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CABSTRACT The CO-difference spectrum of micro-
romes from ruts treated with the polychlorinated biphenyls
mivture, Avoclor 12534, hizs nn absorption maximuam at 448
nim. With cthylisocyananide as the ligand for reduced
mijeroromes, Aroclor 1254 treatment causes a ~hift in the
455-nm p(-ak to 453 nm and increases the ratio of absor-
hance of 455 nm to that &t 430 nm from 0.33, obtained with
untrented s, to 1.24. Theee findings are simtilar to those
reen in rats treated with the polyeyclic hadracarbon,
3-methyicholanthrene, but difer from those that churac-~
tevize eytochrome P-450 in control or phenn!m:l)ilnl-
treated rats. Avoclor 1254 treatment rerults in a tripling of
extochrome I’-448 content and a 10-fold increase in benzo-
jalpyrene hydroxylation. However—unlike 3-methylchol-
suthrene, but like the phenoburbital 13 pe of inducing
sgents—Araclor 1254 treatiment causes a significant en-
hancement of ethylmorphine N-demethyla<e. Thesc data
rugpest that Avoclor 1233-induced cytachrome P-448 may
e cntaly tically different from the 'i-mclh)Ichr-l.xmhrcno-
induced Po448 or that the hemoprotein(s) induced by
Avoclor 1234 may be a mixture of eytochromes P-448 and
l' 450 (‘\Inlmtn[, Nnul\ llopu)pcl tic sofhmh cy lnchrom(‘-a.

Polyehlorinated biphenyls are industrial chemicals used as

lubricants, heat-exchange fluids, insulators, and a2 plasticizers
in puints, synthetic recing, and plasties used in a wide variety
of eommercial and domestic products, Residizs of poly-
chlopnated biphenyls have been widely fournd iv tissues of
fith wd wildlife (1-4). Contamination of huu...n adipose
tissue and of bovine and human milk has been renarted (5-8).
The polycehlorinated bipheny] mixtures manuiuctured n the
United Swudes nre marketed ander the trede nzize Aroclor.
The Arorlors are designated by four-digit nunt the last
two digits of which define the pereent of elidonine content
by \\righi e, Aroclor 1254 containg 549 chlorinie.

Previous studies have shown that polychlorina =1 biphenyls
ave inducers of steroid hydroxylases in birds (1. 9),-and of
drug-metabolizing enzymes in animals (10, 11, The micro-
tomal hemoprotein, eytochrome P-130, hus been implicated
as the terminal oxidase in the hepatic enzynze sv=tems that
metubolize many drugs, other foreign compound:. snd normal
body constituents. Indueers of drug-mietailizing enzymes
in fiver have been enfegorized hilo two groups 12, 13). One
grops of inducers, of which phenobarbital is @ prerolype, en-
havees the metabolism of a large variety uf»c‘ stes Dy Bver
cells; a ~ccond group stimulates the metatwlisi of only a fow
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substrates. Polyeyclie hydresarbon earcinogens, such as benzo-
[alpyrene and 3-methylcholznthrene (3-MeChol} comprise
the second group of compaurds. In addition, the effects of
these two groups of inducers on eytochrome 14350 differ.
Treatment of rats with phenobarbital or 3-MeChol increases
the concentration of the he:maprotein present in fiver micro-
somes (34, 15). However. 3-2MeChol induces the formation
of eytochrome P-448, a Lerzonrotein that differs in spectral
and eatalytic activities fror. extochrome P-450 present in
untreated rats or in rats treased with phenobarbital (14-17).
Cylochrome P-448 has al< teen referred to as eytochrome
P-450 (15).

Drugs and steroids inte

o7 with inierosomal hemoprotein
o give a type-I difference sy=«-trum, characterized by a peak
at about 385 nm and a traugh at about 420 nms, or a {ype-Il
difference spectrum, charz-wrized by a peak at about 430
nm and a trough at about 3% nm (18, 19). We showed (10)
that polychlorinated Dbiphen~is sthmulated the metabolism
of cthylmorphine, a type-1 «:bstrate, and of aniling, a type-11
substrate. In addition, treciment with the polyehlorinated
biphenyls resulted in a trij:i=d content of eytochrome $-450
of liver microsomes (10).

In the present study, we have further investigated the
properties of the polyvehiarinated biphenyl-induced cyto-
chrome. The results of thexe studies indicate that polychlo-
rinated biphenyls are a new wvpe of inducer, causing the for-
mation of polycyclie hydrocethon-induced extochrome I-448,
while eliciting the more gersral enzyme induction response
evoked by drugs such as ]vht'-' ‘barbital.

i

METHODS

Male Sprague-Dawley rats \\'eighing 100 -120 g were used,
The polychlorinated bipher:v! mixture used was Aroclor 1251,
supplied by Monsanto Chermical Co. St. Louis, Mo. Aroclor
1254, dissolved in corn oil. wzsz adininistered intraperitoneally
at a dosage of 25 mg/ky per day for 6 days, unless otherwise
indicated. Control rats reesived corn oil only. Actinomycin
D, dissolved in 109 etharr.l. was administered intraperitone-
ally at u dose of 1 mg ke 1 br before and 6 hy after the ad-
ministration of 100 myg k2 «f Avoclor 1254 or corn oil. 3-
MeChol was administer-«d b the same route at a dose of
25 my/kg per day for 4 diws and phenobarbital was admin-
istered intraperitoncally a2t & dose of 756 mg kg per day for
4 days. The animals were Kiled 24 I alter the injection of
the last dose of Aroclor 1234, 3-MeChol, or phenobarbital.
Livers were removed and riierosomes were prepared (20).
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Ig. 1. Ca-ben monoxide (feft)- and ethylisocyanaide (ri74¢:- difference spectra of microsomes from untreate} ra's and rats treated

with Aroclor 1254, Aroclor 1254 was administered at a dosage i

Iithylmorphine  V-demethylase activity was  determirzd
ag deseribed  20.. Benzola]pyrene Liydroxylase activity was
determined inoa reaction mixture conlaining 100 pine: of
potassium ploszhate buffer (pI1 7.4), 3 pwmol of MgCl:. 1.0
pmo! of XADPH. 100 nmol of benzofu]pyrene (added in 205
nl of acetor.=-. uned 9000 X g supernatant derived irc
mig of liver, wes weight, in a final volume of 1.0 ml, "The
ture was inew zied 0t 372 for 5 min and the product was
sured by the wlof Nebert and Gelboin (21). In the bernzo-
[a]pyrene hy. e
beeause pre

by the meths} of Omura and Sato (23), from the CO-diZer-
ence spectrcs of dithionite-reduced microsomes, using an
extinetion co<Fciont of 91 mM ! em™? between 450 or 445
and 490 nm. The ethylisocyanide difference spectrum was
determined in = shmilar manver, except that instead of bub-
Lling CO thruwe the solution, ethylisoeyanide in a final con-
centration of 1.5 M was added to the sample cuvetie. The
difference i sisnrption at 430 aud 500 nm was used == an
eslimate of 11+ 430-nm peak, and the difference in abwarp-
tion at 455 cr 453 and 300 nm was used as an estimate of the
455-nm peszk. Protein contents were determined by the
method of Sutherlund et al. (24).

RESULTS

Bfect of Areclar 1254 Treatment on the Spectral Projeriies
of Cytochrome P-:50 in Liver Microsomes. The CO-difference
speetrn of liver microsomes from untreated rats and rats
trepted with Aroclor 1234, are shown in Fig. 1. A difference
veak at 450 nm was observed with micro-
somes [rom ereated rats, as expected (25, 26). However,
when rats were treated with Arvoclor,'a peak shift cceurred
and the CO-Linding pigment now exhibited an absorption

speetrum with

5 rag/kg per day for 6 days.

maxinum at 448 num instead of 450 nan. W ben ethylizoeyvanide,
instead of CO, was used as the ligand or the reduced micvo-
somal hemoprotein, spectral peaks at 30 and 435 wmn were
obserced, as reported (27). The cthyi-acvanide difference
spectrum of microsomes from rats injess:l

Awith nclor 1254
exhibited a spectral shift from 455 1o <33 nin; ne such <hify
occurred with the 430-nm peak (Fig. 1;. A~ cau also be seenin
Fig. 1, treatment with Aroclor increaz:: the absothance st
430 nm, as well as at 453 um. Howev-o. the jnerease in ab-
sorbance ab 453 nm was greater than -
with the 430-um peak, resulting in au =+
ratio of the 435-nm to 430-nmn peaks. T
the possibility that Aroeclor 1251 or
be boul to the microsomal hemoprotz:. and that this vom-
plex could possess spectral properties di%-rent from the native
cytochirome. This binding could aceo.s for the change in
the ratio of the 455-nm 1o 430-nm peaks ohserved in Aroclor-
treated rats. Alternatively, the observai chauges could be
due to the synthesis of a new hemoy: ein having =pectral
and eatalytie activities different from 12~ native extochrome,

Neerepse obeerved
st it the

cre indings suggested

b

eonetabolite(s) may

Efiect of Actinomycin D on Changes v Propertics of Ciyto-
chrome P-450 Induced by Aroclor 125}, T te~t the above slter-
natives the following experiments we:s “ormed: (2) addi-
tion of Aroclor to microsomes before r=luetirn avl bubbling
of CO or addition of cthylisoevanide 1=sulted in spectra thut
were identical to those obtained with miciesomes from un-
treated rats assayed in the absence <7 Aroclor. i) When
whole homogenate from untreated razs wuz incubated with
Aroclor and an NADPH-generating sv<iem for 0.5 hr at 37°.
and microsomes were then prepared, These microsumes ex-
hilited spectral properties identical 1o thinse of Inicrosomes
obluined from homogenate incubated o2 the aleenee of Arp-
clor. Drug-induced inereases in nicrescital cnzvme aetivity
can be prevented by certain inhibiters ¢of protein syothesis
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TanLe 1. Efect of actinomycin D on Aroclor 1254-induced changes 1n microsonial hemoprotein
and benzo[a]pyrene hydroxylase and ethylmorphine N-demethylase activities
E:hvlisocyanide difference spectra
Benzolalpyrene Ethytmorphine SRR e e L
hydroxylase N-demethylase  Cytochrome 455 peak 430 peak Ratio of 455-nm to
Treatment activity* activityt P-450% A A gsevis A Ao 430-nm peaks
Conlrols v 3.90 & 0.287 % 0.79 & 0.062 = 0.114 £ 0.54 &
0.22 0.018 0.02 0002 0.006 .01
Actinomycin D 3.37 + 0.270 =+ 0.73 % 0.060 = 0.105 & 0.57 &+
.28 3.006 4.04 0.005 0.008 0.02
Aroclor 1254 22.42§ £ 0.505§ = 1.28§ + 0.087§ = 0.100 + 0.87§ &
1.36 0.023 0.04 0.003 0.003 0.03
Actinomycin D - 6.20 & 0.331 % 0.79 o4 0.057 = 0.100 %= 0.57 &
Aroclor 1254 1.35 0.028 0.07 ) 0.010 0.007 0.07

Avoclor 1234, 100 mg/kg, was administered by a single injection. Aetinomyein D, I mg/kg, was administered { hr hefore and 6 hr after
the ndministration of Aroclor 1254 or corn oil. Animals were killed 24 hr after the administration of Aroclor 1254 or corn oil. Each value

represents mean = SEM from five rats.
* nmol of hydroxybenzpyrine formed per ing of prolein per hr,
t pmol of HCHO formed per mg of protein per hr.
1 nmol of cytochrome I’-450 per mg of protein.

§ Valuo significantly different from respective control value (P < 0.03).

or DNA-dependent RNA synthesis. To determine if Aroclor
was indeed causing the induction of a spectrally-different
_hemoprotein, the effect of actinomyein I on the induction
ol benzolalpyrene hydroxylase and ethyhnorphine N-de-
methylage, the levels of cytochrome P30, and the ethyl-
isoeyanide difference spectral peaks (4533-nm and 430-nm
peaks) was studied (Table 1). 100 mg/kg of Arcelor 1254 was
administered and the rats were killed 24 hr later. The shift
in the 450-min peak of the CO-diffevence specirum or of the
4565-nm peak of the ethylisocyanide difference spectrum was
not apparent 24 hr after & single injection of Aroclor. How-
ever, administration of Aroclor did cause a significant en-
hancement of benzo{a |pyrene hydroxylase, ethylmorphine
N-demethylase, and cylochrome P-450 content, as well as
an inerease in the ratio of the 455-nmn to 430-nm peaks from
0.54 Lo 0.87. Administration of actinomyein 12, 1 hr before
and 0 hr after the administration of Aroclor. prevented the
marked stimulation of enzyme activities, the increase in

cytochrome P-450, and the inerease in the ratio of the ab-
sorbance at the 433-1ua o 430-nm peaks. Actinomyein 1D
administered alone hzd 1.0 effect on the basal levels of enzyme
aclivity or the microsorzai hemoprotein,

Comparative Effects oF Pronobarbital, 3-MeChol, and Aroclor
1254 on IHepatic Microvienal Hemoprotein, Benzolalpyrene
Hydroxyluse, and Ftljlrorphine N-Demethylagse. As shown
in Table 2, Aroclor 1234 czused s 10-fold induction of benzo-
[a]pyrene hydroxylase. whereas 3-MeChol and phenobarbital
caused 13- and 4-fold inluction of the hydroxylase, respec-
tively. The three inducers increased the cytochrome P-450
levels; however, the CO difference spectra showed absorp-
tion maxima at 448, 443, =nd 450 nm with Aroclor, 3-MeChol
and phenobarbital, respectively. Similarly, like 3-McChol,
Aruclor treatment resulted in a marked increase in the ratio
of the 455-nm to 430-nm veaks. The increases in benzolal-
pyrene hydroxylase activity and in the ratio of the 455-nm

Taser 2. Compm:alive effects of Aroclor 1264, 3-MeChol and phenobarbital on izpalic microsomal
hemoprotein and benzola)pyrene hydroxyluse and ethylmorphine N-demeth ;lase activities

Ethylizsncyanide difference speclra

Benzo[a]pyrene EthyImorphine — e e
hydroxylase N-demethylase Cytochrome 455 peak 430 peak Ratio of 455-nm to
Treatment activity* activityt P-450% A Aussoun A A o-s0 430-nm peaks
Controls 4.21 + 0.433 & 0.73 & 0.062 + 0.117 £ 0.53 % °
0.74 0.026 0.02 0.002 0.008 0.02
Avroclor 1254 42,08§ = 0.951§ + 2.01§ & 0.230§ £ 0.192 £ 1.24§ =
3.47 0.031 Q.10 0.036 0.033 0.10
3-MeChol 55.848§ * 0.475 =% 1.70§ = 0.224§ = 0.129 % 1.74§ &
1.51 0.027 0.03 0.010 0.009 0.05
Phenoburbitat 16.38§-r1: 1.386§ =+ 2.32§ = 0.211§ = 0.354§ £ 0.59§ &
0.34 0.055 0.03 0.010 0.008 0.02

Rats were administered Aroclor 1234, 25 mg kg ver day for 6 duys or 3-MeChol, 25 mg, kg per day for 4 days, or phenobarbital, 75
mg/kg per day for 4 days. ¥ach value represents mesn 4= SEM from five rats.

* nmol of hydroxybenzpyrene formed per mg of protein per
fumol of HCHO formed per mg of protein per hr.
{ nmol of cytochrome 1>-450 per mg of protein.

r.

§ Value significantly different from respective control value (I < 0.03),
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to 430-nm peaks obszerved with Aroclor were of a lesser mag-
nitude than theze obscrved with 3-MeChol. In contrast.
phenobarbital prewestmendt resulted v a 3-fold increase in
eylochrome 1'-130. and the ratio of the 455-nm to 430-nm
penks was st 10 that observed with untreated rats. As

expecled (16. 2 . 3-NeChol hiad no effect on the aetivity

of ethylmorphine N<demethyluse; however, Aroclor treatiment
(Tuble 2) rveswlved in o significaut enhancement of N-de-
methylase activity. though of a lesser magnitude than that
observed in vats treated with phenoburbital. The data ob-
teined with 3-MeChol and phenobarbital are similar to those
previously reportad (14, 16, 28, 29).
DISCUSSION

The possible health huzard to humans presented by the en-
vironmental pollutant, polychlorinated biphenyly, is unclear,
but recent dizclosures of the presence of this contaminant
in hunan adipose tiszue (8, 7, 8) and i hwnan mitlk (8) raize
serious questions us to the potentinl eflfects of these tissue
contaminants on lnunan health. In these studies Aroclor 12534
whs used as norepresentative mixture of polychlorinated bi-
phenyl compounds since it is similur to the polychlorinated
hiphenyl residues found in some human adipose tissues (7).
The data presented in this paper show that Aroclor 1254 15 4
polent inducer of the microsomal hemoprotein, cytochrome
P-448, and of benzola }pyrene hydroxylase and ethylmorphine
N-demethyluse,

Burbiturndes sl polyeyclic hydrocarbons appear to stim-
ulnte drug-metulobzing enzymes of liver by different mech-
anisms, The barbiturates induce the metabolisma of many
substrates. For example, phencbarbital in rats is a potent
inducer of extorhrone P-450, and enhances the metabolizm
of drugs tn vilre «< well as tn vive. However, it is a poor in-
dueer of the aryl hivdrocarbon hydroxylases. In contrast,
polyeyclic hydueeaibons, such as 3-MeChol, imduce the for-
mation of u spectratly and catalytically difierent hemoprotein,
eytochrome P-145 - 14, 16), 3-MeChol is & potent inducer of
aryl hydroearbon hdroxylases (30), but does not enhance
the N-demethylation of ethylmorphine (28). Polychlorinated
biphenyls, ns shown in these studies, share the properties of
both the polycyelic hydrocarbon and the phenobarbital types
of inducer compounds.  Aroclor 1254, for example, caused
n 3-fold induetion of cytochrome ¥-448, & 2-fold induction of
N-demethylise activity, and a 10-fold induction of benzo[a)-
pyrene hydroxyvlse. In addition, the hemoprotein induced
by Aroclor 1254 showed a typical type-1 difference spectrum
with- hexobnrrbital, similar to that observed with nicrosomes
from untreated or phenobarbital-treated rats (unpublished
observations). Cvtochrome P-448 from 3-MeChol-induced
rats showesd with hexobarbital a modified type-11- difference
speetrum, as previourly reported (31), Treatment of rats
with phenobarhital enhances the metabolism and decreases
the duration of action of both zoxazolamine and hexobarbital
in the jutact suimal. On the other hand, polyeyclic hydro-
carbons aceelermie the metabolism of zoxazolamine, but not
of hexobarbital -32:. We have shown that Aroclor 1254 ac-
celerates the metabelism of hexobarbital and zoxazolamine

in vive (10). Thus, these data strongly suggest that the Aroclor

126-induced  extochrome P-448 s calalytically different
from the 3-MeChol-induced eytochrome P-448 or, alterna-
tively, that the Lemoprotein(s) induced by treatment with
Arvoclor 1264 1way be a mixture of extochromes P-448 and
=450 exhibiting eatalytic properties of both cytochromes.

Proc, Nat. Acad. Sci. USA 70 (1973)

Aroclor 1254 is a mixture of polychlorinated biphenyls
comprising chemical congeners of both high and low chilerine
content, Since Avoclor 1254 shows the inducing properties
of both the burbiturate and the polyexelic hydroearbon classes
of inducers, it is possible that the mixture of ‘yolvchlorinated
biphenyls contains one or more compounds huving the bar-
biturate type of inductive properties and coinpounds having
the properties of the polycyclic hydrocarbon vlass of inducers.
The two types of induction produced by 3-MeChol and pheno-
batbital proceed independently of cach other when these
compounds are administered simultaneously. as shown by
Bidleman and Mannering (33); these ndependent induction
phenomens result in biochemical and spectral findings similar
10 those obtained after the administration oi Aroclor 1254,
Our studies show that the ralio of the 453-nm to the 430-nm
peuks (1.24) produced with ethylisoeyvanide tn Aroclor 1254-
treated animals (Table 2) is almost exactly intermedipte
between the ratio seen with microzormes from: untreated and
phenobarbital-treated rats (0.53 and 0.59, respectively) and
the ratio seen” with microsomes from 3-MeChol-treated rats

. (1.74). However, a seeond possibility exists, namely, that a

single component of the polychlorinated biphenyl mixture
possesses the combined properties of the two clusses of in-
ducers and that the characteristic inducing action of Aroclor
1254 described here is intrinsic to the polvchlorinated bi-
phenyl moiety itself.

Drug-induced increases in enzyme nctivity can be pre-
veuted by inhibitors of nucleic acid and prowein synthesis,
In the present studies, actinomyein DD, an inhibitor of DN A-
dependent RNA synthesis, was administered before Aroclor
1254 and this treatinent prevented () the change iu the ratio
of the 455-nm to the 430-nm penks of the ethylisocyanide
difference spectrum of reduced microsomes, and (b) the iu-
crease in benzo[ajpyrene hydroxylase and ethylmorphine
N-demethylase activities induced by the solychlorinated
biphenyls. This inhibitory effect on the Arocler 1254-induced
spectral changes in microsomes supports the view that Aroclor
1254 enhuunces the synthesis of a distinet microsomal hemo-
protein having spectrsl properties different iromn that pres-
ent in the Jivers of untreated rats.

The aryl hydrocarbon hydroxylase system has come nnder
increasing investigation in the field of oncology. Polyceyelic
hydrocarbon carcinogens are the most widely occurring en-
vironmental chemical carcinogens known and oceur as atmo-
spheric pollutants resulting from combustion of fuels and
other organic materials; they are also present in cigarette
smoke. In addition, they are poteut inducers of aryl hydro-
carbon hydroxyluse in liver and nonhepatic tizzues in animals
and man, and several of them have been shown to induce
evtochrome P-448 in the liver. Since the polychlorinated
biphenyls possess certain of the characteristic inducing prop-
erties of benzo[alpyrene and 3-MeChol, and are themselves
ubiqguitously distributer) i the envivonmeni. it may bLe of
considerable importance to examine the carcinogenic po-
tentialities of these biphenyl mixtures. In this regard, it is of
considerable interest that recent studies by Allen and Nor-
back (34) hiave shown that ingestion of polychlorinated bi-
phenyls by rhesus monkeys resultsin hyperplastic, dysplastic,
and invasive changes suggestive of eventual uroplastic trans-
formation of gastric mucosa.

The technical nssistance of Mrs. Susan Peters and Mrs. Evelyn
Grossman is gratefully acknowledged. This work was supported in

DSW 025660

STLCOPCB4009615



b R N

part ¥y grants'from Hoffman La Rache, the Council {or Tobacco
Research, U.8.A,, USPHS Grant £8-00621, and the Scaife Family
Charitable Trusts, De. Bickers was supported by NI1H Training
Grant AM 0-5326 awarded o the Department of Dermatology,
New York University Medical Center.

1. Risebrough, R, W, Rieche, P, Peakall, 1. B., Herman, 8. G.
& Kirven, M. N, (1968) Nature 220, 10051102,

2. Jensen, 8., Johnels, A, (3, Olsson, M. & Otterlind, G. (1969}
Nalure 224, 247250,

3. Koeman, J. 1, de Brauw, M, C. T. N, & Yous, R. II. (1969)

<. Nature 221, 1120.

4. Bache, C. A, Serum, J. W, Youngs, W. D, & Ligk, D. J.
(1972) Scicnce 177, 1391,

5. Bires, E. J,, Walker, A, C. & Medbery, A, (1970) Budl. En-
viron. Contum. Toxicol. 5, 317-323.

6. Acker, L. & Schulte, B. (1970) Nalurwissenschaften 57, 497,

7. Price, 1. A, & Weleb, . L. (19472) Environ. Health Perspect.
1, 73-18.

8. Yobs, A. R. (1972) Environ. Health-Perspecet. 1, 78-81.

4. Lincer, J. L, & Peakall, D. B. (J970) Noiure 228, 783-784.

10. Bickers, D, R., Harber, L. C., Xappas, A. & Alvares, A, P
(3972) Res. Commun, Chem. Path. Pharmacol. 3, 505-512.

11, Litterest, C. L., Farber, T AL, Baker. A, M. & Van Loon,
15.J. (1972) Toxicol. Appl. Pharmaceol. 23, 112-122,

12. Conney, A. 1. (1967) Pharmacol. Rev. 19, 317-366.

13.  Mannering, G. J. (1968) in Selecled Pharmacelogical T'esting
Methads, ed. Burger, A. (Marcel Dekker, New York), pp.
51-119.

14.  Alvares, A. P, Schilling, G., Levin, W. & Kuntzman, R.
(1967) Biochem. Blophys. Res. Commaun. 29, 521-528.

15. Rladek, N, 12, & Mannering, . J. (1968 Biockem. Biophys.
Res. Commun. 24, 668--674.

16.  Alvares, A. P., Schilling, G. R. & Kunizmnn, R, (1908)
Iiechem. Biophys. les. Comnun. 30, 533303,

17.

18.

19.
"20.
21,
22.

23.
24,

25,

26.
27,

28.

30.
3L
32.
33,

34,

Lu, A. Y. 1L, Kuntzman, R., West, S., Jacobson, M. &
Conney, A. H. (1972 J. Biol. Chem. 247, 1727~1734.
Remmer, H., Schenkman, J., Estabrook, R. W., Sasame, H_,
Gillette, J., Narasimhuly, 8., Caoper, 1. Y. & Rozeuthal, Q.
{1966) Mal. Pharmucal. 2, 187-190.

Imai, Y. & Sato, 3. (1966) Biockem. Biophys. Hes. Commun.
22, 620-626.

Alvares, A. P. & Manuering, G. J. (1970) Mol. Pharmacol.
6, 2006-212.

Nebert, D. W. & Gelboin, K. V. (1968) J. Biol. Chem. 243,
62426249,

Alvares, A. P, Schilling, G., Garbut, A, & Kuntzinan, R.
(1970) Biochem. Pharmacol. 19, 1449-1455.

Omura, T. & Sato. R. (1964) J. Biol, Chem. 239, 2370-2378.
RSutherland, E. W Cari, C. F., Haynes, R. & Olsen, N. S.
(1949) J. Biol. Chem. 180, 823-837.

Garfinkel, 1. (1939, Arch. Biochem. Riophys. 77, 493--509.
Kilingenberg, M. (1938) Arch. Biochem. Biophys. 75, 376-
386.

Imai, Y. & Sato, R. (1966) Biochem. Biophys. Res. Comnoun.
23, 5-11,

Sladek, N. E. & Mannering, G. J. (1969) Mol. Pharmacal.
5, 186-199.

Alvares, A. ., Schilling, G., Levin, W. & Kuntzman, R,
(1968) J. Pharmacol. Exp. Ther. 163,417-424. -

Conney, A. H., Miller, E. C. & Miller, J. A, (1957) /. Biol.
Chem, 228, 753~71060.

Shoeman, 1. W, Chaplin, M. D. & Mannering, G. J. (1969)
Mol. Pharmacol. 5,412-419.

Conney, A. ., Davidson, C., Gastel, R. & Burns, J. J.
(1960) J. Pharmace!. Exp. Ther. 130, 1-8.

Bidleman, K. & Mannering, G. J. (1970) Mol. Pharmacol.
6, 607-701.

Allen, J. R. & Norback, D. H. (1973) Science 179, 49%-199.

DSW 025661

STLCOPCB4009616



