J. Toxicol. Pub. Health
Vol. 15, No. 1, pp. 95-101, 1999

Cytochrome P450 3A40{ 2|st Aflatoxin B,2] AtS}0{]
Cist Dehydronifedipine®] &k

Bepe - 7 AR

"o O 1o

DFNS AN Asetad, el delttad, EHRTEdTE A AT

The Effect of Dehydronifedipine om the Oxidation
of Aflatoxin B, by Cytochrome P450 3A4

Bok-Ryang Kim*, Kang-Beom Kwon' and Dong-Hyun Kim?

Department of Biochemistry, School of Medicine and
'Department of Physiology, School of Oriental Medicine, Wonkwang University, Iksan, 570-749
’Bioanalysis and Biotransformation Research Center,
Korea Institute of Science and Technology, Seoul, 136-650
(Received October 19, 1998)
(Accepted December 20, 1998)

ABSTRACT : Cytochrome P450 (CYP) 3A4 metabolizes aflatoxin B, (AFB,) to AFB,-ex0-8,9-epoxide (8,9-
epoxidation) and aflatoxin Q, (AFQ;; 3orhydroxylation) simultaneously. We investigated whether each
metabolite was formed via its own binding site of CYP3A4 active site. Kinetics of the formation of the
two metabolites were sigmoldal and consistent with the kinetics of substrate activation. The Hill model
predicted that two substrate binding sites are involved in the oxidation of AFB, by CYP3A4.
Dehydronifedipine, a metabolite of nifedipine generated by CYP3A4, inhibited the formation of AFQ,
without any inhibition in the formation of AFB;-ex0-8,9-epoxide. Dehydronifedipine was found to act as
a reversible competitive inhibitor against 3a-hydroxylation of AFB,. V... and S,; of the 8,9-epoxidation
were not changed in the presence of 0, 50, or 100 uM dehydronifedipine. S,; of 3a-hydroxylation was
increased from 58+4 uM to 111+8 uM in the presence of 100 uM nifedipine whereas V., was not
changed. These results suggest that there exist two independent binding sites in the active site of CYP3A4.
One binding site is responsible for AFB,-exo-8,9-epoxidation and the other is involved in 3o-
hydroxylation of AFB,. Dehydronifedipine might selectively bind to the site which is responsible for the
Jormation of AFQ, in the active site of CYP3A4.
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olomn] CYP3ATS ool 7lell4] wrals]w Aol 7t

ERfFEA  cytochrome P450 (P450)F s
2009 Fo] UAFEG=, == T4 speciesol]
wte} 183 HEEE o2 Al beia] =2A Aol
3lch(Nelson, 1993). P450 3A(CYP3A)H] &4E 3
CYP3A1, CYP3A2 & CYP3A9 S-& =, CYP3A6=
E7], CYP3A8S 150], 18]5 CYP3A3, CYP3A4,
CYP3A5 & CYP3A7 52 Agel|AlA 22 4= 1 gl
t}. CYP3A3E AAtellA] gt ZhellA)& el =)
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o= W& =A] ¢F=rHGuengerich, 1992). CYP3AS+= A}
2] Zhel| A = wllol A ZAME iAke] 30%%
o] ZtxA oA WalElgl, 1 oFo] CYP3A49] 25%
v Rko]gkar et

CYP3A4:= A BE ¥Qls} d @<l 1 &4
o] Wehtom, Aale] zhe] EANshe & P4SO kel
10~60%(3; 30%)% A3t 714 o244l Al
9] oFE YA} E4 2 (Guengerich, 1990) ¥i¢}E-d, oFE
steroids 5 #AN7}A] 8001F o|Ake] B2 thale] =
Cr]?'ﬂ-ﬁ}j/_ i]_ﬂoi %D}(Gillam 5, 1993; Guengerich,
1994). §F E28] P450 F Ao 4311 QA= = S)x)
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o]Ake] BA o] FE AR Fi=H kAL
£ Al o3 " oFEE2°] pharmacokinetic
parameter’} ¥W-E5|o] A17Z}-g} secondary toxic effectE
ZWHE ok 222, dA fdEE A A=
olu} BAEZY] FEAIEAE-S A S3] A=
ALl od = P450 & A2 &el(reaction phenoty-
ping)ol -?QE]— (Harris 5, 1994).

g 3o FAEL 7)AlY __o]/d o] FolA] & £H
o BN % S AS A el
Anke Az} a2 unlsubstratebi}g S Zus
£ ol A2 Aok F EF $20) H997
A2 A AAA7} =] inhibitory drug interactionS X
A Folch. o2 YelE o] Bso] T PASO Fsol
o) Satsl BAo] Qoo SRl UALE A4

Pl A1) o3z 7 dele] 24 tAlSRE Pas0 &
25 & 4 9ok o] ubge] M &3] o]&FHA
%)= reaction phenotyping®}* <l chemical inhibition
test(CIT; Parkinson, 1996) o]t}. o]= P450 &4l 2
3 A= 2R Abeldl o] AATA, 2Rl v
7 A & &) A} mechanism-based inhibitorel] £]3F #]
-3 59 of R AA) I ® o] ubE ]88}
of ofg] B Eo| CYP3Ade] o3 tiAl=lx 9l&S
shelslglel. zeful CYP3Adel 23] diAlE= cy-
closporin A2] thA}ell midazolam, nifedipine, diltiazem
2 verapamil 5 CYP3A49] 7|AE-& oAI2t8-g 1
o}, ToUg F49 71" 54l quinidine, omepra-
zole, imipramine 5~& cyclosporin A2} thA}ol] oju gt
d8kx FR| 94gkr}(Chiu, 1993). =g+ taxol®| meta-
bolite BZ. thA}oll= CYP3A47} Hodsli} CYP3A49)
7]A 4l nifedipinec]} CYP3A49] AAA = ezl
naringenin-2- thAlol| ¢33 T2 o ZOE B
o] glth(Haris =, 1994). o]=]§ AzH= CYP3A4¢]
A5 BREA ) A1 AGH9A} T Aol AR
£ 7MdE AAF] Fi e Shou F(1994)
CYP3A4S] 712 % Azt SAlo] Aghaiche S
B gk} glct.

B od7Ae FHTe] CYP3A49] active siteoll&
AFQ 2 A 3l= 329 AFB;-ex0-8,9-epoxideE 3
Aot welsk SR 2AT FeAE AR
A2 v yste] o (Kim 5, 1997), & AT e
AFB, 2] thA} kinetics 43} dehydronifedipineS- ©]
43k JAAFP 22 P450 3A42] FAJH-9)ell4] AFB,
o] A2 Bl 2R Al 27t Agsiol
AETHE AAAE ST e Q0] o8 1
3L 2} gl

i
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1. TH=E

Aflatoxin B,, glutathione(GSH), dilauroyl phosphati-
dylcholine(DLPC), dioleoyl phosphatidylcholine(DOPC),
phosphatidylserine(PS), glucose 6-phosphate NADP’,
glucose 6-phosphate dehydrogenase ™ =1 2]9] UREA|
k=8 Sigma(St. Louis, MO, USA)ell4] F-4)3}ed o,
HPLCS $-vj= Merck(Frankfrurter, Germany) | &2
R

2. CYP3A4, NADPH-cytochrome P450 Reductase
2} Cytochrome bs2| 22|

1) CYP3A42| wts 3l 22|

Gillam £-(1993)c] 7WgF CYP3A49] expression vector
(10~15 ng) & E. coli DH50F'1Q Max Efficiency Com-
petent 4| Eol| heat shock HPH S & transformationA] %]
& SOC mediaol|A] 2 hr E¢F vijokal &
o]4] overnight ¥}x]3}gdt}. Single colonyS LBamp
mediacl| 4] ¥je} 3 TB mediadl % E3} 3 30°CellA] 24
A7} wieksla 1 mM IPTGE Fo3 5 2447184t
kgl Fofl AEE stalet. E2]E Al Ee] lyso-
zyme(300 X g/g cells)g- #a)s}le] spheroplast® &1,
1.0 mM PMSF, 2.0 uM leupeptin, 0.04 U/mL aprotinin
237 1.0 uM bestatins-2] £-olo]| o] 1L sonication
2 AlA)Ele] membraneZ Q¢iri(Fisher %, 1992).
MembraneE 0.6% sodium cholate 2 88l A]7] 3 20%
glycerol, 0.4% Emulgen 911 72|32 1.0 mM DTTE %
3+3}= 20 mM Tris-acetate $+5-8-2(pH 7.5)2.2 3u)]
stk o 4918 4] SFElen HPAR
DEAE Sephacel column®} 10 mM potassium phos-
phate, pH 7.4, 20% glycerol, 0.1 mM DTT 18]31 0.05%
sodium cholate 2 ¥ 3J X]7] Hydroxylapatite column-2- |
4-31e] CYP3A4E A A8l Tt

LBamp plate

2) NADPH-cytochrome P450 Reductase®} Cytochrome
b2l Z2

NADPH-cytochrome P450 reductasex= Guengerich<}
Martin(1980)0] 7]<3F ¥ o2 7}EQ] liver micro-
somes -2-98-2- n-octylamino-Sepharose 4B column(2.5 X
15 cmyo 2 Selstglonl, Akeke) 7 2o EAjsHE
cytochrome bsi= Shimada $-(1986)0] 7|&3&t W& o]

fa}e] Eelaidch.



3) CYP3A42| EAMT HA}

AFB;©] CYP3Adel| 2]3] AFQ,%} AFB,-ex0-8,9-
epoxide 2. A% = W52 Kim 5(1998)0] H w3}
y o7 RAIslgdct. =, NADPH-P450 reductase(200
pmol), cytochrome by(100 pmol), 200 ug sodium cholate,
glutathione(3 mM), DOPC, DLPC % PS7} 1:1: 15
4190 E3HEE 20 pgg Arhsted 100 pmole] AR
CYP3A4E 1~2% %4l sonication® 2 reconstitution
& A7 F oE BAROE ol gttt U £
2 £ 1mLe|™ 100 pmol®] CYP3A4, 50 mM po-
tassium phosphate $+3-8-(pH 7.5), 2 mM glutathione,
0.6 mg mouse liver cytosol, 50 yM AFB,;, 5 mM glu-
cose 6-phosphate, 1.0 mM NADP* & 1.0 IU yeast glu-
cose 6-phophate dehydrogenase S-o] Z&= ), o] &8
E2 37°Col|A] 103?—7]- uk-8-A]7] 51, 37 ul. formic acid
£ A8t 488 FEAIZ F -70°ColA] 10417 5
ol B3s}e] %“—‘l’é% A sksdtt. 3,000x goll 4] 10+
7ZF .?‘,:]_/\1 .r,'aa]g}.o:] ;‘g;ﬂ% E}-H_HZI_Q_ ;(ﬂ}]?s]- & AFB, q_]
’q’fa 8 Raney (1992)°] 7]33{1' Ho]' H‘E‘ Q]:Z_} Hd“%]

A7l WS 2 Beckmanile] HPLC(Model 142)3
o] &3l BAsl v}, ARE-¥E columnS Ultrasphere
ODS C-18 reversed-phase column(Shiseido, 5 pym, 4.6 %
250 mm)| 917, -85 gvl+= 20 mM ammonium acetate
(acetic acidZ pH 4.0 =A4)2]l v A%} acetonitrile :
methanol : H,O0Z 4.5:4.5: 1.09] v]&8 &3h% L)
BE o]Fojzon 4245 1.0 m/minZ F4 519
o} 90% A-10% B2] v]&$-2% &9 2 columne 33

A7) F 20 pLe] X85 Fsta, A4H FE T
W whAl o2 208 Fekel AAA 30% A-70% B H
52 $249E WHIAI|HEA ARE £EAX7]H
AFB; tjAHZ2 & 360 nmellA] 24319 cH(Gillam <,
1993; Oh -, 1995; Kim %, 1997).

4) Dehydronifedipine 2| X7 |

AFB,9| ‘=& 00f|415-€] 120 uM7}A] ¥3}A| A A] vt
T AFB2] tAEA E3HEol 0, 50 2 100 uM2] dehy-
dronifedipineS- 7}z} #7}3}e] 3a-hydroxylation % 89-
epoxidation ¥H-3-0] dehydronifedipinesl] 2]} o]m Hla] o
2 A= AE AT BAXE9) sigmoidal
curve?] A& Sigma plot$- ©]-8-3}] A A)s}3ic).

Imr. A il

1. CYP3A40]| 2|5t AFB,2| CHAIO CHEF Dehydro-
nifedipine®| &2
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Fig. 1. HPLC analysis for oxidation products of AFB, formed by
CYP3A4. CYP3A4 was incubated with AFB,, NADPH-P450 reduc-
tase, cytochrome bs, GSH, and other components described under
Materials and Methods in the absence of dehydronifedipine (A), or
in the presence of 50 uM (B), 100 uM(C), or 200 uM (D) dehy-
dronifedipine for 10 min at 37°C. The indicated pcaks were iden-
tified as the GSH conjugate of AFB;-ex0-8,9-cpoxide (tz: 7.7 min),
AFQ; (10.2 min), AFB; (11.7 min), and dehydronifedipine (12.9
min) by comparison of tz with authetic standards.

A% CYP3Ade] ©]3] AFB-S AFQ(tx: 10.2 min)
3} AFB,-ex0-8,9-epoxide(ty: 7.7 min)2 thA}E gl o],
AFB;-ex0-8,9-epoxidet= glutathione®} glutathione S-
transferase 8- ©]8-3}] glutathione conjugate S =+ %
BAST = giaEAe] 3AueL 38 1.002
veldel(Fig. 1A). o] B]-8-2 HL 110 microsomes®l] 2]
3 WEIAE F AR vl 24 1084 ¥
A ehgelKim 5, 1995). HL 110 microsomesol] &=
CYP3A4E: offel, CYPIALS} 12 o] EAlsher
o] 52 F&2 AFB,-¢x0-8,9-epoxide} aflatoxin M, S 3J
AAet7] Wit Aelck B Qo= AAE CYP3A4
2 ol8al57] el 1wl go] A e AoE ¥
A=]3c}. Dehydronifedipine-g- 3718} AFQ,2] peak
7} 27}% dehydronifedipine(tz: 12.9 min)2] s-%of] vt
vl 3}A 7FA-=] 9vh(Fig. 1B, 1C, 1D ¥ Fig. 2). ¥bd,
AFB;-ex0-8,9-epoxide 2] Aol = A 2] d3F& Fx] ¢
o} 5 tx}E22] gAXIu|go] dehydronifedipine®] &
E7F 100 uMd o 1: 1 Axo|githr} 200 uMol| A=
AFQ,®] peak”’} AFB,-exo0-8,9-cpoxide®] peakHt} <
35 o] ztolxic}. wleba] dehydronifedipine->- AFB,;-
exo-8,9-epoxide®] HAloll= A3 JFe Fx| ofom
A1 AFQ9) g uhg Ay o 2 A sl 2L
herget.

2. Preincubation0| [[}2 dehydrenifedipine®| 2A]|
L

fok

Dehydronifedipine®] AFQ,9] HAuks-& 7l
2 eAshen] Fo uldR o eAlahs XS 2]
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Fig. 2. Effect of dehydronifedipine on AFB, oxidations by CYP3A4.
AFB, oxidations were done with CYP3A4 and others as described in
the legend to Fig. 1. The formation of AFB;-exo-8,9-epoxide (O)
and AFQ, (O) were measured by HPLC. The results are shown as
means+ SD of triplicate experiments.

317] YalA] 7]"el AFBS A|9ldt ZE vk E3HE
S Ar}stz 100 uM2] dehydronifedipine-g- ¢33}
5, 10, 20 18] 3 30327} 37°Cel|A] preincubationS- A
AseiTh. 7. F AFBS Folske] 1087} 0he-& A3
A Zt}. Dehydronifedipine2- 3% oF-2 o Eatol A

120 T T T
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Fig. 3. Inhibition of AFB, oxidations by CYP3A4 as a function of
preincubation time with dehydronifedipine. CYP3A4 was prein-
cubated with all of reaction mixtures except AFB, in the absence
and presence 100 uM dehydronifedipine for the indicated time at
37°C. After preincubation, incubation was done with AFB; for 10
min. The formation of AFB;-ex0-8,9-epoxide (©) and AFQ, (O)
were measured by HPLC. Control velocities of the formation of
AFB;-ex0-8,9-epoxide and AFQ; were 1.30 and 4.82, 1.32 and
4.76, 1.28 and 4.75, or 1.17 and 4.51 nmol/min/nmol P450 for 5,
10, 20, or 30 min of preincubation. The results are shown as
means+SD of triplicate experiments.

5, 10, 20 283 3037t preincubationS Al A& of
AFB;-ex0-89-epoxide?} AFQ,2| A& == 7+7} 1303
4.82, 1.32¢} 4.76, 1.28% 4.75 =3 1173} 451
nmol/min/nmol P450%. EA= ¢t} AFQ2] JAS o
A)5h= dehydronifedipine®] &= A ije] A 71}34%?
TR 2T FAY 70~73%H =5 AASA A
3] A1 7 ch(Fig. 3). ] A3} dehydronifedipinec] AFQ,
o} g sl HHAlo] wl7Fd A Ql We] o}
& HefF T gleh s Oh 5-(1995)°] Mwst
nle} 7o) mechanism-based inhibitor 5-2] w]7} =l
AANA S A2 se A7t vl Hog a4 &
AL BEA3L A)7]7] ojEolrh. =8k, T49} dehy-
dronifedipine-g- 7to] 41¢it}i7} gel-filtration & 2 H-2]3}
Ay CYP3A49] &A)o] z)A= <)+=d|(unpublished
data)e] Z3}e} Fig. 32 dehydronifedipine®] AFQ.2]
e gz Adekn Y AL Axe 3l
o}, &, AFBl—exo—89epox1de«] 53/‘4 k2o o5tk
dehydronifedipine2] zh-8-2 Fig. 13} Fig. 20|42} o]
s odake 37 2alchFig. 3).

3. AFB,2| Als} HI20] CHEt Dehydronifedipine2]
qHIZIH '

AFB,2] FXxo| o}& AFQ,# AFB,-ex0-8,9-epoxide
H}A &xo] Hile dubdel ZakSE3 22 hy-
perbolic curve oFAFe 2 yehix] ¢k31, sigmoidal
curve Fao.Z vehidch(Fig. 4). olsh B& FPE
Ueng 5-(1997)7 Guengerich 5(1994)°] 2. wg ulr}

v, mol productimininmol P4S0

& - N w 2 o @ N e
T T T

log VAV max -v}]

log [ AFB, ] tog { AFB1 ]
Fig. 4. V vs S plot of AFB, oxidations by CYP3A4. Parts A and
B show the formation of AFB;-ex0-8,9-cpoxide and AFQ, in the
absence (O) and presence of 50 uM (A) or 100 uM (0) dehy-
dronifedipine, respectively. Parts C and D show the same results as
fitted to plots of log[v/(Vmax-v)] vs log S.



Table 1. Parameters for AFB; oxidations catalyzed by CYP3A4

: Dehy- Vmax S
Reaction  dronifedipine (nmol/min/ (,ul(ﬁ) n
(M) nmol P450)
8.0. 0 2.10£0.32  34+4 1.77£0.13
Epoxidation 50 2344026 38+3  1.60+0.11
100 2424041 41+5 1.57+0.18
30 0 9.26+0.78 58+4 1.62+0.14
Hydroxylation 50 896082  74%7* 170:£0.15
100 9.10£0.67 111£8* 1.79+0.15

Values were expressed as means=+ SD of triplicate experiments.
*significantly difference from control (P<0.05).

sith. webA Michaelis-Menten BFANE v=(V,,S"/(S,"+
SNE A7), 10g[v/(Vau-v)] W log[AFB, 2] 13}
ZE o] &34 Sigma Ploto.2 V.., Sos 18T nZt
< Tet5vhFig. 5 2 Table 1). o £%4] V.=
AFB,-ex0-8,9-epoxide- & 3 Al s}= 8,9-epoxidation ¥
o] 4]+ 2.10+0.32 nmol/min/nmol P4500]%1 2= AFQ,
& ¥ A3l 3o-hydroxylation ¥F-S-o| A= 9.26+0.78
nmol/min/nmol P450°.2 v}elytr}. S,.&= sigmoidal
modelel| 4 o] &£xo] Hukg Role 7|AY s
el =dl, 3o-hydroxylationdh-g-of| 4= 58+4 uMo]
glom, 8,9-epoxidation WH-g-o A 344 uME FA
=k ngh-2 cooperativityr} 71 o] F Ao Aglele=
AFE el = (Segel, 1975), T ub-gdlx 247t
1777} 1.622 vbeh} Ueng £(1997)0] H73t 2.3 2
217= <27t Arolslel o), Gallagher S0] B 1t A
7H1996)2}= ¥]528}dct. Dehydronifedipines] 503}
100 uM=Z &4 o AFB,®] T 7}A] tjAlE2 So) vt
E9A+= o 4XE dehydronifedipineo] Fo= %)
ke we] £z} Apo]7} glgich. ubd, S5zt 8,9-
epoxidation®] HF-$-ol|4] A7}l dehydronifedipine®] ok
o o3l HE=x] ¢Igkor}, 3o-hydroxylatione] ¥RE-
o] taA+= dehydronifedipine2] %7} 0, 50 2 100
pMo A k7 5844, 74+7 223 111+ 8 yM = E-4]
x]¢], 713} dehydronifedipine?] %o B]#ste] =
7V} e}, Dehydronifedipinee] 7} 2 9l A Ajo] =2
(Fig. 3), o]} %2 AI}E= dehydronifedipinee] AFB,-
ex0-8,9-epoxide 3JA] Hk-S-oll= A3 Folx] Fomx,
AFQ:9| A ubgel el A4 A= =hg
3t gle AS Vel gl

Iv. 12 =

Raney 5-(1992)0ll 2JspbH CYP3A4el] 2]3l4] AFB,
o] AFQ,3} AFB,-exo-8,9-epoxide 2 &= wl-$-o
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A, 7,8-benzoflavone-2- allosteric E3}ol] 2]&] AFB;-
exo0-8,9-epoxide?] AJHLS-2 Z7}A]7]L AFQL &
ANh-g-2 ZFAaA]7]w, 3 AFB = AFQ2] A=
g 3S 2] ¢t oA AFB,-exo0-8,9-epoxided] 3JA]-S-
AAgchaL sk CYP3Adel 93t AFB.9] diAb:
ole} zo] g 7ER 9] Ao} & 7HX Y 7)AeA FA]
o M2 o2 F79 FAEe] FAEHY, T FFH9
effectore]] 2]3 & & Wk-g-2 EZ1A]7] 2 FAlo th=
RS2 A A7) Boldt aaukgolatn B sl
t}(Guengerich, 1994; Ueng %, 1997). Gestodene-<
CYP3A4E ¥ 33l CYP3AA EATO 9F 170
acetylene 7]7} 4+8}< w] CYP3A<] porphyrind] 2%
3}e] P450 spectrumS- 5}7] 3} CYP3AE n|7}dzo
2 E8A 3271 (Guengerich, 1990). 12] =& ges-
todene .2 CYP3A<2] A& AAs)7] Yaix= 71=
= A7EsP7] Aol o] 548 ¥-$-A]7)= preincubation 3}
A& AAsledo} &l (Guengerich, 1990; Harris =,
1994). Pirmohamed £(1992)of] &]5}w whe-~2] CYP
3A¢} Z33}e carbamazepined} 6B-hydroxycortisol 2]
ANEE S5 preincubation?A] L A A|EHR] ¢Fole
gestodeneol] &34 A=t o} 25 w2
o] CYP3AS] 4o] AFe] CYP3AS] B4nrh T &
7] dEo o]} e dAto] vehydrla FAbslgdr).

2t £ d7Ale] B a(Kim 5, 1997)8 uje} o)
gestodeneo] CYP3A49] 44 JA8l7] ¢sixe =
# AR 712 Ao AgE ook sh=d)
2 ZIFHE T diabE e A1) ukge #A4d 3
S| A] 942 gestodeneo]] 2jallA JAE = ke 7o)
t}. 222 CYP3A4¢] AFQ.9 HAAHLS-(Kim 5,
1997y% op]e}, carbamazepine} 6B-hydroxycortisol]
P S5 L olfeld A3 =HA g
gestodeneol] 2J3fA] A= Ao AR B o
% CYP3Adel| 9|3 AFB,o] AFQ3} AFB;-ex0-8,9-
epoxide 2 3= = HlSo] Fo)9] A2 v}2 7|2 A%}
F-9ell AFBro] ZAgsle] 213Pg-& dehydronifedipine-2-
o]8-3sle] ¥ks]x}l 3t} Dehydronifedipine-S- ni-
fedipineo] CYP3Adol| 93] thAlE o FA=E 4
o]th(Guengerich 5, 1986). o] B2-& Fig. 2¢} Fig.
3ellx] e} zFo] AFB,-exo-8,9-epoxider} A== ul2-
e 4%%E FA ¥2wHA AFQ2] FAuHEurS 7}
G WA T A BAL WA T EF
o] dixEAle] PS5 7]Hl AFB2] Fkol
il sigmoid Hel 2 e, 1 dA7]-e] 712
3 7 AA o] oAt} (Fig. 4).

ZAA QA AAlE 7)Ade] 40 A4 w9 9=
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71748 AT 9ol Ashes As Adsles E3oln
2, 7138 Aol BeolH o Agsh= Aok w
2}4], dehydronifedipine2- AFB,o] CYP3A4e] 73 5}o]
AFQ, 0 & H3tw|= Atdl AEA o8 Zg}ele, o] -
¢+= AFBo] Z3¥}t=Ee] AFB,-ex0-8,9-epoxide7} 341 5]
£ 599 A A ¢¥oug 3a-hydroxylation?] BFg-0)
dehydronifedipinel] 2]3i4] A 3% 2] = Ao g A}
23t} o] Azl= CYP3A4e] 3HAJ3ole] 7.8-ben-
zoflavone¥} phenanthreneo| E-A| ¢l ZA3tw] o] tja}xlc)
= 3 (Shou =, 1994)1c}h v) $5}4 CYP3A4S]
A5 oll= At T2 A=A QS HAF
3L gl aeln g, o]u] CYP3A4e] 7|A 2 ¥haizl 7]
AE AloldMx ol &ste 714 Aol wheby
drug interaction®] WEhEA Y, S22 yERR] oFE
= & Aot o] /S b mA49] 713 9] Fo
AE1AE A7 & Aeks A6 71908l
2 319+ reaction phenotypingS ¢|3+ CITS] R34
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