human liver microsome (L-20, L-21 and L-23)

t}. cDNA 23 Q1A 7} CYP &4+ 9] chlorpro-
pamide 2-hydroxylation tHAls

57k 9] F2 cDNA ¥ QA 7+ CYP Aol
chlorpropamideZ 712 F2 2 i A& o 2-hydro-
xychlorpropamide 2] A4 A== cheFatA vebsttt &
A3t 2AdA CYP2093} CYP2CI9 & AtollA 2-hyd-
roxychlorpropamide®] A3/deo] F=glHon, ojn A
&5 = 7hz} 18,034 20.1pmol/min/nmol CYPo| STt v
CYP3A4, CYP2D6, CYPIA2 AT T 2-hydroxy-
chlorpropamide A4do] 79 fIAY wlmg FFEold
t} (Fig. 6)

olojA] cYP2093} CYP2CI98 AwollA] chlorpropam-
ide 2-hydroxylation thA}SA]el HE7bell A 5~2000 M2
t}ekst %9 chiorpropamideE 1A 7HEQF 2 §47 2
2 wjokdt A3} 2-hydroxychlorpropamide®} 4§42 Fig.
7o)X ¢} Z2gteh. BY3 2P0 2 33 AlES AARS
] 2% Michaelis-Menten kineticsoll 2+ upgto oy, A&
Agol e} ARt A4 Kmo] CYP2C94 CYP2CI9
oA Zbz} 279.3 + 4193 663.0 + 152.12 pMe] R o™,
Vmax= 64.6 + 2.8% 143.1 + 12.8 pmol/min/nmol CYP©}
ATk CYP2093 CYP2C199) WiAA H4ee 747
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0.2583% 0.224 mi/min/nmol CYPo] S Tt Table 3).

Table. 3. Michaelis-Menten parameters estimated for format-
ion of 2-hydroxychlorpropamide from chlorpropamide in
cDNA expressed human CYP2C9 and CYP2C19 isozymes.

Km {aMi Vimax paiimgmin)  Cla (miminnmol CYP)
MeanxSD 27931419 A46128 0258
CYp2C1a o
Mean£SD 6630215212 1431=128 0224

i

v

i

+ irinnsic clearance = VmaxKm

CcYP2C9

CYP2C19
CYP3A4
CYP2D6
CYP1A2
no CYP
o 5 1‘0 115* Wv‘;O ‘215 :;O

V (pmol/min/nmol CYP)

Fig. 6. Formation rate (V) of 2-hydroxychlorpropamide
(pmol/min/nmol CYP) by cDNA expressed human CYP isoz-
ymes from incubation with chloropropamide (100 uM) Data
show mean value (n=2),

v
pmol/min/nmol CYP

0 500 1000 1500 2000
Chiorpropamide [uM]

Fig. 7. Michaelis-Menten plots of the enzyme kinetics for the
formation of 2-hydroxychlorpropamide from the incubation
of chlorpropamide in cDNA expressed human CYP2C9(@)
and CYP2C19(A) isozymes. A range of chlorpropamide con-
centrations (5~2000 pM) was used.
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2t QA T AR FAA O] CYP B4F B4 dig
chlorpropamide®] A|3}5 H7}

A 7+ vlz2EoA Y CYP fEi4d 4ol dheh
Hrvst A= 3579 vz
2&AM A#HA CYP2CO FA wHE-2l tolbutamide
4-hydroxylation®] chlorpropamide®] #sEo|A] HE 7}
dalA A3 = AckFig. 8).

CYP3A49ll £9|% midazolam 1-hydroxylation®] 73-¢-
FEE(0 50uM) @) chloropropamidedl| 4] A 5o] UH
2521 0.1} tolbulamide 4-hydroxylation®] &4 4ol
g o o 84 A ade A fsdrh CYPIAL
CYP2C19, CYP2D6 7} & 432 Eo| 829l phenacetin
O-deethyltion, S-mephenytoin 4-hydroxylation, dextrome-

chlorpropamide 2} A& 5-&

thorphan O-demethylation®] 73-$- chlorpropamide©l] 2]3%F
g4 A o] Aol JEAHA FUrh

120 -~
100 ‘j 5 Dextrophan({CYP2D6) Acetaminopen
2 \f\’i‘%\{fii;.,;'— L P
%, 80 \'\\: 4. hydmxymephenyto'mCYPZCN; T
o T T T T e e A
'g 60 l -+ {-hydroxymidazolam(CYP3A4)
§
R 5o b )
—e —~ 4-hydroxytoibutamude{CYP2CS) -
oL . N . s
0 20 40 60 80 100 120
[ Chiorpropamide ]

Fig. 8. Inhibitory effect of chlorpropamide on CYP isozymes
in human liver microsome. The reaction probe were phena-
cetin for CYP1A2, midazolam for CYP3A4, tolbutamide for
CYP2C9, S-mephenytoin for CYP2C19, and dextromethor-
phan for CYP2D6 Data shows the average value from 3
dofferent human liver microsomes.
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Chlorpropamide $} +Z H-A}F3F tolbuta-
mide= CYP2C92) 7]d g2 2 44 e 1 &
FAdell 2l3hA olbutamide®] ok EHA ThgA o
% A9E 5 dokw geiA ok 2y

=
A7 vja2H L cDNA 28 CYP

o7 433
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CYP2C19% tolbutamide 4-hydroxylaitionol] Zedsh
B37} gle} gep Y

£3], QA 7+ u)Z2 LA CYP2099} CYP2CI9E-8
& o] &% Lasker § ¥ 9 A7} cDNA Ed CYP2CY
g} CYP2C19€ ©] 88+ Venkatakrishnan 5 '”'¢) o]
A& CYP2C199] tolbutamide 4-hydroxylationol] o 3}ed
CYP209# &3 tAbsS 7HA 32 Aok B shich
BHH Wester 5% o] A)8)d CYP Eo] HAg A E o] &
& AlZolHE CYP2C199] tolbutamide THAFS] 4-hydr-
oxy HJAHES] Aol 14- 2% % B Aoz A3}
Sk CYP2C93 CYP2Ccl90] ®F tolbutamidedl] )3l
A E5 AR E S BRSE oy, AN E
tolbutamide®] thA}l] gk CYP2C199] 71 =7} A&
o2 gou tolbutamide ¢ SFEEZ felzte] thokA
of CYP2C99] #3173 tjdgo] 34 BoAsta Je A
o] Apdolth ol Hifeo] TRl Pele AHA <N
7Hl M el CYP2C92] wélo] CYP2CI9RT B Atk
9 Ao} Inoues 9] B ol o8k CYP2090] <147}
CYP BazollA 20008 =21 ¥ CYP2C19E 0.8~1.4%
of AR ek gt o] g CYP209 CYP2CI9
o] QA 7hol| A o] & o] 2}o] 7} tolbutamide 4-hydroxy-
lation ZHAell thgt 7] 29 fo] 2 ojojl Lo g ol
) SR = 1

Chlorpropamide %% 1 8183 Fz9] FAME S 1
2% o tolbutamideofi A 9} ZHo] CYP2C97 CYP2CI9 &
2ol gJEiA tiAlzt o] FoR) 1 thAle] F2 Aos}
v 54 2479 {478 gl gs)A oFFary of
a3 tFdol vebd 7hsAo) 83 oty & 5
=3
E dFoM A7 nlag 4y cDNA 238 CYP &
AE AHES in vitro A2} Al@ A Z A in vivo Q1)
F-oqAl 9} FU3}A chiorpropamide AL oA 2-hyd-
roxychlorpropamide A4jo] F2 thAEZ ¢J& 39 &
T AN o] FFE CYP2CY EaFo] F2 B3}
o, &) CYP2CI9% chlorpropamide 2-hydroxylationd ™
T iAsE 7 dov), 2 thAlR o) QlofA] Al
AA el chlorpropamideE Fd§-& 790l = CYP2C9}
HlEte] 11 7|7t 32 4L Aow Alg®Hc o
o]fFZ+= AlA, chlorpropamide & €14 7} u]Z 220 A]

=
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WS- A2 & o 2-hydroxychlorpropamide Aol dish &
498 FH7E F /Y 4200 93 dAkEE o
enzyme model Rt} $H7ER] G AFo| s AR EHE
one enzyme modelolX TS 2 Yo 20, Eadie-
Hofstee &394 & monophasic enzyme modeloll 2+ %8
He Aoz wukE oA, A 2+ mazEFdA e chl-
orpropamide 2-hydroxylation #3o& IR £/ &
2ol F2 BAste AoE FAEAFCE F HRRE
7} CYP BAw+e] So] &4 AsfAll 9gh 2-hydrox-
ychlorpropamide A4 A A Hrlola]E= CYP209 &
o] &4 A ajAQl sulphaphenazoledl] 2]8)A T 7Hed &HA|
AAHJ ) HE, CYP3A4 BAIA8)AQ] ketoconazole
< HE3 22 ZAAA Y ZF=O 25M )M
chlorpropamide 2-hydroxylation®l] thgh L+ &) &337}
22N 22, 2 P =0 4 A Bad
H Bo] AgHg FIdte v F, 5ol A3l ax
4 o (window of selectivity) ™*”& JojA{A] B] Eojao
2 doid Azl &tol 7IQUsA LTAE Aoz AlgH
=8

HHH cDNA 28 Q3] 7+ CYP &4 -Fol A chlorprop-
amide 2-hydroxylation tAFs& ¥4 chlopropamide in
vitro ]2 25 AE 3 in vivo IR AJE Aeks A
o|3lA) #&=] At} Tolbutamide 4-hydroxylationol] tj st
n324 28 2 cDNA 33 §47L o83 in vitro
HAbs AIET A e} fARSHAl CYP2093} CYP2CI9
chlorpropamide 2-hydroxylationol] tjgF thA}
= Ao =2 3l EA T, 2-hydroxychiorpropam-
ide®) 97320 thgk CYP20934} CYP2C199] Kme 7+
7} 279.3+41.99F 663.0+152.1 pME CYP2C9°} CYP2C19
of Bated 2uf o] A& WHH, VmaxE 64.6:2.8 2}
143.1+12 8pmol/min/nmol CYPZ CYP2C199¢] 2uv} 7}=¢
A ARAoZ FARE WA HAE(CYPAY
1.258, CYP2C19; 0.224)& UYEMAAT). o]+ LaskerE'"
9] tolbutamide 4- hydroxylationo] th&t ¢1x)] 7+ njz 2%
o] A 2] CYP2CO3} CcYP219 B-8)0) /MR E49A 8 43
(CYP2CY ; Km=178~407uM, Vimax=2.95~7.08pmol/min/me,
CYP2C19; m=650uM, Vmax=3.71pmol/min/min)®} 73 &
I 23] fARITE ol Azt 2] 2t ahTel
# Bleg AZA @9kE 9 chlopropamide?] wjA}e]

A

[o]
2 M



Chlorpropamide 2-hydroxylation®l] #¢&3}= Cytochrome P450 Isozyme2] % % in vitro &FE A3 2R 7}

chlorpropamide2] thAtel CYP29 4t olyyz} CYP2CL9
= FosH B ¢ AZ-E W st Aol 2y,
tolbutamidethAfol| A 2} Z+o] CYP2C192] Q1A 7}ol| 4] 2]
D H] S-S CYP209Y 120 Fxol 2uz] ¢7] &
ol chlopropamide < A] 588 7417k Holo &
2] CYP2C9 34 t@ggdwte] 2 Ao & 7oz F
EHr} o] AMdL ofyl A¥A AN CYP2C199] &
A& A 2 A& 3 S-mephenytiondl] &) 3} chlorpropami-
de 2-hydroxylation®] tj3t A5 A7 AHsiA e 7t
Z TFE2 100uMo| A = 0-20%3 = vholl A7} e}
WA ko n] W& chlorpropamide® #s)A| & ARR-
L 7A$ol% S-mepheytion 4-hydroxylationo] ths 2
H20% ©)d AAEA B2 AHHAME vaESZYe
CYP293 CYP219 §dxE o wa} BE5E 33 X}l A]
o] chlopropamide ZAF+Fo]  FEFIAHY oMz
CYP2CO*1/*1 - AAF& (wild type)3 CYP*1/3 H212}
e 71A 7 Y 7l chlorpropamided] 8 £ A4
&3} tjAR 7} fo] 5 Bole vbH CYP2C199] st &
A EME3 PME ol e zkol7) gle Aol Birg 8t
AthFig2). 2 A7) in viro A8 in vivo’dol| 4] 2]
chlorpropamide 2] ¢FE-Sej2] thkAlo] CPY2C9°] =A)
71 gt AMEE FRREE o7 ARET
CYP2C199] A% 2§33 vl o] A <
Aol A o] PMe} ®I% 7] Caucasiand| A= 2-5%9] @
Hle 2 WA vke)A], sHEel 220 @ YHe
AHE 3394 EE B WER AT A

CYP2C9 §7321e) ALulwE S3l6)A WA e
o] g A&l CYP29*32) 7L 1.13% *“’2 Caucasian®)
3~8.5%%} Bl wf Args] W Wl IRl e

=
CYP2C90] chlopropamide thA}ol 3o =
CYP2C9 PM9] #Hgloflxfe] e wgad Hle
o, o] eFE-g AHEE of CYP209 f-4ztel 4
3kz}ol A chlopropamide AH&% AFE A] A8
H2kg dae) bedE A EFY F UE A
Hoh
8, CYP299] chiorpropamide] tiAlel] bl Xl 7|
045011 QolA CYP209 PM 2, ol 8 CYP2C9*3/*3 31
2 7kx] F@ae] A= CYP2CI9 Ed o] A
XJ,P_E Hzkg]o] chlorpropamidedml 2FE-Fefol] 43k

< 0 JteAT WiAE 4 ik 23y CYP &4
o] Fh7Rele) Bty At 9 Frk= AL 78 o)
d uEe VldEe) e Bee e 2rhsd

Kallio 5 * 9] @M CYP2D62] PM3} EMZH
A1 2=l chlopropamide 9} “19] AFSHHARE- 7] thAH]
9] z}ol& 2 AHZE CYP2D6) t & chlopropamide thARZ
H AgRE I HaAS A7IAAt FA AL E
Zhof| A CYP2CO 2 CYP2C19 -FA A8 o) whE chlorpro-
pamide®] k83 z}o] A-FoX e CYP2D6 8 F ol
it 27t AE glo] 2 AR i gk wgo] Erbsst
R, ol in viro AollA CYP2D6S] 5o AsfA)|
9l quinidineol] €&+ chlopropamide 2-hydroxylation®] &
o] AA|5ol F=eAA Fethe AHdI cDNA 2d
CYP2D6o| A &= 79 2-hydroxychlopropamide 443} 7
o] v} 52 gEthe AMdollA chlorpropamide 2] thAtS]
Qojr] CYP2D62] A 7hsAde A3 HL Ao
w]lch

olm) CYP2C99] 7|1 ¥ kg =R 2424 U+ tolbutamide
9} o} oA 2] chlorpropamide 2-hydroxylation®
CYP2090] F8 Fodirts ARdolN drireEst 2
£ sulfonylurea Z372E 7H3 Je A+ €9 %
A g} FaAEg ol 3 CYP2C90] =2 & 04 &
olghz 7Fe S Al B & ok A
CYP2C9°] 2 #AE Zlolate 73S Azl =<
Utk AAH g CYP209*3 WolfAaH 2 7H gl
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hApikgol theh Fee FrhM & CYP2099] EAIvt
291 tolbutamide 4-hydroxylation®ll thaljA]& chlopropa-
mide 1pM FEOIARE] 80%(£5.5)0]4ke] EH A3l
TE BEY £ o, 2 99 CYP Eadd] B
Zjuk-2-o} &A= chlopropamide® 250pM F =714 ol
A} Ael A A7 YAV, midazolam 1-hydroxylation
o] 7% 100uMoldeliA Hof 30% Bx] AAFol #
24 Bolr}. o) chlorpropamided A A Fo
Al °ﬂ Uehdes @35 E B37 ~200uM(=60ug /mi) 2}
= AL 73% v chlorpropamide$} FA]ol] B85 &= ¢
Eo] CYP2099] 712 SFEY 7AS 48 5280l f
g Ue 7hsAs A & 5 doh gEo
CYP2C9E A &J3F t}& CYP &472] A &l
delire Afaart #FEA got YA
CYP2C9 o]9]o] gaFol ajr| A}t =le &9 oF
T4 FHde Fako] 91g AR AtgE o9 |
vitro ZAzel] 93t FE2& A A FxpFoM ) 2@
o] Ry xlojof & Zort.

AZA S 2 A oA ) chlopropamide 2-hydroxylation
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ide®} oFE-FE) ARl 2 FHA ol A 71T
7122 Alg9r}). Chlopropamide’} CYP 24419 49
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tg 3|
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QA Fol A AFFE S TFgo] E Zio diA
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2-Hydroxychlopropamide®] A4 one enzyme mode!
o) & YR|H o™, AA 7+ vl = El A ] chlopropa-
mide 2-hydroxylation< CYP2C9 E-o] A3}A|2 sulphap-
henazole®l] 2)3)A] 2-hydroxychlorpropamide 4343 ¢] 738
3lA A HAT o] AR S A chlopropamide 2-hy-
droxylation TR CYP2C9 o] F 83514 #Aojg Zez
Bk 23y, cDNA 91H] 7F CYP2C93) CYP2CI9 &
Aol A 2-hydroxychlopropamide®] AAo] FT#{A]
Z}z}e) 2-hydroxychlorpropamide A§4gol thist WzlA 3
282 02589 0.224ml/min/nmol CYPO.2 §-A}8H 7He
Btk o]¥A in vitro cDNA & <A 7+ CYP &4+
9] Aol = chlorpropamide 2-hydroxylation thAFHA
o] CYP2C199) L@ 9] Zpol= oFE thAbsoll oA z+
BAFY 7|HE AolZ ojojAe AL olajdErt ¥
Aol A4 al@xollM o] AR o in vitro A
o] A42 AA |4 chiorpropamide Fo Al 1 225
AR CYP2099] 33 thido] AA 7|48 Heg
ForE o)

Z28]3, CYP §4F Eo] HEAWFZolA chlorpopa-
mideol] thg A= FrtollM CYP2C9 Eo] ¥k tolbuta-
mide 4-hydroxylation®l] thal A et 7F& 8 oA 9k&-2 v}
EPH O 24 chlopropamide7} CYP2C9 712 eFEQl FA]
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