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Fig. 1. Absolute spectra of solubilized microsom-
al P-450 hemoprotein(cytochrome P,-450) from
of rats treated with 3- methyicholarithrene. The
hemoprotein was solubilized by’ treating microso-
mes with Triton N-101 and fractionating the su-
pernatant on a DEAE cellulose column. The pr-
epafa.tion was free of cytochrome bs, but con-
tained a small amount of P-420 hemoprotein,
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Table 1. Absorption peaks and molar extinction coefficients of absolute spectra of_solu-

ble cytochromes P-450 and P,~450°%

Cytochrome P-450°%

Cytochrome P,450°

Conditions max {(mu) (mM-*cm-?) max (mu) (mM=1cm=-1?)

Oxidized 360 49.2 360 45.7
Soret 418 104.2 419 120.3

537 12.9 537 3.5

568 12,3 568 13.4

Reduced Soret 418 86.0 414 90.1
545 14.9 545 16.4

Reduced+ CO 423 65.8 423 60.0
Soret 450 89.1 448 108.0

548 13.9 551 15.4

*The hemoprotein were solubilized by treating microsomes with Triton N-101 and fractionating the su-
pernatant on a DEAE cellulose column, The preparations were free of cytochrome bg, but they contained

small amounts of P-450,

®The preparation contained 3.24 mu moles of P-450 hemoprotein/mg of protein, an increase of 4,3~
_ fold over that contained in the microsomes from which the preparation was obtained. Recovery of hem-

oprotein was 15.5%.

“The preparation contained 4.42mu moles of P-450 hemoprotein/mg of protein, an increase of 3.5-
fold over that contained in the microsomes from which the preparation was obtained. Recovery of

hemoprotein was 13.9%.
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Fig.2. Electron transport sequence in the cytochrome P-450]system.
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Table 2. Differences between hepatic effect of phenobarbital and polycyclic hydrocarbons

- Phenobarbital

Polycyelic aromatic

Characlerlstlf: hydrocarbons
Onset of effects 8-12Zhr 3-6hr
Time of maximum effect 3-4hr 24hr
Liver enlargement Marked Slight
Protein synthesis L.arge inerease Small increase
Phospholipid synthesis Marked increase No effect
Liver blood flow Increase No effect
Ligandin content Increase Slighit increase
Biliary flow Increase No effect
Enzyme components
Cytochrome P-450 Increase No effect
Cytochrome P-448 No effect Increase
NADPH -cytochrome
¢ reductase Increase No effect’
Substrate specificity
N-Demethylation of ethyl-
morphine and meperidine Increase No effect
N-Demethylation of 3-methyl-
4-methyl-aminobenzene Increase Inerease
Aliphatic hydroxylation of .
hexobarbital and
pentobarbital Increase No effect
Aromatic hydroxylation of
benzo(a)pyrene and
zoxazolamine Increase Large increase
4-Hydroxylation of biphenyl Increase Increase
2-Hydroxylation of bipheny! Slight increase Increase
Dehalogenation of halothane Increase No effect
Glueuronidation of bilirubin Increase Increase
Sulfoxidation of
chlorpromazine Increase No effect
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Fig.3. Metabolic pathways for arachidonic acid through ¢, ©-1 oxidation and epoxygenase pathways.
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Table 3. Hepatic microsomal cytochrome P-450 content, NADPH-cytochrome
¢ reductase activity, and mixed-function oxidase activities in selected mar-
ine species compared with the rat and the rabbit.

Benzo[a)pyrene . Benzphetaning
"Cytachrome P-450  NADPH-cytochrome ¢ hydroxylase 7-Ethoxy rin N-demethyl
content reductase activity activity O-deethylase activity activity
(nmoles/mg (nmoles product/  fluorescence wnits/  (mmoles product/ - (nmoles product/
Species mcrosomal protein) min/mg protein ) min/mg protein) min/mg prosein) min/mg protein)
Rat, 1.04 70.0 3.2 - -
Rabbit 1.52 48.0 5.0 3.5 6.5
Sheepshead 0.29 56.0 3.2 0.19 1.0
Winter flounder ' 0.17 ) - 2.5 0.32 0.59
Mullet 047 53.0 3.0 0.15 2.78
Stingray 0.43 49,0 0.78 0.08 0.74
Little skate 0.32 60.0 0.17 0.32 1.1
Spiny lobster 0.88 4.6 0.03 ( 0.001 0.07
Blue crab 0.18 5.2 {0.01 ( 0.001 0.02
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Table 4. Spectral interactions of insecticides with cytochrome P-450 of ma-
mmalian and insect microsomes.

Housefly, Housefly,
Sheep R abbit Rat Mouse Fe CSMA

Insecticide Type Size Tybe Size Type Size Type Size Type Size Type Size

Nicotine 0 0.43¢ 1 0.540 0O 055 O o0.52 O o0.412 0 0.25
Rotenone a 0.0944 a 0.130 ND - ND - ND - ND -
Allethrin I o0.z70 I 0.160 I 0.362 I 0.278 b 0.300 b 0.286
p.p’-DDT I 0.166 1 0.076 1 0.103 I o.112 I 0.120 ND -
TDE I o0.283 I 0.219 I 0.310 1 0.330 I 0.100 ND -
Kelthane I 0.314 1 0057 I 035 I 0205 I 0.154 ND -
Carbaryl I 0174 ¢ 0088 [ 0270 I 0.200 I 0133 ND -
Baygon I 0.362 I o004 I 0005 I 0215 ] 0.3 ND -

~ Zectran I o0.261 I oa71 I o0.200 T 003 I 0.115 ND -
Zinophos oI 0.377 0 0321 1o o0.242 [ 0312 0 0.321 0 0.166
Malathion I 0269 I 0093 I 0.263 [ 0.5 I 0.228 ND -

Symbols:a, absorption minimum at 395nm and maximum at 415nm in sheep or at 417 in
rabbit;b, absorption minimum at 445-447nm and maximum 415-418nm;c, A A calculated as
difference in A at 407 and 427nm;ND, no detectable spectrum formation.



T able 5. Species variation in the components of microsomal electron transport pathways,

NADPH-cytochrome ¢

Cytochrome P-450 reductase NADFH oxidase
Species (AA/mg protein) (A &/5 min/mg protein) (A A/5 min/mg protein)

Mouse 0.09 1.4 0.16
Rat 0.10 1.56 0.14
Rabbit 0.12 1.85 0.14
Guinea pig 0.10 - -
Pig 0.06 3.32 0.20
Sheep 0.08 0.66 0.03
Chicken 0.02 2.03 0.11
Bobwhite :

quail 0.03 4.03 0.38
Japanese

quail 0.4 3.32 0.23
Turkey 0.03 1.64 0.10
Lerge mouth

bass 0.02 - -
Drosophila 0.01 0.99 0.16
Tobacco hornworm 0.01 3.69 0.09
Mosquita, . - 0.28 0.14
Housefly, CSMA 0.03 2.75 ¢ 0.22
Housefly, Fe 0.03 3.43 0.35

Table 6. Species variation in microsomal oxidation of xenobiotics in vitro.

Subsirate oxidation Rabbit Rat Mouse Guinespig Hamster Chicken Trout Frog
Coumarine 7-hydroxylase 0.8 0.00 0.00 0.45 - - - -
(nmole/mg/hr) ’ )
Biphenyl 4-hydroxylase 3.00 1.50 5.70 140 3.8 1.70 0.22 1.15
(nmoles/mg/min) . )
Biphenyl 2-hydroxylase _ 0.00 0.00 2.20 0.00 1.80 0.00 0.00 0.15

(nmoles/mg/min)
2-Methoxybiphenyl demethylaze 5.20 1.80 3.40 2.20 2.30 2.00 0.60 0.40
(nmoles/mg liver/hr)

4-Methoxybiphenyl demethylase 8.00 3.00 3.20 2.30 2.30 1.70 0.40 0.90
(nmoles/mg liver/hr) ' .

p-Nitroanisole O-demethylase 32.00 4.93 20.33 - - 11.33 - -
(nmoles/mg/15min)

2-Ethoxybiphenyl deethylase 5.30 1.60 1.40 2,10 2.50 1.70 0.60 0.40
(nmoles/mg liver/hr) )

4-Ethoxybiphenyl deethylase 7.80 2.80 1,80 2.30 1.8 1.50 0.40 0.9
(nmoles/mg liver/hr) .

Ethylmorphine N-demethylase 4,00 11.60 13.20 5.40 - - - =
(nmoles/mg/min)

Aldrin epoxidase 0.3 0.45 3.3 - = 0.46 0.006 -
(nmoles/mg/min) ]

Parathion desulfurase 211 409 523 B® 7.5 -~ - -

{nmoles/mg/min)

473 AL ethylisocyanide 1wl o] A& ¥t Al 212" < 9lc}h 22 methylenedioxyphenyl
AT ATAY o7l Aol 1 ligadt 4 synergists9} SKF-525A & sl ¢& 5L A
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Fig.7. Structures and common names of naturally occurring flavonoids.
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Table 7, Naturally occurring flavonoids.

Common name Chemical name
Apigenin 4’,5, 7-Trihydroxyflavone

Chrysin : 5, 7- Dihydroxyflavone

Fisetin - - 3,3',4",7-Tetrahydroxyflavone
Flavanone 2, 3-Dihydroflavone

Galangin 3,5, 7-Trihydroxyflavone

Hesperetin 3,5, 7-Trihydroxy-4" -methoxyflavanone
Kaempferol 3,4’,5,7- Tetrahydroxyflavone

Morin 2',3,4',5,7-Pentahydroxyflavone
Myr?celinl 3,3°,47, 5,‘5' , 7-Hexahydroxyflavone FLAVONE
Naringenin 4’,5, 7- Trihydroxyflavanone ]
Nobiletin 5,6,7,8,3,4" -Hexamethoxyflavone
Quercetin : 3,3,4’.5, 7-Pentahydroxyflavone
Tangeretin 5,6,7,8,4' -Pentamethoxyflavone

Table 8. Common, naturally occurring flavonoids.

Name- Class Rs Rs R, R: R4 R, R% Flurescence” Abbreviation
Quercetin Flavonol OH OH OH H OH OH H Yellow-orange Q
Quereitrip Flavonol O-rh 0OH OH H OH OH H Orange Q-3-rh
Myricitrin Flavonol Q-rh OH OH H OH QH H

Luteolin Flavone H OH OH H OH OH H

Kaempherol Flavonol OH OH oH H H OH H Orenge K
Apigenin Flavone H OH QH H H OH H

Rutin Flavonol O-rh OH OH H OH OH H Yelloworange @3-rh-gluc
Hesperetin Flavanol H OH OH H OH O-me H

Eriadictyol Flavanel H OH OH H OH OH H

Hesperidip Flavonol H - OH O-rut H OH O-me H

Chrysin Flavone H OH OH H H H H Orange
Techtochrysin  Flavone H OH Ome H H H H

Silybin Flavonol QH OH OH H H O-lignO

Morin Flavonal OH OH OH OH H OH H

Naringen Flavonone H OH OH H H OH H Biue-grey

Taxifolin Flavonol OH OH OH H OH OH H Orenge

.Pinocembrin Flavanone H OH OH H H H H

Galangin Flavonol OH OH OH H H H H

Robinin Flavonol Q-gal-th OH OH H H OH H Yellow-grey K -3rhgal-7th
Diosmetin . Flavone H OH OH H OH O-me H

Kaempferide Flavonol OH QOH OH H H O-meH

Figetin Flavonol OH H OH H OH OH H

Rhamnetin Flavonol OH OH O-me H OH OH H

*The colour changes on methylation.
rh=rhamnoside, gal= galactose, lign=lignan, rut=rutoside,

me=methyl, gluc=glucose,
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Table 9. Flavonoids, a class of natural products of high pharmacological potency.

Enzyme

Part of flavonoid molecule
likely to interact with enzyme

A-Glucuronidase
A-Galacturonidase
Hyaluronidase

Alkaline phosphatase
Arylsulphatase

DOPA decarboxylase
Lipases ‘
ATPases

c-AMP phosphodiesterase
Catechol-Q-methyltransferase
Aryl hydroxylase

Aldose reductase -
Proline hydroxylase

Carhbohydrate

Carbohydrate

Carbohydrate

Phenyl ring

Phenyl ring or benzopyrone ring
Phenyl ring

~ Phenol (Me?* chelator)

Benzopyrone ring
Benzopyrene ring
Phenyl ring

Benzopyrone -ring
Benzopyrone, ring
Benzoepyrone ring
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Table 10.Diseases treated with flavonoids.

Disease Target

" Flavonoids Result proven

Inflammation PG synthesis

Diabetes mellitus Aldose reductase

Capillary wall(PG)

Allergy H*-ATPase of
mast cell
Headache PG synthesis

Parodentosis

Cancer {(Na*-K*)ATPase

H*-ATPase of
lysosome

Virus infection

membrane
H+*ATPase of
lysosome

Common cold

membrane
Aryl hydroxylase
Epoxide hydrolase

Chemical oncogenesis

Bee sting PG synthesis

Oral surgery PG synthesis

Stomach/duodenal PG synthesis
uleer

Capillary Jwall PG)

Quercetin ete. Local pain relieved;
body temp normalized
Quercetin etc, Pressure in eye
reduced

Bleeding ceased
Secretion of histamine
etc. prevented
Symptoms disappeared

Pain relief

Rutin/citrin
Disodium
chromoglycate
Quercetin etc,
Quercetin etc.
Quercetin ete. Bleeding ceased;gum
tissue normalized
Cells normalized (only
tissue culture tested)

Quercetin etc.

Coat removal
prevented

Quercetin etc.
No scientific evidence

Quercetin etc.

Only laboratory
experiment

Quercetin etc.
Quercetin etc, Local pain relieved
Quercetin etc.
Quercetin etc.

Local pain relieved
Bleeding stops;pain
relief

PG=prostaglandins, thromboxanes and leucotrienes.
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Fig. 9. Effect of flavone on benzo(a]pyrene metabolism by cytochrome P=450 isozymes from rabbit [i
ver microsomes. Two-tenths nmol of cytochrome P-450 weasused for all assays except foreytochrome
P-450 Lu, where 0.05 nmol of cytochrome was used. Eight hundred units of NADPH- cytochrom e
P-450 reductase and 0.5zmol of NADPH were used for each assay in the reconstituted system.
Cytochrome P-450 .y, from liver microsomes of phenobarbital (PB) -treated rabbits contained 16.8
nmol of cytochrome/mg of protein. Cytochrome P-450 Lma» and cytochrome P-450_yzc from liver
microsomes of untreated rabbits contained 15.7 nmol of cytochrome and 7.3 nmol of cytochrome
/mg of protein, respectively. Cytochrome P-450 Lm,(control) from liver microsomes of untreated
rabbits contained 6.5 nmol of cytochrome/mg of protein, Cytochrome P-450 wm, from liver micr-
osomes of phenobarbital-treated rabbits contained 8.1 nmol of cytochrome/mg of protein. Cyto-
chrome P-450, ), from liver microsomes of B-naphthoflavone (BNF) -treated rabbits contained 12
nmol of cytochrome/mg of protein, Cytochrome P-450_y, from liver microsomes of isosafrole -
treated rabbits contained 7.8 nmoal of cytochrome/mg of protein. Cytochrome P-450 LM, from li-
ver microsomes of 2,3,7, 8-tetrachlorodibenzo-p-dioxin (TCDD) -treated rabbits contained 19.1

" nmol of cytochrome/mg of protein. Cytochrome P-450 from liver microsomes of 2,3,7, 8- te-
trachlorodibenzo- p- dioxin- treated rabbits contained 12,8 nmol of cytochrome/mg of protein.
O———0, in the absence of dilauroylphosphatidylcholine ;Q——0 in the presence of 15 ug of di-
lauroylphosphatidylcholine.
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Fig 10. Effect of flavonoids on benzo(a)pyrene hy-
droxylase activity in human liver microsomes, Li-
ver was obtained from a 60- year -old male Cau-.

casian, The concentration of each compound was
50 M.

Table 11. Effect of several flavonoids on the metabolism of aflatoxin B, to aflatoxin B,
2, 3-dihydrodiol by human liver microsomes. Liver was obtained from a 63-year-old male

Caucasian. Flavonoids were

" added in 80y of anhydrous dimethyl sulfoxide to the 2-ml

incubation mixtures. One mg of human liver microsomal protein was used in each assay.

Concentrations marked with
in this reaction mixture.

an asterisk wereat or slightly above the limit of solubility

Alfatoxin Bi 2, 3-dihy-

drodiol formed

Compound Concentration (nmol/15min/mg
(M) protein) % of control
Control 0 0.3 100
Flavone 50 0.7 233
500 1.4 466
7. 8-Benzoflavone 50 2.8 933
100 2.8 933
Tangeretin 50 u.b 200
250 0.8 267
-500 07 233
Nobiletin 50 0.4 133
500 0.4 133




Microsomal Cytochrome P-450 S2l& 4o o3 &vjs & 48ye

450 .reductase, dilauroylphosphatidylcholine, P —
450 LMy, (& P-450 LMy 8] 2 F41Ao} 4
MO system ol 600M2] flavone & 7}= BPcj 4}
E Sue]dt £32&k9 L P-450 LM (= P-

450 LM,,, P-450 LM, A F4Ael4  ubdl
2 d4&ZaE veldel, Febd o]F Aae
flavonesl] 2]&t BP e 2b7t = FA Al A5

P-450 %91 549 type(isozyme)o] ¥ &S
dAldHE Roluh®

gk ,qla 2 7k misel apigenin, chrysin, fi-
setin, flavanone, gelangin, hesperetin, kaempfe-
rol, morin, myricetin, naringenin, quercetin &
e} #H7zbs=(in vitro) BP 2| F4k3} wb-3& oA
3l .2 v} flavone, nobiletin, tangeretin, ANF
Zg 27104 BP4ks}t kg4 o8 o F

7t A7}k (Fig10) 28w BP <43 4
€+ F7HAFE ol® ZAL eflatoxin Byol

QUERCETIN (500,:M)
MORIN ( 500.M)/

KAEMPFEROL ( 500,M)

7, B-BENZOFLAVONEI
(50pM)
F L A v 0 N E ( 1 wo “M ) ' k\\m\‘(\'\‘.\\‘;\\\\'.‘:\\\.\\!‘\'\.\‘-\W»‘K\Y\\‘

" N . " - ke
100 200 300 400 500 00
PEACENT OF CONTROL

Fig.11. Effect of flavonoids on thé metabolism of
(®*H)benzo (a) pyrene to total metabolites by hum-
an liver microsomes. Liver was obtained from a
75-year-old male Caucasian. B, radioactive ass-
ay; [], fluorescent assay.

Table 12. Inhibitory effect of flavonoids on cytochrome c reductase in human liver micr -

osOomes,

with NADPH and cytochrome ¢.

Microsomes were prepared from a liver biopsy sample obtained from a 46-year
-old male Caucasian, and in each assay, (.06 mg of microsomal

protein was incubated

Concentration

Reduced cytochrome

¢ {(nmol/min/mg cy-

Compound (M) tochrome P-450) % of control
Quercetin 0 39 100
5 4 87
10 33 8
50 22 56
100 6 15
500 2 5
Marin 0 45 100
5 40 89
10 40 89
50 . 37 82
100 33 73
500 12 27
Kaempferol - 0 41 100
50 37 90
100 23 56
500 1 31
7, 8-Benzoflavone . 0 39 100
50 39 100
100 40 102
200 38 97
500 39 100
Flavone Q 39 100
250 39 100
500 44 87
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Fig. 12. Metabolism of (4, 6-°H)zoxazolamine by microsomal cytochrome P-450 dependent monooxygena

2,3-dihydroxyaflatoxin B, 2 2 dj4}5 L= 722 &
Z Al A1 aflatoxin B,o] w4 53R
= 718 =7} 4 geb (Table 11), =% querc-
etin, morin, kaempferol-& <lx| & 7} mis o] 4
P-450 reductase & o3#} 4z o} ykelol] flav-
one, ANF& olwl T3E ¢ 3lch(Table 12). 0|
% A3 = quercetin, morin, kaempferol 2| ]
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Fig.13.Time course for the in vivo metabolism
of zoxazolamine in the presence and abse-
nce of flavone. Rats were injected intra-
peritoneally with 740 nmole of (4, 6-°H ]
zoxazolamine, followed by an injection of 5
umole of flavone in polyethylene glycol 400
or with polyethylene glycol 400 alone. The
animals were killed at the times indicated.
Tritiated water was measured and the da-
ta are expressed as 6-hydroxyzoxazolami-
ne. Each point represents the mean +
standard error from four animals.
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Fig.14. Stimulatory effect of flavone, tangeretin,
nobiletin and 7, 8-benzoflavone on the hydroxylati-
on of zoxazolamine by rat liver microsomes. Fl-
avonoids were added to liver microsomes obtain-
ed from 5-day-old rats. Formation of tritiated
water was measured and the data are expre-
ssed as 6-hydroxyzoxazolamine, "Each point
represents the mean from two separate
determinations.



Microsomal Cytochrome P-450 59| & 4ol 2|8} 2o]5 & Aejgtg

ook o] L ABAZA A s
2 gtek = Fgakstel F3& 5= qltel
A g ATE Y8 T % el

zoxazolamine & Fig. 128} 7+e]| 7b¢] misell A P
-450-dependent MO ¢l] 2|3 6-0H-zoxazolamine
2.2 efalE ed & ot BA Fagt A&
& e} A4A 2922 7 misell 98 zoxa-
zolamineo] o] A} =] =v| flavone 2] Hr7}+= 6-OH-
zoxazolamine 2| 44 o3 W2 £34)7 0
(in vitro) flavone & i.p, 54} zoxazolamine &
ALz o2 Foldl el 4 A& AA oA

£5 5 22 2714 R} (Table 13, Fig13). ©l
7re A4l e in pitrool A 7k mise] MOs®| ac-
tivator Q] o] o] A Ml HE Absbaql oF
EojAlE 224 Aeke A& B Azl
% b, 252 dFel A Comeys & 4
flavonoids 7} 'zoxazolamine | 6-OH-zoxazolamine
o2 4t o vAe 38 vln AR
o, &, 545 7 (10g) oA T 2 misol|
nobiletin, tangeretin, flavone, ANF%&& 27
#7h4Sef zoxazolamine 8| HHALE £ x5}
(Fig.14) flavone& &3] o] ¢ 4ks} wb-gell

rle

Table 13. Dose-response for the stimulation of zoxazolamine hydroxylation by flavone,
Forin vitro studies, flavone was added to liver microsomes obtained from 5-day-
old rats., Formation of tritiated water was measured and the data are expres-
sed as 6-hydroxyzoxazolamine. Each point represents the mean+t standard error
from three determinations. For in vivo studies, rats were injected intraperit-
oneally with 740 nmole of [4,6-°H]zoxazolamine, immediately followed by an in-
jection of either flavone in polyethylene glycol 400 or polyethylene glycol 400
alone. The animals were killed 15 minutes later. Tritiated water in homogenates
of the whole rats was measured and the data are expressed as 6-hydroxyzoxa-
zolamine. Each point represents the mean 4+ standard error from four animals.

In vitre In vive
6-Hydroxy-

" Flavone zoxazolamine Flavone 6-Hydroxy-
concen- formed dose 2axazolamine
tration (nmole/min per { zmole formed

(M) nmele of cyto- per rat) (nmole/15 min)
chrome P-450)
0 122 £+ 0.01 0 32,4+ 2.1
10 1.34 £ 0.02* 0.1 34.9+ 1.9
25 1.71+0.03* 0.25 38,5+ 1.0 *
50 2.14+0.04* 1.0 56,3+ 4.1 *
100 2.91£0.04" 2. 77.9+13.4 *
250 3.45+0,14* 5.0 107.1% 8.7 *
300 3.19+0.07"* 10.0 98.2+26.4*

* Statistically different from controls (P (.05)by Student’s t-test.

& Km3t Vmesgts H3471w Ao =Hals
gl (Fig. 15). o« 4185 %+ Fig 169 ¢
o| zoxazolamine & W A}7} 4l o4 v o
QA A 4bS 7| A Boll AR Aoleh,  Eg
740nmol 8|  zoxazolamine 2 A | Bj& 2 7 o
flavone, nobiletin, tangeretin, ANF zt=}2] 5,

mol 2| i.p. 5o & 6-OH-zoxazolamine & 2 ¢] ¢
AHE AA o2 Fal4g0 AW zoxa-
zolamine 8] 4k3loll 4 Fig, 173+ 7to] 5umol 9|
- flavone % & (i.p.) = zoxazolamine (740 ~3000nm-
ol) o YAl HAE 3~5u ZxAHA, F,
flavoneoll &]s} F 7=+ 3 =+ zoxazolamine 5
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Fig. 15. Effect of varying the zoxazolamme conc-
entration on the flavone-dependent activation of -
zoxazolamine hydroxylation in rat liver microsom-
es. Flavone (250.M) was added to liver microso-
mes from 5-day-old rats. Formation of tritiated
water was measured and initial rates are expre-
ssed as nmol 6-hydroxyzoxazolamine formed per
minute per nanomole of cytochrome P-450. Each
point represents the mean of nine separate
determinations. A double reciprocal plot (with S.
E.values)is described in A and an Eadie-Scat-
chard plot is given in B.

ol 2ol 24+ = ¢let, flavone > WHET £
'PBE AMelgt 83/ A2 gL A A el
4 zoxazolamine ¢| i 4HF FA8t3l.o, BNF
E Aelg 945 AHEUE AE invives T
invitrodl A% At Foigle AxE Y
v} (Fig. 18). 121 flavone ¢] zoxazolamine |
") Ab el obuizt BP o ALE 4bwka] 147
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Fig. 16. Effect of age on the stimulation of in vi-
tro zoxazolamine hydroxylation by flavone. Flavo~
ne(250uM) was added to liver microsomes obtai-
Formation of
tritiated water was measured and the data are
expressed as 6-hydroxyzoxazolamine. One hundr-
ed percent of control refers to the rate of 6~
hydroxyzoxazolamine formation in the absence of
flavone. Each point represents the mean from
two separate determinations.
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Fig.17. Effect of the dose of zoxazolamine on the
flavone-dependent activation of zoxazolamine me-
tabolism in vivo. Rats were injected i p. with the
described amounts of [4,6-%H)zoxazolamine, im-
mediately followed by an injection of 5umol of
flavone in polyethylene glycol 400 or polyethylene
glycol 400 alone. The animals were killed 15 min
later and the data are expressed as 6-hydroxyz-
oxazolamine formed. Each point represents the
mean T S.E. from four animals.
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"Table 14. Stimulation of in vive zoxazolamine and benzo(a)pyrene hydroxylation by flavone,
Liver microsomes were prepared from 5~day-old rats. Each reaction mixture contained 100
umol of potassium phosphate (pH 7.4), 3umol of magnesium chloride, 0.1umol of EDTA,
20umol of glucose-6-phosphate, 1 U of glucose-6-phosphate dehydrogenase, 0.5y mol of N-
ADPH, 500nmol of (4, 6-2H] zoxazolamine or 80 nmol of benzo(a)pyrene and various conce-
ntrations of flavone in a final volume of 0.95ml. The reactions were initiated by the addi-
tion of 50yl of a suspension of microsomes containing 0. 5nmol of cytochrome P-450 and
were terminated after 10min. The metabolism of [4, 6-*H}zoxazolamine to tritiated water
was measured and data are expressed as 6-hydroxyzoxazolamine. The metabolism of benzo
(a)pyrene to fluorescent phenolic metabolites was measured and the data are expressed as
3-hydroxybenzo(a) pyrene (3-OHBP).

Flavone Conc. 6-Hydroxyzoxazolamine formed 3-OHBP formed

uM nmol/min/nmol cytochrome P-450 pmol/min/mmol cytochrome P-450
0 1.22*q00) " 47.9(100)"

10 1.34(110) 95:-2‘“}9)

100 " 2,91(239) + 176, 8(369)

250 3. 45(283)

* Values represent data from at least two separate determinations.
® Values in parentheses represent the percent of control activity.

Table 15. Dose-response for the inwivo effect of flavone on benzo(a)pyrene hydroxylation.
Six-day-old rats were injected i p.with 1 gmol of [G-2H)benzo(a)pyrene in 20u] of dim
ethyl sufoxide. This was immediately followed by an injection of the indicated amounts of fl~
avone in 40xl of polyethylene glycol 400 or polyethylene 400 glycol alone. The animals
were killed 60min later and the data are expressed as nanomoles of benzo(a)pyrene metab-~
olized. Each value represents the mean + S. E. from at least three animals.

Dase of Flavane Benzo(a) pyrene Metabolized

umol nmel/60min
0 7.6+1(100)*
0.25 5.3+ 1(70)
0.5 4.5+ 1(59)
1.0 4.01+1(53)
2.5 4.5+ 1(59)
50 4,4+ 1(58)

* Values in parentheses represent the percent of control activity.

uk (Table 14) BP eH4t2] A% in vivool| 4 fla-
vone 8| FEF LT ¥ g gk& wh=x @okoh
(Table 15).

Table 16 in vitro ¢l 4, apigenin, chrysin,
fisetin, morin, quercetin 3-o| zoxazolamine 2|
TALELE oA 4) 7] A2 rutin, flavone 8] 2
e} A5 vng HoZ flavone & 75 o] B

3t FY5tAl zoxazolamine 8| of 2H-E 31 4] )

e} :L;-l v} in vivo. (Table 17) 4] 4 quercetin =}
apigenin2 g AW Sl o]m QYE o3z
AkEE A4 ek, 3 mis AHHY 7
+ in vitrool 4 ¥4 flavonoid sl ANFell 2]8)
dA Eg E2HE Noz gHHEd o)HL
TE} 2R A el wel AR c}2A) e}
W) o Eolek ®o)ol wlms) 4 BNFE S8
o9& (in vivo) ¥ AHH #4455 e}



Table.16. Effect of flavonoids on the hydroxylation of zoxazolamine by rat liver microsom-
es, Flavonoids (final concentration, 250uM)were added to liver microsomes obtained from 5
~day-old rats. The metabolism of (4, 6-2H) zoxazolamine to tritiated water was measured and
the data are expressed as 6-hydroxyzoxazolamine.

Flavoneid . 6-Hydroxyzoxazolamine formed®

“nmol/min/nmol cytochrome P-450

None 1.45+0.1(100)"°
Quercetin 0.44+0.1""(30)
Fisetin 0.5410.1**37)
Apigenin 0.80+ 0.1 **(55)
Morin 0,991 0.1 **(68)
Chrysin 1,08£0.1"%74)
Rutin 1.29+0.1(89)
Flavone 5.00L 0.1 **(345)

*Values represent the mean t S. E.of three determinations.
bValues in parentheses represent the percent of control activity.

**Qionificantly different from control (P (,01)by student’s t test

Table 17. Effect of various flavonoids on the in wvivo hydroxylation of zoxazolamine.
Animals were injected i p. with 740 nmol of (4, 6- *H] zoxazolamine, immediately followed by an
injection of 5umol of the flavonoids listed below in 404l of polyethylene glycol 400 or pol-
yethylene glycol 400 alone. The animals were killed 15 min later.

Flavonoid 6-Hydroxyzoxazolamine formed*
nmol/15min

Experiment 1

None 38, 4£2(100)"

Flavone 213. 5+ 10 *(556)

7, 8-Benzoflavone 71.045 *(185)

Nabiletin 86,1116 *(224)

Tangeretin 110, 934 *(289)
Experiment2

None 25,8%3(100)

Flavone ©108.4%18%(420)

Apigenin 23.5+5(91)

Quercetin ) 24,8+1(96)

*Values represent the mean+ S.E.from at least three animals.
"Values in parentheses represent the percent of control activity,
*Significantly different from controls(P (.05)by Student’s t test.

WE P-450 591648 FEG” &l quercetin(10~250 xM) & ethoxyresorufin O-
22| 471 E 2R e flavonoids& o deethylation & 15~80% < Al 3} = quercetin$|%
2.2 in vitrod] 4 P-450 45 F A3 Sofl wel 42 etz vebds de) com-
3okl 4717 $le A& P22 £a plex inhibition patternd ®.Qlch, o] w2 Wk 4
ARk ® el 477t ,J'c flavonoidse] £ E &9 4L Table 183+ 7t} quercetin &
3 P-450 FAES oAl sz Eel BHAE %3 P-nitrosnisole demethylationsk BP 4=4k3}

A 7® ubsk givk, BNFE A& 2l3F misoll of 2 gAst dzTel v ZRL of BP of4bak



Microsomal Cytochrome P-450 918 40 o] &vj=s Abglvg

Table 18. Kinetic parameters associated with quercetin inhibition of P-450 reactions.

Ethoxyresorulin

deethylation, . Kn Vnaz Ki
BNF-microsomes Inhibition { 2M) (nmol min~'nmol P-4507") (M)

Control 0.14 1.0 0 -
10 nM Q Competitive 0.14 0.99 0,034
25 nM Q Competitive 0.20 0.90 0. 034
50 nM @ Mixed 0.33 0.78 0.133
100 nM Q Mixed 0.60 0.40 0,133
250 nM Q Mixed 0.75 0.30 0.133

Km and Vmaz values were caleulated from Line weaver-Burk plots.

Table 19, Inhibitory effect of quercetin on various monooxygenase activities of liver mi~

crosomes f{rom differently pretreated rats.

Inhibition of monooxygenase activities®:lap°(uM)

Induction of Benzo (a) pyrene

microsomes® hydroxylase

7-Ethoxycoumarin Aniline
0O-deethylase

hydroxylase

PB 125 100 42
MC 60 10 55
a;Microsomes contained 2,14 and 1.51 nmole cytochrome P-450 per mg of protein, respectively, for

PB and MC-treated rats.

b; Substrate concentrations were 0.08, 0.5 and 1.34mM respectively for benzo(a) pyrene hydroxylase, 7-
ethoxycoumarin O-deethylase and ‘aniline hydroxylase, Microsomal protein concentrations were 1,1 and
2.5mg/ml for benzo(a) pyrene hydroxylase, 7-ethoxycoumarin O-deethylase and aniline hydroxylase.

¢ ;I g0 (inhibitor concentration giving 50% inhibition of enzymatic activity) was determined from inhibition
curves obtained with nine inhibitor concentrations. The values are the average of duplicate experimen-

ts,

£ 774 wgd HiAAE et
2ol dAF 4o 4= PBEE 3-methylchol-
anthrene(MC) & #&]o] X elg F P-450 &
it #% AHIZE monoclonal antibodies £}
335 -anti-mouse IgG& #7Fsted RIAY o) 2|8
%23 A3 PB-2g MC-mise| P-450-b2} P-
450-¢ type?| F9|a &7} 5 FFor 2zt
EHe e A& Bshdet Y (Fig19). olsh 2
£ mis?| 7zl 3} quercetinel £} %} be-
nzo(a) pyrene hydroxylase(BPH =+ AHH), 7-
ethoxycoumarin (-deethylase(ECDE), aniline
hydroxylase (AH) ¢| inhibitory potency(lse) &
Lesca®¢| w4 @ ol w2} atasle] MC-mis-
BPH =+ -ECDEo] 23 7] & 413} querc-

etino] Z2E FYdAAL Eole AL @
otch (Table 19), =t2l4] quercetin® P-450-c
typeo| ¢35t BPH, ECDE 9| binding site 2} &
A3 AT o8 2 YL AT B 59
2o, Table 200l 4/ PB-*£+& MC-mis & AH-
quercetin®] P=450-b = B & ~c type? £4 %
duoll = 2 ERE AgES 72 9 Hojm glnf,
ZEli 29l i 4 52 Al @& inhibition
modex- Table 203} 7-0] Y& 3}A) vhebrk=| ok
2 23 x MO wel4+ ECDEE A 9 s
I mixed £ non-competitive type o] ¢l o} ®
P-450-dependent MOsol] %2 flavonoids 2
aFete vhd cfE = nb Hoyoku-‘é—m% querc-
etin?} ©} 2 flayonoids 7} tumor promoter ¢| %
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Table 20, Kinetic parameters associated with inhibition of cytochrome P-450 dependent

enzymes by quercetin.

Induction of Km Vmaz Inhibition Ki
Enzyme " microsomes (uM) (nmol/min/mg) type {uM)

Benzo(a) pyrene PB 2.5 0.2 Non-Competitive 36
hydroxylase MC 1.54 2.0 Non-Competitive 22.3
7-Ethoxycoumarin FB 1000 33.33 Competitive 56
0O-deethylase MC 50 20 Mixed 0.9
Aniline PB 80 i Mixed 0.4
hydroxylase MC 37.7 0.23 Mixed 1.4

*Km, Vmaz values and inhibition type were obtained from Lineweaver-Burk plots.
*Ki values were calculated from Dixon plots.
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Fig. 19. Specific binding of MAb to cytochrome P-
450 isozymes. The conceniration of MAb was ad-
justed to 0.5mg/ml and diluted,
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Fig.18, Effet of treatment with inducers of mi-
crosomal monooxygenases on the in vitro and " in
vivo activation of zoxazolamine hydroxylation by
flavone. PB and g-NF refer to sodium phenobar-
bital and 5, 6-benzoflavone, respectively. For in
vitro studies, flavone(2504M) was added to liver
microsomes from 9-day-old rats. Tritiated water
was measured and the data are expressed as na®
nomoles of 6-hydroxyzoxazolamine formed per mi-
nute per milligram of microsomal protein, For in
vive studies, rats were injected i.p. with 740nmol
of (4, 6-3H) zoxazolamine, immediately followed by
an injection of Sumol of flavone in polyethylene

glycol 400 or polyethylene glycol 400 alone. The
animals were killed 15 min later and the data are
expressed as nanomoles of -6-hydroxyzoxazolamine
formed per 15 min. Values represent the mean
+ S. E. from at least three determinations (in

vitro studies) or from four animals (in vive stud-
ies). : ‘
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Aol vzl #EAE AEFGch quercetin -
HeLa cell ¢ Qlx| A &ol F7}al4k(22Pi) o #
& AAIsken o« Z& %k FoF promoter 3l
12~-0-tetradecanoyl phorbol-13-acetate (TPA) il
oa& &= 9o flavonoids E-o] 4 luteolin -&
Eg TPAZAG A 7173 &304 o2 v
Elytel, 2ElZ T} F4o A ATE
4-4k5} 5l flavone 3 flavwonol¢] & o Z &g o
A #3+e za 9lgic) 2ej s quercetindt luteol-
ing =vt& 7% tumor promoter ] dihydr-
oteleocidin Bell &j# d& = gict, wel4d tum-
or promoter 2| 4-E& 29l B4 ¥ querc-
etin®| QA E 3= 44 FaAEIT U+ querce-
tin8] Edgolq 4ol x Fsta FEaAl
ol¢} ZH& flavonoidell £}k w] —whqtAel| =l
o] glebi AL ksl Foj2E dolet,

5. W

s m
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