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ABSTRACT : Microsomes from human liver sample HL 110 oxidized aflatoxin B, (AFB,) to AFB, exo-8,9-
epoxide which was detected as a glutathione (GSH) conjugate with excess GSH S-transferase and to afla-
toxin @, (AFQ,; 3o-hydroxyaflatoxin B,), and testosterone to 6B-hydroxytestosterone. Anti-P450 3A4 nearly
completely inhibited all of the reactions. Some flavonolids inhibited all of the reactions. While other fla-
vonolids stimulated 8,9-epoxidation and inhibited 3o-hydroxylation. Gestodene inhibited all of the reactions
when gestodene was metabolized by human liver microsomal P450 3A4 prior to adding substrate. But, ges-
todene was added in the enzyme mixtures in the presence of AFB,, it could not inhibit 8,9-epoxidation of
AFB,. Nifedipine and troleandomycin inhibited both of the reactions of AFB, but only 3a-hydroxylation was
inhibited by the oxidation product of nifedipine. Although, troleandomycin was known as a mechanism-bas-
ed inhibitor, the chemical did not show any detectable inhibitory effect on 6B-hydroxylation of testosterone.
The results suggest that there are several different substrate-binding sites on P450 3A4.
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Cytochrome P450 3§ 8 A4F(P450)> 253589 7}

x_]oﬂ F2 2¥¥ heme protein & HIHEF 79 xe-
nobiotic chemlcal ollz} ApAlel ofe] A E2HE
S Akg} 3o 319) A7) A4S 7FA] 2 ¢lch(Porterd}d

Coon, 1991). Zi—,—%g«] 3} species™d A2 thE P450+-
MAgo] 3005 ool WaH L gl ge] WA,
22500} Sk AN BATE el A A=l
speciesell mhe} FE g iR FAELS AR cj2rt
Nelson £(1993)e]] 2[5} P450 1A1, P450 1A2 2 P450
2E1 5 AF-Z A&t o322 QAW k2l 25
P4505-2- o} & FEo EA3kA] odevkar gk wek

B EEel f#g Boe AAedAR
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AR EEE ol 8ol Wil sk BAlol) kel o)
A Aol <l WelE 1oz A ¢ St
aict.

P450 3A4+= A]l ZtxA ] Eal8l= P4S0 B AE 5
P wo] #ska Sl Q1A 2k ZAe] 9 opEeja)

Zolch(Bork %, 1989; Guengerich, 1990). P450 3A
47} Ago g Feld u: nifedipine AH3}she 4L
0] 8-5}91=4)(Guengerich %, 1986), 71 o] %2 v £
Fol A, oE, el steroid 5 AR F] T 9l
So] gta{Frt. &, 200] Folke] dihydropyridine2] 4
2}, (R)-warfarin 10-hydroxylation,
demethylation, quinidine 3-hydroxylation®} N-oxidation,
cyclosporin M1-, M17-% M21-oxidation, midazolam 1-,
) 4-hydroxylation, terfenadine C- & N-oxidation , FK
506 oxidation, dapsone N-hydroxylation, testosterone 6f3-

erythromycin N-
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hydroxylation, A'- androstenedione 6f3-hydroxylation, cor-
tisol 6P-hydroxylation, progesterone 63- = 160-hy-
droxylation, 17B-estradiol 2-hydroxylation, 170-ethy-
nylestradiol 2-hydroxylation, dehydroepiandro-sterone 3-
sulfate 160c-hroxylation, aflatoxin B, (AFB,) 8,9-epox-
idation % 3a-hydroxylation, aflatoxin G, 9,10-epox-
idation, sterigmatocystin  2,3-epoxidation, 7,8-dihy-
droxybenzo|a]pyrene2] epoxidation, pyrrolizidine alkaloid
2] N-oxidation % desaturation 2] 3 7|e} 54 52| Ab
3keoll P450 3A47} BAIE T QleH(Gillam -, 1993;
Guengerich %+, 1994). ol dhekA| 2 Qe 220]7) A2}
&k taxole] <lA 2] hatell P4S0 3A47} odhar ol
o} ulad " th(Harris et al.,, 1994). 7,8-benzoflavone-2- &1 3|
7b #2219l microsomese]] €&k benzo[a]pyrene, zox-
alzolamine ¥ antipyridine 5-2] hydroxylation3} aflatoxin
B,2] Ak (Buening ef al., 19785 %7147t} Raney %
(1992)0l] 2|8} AFB.& P450 3Adol| 23] AFB, exo-
8,9-cpoxide2} aflatoxin Q,(AFQ,; 3o-hydroxylation)® 2
thAbs]=d), 7,8-benzoflavone-S allosteric B35 E-3}o]
epoxide &4 -2 F7HA|7]aL AFQ, 34 BR-2 Zh4
AlZlck o skgict. o] 2h8-2- & FRe] aae) 3 FF
71N A FAle M TR 5 ERe] Abee] HAEH,
g F72] effectorel] 2|3|A FAIH o2 7 v FA
B ohE a2 AQAE = Soldk A4 vhE]l Zeld
(Guengerich et al., 1993). ¥=&F Raney 5~ aflatoxin B,7}
3o-hydroxylation Whg-of] °38k8- x| 9k om 2] 8 9-epox-
idation¥-2- wk-S- olAaleivky B shgdrh(1992). ool
B0l ]2 P450 3A49] catalytic sitets dpupx|uk, 7]l
Eo) A&3}= binding sitet> #H A8F T o]l Zle
2 Z=gslgrt. wefa] 7.8-benzoflavoneo] P450 3Ado]|
Abgstu) 1 840 R odsEE T 3a-hy-
droxylation HF2-© 2 7= P450 3A49} AFB2] A3
olajE 7lolar, 89-epoxidation®h-3-© & 7= P450 3A
49} AFB,2] 23 315 Zo|t}.

912} i s1Fsky] flsiA, P450 3A49] Al=ixql
mechanism-based inhibitorg! gestodene(Guengerich,
1990) % troleandomycin (Brian 5, 1990), 12|37 ni-
fedipineo] P450 3Adel| 23] AkslEle] A== py-
ridine-$-X2.7] S-0] P450 3Ade]] 23+ AFB,2] $7}x] ukg-
2} P450 3A4e0l] 9js] thAlE+ testosterone2| 6B-hy-
droxylation Whg-of] wx|= <d8kS <l 7F 2A1e] mi-

crosomes ©.& FApsheit).

L HE L

1. AJof

AFB,, testosterone, troleandomycin, nifedipine, glu-
cose 6-phosphate, NADP’, yeast glucose 6-phosphate
dehydrogenase %zt flavonoid 3}3tHE 5-2 Sigma(St.
Louis, MO, USA)i|4] ol 3}edom, gestodene (13-
ethyl-17p3-hydroxy-18,19-dinor-17a-pregna-4,15-dien-20-
yn-3-one)?} nifedipine®] pyridine x4 (2,6-dimethyl-
4-(2'-nitrophenyl)-3,5-pyridine dicarboxylic acid dimethyl
ester) 5~ Guengerich BM} (Vanderbiltt] 3tal, USA)E
) 25teh.

2. Q1A ZF XE 9| microsomes 2& LU anti-P450 3A
4 =H|

gl el4] 7} %22 Tennessee Donor
Services (Nashville, TN, USAYE %3+ 932 Human
Liver Sample HL 1100]¢] 2, Wang 50| ¥ w3F uial
(1983)°]] w2bA] microsomes #3& dgit}. o] E3l9]
P450 &eFS- Omura-Sato WHHe = ZA3 u}, 095
nmol/mg proteine| T}, o] TFEE - 80°CE H3talHA]
A4 A FA- A 8= o]gslsdch AR QA cy-
tochrome P450 3Ade]| that Ig G type?] 332 E7|2
BE] 9dglc) (Guengerich 5, 1986). #-2]% 312 50
mg/puLE 3 3 - 20°Col|A] Bas)eiv)

B A o] 8%

3. AFB, [{A} &4do| =H

el4 Microsomes®] cytochrome P450 3A4e]| 23}
AFB2] 8,9-epoxidationd-2-3} 3a-hydroxylation ¥H2-2]
240 bt e 2o w AN e TS
2 % 1mLZ 100 pmol®} HL 110 microsomes, 50 mM
potassium phosphate &8 (pH 7.4), 5mM
glutathione(GSH), 0.6 mg2] mouse liver cytosol, 50 uM
AFB,, 5 mM glucose 6-phosphate, 1.0 mM NADP' & 1.0
IU2] yeast glucose 6-phosphate dehydrogenase5-2. 2 o]
FHA ek o] E3E-2 37°CellA} 1087 whg-A)7] 2, 110
mLe| ZARS H7lsted ukg-5 FRAZ ¥, -70°CE 10
A7k HASST) HE F 3,000% gol 4] 1037F A
Fejstel A AlE A At AFB, AMEE
Raney S| 7]4gh 9 (1992)8-  2F7; #H3lo] Beck-
man HPLCE o]-8-3to] #4853t &, AHE-4 column
Ultrasphere ODS C-18 reverse-phase column (Beckman, 5

um, 4.6x250mm) o|giy, &&F8rlE 20mM am-
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Fig. 1. Effects of anti-P450 on oxidation of AFB, and testosterone,
Microsomes from human liver sample HL 110 containing 0.1 nmol
of P-450 in 0.5 mL final volume, were preincubated at 23°C for 30
min withvarious amounts of rabbit anti-P450 3A4 (Ig G). The assay
for the oxidations of AFB, and testosterone were completed as des-
cribed under materials and Methods. The formation of AFB, exo-8,
9-oxide: GSH conjugate (®), and AFQ, (O) and 6pB-hy-
droxytestosterone (A\) were estimated by HPLC.

monium acetate (acetic acid = pH 4.0& =t u),l L] A
¢} acetonitrile: methanol: H,O7} 4.5 : 45 : 1.0 &) H|- &2
g5 &) BRE o|F9xleH, &5 ?5% 1.5 mL/
mine] gl 90% A-10% BE © 29| 2 columnS- 3 & 4|
21 %, 20mLe] A 88 F13t2} At A7|E vl E o
£ FE el B 02 20853l A A 30% A-70%
BE #3PA71HA] A|S5 §-E3}glct. o]o]A], 5i-E3tel
HAxA &2 4= 90% A-10% BE W3} A3}, AFB,
hAFEALS 360 nmoljA) ZA}stgE ). AFB, exo-8,9-0x-
ide: GSH conjugate?] retention time-2 9.59 min, AFQ;&
13.25 min 18] 322 AFB = 15.48 mine] gt} 2+ ohA}&-
E9] peak 13- Beckman Integrator (Model 427)2 &4
3}o] external standard H}A] S & AFB, exo-8,9-oxide:
GSH conjugate2} AFB¢] 55 45319}

4. Testosterone CHAIS| @M &XH

Testosterone2] 6f3-hydroxylationHH-2-2] i?ﬁ‘—‘“} Brian
5 APH990)YE LN sAsle] AAjsicth. &, 100
pmol2] HL 110 microsomes, 50 mM potassmm phos-
phate £+3-2-o8 (pH 7.4)el] 200 uM 2] testosterone-2- 3 7}
g 5], 37°CollA] 38-7F g}, 2+, 5 mM glucose 6-
phosphate, 1.0 mM NADP* % 1.0 TU2] yeast glucose 6-
phosphate dehydrogenase® #7}3te] 37°Coljx] 1027k
HEE-A1Fick HEg-g-o4e] & ¥-¥]= 1.0 mLe]glr}. 2 mL
¢] CHCLE 7}3le] whg-& F83lw, 1.0M Na,Co,
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Control Contro
Apigenin Aplgenin
5,6-BF A
7,8-BF
Chrysin
Fisetin
Flavone
Hesperltin MHesperitin
Morin
Naringenin Naringeni
Quercetin Quercatin j
0 2 4 6 8 10 (; 5' 1'0 15

V, nmol/min/nmol of P-450 vy nmolVmin/nmol of P-450

Fig. 2. Effects of various flavonoids on oxidations of AFB, and tes-
tosterone in human liver microsomes. Microsomes from human liver
sample HL 110 were incubated with 50 UM testosterone in the pres-
ence of 50 uM of the indicated flavonoid for 10 min at 37°C. The
formation of AFB, exo-8, 9-oxide : GSH conjugate (&), AFQ, (&)
and 6f-hydroxytestosterone (E) were measured by HPLC. Values
are mean + SE(n=3) calculated by sigma plot.

(pH 10.5) - 2.0 M NaCl £ 100 mLE A 7}slict 2+
vial- & 7FahA] ek 71 3 3,000 gol|4] 10852t 4]
)8t CH.CLZE %23kt #2]% CH.CLE2 &
A 7R S29EA17| 2 200 mLe] CH,OHE- 7}8}e] CH,
Clefl&ls] =25 testosterone % 6B-hydroxytestosterone
55 S A #Hc) o] £ 20 mLE- Ultrasphere ODS C-
18 reverse-phase column (Beckman, 5 um, 4.6 X 250 mm)
o] 99 %, Beckman HPLCE o]-£3}d 64% CH;OH-
36% H.O (v/iv) & $v|2 83X} 85

mL/mine]gl ¢, 254 nmoljA] FEA1Sledc)t. Areal] ‘513,
§ ©]8-3} external standard B} o 2 3 A5 AFE-S Ak

aholc}.

5. 2tH| ErE 3 sist SE0f o8t H4 #AQ A

Z 0.5 mLe] F-dof, AAH cytochrome P450 3A49)
gk E7]9] polyclonal 34| (Ig G typeys Q1A 7Fx%]
HL 110 microsomes 100 pmole]] 2.5, 5.0 % 10.0 mg Ig
G/nmol P-450 =X 2 H7}3F ¥, 23°Col|4] 30&87} vke-
ARk 2L F o) Al o o]8sle] AFBI} tes-
tosterone2] 443} BE3-5 9]ol|4] 7|43} nio} o] FA 3}
et

Cytochrome P450 3A49)] thilt mechanism-based in-
hibitorel gestodene3} ftroleandomycin-g- NADPH-gen-
erating systemo] ¢l Z7Zol4], 100 pmol®] HL mi-
crosomes L8| 3L 58 Lof 100 uM7FA] H7}EF
37°CellA] 20952k vHE-A| . Fo)of S0uM AFB,, 5
mM GSH 2 0.6 mg2] mouse cytosol, 3-& 200 uM tes-
tosterone&- 3 7FgE F 37°Cell4] 1087 ub-g-A1 74}, &,
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Fig. 3. Effect of gestodene on oxidation of AFB; and testosterone
in human liver microsomes. In the left panel experiment (A), the in-
dicated concentrations of gestodene were added to 100 pmol of P-
450 and NADPH-generating system, and the mixtures were prein-
cubated for 20 min at 37°C. AFB, or testosterone was then added in
all mixtures and incubation was done for 10 min at 37°C. In the
right panel experiment (B), the indicated concentrations of gestodenc
were added to 100 pmol of P-450, NADPH-generating system. and
S0 uM AFB, or 200 uM testosterone. And then, the reactions were
incubated for 10 min at 37°C. The formation of AFB, exo-8,9-oxide :
GSH conjugate (@), AFQ, (O) and 6B-hydroxytestosterone (£\)
were measured by HPLC.

% of Uninhibited Activity

% s 100 % 50 100
[Nifedipine], yM [Pyridine derivative], uM
Fig. 4. Effects of nifedipine and its pyridine derivative on ox-
idations of AFB, in human liver microsomes. The formation of AFB,
ex0-8,9-oxide : GSH conjugate (@) and AFQ, () were measured
in the presence of the indicated concentrations of nifedipine (A) or
its pyridine derivative (B).

gestodene2- o83+ X2l AgL. gestodened 7|47}
F Aol Ariskedct.

m. A 2}
1. QIX| ZF XX|oz2 HE| H2 microsomes2] AFB,
Ol testosterone CHA[O{| CHSt Anti-P450 3A42| ©f

o AN &3t

AFBe] gl zkxx]el HL 110 microsomesel] 2|3
AFB, ex0-8,9-cpoxide2} AFQ, %3 thrls]= Hl-2-o] HL

= Hhgo] P450 3A4e] sHdo o)) %

V, nmoVmin/nmol of P-450

0.0 L L Lo 1 L L 1 L L

0.0
0 100 200 300 400 500 0 100 200 300 400 500

[Troleandomycin], yM [Troleandomycin], yM

Fig. 5. Inhibition of AFB, oxidations and testosteronc 6p-hy-
droxylation by troleandomycin in human liver microsomes. Reaction
mixtures, containing the indicated concentrations of troleandomycin,
were prepared as described under Materials and Methods without sub-
strate. All samples werc preincubated with or without 20 uM 7,8-ben-
zoflavone for 20 min at 37'C. AFB, (50uM) or testosterone (200 uM)
was then added in all samples and the samples were incubated for 10
min at 37°C. The left panel (A) shows the formation of AFB, ex0-8,9-
oxide : GSH conjugate (circles) and AFQ, (triangle) with 7.8-ben-
zoflavone (filled circles and triangles) or without 7,8-benzoflavone
(open circles and triangles). The right panel (B) shows the formation
of 6p-hydroxvtestosterone with (filled circles) or without (open cir-
cles) 7,8-benzoflavone.

110 microsomest| €] P450 3A4 ZAdoll 23] =lsf=]=x],
18] 31 testosteronee| 6B-hydroxytestosterone ©. 2. % §H%
PEEEEERE
olth(Fig. 1). Anli-P450 3A4E Foia}2|ete HL 110 mi-
crosomes- GSH conjugate & 234 % AFB, exo-8,9-epox-
ide, AFQ, 2§ 6B-hydroxytestosterone-2- 247} 2.9, 7.4 ~12]
a1 12.5 pmol/(min nmol of P-450) &= dAlsleict,
HL 110 microsomesol] # #lj%] dml—P45() 3A4E P-4502]
nmolt} 2.5 o4} 10.0 mg& A7}gk v}, Lo ol 2=
AFQ, 3 Aulgo] ekzt v ulzkslA] Aalxglon), 7 &
oM 7FR] Ea ubee) 5wl i FEke] 90%
HEb 2haE ok, wheba], 371219 t.'}ﬁé’— HL 110 mi-
crosomesel] Z=218H= P450 3A49]] 2]a) #law 1 7o
SRELCS

2. 018 2t =Eoz2 2E HOZE microsomes?|
AFB, U testosterone CHAIOY| CY3F 2+E flavonoid
of giat

Al EAoll b Bxxoy), ddexlow A= fla-
vonoid 3HgHE-5-2 P450 1A1, P450 1A2, P450 3A4
o2 cytochrome P4508 452 s S
71= 7Zle s dvdxd (Guengerich, 1992), o) Ee] P450
3A40)| eofsl] thalz]= A7) 37bA] vbgel] wlx| o ake

ZA}sbelth (Fig. 2). 50 uMe] Z+2 flavonoids 7}7h-e

Z7} i 71/« <A



uh-g-o] 33}E-o| #H7}gk v}, hesperitin, morin % nar-
ingenin5-> AFB,2] 89-epoxidation % 3o-hydroxy-
lation B}-8-%, 72| 3L testosterone®] 6a-hydroxylation ¥}
$5-g st wwek o) wlsak g oplel 24
of Al skgd ). w8k, apigenin % chrysing 37}x] nk-g-
25 AlsHA] o Asteicl. 5,6-Benzoflavone, 7,8-ben-
zoflavone 12] 37 flavone5~-2 testosterone2] thAl= =7]
W3} A| 717 ek om ], AFB,9] 8,9-epoxidationd}-2-2- ¥
o} &R1A|#H 31 EAo)| 3a-hydroxylation ¥F-2-2 25 7}
AAlFHcl. Quercetind} fisetin 52~ testosterone?] cthA}

-2y} v] o AEdu)

mlo mlo o

3.4 2t 3oz 2£E 2A0ZT microsomes2)
AFB, 9! testosterone CHAI|| CHEl &fst BEE9|

oM &t

AFB,2] 89-epoxidation ¥ 3o-hydroxylation H-g- ~12]
I testosterone?] 6f-hydroxylation 52 HL 110 mi-
crosomest 2] P450 3A42}i= whal § 4of o8l dfale]
2, P450 3A4 F 40| Aol Adake Helkon = 8
st Alo] A7) 37}*] REg-Eoll vlx]az dde }—*F{}%
P450 3A4 F A2 A H9lof digt T A RE & 7
t}. GestodeneS- P450 3A4 B0 ols] A} ] A1
Ao SN E vyl oR WshAA, S A

A7) e o Al A &2 ".JL% A H-2lo )} (Guengerich, 1990). o]
Z AFBe| } testosterone 2 2] o] HL 110 micromo-
somesol] EA|AA] P45S0 3A4 §40F -3 A7, |
AEE 4 Bhsel 1 Vi) A wEe 39

b, 52 W28k A2 ZHEckFig 3 A). o] Ak
H *’64 F7ol| A% gestodene2 742 ZF mechanism-bas-
ed inhibitor¢) ¥} 37}#] &4 Hk&-o] P450 3A4 &4 9
A Ao 9l &S galsfFlcl. zei), gestodeneg-
AFB o] } testosterone 52| 7|43 £A]o]] HL 110 mi-
crosomesel| %A 7], AFB,] 3o-hydroxylationik-§-22}
testosterone2] 6B-hydroxylationdh-3-2- gestodene] 2] 3}
Al AsfElgl o), AFB2]  89-epoxidationdh-$-&  ges-
todenc®] Zx) ool xlsloir} (Fig 3B). o] A= P
450 3A4 8 40l AAFHel 7|H o] EalsPH gestodeneo]
P450 3A4 E4o 28l whAlEle] mechanism-based in-
hibitor 2. % 8k=| x| 9t 31—% Al A&} gl

Fig. 4] A= P450 3A4 49| tf3i%al 714 2] &}
v}l nifedipineo] AFB9] 7 7}2] tlalol] v]x|3= od gk
& FAFgE 7Zlelu}. nifedipineo]] 2]&x] AFB,2] 8,9-
epoxidation®}-3-3} 3a-hydroxylation®F-8-5o] &5 o4
g)olc}. vkulel], nifedipinee] P450 3A4 &40 <& o

.m
~N
I

[s3 l‘.u‘
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A wol] g4 =]+ nifedipine®] pyridine f-= 3= 3o-
hydroxylation®F-8-2- <4l A]# 21}, 8,9-epoxidation¥H2-
> 2818 gzl Al F ) (Fig. 4B).

HL 110 microsomes®] P450 3A4 3 4ol 93t AFB,
ex0-8,9-oxide : GSH conjugate®} AFQ,9] &4 £ 5= 20
uM=2] 7.8-benzoflavone FzjA], 7+7zF 238% 4 32%=
571 2 A4=9li=dl, o] #AEo] troleandomycinel] 2]
& 25 A=} (Fig. 5A). Troleandomycing] < ) &
3= 7.8-benzoflavoneo] §1-8 of )-8 Fr=ajdu). e
P450 3A4 FA-ol °]3] Z18Y%]|+= testosterone?] 6B-hy-
droxylationgh-3-2 AFB,2] 7 7}x] 4tshub-s-S3) e
20 uMe] 7,8-benzoflavoneol] tha)] ¢ 8kS- 79 wlx] ¢
3o} (Fig. 5B). 128}, testosterone2] 6B-hydroxylationdh-2-
< troleandomycinel] 2]5)] 72| olA| = =] gk},

Iv. 11 =)

el4d 7+ FA12] microsomesel] 2]3§4] AFB, 2 AFQ,,
AFM,, AFB, exo0-8,9-epoxide, - AFB1 endo-8,9-epox-
ide -0 & thAks] =], P450 1A2= AFB.S =2 AFM
o2 Al A#ke] AFQ,3 - 7}A] isomer 34EH-°J
AFB, 8,9-epoxideZ gt oF b5 ¢4} (Ueng 5,
1995). =gk P450 1A1> 2] 4-gke] AFM, RS A8}
u (Guo 5, 1994), P450 3A4e} 4] o}v] Al Ao
85%% & 7+& P450 3A5% AFB, exo-8,9-epoxide S 5
& A3} (Gillam £, 1995). P450 3A4= AFQI-S =
2 &Alsbdi AFB, exo-89-epoxider §AJgch
(Raney 5-, 1992). HL 110 microsomesel] ¢|§} AFB,2]
thA} A8 AFQ,3} AFB, exo0-8,9- epoxide”P vhelyt
AFQe] =% thA}E# (data not shown) o] P & X AFB,
o] A= HL 110 microsomesit €] P450 3Ad4e]| 2| &4
gk 21385l Ao g Alg¥ct. o} anti-P450 3A4e] 2]
& 7 iabEale] Aol o ofA|=|e] (Fig. 1), AFB,
& P450 3Ad40l] 2]aliA] R0 thabE A 95 R F
a1 i}, Testosterone2] 6B-hydroxylation BR-%  Brian
L) B (1990)2} 7Fo] anti-P450 3Adol] 2]l 7] A3
5]01 P450 3A4e]] 2)3) #l&)=-g- 2eid}gdc). Flavonoid
= benzo-ypyroneF2| EAE A EAo] de] FEF o]
Slew S00miZe] Hal 0 34 fw Sl el olct
(Havsteen, 1983). 2. & % 72| flavonoidE-2 ¥ &
o] P450 B4 52 34L& W3}A| 7] allosteric effector
(Guengerich, 1992; Raucy®} Johnson, 1985; Lasker %,
1984; Huang -5, 1981)% oFedzl=d, P450 3A4e]] 23]
A AR A7) A e SRS o whee
ZHA 71 A o B2 A A F)= 5 vhekgh wir] o g

N»E mr



o3 5pe o] (Fig. 2), o]2]71%| Wil o2 P4S0 3A47} 7}
A9} 7)1A-e QA8 iARgHE vehll oot

Gestodene-2 77} QA& o] 8=+ 170-acetylenic
steroide] AZ o & P450 3A4el &) 170-acetylenic 7]
7} AbsbEl o] P450 3A49] porphyrinel] Z§Hste] P450
spectra s o3 83 LA 0-9) 9] A1 Aol H3Fsted, P450
3A4Z v)7lel A o g B3kA 814 71v} (Guengerich, 1990).
Fig. 39] A%} 3Fo] gestodenes 7]4o] S 2 A
microsomes2] P450 3Adel| =% X791 mechanism-bas-
ed inhibitor2 A 3}=]e] taxol (Harris %, 1994)% ni-
fedipine tHA} (Guengerich, 1990)-} ulzl7 x| 2 A 71A]
£ HHSSe] wE gasch W, A4z B4
gestodene&- 737}?5}L F kA dAls A= e,
AFB,9] 89-epoxidation®l-3-2] #AJo] 1oz Abolg) el
mechanism-based inhibitor (Guengerich, 1990)= z+2.5]
T 9lx] e-g wolFr} (Fig 3B). 12|22 Fig. 39 B
olA] bt rbA) chAre] oA Eak 7S] fakE
olg}i uHak 4= g)i= gestodeneo| P450 3A4e] 7| A}
2} s2of a4 AFB,} testosterone}e] 74 wird A
o= Azt 4 glur}. wb 8.9-epoxidations fredh=
P450 3A42] 714 Ag ¥-2]:= gestodene?] A3 F-¢]¢}
rore Zlolch. mkehr P4S0 3Adeli= AFBel| tjd 2t
Sk Bzt ek el @ ¥elsh 2ge
AFQ & tiA}sE]x ohE B-¢loll A= AFB, exo-8,9-
epoxide 2 tAlElthy 28 4= glr}. Raney 5 (1992)
o aflatoxin B,7} AFB,2] 8,9-epoxidation ¥H-8-& A3}
odx]u} 3-hydroxylation HF8~&- JA|&}A] qharkar ®ar
stel ond, Fig. 4°] Bell4]e} 7o) P450 3Adel <& ni-
fedipineo|#] wrEIA=
droxylation BF$~2- o A %] ¢43L 8,9-epoxidation HpS.al-o
7y sleict. o) ehke AT P450 3A40] #A] Abaol
AFBo] #z:a F uleld] AREchs A% ekl
ojr}. 12}, T 7HA] AFB, Ab3huk-3- 2¥7L mfedlpme
o) olaf 2ebE]gl-g-2 P450 3Ade]| AFB o] A==
Fdle] At el Ao} oS BeErt. oA 7P
ZAlof| B3 o] 9l PASO BEATS Zoﬂﬂ P450 3A42]
hemeol Z3tsle] P450 3A49) 3438 2843} A7)
7o odedzl  troleandomycin (Pressayre 5,  1983;
Harris 2=, 1994} AFB,2] o= Eg4 02 71444
o1}, ZabAx testosterone?] thAR= A3 AAEA] X
sich (Fig. 59] A 2 B). o] ZAxp= byl Aglow gol
%]o] troleandomycini= P450 3A4 i Z-of] thEh mechan-
ism-based inhibitor7} obd £ glehE 7heAd S Al AISkAL

1=

P450 3A4x o] steroidE2] Abglol] & regiose-

pyridine-= A= 3-hy-

lectivity 7} 9lo] 1 34 H-%]7} loose pocket-2 ofu] A=t
(Guengerich, 1992), o] Ak2] P450
3A4E tleket 71AES ke, 1

Fo) &b B8l 71 Ag ¥-8l7) ofe] Tdlold
7142 ZFo et A2 ARBAL FE L, 1FA
k8. 21 )& Zolrt. wheha] o]n| P450 3A42] ]3]
2hi oAl e BAE0] AR AARAAAE AL
o] P450 3A47} 7)Ao AdEE 7131E 9 3l o}
2], chemical inhibition testZ 34 £& E4-& Al
= P450 EA4E otopfiE WhHY A4S SR
I g Aelrt

112'—'

B2
T'_'°|_{

Bork, R.W., Muto, T., Beaune, P.H., Srivastava, P.K..
Lloyd, R.S. and Guengerich, F.P. (1989): Charact-
erization of mRNA species related to human liver
cytochrome P-450 nifedipine oxidase and re-
gulation of catalytic lactivity, J. Biol. Chem., 264,
910-919.

Brian, W.R., Sari, M.-A., Iwasaki, M., Shimada, T., Ka-
minsky, L.S. and Guengerich, F.P. (1990} Ca-
talytic activities of human liver cytochrome P-450
3A4 expressed in Saccharomyces cervisiae,
Biochemistry, 29, 11280-11292.

Buening, M.K., Fortner, J.G., Kappas, A. and Conney,

H. (1978): 7,8-Benzoflavone stimulates the meta-
bolic activation of aflatoxin B1 to mutagens by hu-
man liver, Biochem. Biophys. Res. Commun., 82,
348-355.

Gillam, E.M.J., Baba, T., Kim, B.R., Ohmori, S. and
Guengerich, F.P. (1993): Expression of modified
human cytochrome P450 3A4 in Escherichia coli
and purification and reconstitution of the enzyme,
Arch. Biochem. Biophys., 3056, 123-131.

Gillam, E.M.J., Guo, Z., Ueng, Y.-F., Yamazaki, H.,
Cock, L., Reilly, P.E.B., Hooper, W.D. and Guenger-
ich, F.P. (1995): Expression of cytochrome P450
3A5 in Escherichia coli: Effects of 5' modifications,
purification, spectral characterization, re-
constitution condition and catalytic activities, Arch.
Biochem. Biophys., in press

Guengerich, F.P. (1990): Mechanism-based inac-
tivation of human liver cytochrome P-450 3A4 by
gestodene, Chem. Res. Toxicol., 3, 363-371.

Guengerich, F.P., Kim, B.R., Gillam, E.M.J. and Shi-
mada, T. {1993): Mechanism of enhancement and
inhibition of cytochrome P450 catalytic activities.
In 8th Int. conference on cytochrome P450:
Biochemistry, Biophysics, and Molecular Biology
(Lechner M), (John Libbey Eurotext, Chichester,



UK)

Guengerich, F.P., Martin, M.V., Beaune, P.H., Kremers,
P., Wolff, T. and Waxman, D.J. (1986): Charact-
erization of rat and human liver microsomal cy-
tochrome P450 forms involved in nifedipine ox-
idation, a prototype for genetic polymorphism in
oxidative drug metabolism, J. Biol. Chem., 261 :
5051-5060.

Guo, Z., Gillam, E.M.J., Ohmori, S., Tukey, R.H. and
Guengerich, F.P. (1994): Expression of modified
human cytochrome P450 1Al in Escherichia coli:
effects of 5' substitution, stabilization, purification,
spectral characterization and catalytic properties,
Arch. Biochem. Biophys., 312, 436-446.

Harris, J.W., Rahman, A., Kim, B.R., Guengerich, F.P.
and Collins, J.M. (1994): Metabolism of taxol by
human hepatic microsomes and liver slices: par-
ticipation of cytochrome P450 3A4 and of an unk-
nown P450 enzyme, Cancer Res., 54, 4026-4035.

Havsteen B. (1983): Flavonoids, a class of natural pro-
ducts of high pharmacological potency, Biochem.
Pharmcol., 32, 1141-1148.

Huang, M.-T., Chang, R.L., Fortner, J.G. and Conney,
AH. (1981): Studies on the mechanism of ac-
tivation of microsomal benzo [o]pyrene hy-
droxylation by flavonoids, J. Biol. Chem., 2586,
6829-6836.

Kim, B.R., Baba, T., Gillam, E.M.J. and Guengerich, F.
P. (1993): 3a-hydroxylation and 8,9-epoxidation of
aflatoxin B1 by cytochrome P450 3A4 : Evidence
for allosteric behavior in microsomal membranes
and a recombinent enzyme, FASEB J., 7, A1168.

Lasker, J.M., Huang, M.-T. and Conney, A.H. (1984):
In vitro and in vivo activation of oxidation drug

29

metabolism by flavonoids, J. Pharmacol. Exp. Ther.,
299, 162-170.

Nelson, D.R., Kamataki, T., Waxman, D.J., Guenger-
ich, F.P., Estabrook, R.W., Feyereisen, R., Gon-
zalez, F.J., Coon, M.J., Gunsalus, I.C., Gotoh, O.,
Okuda, K. and Nebert, D.W. (1993): The P450 su-
perfamily: Update on new sequences, gene map-
ping, accession numbers, early trivial names of en-
zymes, and nomenclature, DNA and Cell Biol., 12,
1-51.

Pressayre, D., Tinel, M., Larrey, D., Cobert, B., Funck-
Brentano, C. and Babany, G., (1983): Inactivation
of cytochrome P-450 by a troleandomycin meta-
bolite. Protective role of glutathione, J. Pharmacol.
Exp. Ther., 224, 685-691.

Porter, T.D. and Coon, M.J. (1991): Cytochrome P450:
Multiplicity of isoforms, substrates, and catalytic
and regulation mechanisms, J. Biol. Chem., 266,
13469-13472.

Raney, K.D., Shimada, T., Kim, D.H., Groopman, J.D.,
Harris, T.M. and Guengerich, F.P. (1992): Ox-
idation of aflatoxins and sterigmatocystin by hu-
man liver microsomes: Significance of aflatoxin Q1
as a detoxification product of aflatoxin B1, Chem.
Res. Toxicol., 5, 202-210.

Raucy, J.L. and Johnson, E.F. (1985): Variations
among untreated rabbits in benzolalpyrene meta-
bolism and its modulation by 7,8-benzoflavone,
Mol. Pharmacol., 27, 296-301.

Ueng, Y.-F., Shimada, T., Yamazaki, H. and Guenger-
ich, F.P. (1995): Oxidation of aflatoxin B1 by bac-
terial recombinant human cytochrome P450 en-
zymes, Chem. Res. Toxicol., in press.



