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"My proof convinces the ignorant, and the wise mTh's,proof
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end ignorance,. I neither can convince him, nor can he®
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ABSTRACT

Cytochrome P-450 and related drug biotransformation in
the liver 1s depressed during varal 1nféct10ns‘or follow1n4
the administration of interferon indu¢ing agents. Renton
an; Mannering proposedwthat depression of thls‘gnzyme systém

was mediated via interferon but provided A% direct evidence
for this hypothesis. In this thesis i1ndirect evidence
obtained using a genetic model and direct eéidence using
pure homogenous cloned interferon provides the first proof
that interferon causes a marked depression of hepatic drug
birotransformation. pl
The depressant effect of interferon on hepatic
C/éytochroTe P-450 could.be caused by changés 1in synthesis
' and/or 'degradation of the enzyme. Evidence obtained by
using the turnover of labelled heme precursors and labelled
amino acids, indicate that the decrease in steady~-state
levels of hepa'tic cytochrome P-450 resulted from changes 1n
both'the synthesis and degradation of the hemoprotein.
We concluyde that an impairment g} éytochrome P-450-~
mediated drug biotransformation occurs via an interferon-,

mediated lnec}action and that this effect may enhance the

toxicity of drugs and exogefously administered chemicals.
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* SECTION A
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- <
-~

\

- - /
(1) General Review of Hepatic Mixed Function Oxidase System

R N

Drugs and other foreign-compbunds are predominantly

metabolized in the microsomal fraction of the liver. These
generally lipophilic compounds are converted to more
»
hydrophilic and excretable products by a multistep metabolic
\ 1]

‘precess which usually 1nvolves 1nitial oxidation and
¢ . . R LT TN
subgsequent conjugation reactions. The enzyme systems

-

primarily responsible for drug'blotransformatlon are located
. 2

3

in the hepatic endoplasmic reticulum which i1s a highly
drgqnlzed‘net;ork of continous gntercqnnected lipoprotein
membfanes. Hoyogenlz?tlon of the liyer results in the
endoplasmic reticulum being pinched off, followed by
membrane closure to form particulates called microsomes.

L 4

The term "mlgxosomes" therefore does not- denote a
. —

morphological entity associated with the structure 'of a cell

\ -~

but 1s.a pinched off fractloﬁ of the endoplasmic reticulum.
Microsomes can behlsolated by high-speed qentrifugation of
.the fost-mltochondrlal supernatant. -
Early s%udies (Brodie et al., 1955) demonstrated that
:Idrug metabolism was cata}yzed in the microsomal fraction of,
the liver. This microsomal enzyme system was termed the

) LY
hepatic mixed function oxidase system by Mason in 1957 in

order to tharacterize the mixed function of the oxygen

+
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\ - "n‘ +
molecule. Later HqYﬁxshl (196!3 termed 1t the monooxyyenase

./ - v .

system because the ehzyme system 1ncorporates only one atom

+ of molecular oxygen 1nto organic suostrates wilth concomitant

1

¢
reduction -of the second oxygen atom to water. Both of these

terms are n9w:used interchangeably 1n the literature. The

, gnzyme system 1s capaBle of oxidizing a wide variety of
different substr$tes by several dilverse reactions includiny

N-dealkylation, deamination, aromatic hydroxylation,

sulphoxidatlon, O-dealkylation, S-oxidation and N-oxidation

(Brodie, 1958; Gillette, 1966). Examples of these oxidation
reactions 1include O-dealkylation of codeine to morphine
followed by HN-dealkylation of morphine to normorbhine,

1]
sulfoxidation of chloropromazine to chlorpromazine

’ » '

sulfoxide, aromatic hydroxylation of phedobarbltal to the
" parahydroxylphenyl derivatave and deamimation of amphetamine
» -

to phenyl acetone. " ’

During mixed function oxidation of a xenobiotic,

»

Jelectrons are transfered from WADPH vla an electron,

transport chain, which subsequently reacts with molecular
L4

oxydgen to fiorm an active oxygen intermediate. The agflue

- . e

oxygen 1s then transferred L:o the substrate via the

following simplified reaction scheme.

* &



-

NADPH + P-450 + H* _3 P-450-H, + NADP*
P-450-H, + 0, —) "active oxygen”

active oxygen + substrate —» oxidized drug + P-450 + H,0/

4

NADPH + O, + substrate —> NADPT + Hy0 + oxidized .

The component P-450 of the mixed function oxidase

¢ substrate

system has been identified as a membrane bound hemoprotein
sensitive to eé%bon monoxide (Omura, 1963). The other
components of the electron transport system'consist of
cytochrome bg (Pappenheimer and Williams, 1954) and =
cytochrome C reductase (Phlllfbs and Langdon, 1962).
Cytocﬁépme P-450 18 the major component and central to the
oxidation process by the enzyme system.

Several. schemes have beeqﬂproposed (Omura et al.,
(1965), Estabrook et al. (1971), Gander et al., (1980)) in
attempts to include the involvement of cytochrome bg and
NADH 1n the electron transport system and to achieve a-
stoichiometric reacéion for the mixed function oxidase
system. In a‘recent review, Gander et al. (1980) proposed a
representative scheme for electron transport in the mixed
function oxjdese system. In this scheme, (illustrated fon
the following page) the sub;;rate (XH) combines with

oxidized P-450 (ferricytochrome P-450) to form a complex

which is reduced by electrons from NADPH via the electron’

' ) T ET

A Al I 2



transport chain which includes cytochrome c reductase. The

yeduced substrate P-450 complex (ferrocytochrome P-450) -

\ e -

reacts with molecular oxygen to form a substrate cytochrome
P-450-oxygen complex. Electrons from NADH via c)tochrome bs
may contribute to the second electron-lgput on the
cytochrome P-450 complex or the sécond electron may be

derived from NADPH via cytochrdme c reductase. This yleids

a complex with activated oxygen which then splits to yield

L4

water, oxidized drug (XOH) and oxidized form of cytochrom%

L3

P-450 (ferricytochrome P-450).

a P-450-Fe (1)~ XH

XH b
P-450-Fe(ID) P-450-Fe(I)-XN
XOH j ' 0
c (Gander
NADPH Fpy
P-450-Fe(I)-X0H x P-450-Fe(H)-XH and
: NADP* ’ !
. i o 0, Mannering,
h d 1980)
P-4lsg~r.(m»xu P-450-Fe (I0)-XH
b \ ‘ 0
P-450-Fe(I1)xH
‘ 0;

X

~



P-450 (I1I)

) . y

* 1

Ferricytochrome-P-450 .

P-450(11) = Ferrocytochrome P-450
bg = cytochrome bg .
.FPy = NADPH-cytochrome P-450 reductase
FP, '~ = NADH-cytochrome bg reductase .
XH = substrate .
s
(i1) Cytochrome P-450 "\
Cytochrome P-450 18 a hemoprotein with a peak Y

O .

absorbance of about 450 nm, when it is reduced and complexed

with carbofi monoxide (Omura, 1963). A typical carbon

monoxide difference spectra, which exhibits a large peak at

about 450 nig, and a deep trough at about -405 nm 18

illustrated below.

A ABSORBANCE

k.
- - yq{
»
© P 450
0 08-
b .
0 04/
’ ‘ /
0 _—
600 500 400
WAVELENGTH ( nm )
i
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It 1s denerally accepted that the prosthetic yroyp of

cytochrome P-450 ‘1s ferroprotoporphyrin IX (Protoheme IX)

~
.

with the following structure.

K ¥ N
. o
. CH CH, s’
H,C \ -CH=CH, N
H,C CH, ,
oM, CH, '
Q ! ?"1 F"x ..,
COOH COOM -
PROTONENE ( 1X)

- [—

The protein moeity of the purified' cytochrome P-450 from
liver yeilds a single, polypeptide band Sn SDS-urea polyacry-
lamide gel electropharesis (Imai and Sato, 1974; Ryan et
al., 1975; Haugen and Coon, 1976). The molecular weight ofP
the polypeptide chain of P-450 1s estimated around 59,000 -
'
55,000 daltons by the method of gel elecérophore51s (Huang
et al., 1976). C;tochrome P-450 1s fou;d 1n various tissues
including liver (Omura and Sato, 1964), the kidney (Ellin et
alk., 1972), small intestine (Takegue et al., 1968), lung
(Matsubara et al., 1971) adreAal cortex (Estabrook et gg-;

1963), skin (Poland et al.™19%4) testis (Betz et al., 1976)

et
and placénta (Me1gs, R.A. and Ryan, K.J., 1968).

Most cytochromes are 1involved 1n electron transport

0 [

Yo



chaans as mere electrngn carriers, but cytochrome P-450, 1is

involved i1n catalysirig severil types of redox reactions 1n

R 4

' addition to bglnq a terminal electron carrier. farl&
‘atﬁempts to.solublllze and purify the enzyme s&stem 1n 1ts
natizs form by conventiénél procedures falled‘becausg
,cytochfbme P-450 was converted rapidly to an i1nactive form
(cytochrome P-420). Ichikawa and Yamano (1967) solved this
tgchnical difficulty when they discovered that glfcerol and

other polfols stabilized détergent treated cytgchrome

~

P-450, , Solubilization and resolution of catalytically
Vg '
- . active hydroxylating system from the microsomal membrane was

achieved using a combination of 1onic and nonionic
T o
, detergents (Lu and Coon, 1968). Purification of qxtochrpme

P-450 to homogeneity as defined by.SDS electrophor581§ and

v

) immunological techniques has now been achieved 1n several
- . .
. . laboratories (Imai and Sato, 1974; Van der Hoeven et al.,
o

: . 1974; Haug@h and Cdon, 1976).

)

yields of cytochrome P-450 1in solubilized form. These

] ’
Warner\ et al. (1978) have been able to obtain high’

investigators incubated microsomes i;~2“glycerol buffer with
the nonionic detergent,‘Emulgen 911 and the ionic detergent

cholate at room temperature and recovered- approximately 90%

of cytochromg P-450 in the solubilized form. The advantage

in using room temperature was to avoid aggregation which

occurs at Qoc. The solubilized microsomes were

discriminated on the basis of molecular weight by passage



through a sephadex gel column. The fractions corntaining
cytochrome.P—450 wére then separated on a DEAE-Anion
exchange column. Finally the fractions were resolved by
electrofocussing on SDS gels. The results obtained,
1ndicated extensive heterogeneity 1in the cytochrome P-450.
Initial .evidence for multiple forms of ¢ytochrome P-450

was provided 1in 1966 by Sladek and Mannering. They showed

that 3-methylcholanthrene-treated rats had a different

L ]

R

spigées of cytochrome P-450 i1n liver microsomes. Physical
segaratlon of dlffer;nt forms of cytochrome P-450 from a
's*nglé source of mlcrosoﬁes (Comai and Gaylor, 1973) has
provided direct verificatiqn for the multiplicity of the
molecglar species of cytochrome P-450. Inducing agenzs such
as phenobarbjtal ahd 3-methylchqlanthrene cause the
synthesis of new forms of cytochrome P-450 or a
disproportionate i1ncrease ywn the synthesis of existing forms
and has allowed the 1solation of particular species of
cytochrome P-450 (Ryan et al., 1975:; Haugen et al., 1976).
The Phenobarbital induced cytochrome 1s designated as P-450
LM; and has a reduced carbon monoxide spectrum with a
maximum absorbance at 450 nm, a molecular weight of 48,700
and 1t hydroxylates ethylmorphine and beanEPetamine
preferentially Whereas the 3-methylcholanthrene induced
cytochrome is designated as P-450 LM4, and has a reduced CO

spectrum with a maximum absorbance at 448 nm, a molecular

weight of, 53,300 and a high substrate selectivity for benzo

-
]



( a ) pyrene. The sophistication of purification and
1solation procedures has dramatically increased the number
of Qpec1es of cytochrome P-450 which can. be 1solated. .

‘
’

A

(r111) Factors which alter fheipteady—state levels of

cytochrome P-450

r
4

3
The activity of microsomal mixed function oxidase

¥

1s altered by various external factors and by abnormal
physiological ptates such as chahges in nutritional status,
hormonal disturbances, disease or other pathological
states. Since thls.;nzyme systém 1s responsible for the
biotransformation of so many drugs, alterations in the
steady-state levels of the eniym; become a major coneern in
the practise of)therapgutlcs. Some of the factors which

« . .
alter the steady-state levels of cytochrome P-450 are
summarized below.
a) species. Wi}liams (1967) has extensively reviewed
interspeocies dlffereﬁces in the ability of animals to
metabeolize xenobiotics by ¢ytochrome P-450. Variations in
m;tabollsm can be qu§ntitative or due to altérnate pathways
of metabolism. . The alternaté metabolite formation probably
results from the presence in a particular species of a v
specific type of P-450 which is not found in others.

N

Quantitive differences could be simply due to di

‘

‘

-

L IE TR e
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b) strain. Interstrain differences in the inducibility of
various forms of cytochrome P-450 by 3-methylcholanthrene

and phenébarbltal have been reported in mice (Nebert, 1979;

.
L4 -

Vesell, 1968). Such 1nterstrain differences have also been

w

reported in rats (Mitoma et al., 1967). -

c) age. Drug metabolism.in the newborn 1s quite different
from that in the adult. Thas was first reported by Fouts
who determined that in the rabbit hepatic mixed function
oxidase 1s deficent at birth and reaches adult levels at 4

weeks of age (Fouts et al., 1959). Thene have been several

subsequent reports documenting the immaturaty of various

hepatic microsomal enzymes 1n various specles of young

-

animals (Gram et al., 1969; Basu et al., 1971; Macleod et

al., 1972). I uman newborns a deficiency in drug .

~

oxidations has been reported which 1is related to a

deficiency 1in cytochrome P-450 (Aranda et gi., 1974).

d. sex. Dryg oxidation in male rats is higher than 1in
female rats. Quinn et al. (1958) demonstrated that sleeping-
times for hexobarSitalJare 1onge} in female ratsg coTpared to
male rats and that the differences are dué to an increased
half life of the idrug in female rats. El Defraway et al.
(1974) found qualitative differences i the cytochrome P-450

'

. . \
of the "two sexes and argued that the differences could be

*
reYated to the hormonal status of the sexes. Other species,

begides rats have‘negliglble sex differences.

E
-
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.

e) nutrltjbnal status. Several 1n%esglgagors have observed

that the activity of erg-metabollz1ng enzymes 1s higher 1in

i

rats fed on chow diets as compared with semi-synthetac diets
(Wattenberg, 1972; Zeiger, 1975; Pantuck et al., 1975). It

has also been shown that starvation of male mice for 36

“

hours depresses hepatic microsomal drug metabolism, measured

'

both in vitro and 1in vivo (Dixon et al., 1960).

‘f) hormonal disturbances. Hormonal status has been shown

to cause alterations 1n steady-state levels of cytoch}ome
P-450 (Kato, 1977). For 1ﬁst§nce, castration of adult male
rats decreases the activity of the sex-dependent hepatic
mlcroéomar enzymes @hd administration of androgens to these
castrated animals 1ncreases the activity of the
sex-dependent enzymes w1thout~affect1ng the séx—lndependent
ones (Kato and Gillette, 1965). Wada et al., (1964)
reported that the content of cytochrome P-450 was
significantly decreased in ilyer microsomes from
adrenalectomized male rats and that the decrease is restored
by cortisone admianﬁratlén.
g) 1induction. Insecticides, herbicides, polycyclic hydro-
—_— N .
carbons, various drugs and other chemicals are capable of
inducing the microsomal mixed function oxidase system as
shown by Axelrod (1956), Conney (1967) and others. Enzyme
inductionusually refers to a relative increase in mixed

function oxidase activity which-is determined by an

increased rate of drug biotransformation. There are few

[y
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structural similarities between compounds 1n causing
microsomal mixed function oxidase system induction except

that most 1inducers are lipid soluble. Most 1nducers of the
®

mi1¥ed function oxidase system can be segregated into two

*l

major classes (Conney, 1967). Phenobarbital (PB) 1s the

prototype of one class, which stimulates the metabolism og'a
wlide variety of substrates and 1s capable of 1nduC}ng a

number of cytochrome P-450 subspecies. Polycyclic aromatic
hydrocarpoﬁs such as benzo ( a ) pyrene and 3-methylcholan-

-~/

threne (3-MC) represent the other class of inducing agents.
They 1induce a Q1st1nct species of cytochrome P-450 commonly
known as cytochrome P-448 or P}-450 and enhance thg
metabolism of a limited number of substrates. .

h) 1inhibition. SKF-525A (@-diethylaminoethyl diphenyl

’

propyl acetate) prolongs barbiturate sleeping time 1n rats
and mace by 1n£1b1t1ng m;tabollsm of'the,barblturates by
hepatic enzymes (Axelrdd et al., 1954), Various oth¢r S:’
agents such as carbon monoxide (Kato, f§66), heav; metals
‘(Tephyl and Hibbeln, 1971), immunosuppressive agents (Soyka,
et El.,11976),-antiv1ral agents (Rdhton and Mannering, 1976)
have been reported to inhibit the microsomal mixed function
oxidase system. Inhibition of the microsomal enzyme system
has been demostrated to occur py various different .
mechanisms at different steps in the electron transport

chain or by the destruction‘gf a specific component 'of the

mixed function oxidase system. Metyrapone (Ullrich and

12.°
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Schnapel, 1Y73) and carbon monoxide (Cooper et al., 196%)

.
[y

inhibit the mlxed tunction oxidase system by  binding ,

directly to the cytochrome P-450. (obalt choloride has been ’

shown to 1nnibit drug biotransformation by 1inhibiting the

-
»

biosynthesis of the hepe component of cytochrome P-450
(Tephyl/and Hibbeln, 1971) and by stimulation of the ’

oxidative—~degradation of heme (llaines and Kappas, 1975).

s g v
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SECTION B

“

(1) The turnover of Hepatic Hemop%oteins. T

.

Hemoproteins which have both a heme moiety and .a
proteln moeity can be broadly divided into five major
classes a%cordlng to their functions (Granick and Gilder,

~

1247): (a) Oxygen transporting hemoproteins e.g Myoglobin
and Heméglooln; (b) Electron transport hemOprotelns e.qg.
Mitochondrial proteins; (c) Hemoproteins which activate
oxygen e.g. cytochrome oxidase, cytédhrome P-450 and
tryptophan pyrolase; (d) Hydrogen peroxide activating
enzymes e.ygy. peroxidases and (e) those which decompose
hydrogen peroxide e.g. catalases. Most of these
hemoproteins nave a rapid turnover:rate relative to
hemoglobin which remains in the erythrocyte, for the entire
life of the cell, which 1s about 12U days 1in man (London,
1961) and about 60 days 1in the rat (Akeson et al., 1960). A
summary of the biological ha%f-llves of the nhepatic
hemoproteins 1is given 1n Table 1.

The biosynthesis of the hemoproteins 1s rather complex,
since 1t requires a coordinated synthesis of the heme moeity
and the dpoproteln moeity followed by their assembly 1into
the holohemoprotein. A diagramatic representation of
biosynthesis of hemoproteins 1s given in the followiny

scheme.
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MITOCHONDRIA
—
NUCLEUS SUCCINYL CoA + GLYCINE
ONA WANA ,
| / | ALA sYNTHESS | ,
mANA's 4 RIBOSOMES ALA :
e -——
/ ——— ALA syNTHETASE © —] HEME il b
APOPROTEN _ Y
l/ ewe— COPRO'GEN &
URO'GEN M —
HEMOPROTENS
e.g CATALASE ) i

CYTOCHROME P-450 ~
TRYPTOPHAN PYRROLASE

Cﬂmﬂﬂﬂﬁl.
a
(Tait, (1978) I

L‘A

L 2 J
Table 1 .
Biologicdf' -

Hemoprotein half live Location Reference
catalase 2 days Peroxisomes , Poole et al., 1969
tryptophan 2 hours cytoplasm - Schimke et al., 1965
pyrrolase
cytochrome b 5.5 days Mitochondria Druyan et al., 1969
cytochrome c 6.1 days Mitochondria Druyan et al., 1969
. cytochrome 1-2 days Endoplasmic Levin and Kuntzman,
P-450 reticulum 1969
cytochrome bg 2 days Endoplasmic Greim et al., 1970

- reticulum

- m—-—



The half-lives of the hepatic hemoproteins n be
measured'accungtely by 0sing a dual label, techpifque 1in whlgh
the ?eme and the apoprotein are simultaneously labelled.
Heme 1s labelled using tritiated delta-aminolevulinic acid
which 1s specifically incorporated into the heTe moeity and
6; degradatron of the hemoprotein, 1s not reutilized (Druyan
et al., 1969).. The apoprotein can be labelled 1in the same
experiment utilizing [l4CJ-amino adids (Schimke, 1973).

Both the apoprotein and the heme m01éties of the individual
hemoproteins have been shown to turnover at the same rate

~
(Tairt, 1978).

3]

(11) Turnover of heme 1n cytochrome P-450.

The turnover of the heme moeity in cytochrome Pf§50 18
an i1mportant process because heme serves as the prosthetic
group for this hemoprotein enzyme. Thas ;s unlike most
other prosthetic groups which arefderived from dietary
spurces. The heme moeity is biosynthesized entirely in the
hepatocyte via the metabolic pathways 1llustrated in Fig.
1. Tﬁe heme moeity, being a prosthetic group for various
hemoproteins including cytochrome P-450, has its~synthesis
finely regulated. Glycine and succinyl CoA are condensed to
ALA by the rate-limiting enzyme ALA-synthetase (step 1 1n
Fig. 1) which is under negative feedback control (Tait,

1978). Excess heme which is not bound to protein causes a

decrease in the activity, or in the amount of the enzyme and
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FIGURE 1
i
Biosynthesis.of Heme Enzymes catalyzing the 1ntercon;ersions
are: 1. ALA synthetase. 2. ALA dehydratase. 3. PRG
deaminase. 4. Uroporphyrinogen 1II cosynthetase. 5.
Uroporphyrinogen decarboxylase. 6. Coproporphyrinogen
oxidase. 7. Protoporphrinogen oxidase. 8. Heme

synthetase. (from Tait, G.H. (1978)).

LY
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when a deficiency of heme occurs, relative to the amount of

apoprotein, the enzyme 1s derepressej’and an increase in the

activity, or the amount of ALA s etase takes place. The
molecular mechanism by which heme regulates the rate of
formation of ALA 18 not completely understood, although
mechanisms have been postulated for this effect. These have
included the 1inhibition of the enzyme at the ribosomal level
(Tyrrell and Marks, 1972), direct inhibition of‘the enzyme
activity by heme 1n the mitochondria (Hayashi et al., 1972)
or repression by heme of the formation of mRNA for ALA
synthetase (Skea et al., 1971). The technical difficulty in
measuring the amount of enzyme as opposed to the activity of
the enzyme has hlndereq progress in resolving the exact
molecular méchanlsm involved.

The degradation pathway of heme to bilirubin 1s shown
in Fig. 2. The rate-limiting ;tep for degradation of free
heme is 1ts conversion to biliverdin. Also formed at this
stage is carbon monoxide which will be used in this thesis
as a measure of heme breakdown. However it is controversiql

whether heme oxygenase is capable of degrading heme while it
L

is attached to the apoprotein.

19.



FIGURE 2
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(i11) Turnover of Protein in Cytochrome P-450.?
-

Omura et al. (1967) established heterogeneity in the
turnover rates of seyeral microsomal enzymes. This
important observation implied that the proteins associated.
with the endoplasmic reticulum are .synthesized and degraded
at independent rates rather than an entire synthesis gnd
destruction of the endoplasmic reticulum membrane. Thus
drugs and hormones which ca} affect protein synthesle and
degradation are capable gf affecting specific proteins in

the endoplasmic reticulum. This phenomenon is observed with

a variety of drugs, most notably by phenobarbital, which

20.
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causes a proliferation of the endoplasmic reticulum and an
)1
increase 1A capacity to metabolize drugs and steroids

(Conney and Burns, 1959; Remmer\and Merker, 1965). Arias et

. )
~al, (1969) and Kurlyamg‘gg al., (1969) showed that

[} | ¢ s
phenng&bltalllncreased the rate of synthesi1s.of cytochrome

C redhctase but little effect on cytochrome b;a Dehlanger
and Schimke &}972) later showed that phenobarbital also
increased the content of cytochrome P-450 by increasing 1tst

rate of synthesis. Increased rate of de-novo sjnthe51s of

the apoproteif®of gcytochrome P-450 after phenoparbital

©

admlglstratlon has béen subsequently showp by Correia and
Meyer (1975) by adding heme 1in vitro to the 1solated hepatic
microsomal fraction from rats treated with éhenobarbltal
Plus cobalt. Recently Kumar et al. (1980) have shown a

synchronized 1ncrease 1n cytochrome P-450 RIIA messenger

C [

activity and the rate of apocytochrome P-450 synthesis. It

1s cqubus'that-bﬁénobarbltal increasesg biosynthesis of

apocytochrome P-450 and several other proteins but it can

also cause a decrease 1n synthesis of other proteins, which

have not been 1identified (DuBox§<§t al., 1980).

-

Turnover of the apoprotein hds glso been séudled after
l t ;hédm1n1stration of aromatic hydrocarbons such as
-napthoflavone and 3-methylcholanthrene which 1induce a
spec1§1c type of cy;&chrome P-450 named cytochrome P-448 6r
P1-450'}Nebert and Gielen, 1971). Sagnificant differences,
in the‘capacxty‘to induce P}-450 dependent-hydroxylase

s

L]

-

- ! f



N - -

- “

systems occurs 1in different inbred strains. ﬂgtlllZlng the

1ncorporation‘of l4c- and 3H-leucine into hepatic: protelns

. -

in P;-450-responsiye and non resp4551ve mice Haugen et al.
(1976) have shown that enhanced formation of cytochrome
~ .

P-448, 1s praimarily the result of an 1increased rate of’

o

denovo protein s&nthe51s rather than a decreased deqradation

rate or a conversion of pre-existing polyﬁeptldes. Recently

Negishi and Kreibich (1978) have shown the coordinated
]

apoprotein synthesis and the ¥nserﬁion of protoheme‘to'fofm
the holo cytochrome P-450 1in the endoplasmic reticulum.

Th? emerging molecular mecﬁanlsm for the turnover of
cytocﬁrome P-450 seems ver& complex and i1nvolves both the

apoprotein synthesrs and the heme moelty regulation in

synchrony. However administration of drugs such as
phencbarbital or cobalt can disrupt the steady-stgte

s

turnover of’apoproieln and of the heme moeity and thereby

»
'

affect the level of cytochrome P-450. A possible scheme for

the coordination of Heme and the Apoprotein is illustrated

\ -

in Fig. 3. .
FIGURE 3 ‘
TEMPLATE NEMSPROTEN
‘ FEEDBACK INHIBITION 4
’ :

[}
=. v

. ALA SYNTHETASE HEME + APOPROTEN

STIMULATED BY COBALT —— e m

: . BILIRUBIN, ETC.
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SECTION C N

(1) General review of Interferon. . . \

A 4

Interferon was discovered by Isaacs and Lindenmann 1n

1957, (Lindenmann et al., 1957). On partial purification 1t

S

has been demonstrated that interferon 1s a heterogenous

3

class of proteins with a molecular weight range of 15,000 -
' \ N

28,000 daltons, depending upon' the cell, source and .

induction mode of 1ts production (Chen et 31.,‘1976). Bue
to the heterogeneity of 1ntérféron,\a a’ widespread
interest in interferon, an internatiordal committee has ‘been
set up to define and.classify 3ﬁ7¢pqterferons and the
following definition has heen adopted .by the‘commiktee: "To |
qualify as an interferon -a facboé must bepé pzoteln,y?ich\ ’
exerts virus non-specific, antiviral activity at least in
homologous cells tHrough ce%l&lar metabolic processes
involving synthesis gf both RNA'and‘prstein"‘(sfewart II1,
1980). The following table (Table 2) shows the Interferon’

nomenclature for human and mouse interferons that the

-

committee adopted.



TABLE 2

24.

New Nomenclature

01d Nomenclature

Human

Mouse R

Le (leukocyte), Type I,
pPH 2 stable foreign
cell-induced

F (fibroblast), Fi, »
Type I, pH 2 stable

II F (1mmune) Type II,
T, pPH 2 labile, antigen
i1nduced, mitogen-
induced

L

F (fast), C,

type I, pH 2
stable

S (slow), A, B,
Type I, pH 2
stable

immune (IIF),
Type II, pH 2
labile, T,
antigen-
induced,

-mitogen-

induced

(From Nature Vol.

«

286: 110, 1980).

1y

Most nucleated cells have the capacity to produce

interferon, when' stimulated by an appropriate inducer. A
H

variety of natural and synthetic agents are capable of

inducing interferon production, such as viruses, double-

[

stranded poIYnuéleotldes like poly ¥ (I.C.), fungal ,
- p ' g

sy L, v’ 3 s
extracts, bacteria and bacterial products, mitogens and some

small synthetic molecules like tilorone (Stewart- II, 1979).

Interferon productiQn is a process that .requires denovo

protein synthesis and is triggered by the inducer-cell

interaction (Vilcek et al., 1969). Severai structural genes

for interferon production ha;g been localizéd and

-

»
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therefore the inducer may produce 1nterferon by activating
one or more gene loci (Dellaeyer and DeMaeyer-Guignard,
1979).

The resistance of cells to viruses 1S dependent on the
concentration of the interferon present and the type of

-

interferon (Stewart II, et al., 1969). Different species of

animal, and different kinds of cell, show a particular

N

pattern of relative resistance to various viruses when
exposed to aAtype of i1nterferon, and the same virus
therefore may appear "sensitive" to 1nterferqﬁ 1n one
species and "resistant to it in another" (Krim, M., 1980).
The mechanism by which interferon exerts 1ts antiviral
effect 1s still controversial and appears to be complex.
Both wiral transcriptional block and translational block in

interferon~-treated cells has been demonstrated (Joklik,

W.K., 1977). Revel and Groner (1978) have aescrlbed three

different mechanisms by which viral mRNA translation can be
1nn1b1ted; thatils, an enhancgdxdegradatlon of viral ﬁRNA, !
aﬁ inhibition ‘of chain 1initiation, "and an lnhibition of
chain elongation. Therefore the interferon-induced /
antiviral sgaﬁe seems to be a multipronged-attack that can
be directed to various stages of viral replication and
maturation. This complexity can be used as an explainatioh
as to why there 1s so far no i1nstance of acquired resistance

+

to interferon action by any virus.

A}

25.
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. o
In addition to antiviral activaities, i1nterferons seem

»

to‘have other biological effects on cells. The
non—ant1v1§al effects of 1nterferoa such as antitumo}
activity (Stewart II, 1979), 1mmunodeére531on (Ngan et al.,
1976), cell-multiplication inhibition (Lee et al., 1972),
surface alteration (Lindahl et al., 1976), enhanced
phagocytosis (Huang et al., 1971), macrophage acilvatlon'
(Rabinovitch et al., 1977), enhanced protein synthesis .
. s
(Rozee et al., 1969) and depressed protein synthesad, (Beck
EE.E&" 1974) have been demonstrated. However conflicting
reports have shown both enhancement and suppression of the
same cellular functions and this 1s presumably due to the
impurity of the interferon preparations used, source of
interferon and variability in e*perlmentql procedures
utilized. None the less, the 1dea ::Tt interferon Ttan play

a much broader role in cellular;reg ation than merely as a

modulator of antiviral resistance has been generally

?

1 4
accepted. The antitumor activity of interferons is probably

. mediated by the combination of \ats antiviral activity, 1its

*¢ cell-multiplication-inhibiting activity and 1ts immuno-

modulatory actions. Interactiong between ‘the immune system
»

"and the interferon mediated defence system seems to be of

great importance, because both systemsjare involved in the .

recognition of, anq defence against virus-infected and neo- .

plastic cells (Krim, M., 1980). Due to the antiviral effect -

and potent antitumor effect on some types of tumors
\ ]



27.
interferon seems to have greaﬁ potential as a drug for the

-

future. . . .t

‘
Various crudé preparations of interferon have been

-

ﬁemonstraEed to have ther&peutic effects in treatment of
various human viral infections ,Jones ;5 al. {1976);: Merigan
et al. (1973) in clinical trials. Horoszewicz g& gl.'(l9?8)
aiéo showeéd that interferon caused marked tum;r regression,
botﬁ benigﬁ and malignant types‘ln man.‘ Therenls no strong
evidence that tumors in humans are caused by virus
infections,‘therefpre“at present £here is no reason to)think
the antitumorwactfon of interferons in humans is an
extension of 1its antiviral activity. The idhlbi;}onﬁof
chemically or radiation-induced tumorg, suggest tﬁat the
antitumor ac?ion of ingftﬁeron is based on sométhing more
than its antiviral acgiOi%y. Some of the }easoqs why :
interferon may be an effective treatment for some forms of
hﬁﬁan cancer are (a) Inhibition of tumor ceil growth .
(Gresser et al, 1972), (b) Activation of natdral killer

cells (Cantell, K., .1980), (c) Macfbphagé stimulation
(Schultz et al., 1977), (d) Increase in histocompatibility
antigen expression (Lindahl, et al., 1976). Ig addition the
work of several laborato;ieé (Glasgow et all, 197%: Gresser,
I., and Bourali, C., 1970) have demonstrated an antitumor
effect of interferon treatment in animals; this providea-a
rationple for attempting such clinical studies in humans.

A number of human cancers are currently being treated ’

with hgman.interferons,.most'frequently.interferon from

‘



e

human leukocytes. Results from adjuvant interferon

treatment of human osteogenic sarcoma are suggestive of an
"o

inhibitory effect of interferon treatment on the spread of

the tumor (Strander et al., 1978). S8Scarcity of human
-
interferon has slowed the progress for more clinical trials.

28.
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SECTION D

Effect of viral infections on drug metabolism

Impaired drug metabolism has been reported during
episodes of infection with i1nfluenza virus. Chang et al. i
(1978) 1nitially described an increase 1in theophylline half
li1fe 1n patients who had upper respiratory tract viral
infections. Similar cHanges in the kinetics of theophylline
elimination were observed 1n subjects who were vaccinated
with i1nfluenza virus vaccine (Renton et al., 1980)s During
an epldemic of i1nfluenza B i1n the Seattle area 1in 1980,
Kraemer et al., (198l) reported the occurence of
theophylline toxicity 1n eleven children. Each child had
clinical evidence of a concurrent viral i1nfection and six
children demonstrated positive serologic evidence of
1q£}uenza. These children had experienced no difficulties
with their theophylline dosage. Encephalomycarditils virus
infections 1n mice caused a decrease 1n drug elimlnation and
depressed the steady-state levels of hepatic cytochrome
P-450 (Renton, 198lb). Murine hepatitis virus impairs
héxobarbltal oxidation (Kato, et al., 1963) and depresses
cytq?hrome P-450 1in the liver (Budillon et al., 1972). .
To date only viruses of the influenza class have been
1denti1fied as causing impairment of drug mg&abolxsm uf man,

1 4
however animal experiments suggest that other viral

=]
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infections will also cause a deleterious effect on druyg
metabolism.

Other agents which stimulate host defence mechanisms
such as BCG (Farquar et al., 1976), E. coli endotoxin
(Gorodfécher et al., 1976), Plasmodium berghei (McCarthy et

al., 1970), Corynebacterium parvum (Soyka et al., 1976) and "\\~////q\\

M. butyricum (Carlson et al., 1975) have also caused

decreased drug biotransformation and depressed steady-state
levels of cytochrome P-450. Renton and Mannering (1976) and
Leeson et al., (1976) reported a marked depression of
cytochro&e P-450 1n rats following the administration of the
interferon i1nducing agent tilorone. Other interferon
inducers such as-lipopolysaccharide (E. col1i endotoxin),
bacteria (pertussis vaccine), fungal products (statalon) and
double-ifranded nucleotides (poly r (I.C.)) also caused a
decrease 1n the mixed function oxidase activity and
depressed levels of hepatic cytochrome P-450 (Renton and
Mannering, 1976). Renton (l198la) showed a temporal
relationship between the loss of mixed function oxidase
activity and the production of interferon following the
administration of Poly r (I.é.). A comfyn factor in most
viral i1nfections and agents which stimulate host defence
mechanisms 1s 1nterferon and therefore it could gé wmplied
as a mediator that causes the deleterious effect on hepatic
drug blptraﬁéformatlon during infections.

&%
The "Interferon hypothesis" put forward by Renton and

’

Mannering seems to be attractive, however other reasons for



depression of cytochrome P-450 during viral infections, such
as 1mmune enhancement, reticuloendothelial cell stimulation,
or a combination of more than one factor must be taken into
account. Agents such as dextrans, latex beads and dextran
sulfate which do not stimulate interferongproduction but are
phagocytosed by the’retlculoendothellal system 1n the liver
also cause a decrease 1n cytochrome P-450 and related drug
biotransformation (Renton, 1981). Using various molecular
weights of ma%eic anhydride ether copolymers Barnes et al.,
(1979) demonstrated a correlation between the magnitude of
the depression in drug biotransformation caused by these
compounds and their anti-viral effect, anti-tumor effect and
their ability to block phagocytosis. It is likely that
alterations in other host defence mechanisms against an
invading organism is also involved in depressing hepatic

drug biotransformation.
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SECTION E

Formulation of the Problem

Renton and Mannering (1976) proposed that the apility
to depress the cytochrome P-450 dependent mixed function
oxidase system was a common property of all interferon
inducing aggnts and that this was likely related to the
production of interferon 1tself. No direct evidence
implicating a role for interferon could be pro;lded at that
time. The present study was undertaken to substantiate the
"Interferon hypothesis". The major objectives of this study
were:

(a) To determine that 1nterfe§on 1tself causes a depression
of hepatic cytochrome P-450.

(o) To eétabllsh the mechanism involved 1n the depression of
hepatic mixed function oxidase system caused by
interferon.,

In establishing the mechanism by whlﬁh the depression of

cytochrome P-450 occurred various possibilities such as an

overall effect on synthesis and degradation of hepatic
cytochrome P-450, effect of interferon on the apoprotein and
»

the effect on the protoheﬁe of the cytochrome P-450 were

considered. .
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MATERIALS

A. CHEMICALS AND REAGENTS

Standard reagent grade 1aborato§¥ chemicals were used
in the entire gstudy. Most of these reagents were
manufactured or supplied by Fisher Scientific Co., Fairlawn, ,
New Jersey, or, by J.T. Baker ghemlcal Co., Phllllpgburg,

New Jersey or by Sigma Chemical Co., St.\Louis, Missouri. 8

Non standard reagents, and their suppliers are listed

below. .
Acetyl acetone: Fisher Sciéntlflc Co.
Acetone (distilled 1n.glass) Caledon Labs. Ltd. Ont.
Aminopyrine (4-d1me£hylamiﬂa\antipyrlne): Aldrich

Chem. Co. .

A ]

-

Ascarite: A.H. Thomas Co. Phiiadélphia, PA., U.S.A.
Benzo[a] pyrene:‘ Sigma Chemical Co.

Biofluor: New England Nuclear Canada Ltd., Que.
Boviqf serum albumin: Sigma Chemical Co.
Calibration Kit for sephacryl S-200: Pharmacie,
Montreal.

Carbon Monoxide: Union Carbide Canada Ltd., Halifax,
N.S.

Cholic acid: Sigma Chemical Co.

14c-amino Acid mixture: NEN Canada&Ltd., Que.
Y4c_s-Aminolevulinic Acid: NEN Canada Ltd., Que.

Cytochrome € (horse heart): Sigma Chemical Co.
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N
Disodium Monohydrogen phosphate: J.T. Baker Chemical

Co.

5—glucose—6-phosphate: Sigma Chemical Co.

MY

Emilgen 911: Generously supplied by Dr. M. Warner,

é .
©* Dept. of Pharmacology and Therapeutics, McGill

1

b

University, Que.

Ethy!.he diamine-tetra-acetic acid: Fisher Scientific
Co. »

Ferrous ‘ulpr;ate: Fi.shehg‘,entific Co.
Glgcose-G-Phoéphate dehydrogenase: Sigma Chemical Co.
Glycine: Sigma Chemical Co.

Glycerol:‘ Sigma Chemical Co.

,3H—Amino Acid mixture: NEN Canada Ltd., Que.
Hopcalite: MSA Canada Ltd., Ont.

NADH (Diphosphopyriéine nucleotide, reduced form: :
Sigma Chemical Co.

NADP .(triphosphopyridine nucleotide): Sigma Chemical

- COe.

-

‘§ADPH (triphosphopyridine nucleotide, reduced form):
Sigma Chemical Co. )
Oxifluor-COy: NEN Canada Ltd., Que.

Phenol reagent: fisher Chemical Co.

Poly rI.rC:‘ S8igma Chemical Co.

Potassium dihydrogen Phosphate: J.T. Baker Chemical
Co. *

r

Sephacryl 8-200: Pharmacia, Montreal, Que.
‘ «
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Semicarhazide hydrochloride: Sigma Chemical'.Co.

Sodium dithionite: Fisher Scientific Co.

Succinic Acid: Sigma Chemical Co. -
Trichloroacetic acid: Fisher Scientific Co.

UDPGA (uridine-5-diphosphoglucuronie acid): Sigma
Chemical Co. .

¥
Whatman DE-52 Ion Exchange Cellulose. Mandel

Scientific Co., Montreal.

# B. ANIMALS . !

Male mice with an average weight between 20-25 gms
obtained from Jackson Laboratories, Maine, U.S.A., were used
in the entire study. The following str;ins of mice were
utilized in the study: CS57BL/6J; AKR/J; C3H/HeJ; BalbC/J;
_and randomly bred Swiss strain. All mice were dllowed to
acclimatize for a’ peripd of at least four days after
receipt from the breeder and were kept on clay chip bedding
to avoid problems of induction from normal .wood shaving
bedding.' Diet consisted of Purina rat chow and water ad
libitum. No morhthan 8 mice were kept in a cage to avoid

»

overcrowding.

-

<
5
C. INTERFERONS AND INTERFERON INDUCERS )
Various types of interferons that were used in this
study are listed in the table on the following page. The

cloned interferons derived by recombinant DNA procedures

a4 ™



were supplled as part of a collaborative study between our

laboratory and- Dr. Nowell Stebbing of Genentech ’hc. Calif.

POLY rI.rC and Newcastle Disease Virus (NDV) were utilized

as interferon inducers.

L

NDV was generously supplied by Dr.

S.H.S. Lee, Dept. of Microbiology, Dalhousie University,

Hallqu, N.S.

Supplier Type Animal Cell Source Nomenclature
Calbiochem.| CAL-IFN Mouse fibroblast IEN- ?
Genentech

Inc. CD-1 Mouse leukocyte " IFN- o
Genentech Buffy

Inc. Coat Human leukocyte . IFN-&X
Genentech

Inc. LeIF-A Human cloned leukocyte IFN-oX
Genentech Human hybridized cloned

Inc. LeIF-AD leukocyte " iFN-cL

36.



METHODS

‘ -
-

A. éreparatlon of microsomes and other subcellular

fractions.

‘All animals were killed by decapitation, and livers
were excised immediately. The livers were rainsed in cold
1.15% KCL solution and weighed. The liver was then
suspended 1n 10 mls of 1.15% KCl and homogenized in a glass
homogenizer (10 strokes with a logse-f1t pestle; anq'l
stroke with a tight-fit pestle). The homogenate was
cengrifuged at 10,000Xg for 10 minutes in a Sorvall (RC-2)
ﬁgﬁEigerated centrifuge. The pellet obtaln;d from the
l0,0ngg centrifugation contained unbroken cells, cell wall
fragments, nuclei and mitochondraia.

The supernatant was removed with a pasteur pipette and
recentrifuged at 125,000xg for 40 minutes 1in an IEC/B-60
refrigerated ultra centrifuéé, to obtain a microsomal
pellet. The sdpernatant from the 125,000xg centr;fugation
was removed with a paﬂteur pipette. The microsomal pellet
was resuspended in 1.158% KCl to yield a 50% suspension
(i.e. 2X Vol. of KCl/gm of liver weight) and resuspended
using a glass homogenizer wit£ 5 strokes of’a tight-fit
pestle. All enzyme degérminations were carried out using ©

freshly prepared subcellular fractions.

37.
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B. Determination of Protein in Subcellular Fractions.

Protein was determined using a modified method of Lowry

et al. (1951), using Bovine serum albumin as a standard.

Solution A: 49 mls of 2% Na, COj

- d.S mls of 2% NaK Tartrate
)
0.5 mls of 1% CU SO4 S5H20

»’

A} (3

Solution B: 1 volume Folin-Ciocalteau reagent diluted with

-

1 volume distilled water.

A
-
3

Microsomal suspensions were diluted 1:10 in distilled

Jwater. Dlstilleg water was uged as blanR. One ml of
CY » }I
diluted microsomés were mixed with five ml of solution A-<and

~

' ’ A
were added to the mixture and after mixing were incubated at

-

allowed to stand for 10 minu . Then 0.5 mls of sQizzion B
ub

-

room temperature for 30 minutes. Absorbances were

determined at 700 nm using the blank as a zero absorbance
v t .
éference on either a Unicam SP8-20 or a Turmer 350~
spectrzphotometer. A linear standard curve of protein’ .
A

3 T
concentration versus absorbance i's illustrated in Fig. 4.
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sqlutions were prepared with lyophilized bovine serum

4

) ' FIGURE 4 N '

.

Standard curyg for protein determinatlen. Protei&istandard

-

élbumln and protein was deterﬁined by the method of Lowry et

~

al. (1951) values shown are duplicates done in one

experiment. (Regression coefficient = 0.9931).

-

-4 . {

-
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coefficient of 91.mM-lcm-1 (Omura and Sato, 1964).

C. Determinatidn of Microsomal €ytochrome P-450 and Cyto-

Chfbﬁe bsg.
Microgomes were diluted to a concentration of 1 mg
microsomal protein per ml (with 0.5 ml phosphate buffer (1M,

pH 7.4) and f.lS% KCl solution). The diluted microsomes
were then divided equally between two spectrophotometer
cuvettes, and a baseline spec}rum from 550 nm,to 400 nm was
determined with a Unicam SP8-200 Spectrophotome:er. A few
crystals of sodium dithionite were then added to the
-sample cuvette and the spectrum redetermined. The molar
concentration of cytochrome bg was calculated from the
difference 1n absorption at 425 nm using an extinction
coefficient of 171 nm~1 cm~1 (Omura and Sato, 1964).

L4

The reference cuvette was then reduced with dithionite
4

and carbon monoxide was bubbled into the sample cuvette and
the spectrum redetermined. The molar concentration of

cytochrome P-450 was calculated from the difference 1n

absorption between 450 and 490 nm using an extinction

D. Determination of Microsomal Aminopyrine N-Demethylation.

The N- emethyla;ion gf aminopyrine in microsomes was

. determined measuring the amount of formaldehyde formed

(Sladek and Mannering, 1969). Formaldehyde was trapped as
semicarbazone by semicarbazide and measured by the Nash

reaction (Nash, 1953). ,
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REAGENTS.

a)

b)

c)

d)

e)

£)

Ba(OH),-8H30 - Dissolve 50 gms in glass-
distilled water to give 1 liter.
Zn804-7H20 - Dissolve 50 gms in glass-
distilled water to give 1 liter.

Solution A: D-Glucose-6-Phosphate - 358 mg
NADP - 76 mg
1.15; Kci - 10 ml

Store in freezer 1n 1 ml aliquots.
4

Solution B: Semicarbazide HC1 - 2.74 gms
Nao HPO, 7H§5 - 15.11 gms
KHy PO, -~ 3.62 gms
1.15% KCl - 600 mls
Distilled H,0 - 400 mls

Adjust pH to 7.4 and store at
40C.
NASH'S Reagent - Ammonidm Acetate - 150 gms
Acetyl Acetone - 1 ml
Glacial acetic acid - 1.5
mls
Disgolve to give 500 ml solution with
distilled water and store at 4°C.
Glucose-6-Phosphate dehydrogenaae‘loo unit
dissolved in 0.2 mls i.lS% KCl to give 0.5

units/pL.

42.
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g) Aminopyrine - 57.8 mg/10 mls of 1.158% KCl to

give 5 mM solution.

h) MgCl, - Dissolve 20.3 gms in 1 liter of

distilled water.

1) MASTER MIX - 1.15% KCl i 4.8 mls
i} Solution B 6.0 mls
Solution A 0.8 mls

MgCl, 0.4 mls

Glucose~6-phosphate
dehydrogenase }0 ul
The reaction mixture contained 1.2 mls of master mix
and 0.4 mls of aminopyrine which were incubated for 1 min at
379C to generate triphosphopyridine nucleotide, reduced form
(NADPH). Microsomes (0.4 mls of 3 mg/mg) were added to the
reaction mixture and incubated for 10 minutes 1n a shaking .
bath at 370C.
The r%?tions were terminated and deproteinised by
adding 1 ml of zinc sulphate f611;wed by 1 ml of Barium
hydroxide solutions. The mixtures were thoroughly agitated
on a Vortex mixer after each addition, and then centrifuged d
at 2000xg for 5 minutes. Formaldehyde was assayed in 2 mls
of the clear supernatant by adding 1 ml of Nash's reagent
and incubating for 20 minutes at 60°C in a water bath. The

absorbance of the codled, clear samples was determined at

415 nm in a spectrophotometer. Reaction mixtures without
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substrate (amlnepyrine) were used as blanks and subtracted
from the experimental incubation mixtures to correct for any
formaldehyde or other materaial reac}ing with Nash reagent
which may be formed from a non-substrate source. Results
were expressed as specific activity (1.e. nmoles

$s
formaldehyde formed/mg microsomal protein/hour).

E. Determination of Microsomal Benzo (a) pyrene Hydroxyla-

tion.

The hydroxylation of benzo(a)pyrene in microsomes was
determined by measuring the formation of non-polar <
fluorescent metabolites (Nebert and Gelboin, 1968J.

The incubation of microsomes with benzo(a)pyrene
results in oxidation to highly fluorescent products which
can be readily detected by a flurometer. Incubation mixture
contained 0.1 ml of benzo(a)pyrene, 0.5 ml of microsomes,
6.5 mls of 1.15%8 KC1l and 1 ml of co-factor (NADPH, NADP
dissolved in KHoPO4 buffer at pH 7.4). The mixture was
incubated at 370C for 10 ﬁinu}es. The reaction was
terminated with the addition of 3 mls of acetone and 7 mls
of petroleum ether. The tubes were then capped and shaken
for 90 minutes to extract the non-polar metabolites. Then 2
mls of the organic phase were removed and 1 ml of (1lN) NaOH
was added. The aqueous phase was read in the fluorometer
using 400 nm excitation and 522 nm emission wavelengths.

3-0OH benzo(a)pyrene was utilized to standardize the assay




procedure and results were expressed as nmoles of BP

hydroxylated metabolites formed/mg protein/hr.}).

F. Determination of Microsomal Total Heme.

Total microsomal heme content was measured by the
pyridine hemochromogen method éescrlbed by Falk (1964)%
Diluted microsomes (1 mg/ml) were mixed with 0.5 ml(N) NaQH
and 0.5 mls of pyridine. The mixture was divided i1nto two
cuv‘es and a pinch of sodium dithionite was added to one
cuvette. The cuvettes were then scanned from 600 - 500 nm
in a Unicam SP8-200 spectrophotometer. The results were
calculated from the difference spectrum at 558 nm and
expressed as nymoles of heme per mg ;f protein using an
extinction coefficient of 31 mM-lcm-1l.

L3

G. Determination of Interferon Units in Plasma.

Determination of interferon in plasma was carried out
by Dr. S. Lee, Dept._bf Microbiology, Dalhousie University.
Interferon was a;sayed in L.929 cell monolayers by the
plagque reduction method using vesicular stomatitis virus
(Indiana strain) as the challenge virus (O'Shaughnessy, et

al., 1972). The amount of interferon required for 50

percent plaque reduction was defined as 1 plaque reduction

N

dose (1PRDgqg unit).



H. Incorporation of L-[14C) Amino Acid Mixture in the

Microsomes.

A mixture of l4c-lapelled amino acids (15 highly
purified amino acids, sp. actvity 55.0 mCi/matom carbon)
were 1njected 1ntraperitoneally (1.p) 1nto mice (2.5 MCi/
mouse). TwOo hours later the mice were killed by
decapitation and microsomes prepared as described earlier.
Microsomal pellets obtained from 125,000 xg centrifugation
were resuspended 1in puffered deterg?nt using a
glass—-homogenizer. Mlcrésomes from 10 mice were pooled for
solubilization 1in the buffered detergent. The buffered
detergent was composed of 10 mM sodium phosphate, 0.2%
Emulgen 911 (v/v), 0.5% sodium cholate (w/v), 0.1 mM EDTA,
and 20% glycerol (v/v), with the final pH adjusted to 7.4.
The suspension was allowed to incubate at room temperature
(23-249C) for 3 hours, at which time approximately 90% of

i

the cytochrome P-450 was solubilized.

I. Separation of Microsomal Proteins on Sephacryl S-200

3

Column.

Initial fractignation of microsomes was carfled out
using a sephacryl S-200 column.

Sephaéryl 5-200 18 a covalently cross-linked allyl
d%xtran with N, N'-methyléné bisacrylamide to give a rigid
gel: Separation of microsomal pro;exns 18 based upoé their
molecular weilghts. The gel was packed in a column (100 x

2.5 cm) obtained from Pharmacia and equilibrated with the

-
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buffered detergent described above. The colymn was lo;ded
with 10 mls of heme solution (1 mg/ml). This procedure
prior to microsomal fractiodnation minimized the damage to
the cytochrome P-450 }n the_microsomes. A 10 ml aliquot of
the 196L1abe11ed solub111zed‘microsomal preparation were
th;n introduced onto the column and the column was eluted
with the buffered detergent at room temperature. A flow
rate of 0.5 ml/min was maintained and 4-ml fractions were
collected. Each fraction was monitored for radioacti
cytochrome P-460 and cytochrome bs. The fractjons which
contained: cytochrome P-450 were pooled and concentrated to
10 mls with the use of millipore immersible CX-30

ultrafiltration unit (Millipore Corp.).

J. Separation of Cytochrome P-450 on DEAE-cellulose Anion

Exchange Column.

Diethylamirbethyl éellulose‘(DEAE-cellulose, Whatman
DE-52) was equilibrated with the bufféred detergent
described above and packed in 50 x 2.5 cm columns obtained
from Pharmacia. The 10 mls 6f the concentrated fractions
obtained from the sephacryl colum; were loaded on the DEAE-
column and developed first with 100 mls of the buffered
detergent, and then with a 200 ml linear gradient of NaCl
from O to 0.25 M incorporated in the buffered detergent.

The entire procedure was carried out at room temperature. A

flow rate of 0.5 ml/min was maintained, and 4 ml fractions

»
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were collecggg‘ Cytochrome P-450 and cytochrome bg were

determined 1n each fraction. Radioactivity in each fraction
was determined using 0.5 mls of each fraction in 10 mls of

Bioflour,

Similar to the sephacryl cplumn, the DEAE-cellulose
column w loaded with 5 mls off heme solution and eluted

with buffeyed detergent Rrior-to loading the concentrated

.

fractions of the solubilized microsomes on the column.

~

K. Incorporation of [l14C] fgLA into Various Subcellular
Fractions.

Mice werealnjected at various times with Poly r (I.C.)
and 'l hour before sacrifice they received 1.p. 2.5 ul of
l4c- Aminolevulinic Acid (ALA) (sp. act. 49.0 mCi/mmol) per
mou;é. Contrel animals were injected w1tg saline. The
liver was excised and homogenized yxth a glass homogenizér
Rad1oac£1v1ty of whole homogenate was determined in 0.1 ml -
©of the wholé liver homogenate addgg to 10" mls of Biofluor. -
Micrgsomes were prepared as @esérlbed edrlier and
rgdtoact*vxty was determined 1in 0.1 ml of each subcellular

f:icixon. I

r
1

L. Dclernin:ilon of [l4C)-Amino Acids Inc&rporati;% in
7

Variou; Subcellular Fractions, at Diffetggt Time

-

Periods.

A similar protocol as above was carried out to study-

the incorporation of amino acids at va:xou:-tine.intervhls

. . A - .
G
. ) R
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after the treatment with Poly r (I.C.). The pellet obtained
from the 10,000 xg was resuspended with a glass homogenizer

s homogenizer and proteins precipitated using trichloroacetic
acid (TCA) and 0.1 ml of the mixture was added to 10 mls of
;Biofluor for counting. L1quid scintillation counting was
carried out in MARK III Searle Analytic Inc. Model 6880
Liquid Scintillation System.

M. Catabolism of Heme In Vivo.

Cytochrome P-450 degradation was determined by
measuring theaamount of 14Cc0o in expired air follbwing the
‘administration of 5-14C-ALA. In mammals carbon monoxide
,originates solely from the oxidized alpha-methene bridge
carbon atom of heme (Ludwig et al., 1957). This implies
that for each mole of heme degraded, 1 mole of CO and 1 mole
‘ggzsiiigubin are formed. 5-14C-ALA specifically labels the
alpha-ﬁethene bridge carbon in the porphyrin ring. On
cleavage of .the heme ;%ng this carbon is converted to carbon
monoxide. Landaw and Winche11‘(1966) demonstrated the

L} vglidity of such an experiment to measure cytochrome P-450

-« 72

breakdown. .
At difforen;}time periods following the administration
,of Poly r (I.C.) mice receivod'5-14c-;LA (2-0/1Ci/moune:
sp. act. 49.0 mCi/mmol) ;.p. The animals were then placed
‘in a sealed chaﬁﬁor conneétod‘to the apparagplhillustratcd

in Fig. 5. The air from the chamber was passed through a

S
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FIGURE 5

o
\

In Vivo breath collection systems. Schematic representation
of apparatus used to measure 14CO following the catabolism

of labelled Heme.
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tower containing calcium sulphate to trap water followed by
a tower contdaining soda lime and ascarite to tr;p expired
carbon dioxide. The carbon monoxide (14CO) was then passed
through a tower containing the catalyst hopcalite which
converted 14co to 14002. l4co, was then bubbled into
oxyfluor which trapped carbon dioxide (CO,-absorbant/scin-
tillation cocktail combination, New England Nuclear).
Samples were collected~;very:10 minutes ia a fraction
collector and counted in a aéintil}atiqp counter. Two

s

animals were studied simultaneously using two apparatus in

\
.8eries. . o

N. Statistical Methods

l. The students t test for unpaired data was utilized in
this thesis to determine statistical signficance of the
difference between two means. Analysis of vari;nce, F-test,
was used to determine statistical difference when three or
more groups were compared. significance throughout these
studies is defined at the 5% 136;1, i.e. p¢0.05.

The data for catabplisﬁ of heme in vivo was fitted to a
double exponential equation which described tpe two
compartment model for cytqghrome.P-4§o as described by Levin

v

and Kuntzman (1969). The rate constants and half-lives were
\ M 4

determined using the computer program PEEL-S8MOOTH which fits

data to two compartment model using the. following 'oquation:"

C = Ae=dt 4 pe-Mt.

52.
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\Ae Effect of Interferon inducers on Hepatic Cytochrom

\

P-450. . \

.. The effects of the administration of - Poly r (I.C) jon
hep;:ic microsomal protein, cytcchrome P-450 and cytochrome
bg levels, and aminopyrine N-demethylase activ1ty are
summafized in &able 3. Loss of cytochrome P-450 and

aminopyrine N-demethylase activity were observed 'in five

separate str;ins of mice treated with Poly r (I.C) for 24

. hours. These results are similar to those reported by

. ‘-
Renton alﬁ Manneribg (1976) in rats.

N

_+ " Poly r (I.C) had no effect on Hepatic microe 1 ’
- \ Al
cytochrome P-450 when Pdded to microeomes in vitro.

'
- N -
-

LI -

B. Indirect ev dence for the involvement of interferon in

T [

the depression of %epatic cytochréme Pr450.

*

We utiliged strains of mice carrying the high (1F-1h) "’
or low (1F-11) production allele (DeMaeyer and coworkers)

1979) at the‘}F-l locus to demonstrate that depression of
hepatic cytochrame P-450 can be correlated with circulatinmg

\ . SR . )
interferon levels. ' y « S

\ -

In C57BL/6J mice which carry’ the allele for the pigh N
Y . 14

-
'

production of interferon at the 1F-1 locui the mean

F3

circulating level of inberferon\waa 2443 PRD5ounits/ml. ' .

twenty four hours’ after the adminietretion ‘of NDV (Table
AN -
4). At the same time cytochrome P-450 levels and

v p—— ——



M TABLE 3

\ . s »
\

Effect of Poly’ r(I.C) on Hepatic Cytochrome P-450..

> v . @
- AT

| CYTOCHROME CYTOCHROME AMINOPYRINE
P PROTEIN N-demethylase
STRAIN TREATMENT | = ug/ml P-450 bs Actvity
- ‘ nmoles HCHO formed/
mmoles/mg Protein | nmoles/mg Protein [ mg Protein/hr.
Swiss | Saline 5.84 £ 0.29 -] 0.747 £ 0.054 02306  0.015 4~ 329 % 11
- Boly r{I1.C)| 4.45 % 0.16* 0.445 £ 0.021% . 04258 % 0.002 221 t g*
. - -
AKR/ J* Saline _ 5.92 £ 0.28 0.717 £ 0.034 0.011 445 £ 9
" Poly-x(1.C)| 5.14 £ 0.25 0.420 £ 0.031% 0.007% T 212 £ 20%
Balbe/J Saline 5.30"% o.1a;f. 0.871 * 0.064 0.293 £ 0.006 460 £ 35
" Poly r([.C)|-4.92 £ 0.2§ 0.587 £ 0.047% 7245 £'0.023 350 £ 20*
CS7BL/6J | Saline 6.99-% 0.30 0.616 £ 0.044 0.170 £ 0.064 174 % 2
- Poly r(I.C)| 4.69 £-0.22% 0.353 £ 0.017* 0.202 * 0.021 87 t 10%
&
L 4
CyH/deJ Saline 4.67 £ 0.18 4 0.535 % 0.035 0.311 £ 0.016 321 £ 30
-1 ) ‘%
N
Animals were ;téated wi‘th Poly n(f.c) 10 mg/kg (i.p) 24 hours before sacrific\e:\, o

° -~ .
Each value is the mean + SsE.M. of 4 1gd1vidual animals.

Signifitantly different from control p <0.05

A
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aminopyrine N-demethylase activitiet weée depressed b§ 35%
and 48%, respectively in hepatic microsomes (Figures 6 and
7). In C3H/HeJ mice which carry the ,allele for the low
production of interferon at the 1F-1 locus the circulating
levels of interferon were below our lowest limit of
detection (40 PRDgg units/ml) twenty-four hours following
treatment with NDV (Tabie 4). In this strain of mice NDV
Ahd no effect on the'levels of cytochrome P-450 or

aminopyrine-N-demethylase activity in hepatic microsomes

(Figures 6 and 7).

Twenty-four hours following the administration of Poly

*r (I.C) which inhuces the formation of interferon via loci

other than 1F-1, high concentrations of interferon were

~6bserved in the serum of both strains of mice (Table 4). 1In

C57BL/6J mice cytochrome P-450 levels and aminopyrine-N-
demethylase activities were decreased by 44% and 50%
respectively 24 hours following the administration of Poly r

(I.C) (FPigure nd 9) . In C3H/HeJ mice cytochrome P-450

levels and aminopyrine N-demethylase activities were also

. decreased by 33% and 38% féllowing the administration of

Poly r (I.C) (Figures 8. and 9).

&
-

C. Direct evidence for the dgp;ocsion.gf Hepatic cytochrome

P-450 and drug biotransformation using crude prepara-

tions of interferon.- ™

.Q

Various crude preparations of interferon were tested in

A

this study to ostabiilg a causal relatiorship bstween .
s ) * [} °
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. TABLE § .

levely of interferon in inbred strains of mice following the aduinistratipn of NDV or

A

’
*

N i Pt )
TREATMENT — I" ALLELE INTERFERON (PRDsp/units per ml).
. ‘ d ' A
CS7BL/6J Saline . IF-lh . <40, <40, - <40
CS7BL/6J NV F-1, 1448, 1702, 4178
CS7BL/6J Poly r(I.C) IF-1 1742, 2010
Cli/HeJ . Saline IF-l% <40, <40, <40
CqH/HeJ NDY 1F-1 <40, <40, <40
Cqt/HeJ . Poly r(1.C) 1p-1 2118, 4376

é

Each value is the serum interferon level in an individual mouse.

Levels were determined 24 hours after the administration of NDV (5 x 107 p-f.u) or poly r(I.C)
(10 mg/kg).

The amount of interferon required for 50 plaque reduction was defined as 1 plaque reduction dose
(1 PRDs5qg Unit).

‘9¢

.y g

. w—— -
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FIGURE 6

The effect of NDV on cytochrome P-450 and cytochrome bg
levels in hepatic microsomes prepared from inbred strdins of
mice. CS57BL/6J carry the high production allele at 1F-1 and
C3H/HeJ carry the low production allele at 1F-1. The
animals were killed 24 hours foilowing the administration of
NDV. The open bars represents cytochrome P-450 levels and
the shaded bars represents cytgchrome bg levels. Each val&é
is the mean + S.E. of 6 individual mice.

4
* Significantly different from control, p ¢ 0.05.
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FIGURE 7

The effect of NDV on aminopyrine N-demethylase activity in
hepatic microsomes prepared from inbred strains of mice.

The animals were killed 24 hours after the administration of
NDV. Activity is expressed as the amount of formaldehyde
formed/mg protein/hour. Each bar represents the mean +

S.E. of 6 individual mice. ‘

* Significantly different from control, p < 0.05.
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FIGURE 8

The effect of Poly r (I.C) on cytochrome P-450 and

+ a £

cytochrome by levels in hepatic microsomes prepared from -

inbred strains of mice. The animals were killed 24 hours

i
2 e .

. : . o x \

following Khe administration of Poly r (I.C). %The open bars
- |

represent cytochrome P-450 levels and the shaded baxs the

cytochrome bs levels. EBEach valueyis the mean + S.E. 0of£ 6

i

individual mice. |

v -,

. e e . ) |
* Significantly different from control, p < O.OST
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- FIGURE 9 ,

The effect of Poly r (I.C) on aminopyrine N~demethylase
activity in hepatic microsomes prepared from inbred strains

of mice. The animals were killed 24 hours after the
administration cgf Poly r (I.C). Actiw?ty is expressed as .
the  amount of formaldehyde formed/mg protein/hour. Each bar
represents the mean + S.E. of 6 individual mic;e.

* Significantly different from control, p¢ 0.05.

A
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-~ interferon and'de@ression GEVﬂegatic_cytcchrome Pm456.
Twenty-Lfour hours following the administration of fibroblast
interferon {Calbiochem,) a significant depression of the
mixged funééi@n oxidase system was observed in mice. gThé,
depression of cytochrome P-450 and aminopyrine H-dcmethylase
activity is summarized in Table 5. 1In this experimept Poly
£ (I.C) depressed hepatic cytochrome P~450 to a gimilar
degree as crude inrerferon. A dose-related décrease in the'
. amguﬂt of cytochrome P-450 ang aminopyrine-l-demethylase

activity was also observed following the administration of

&

fibroblast interferon (Figure 10). Cytochromg by was not
affected by fibroblast interferon.

Buffy coat interferon produced from human leukocytes

I3

had no effect on hepatic cytochrome P-450, aminopyrine
b N-demethylase activity or Denzo(a)pyrené nydroxylase

activity, (Table 6). This interferon Has no antiviral .
activity in the mouse.

(‘5 R e -

Crude mouse leukocyte interferon (CD-1) produced from

mice given Poly r (I.C) caused a depress1dn in cytochrome

» P-450, aminopyrine H-demethylase and benzo(a)pyrene
v . hydroxylaée’actiQities (Table 7). This preparation of -
E ‘ N a
. .° .. . lnterferon has aptiviral activity in the mouse.
° ’ ! , . . - ’ -

. .‘60) N o o F] o ¢

&y D. Depression of Hepatic cytochrome P-450 by homogenpus
. - .

. 7

interféPon from cloned genes in E. coli.
A honoyenous preparation of highly purified cloned

" " human leukocyte interferon (LEIF-AD) which has potent anti-
¢

v o

~

Ay !

-
B
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. . TABLE 5 ] . !
Effect of mouse fibroblast interferon (IﬁN—S) on Hepatic cytochrome P-430 -
- CYTObHROME CYTOCHROME AMINGPYRINE Benzo{a)Pyrene
. . PROTAEIN - 1 N-demethylase Hydroxylase
TREATMENT - mg/ml P~450 bs T Acetvity Aetivity
° - mmoles HOHO formed/|smmoles 3~0H~BP
- nifioles/mg Protein | nmoles/mg Protein mg Protein/hy. formed/mg -
) . = »" {|Proteinfhr ~ - -
Saline 5.96 £-0.93 0.718 £0.037 [, 0.269 % 0.012° 380 £ 30 6.63 & 1.16
Poly rgz.c) +45.15 % .28 $.373 £ 0.038% D.191 % ¢.023 ‘. 178 t-10% . %430 & 0.22%
Mouse "IFd~F [6.60 + 0.21 0.425 £ 0.032% 0.199 + 0.023 6.09 £ 0.30

{5%10% units/
mouse)

z

a

>

s 190,% 17*

a

” i

'

Mice (BalbC/J) were treated either with

sacrifice.

Each value is the mean * 3.E.M. of 4 inaividgal aninals.

* Significantly-different’ from control p<J.05.

I'd

<

A

¢ ~

Poly r(1.C) (L0 mg/kg) or

- 2t

interferon (IFN-R) 1.» 24 hours before

-

(14

4

*99
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FIGURE 10

Dose-related ‘effect of fibroblast interferon on Hepatic

cytochrome‘E-45b, cytochrome bg and Aminopyrine

N-demethylase activity. The animals were killed 24 hours

following the administration of interferon. Each individual

i

point is the mean + S.E. of 4 individual mice. (Balb C/J

mice were.used in this study).
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5 TuBLE 6

a

Effct of ﬁuman Buffy coat-induced (IFN-o) interferon on hepatic cytochrome P-450.

CYTOCHROME

CYTUCHROME AMINOPYRINE Benzo(a)Pyrene
L. PROTELN N-denethylase Hydrozylase
TKEATMENT ng/ml -~ P=450 bs Actvity -~ - Activity
e © mmoles HCHO formed/|{mmoles 3~0.u~BP
. nmoles/mg Protein | nmoles/mg Protein wg Protein/hr. |formed/mg
: d ) Proteinfhr -
. Saline 10.68%0.54 0.613 & 0.041 0.196-% 0,009 . 335 & 10 2.23 £ ¢.22
& .
Poly r(1.C) 9.02+0.42 0.439 * §.045% 0.183 £ 0.010 ~ 243 £ 28% 1.69 £ §.04%
e @ . @
Buffy cgat 10.62%0.44 °0.206 * 0.004 346 * 10

(5x10% units/
mouse)

0.659 + 0.015

\

a

-

2.35 % 0.17

Mic; (BalbC/J) were treated elther with Poly r(I.C) (10 mgikg)'-qr interferon (Buffy coat) i.p 24 hours
before sacrifice.

Each value is thg mean ¥ 5.£.M. of 4 individual animals.

_* Significantly di fferent from control p<0.05.

s an v

P
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oo . TABLE 7 .
. Effécﬁ of mouse Poly r(I.C) induced interferon ((IFN-q) (CD-1)) on hepatic cytochrone BP-450.
e . ¢ CYTOCHROME , . CYTOCHR{)’QE AMINOPYRINE Benz@{a)@ymne
- PROTEIN - , : N-demethylase Hydroxylase
TREATMENT mg/al P~450 -~ by Actvity Activity .
.. § nmolés BCHO formed/|mmoles 3-0U-BR
~nmoles/mg Protein | nmoles/mg Protein mg Protein/hr. |formed/mg * .
° : : . Protein/hr
- =y
Saline 5.96 * 0.93 0.718 % 0.037. {  0.289 % 0.012 .380 & 30 6.68 £ 1.16
- . ) “
Poly r(I.C) 5.15 % 0.28 9-373 * 0.038% 0.191 % §.023 178 & 1g# 4436 % 0.20%
R .
. Ch-i . 6.45 £ 0.48 0.421 £ 0.016% b 0.200 £ 0.025 227 £ 3% - 5.17 & (.99
{5,000 units/ col ' . - . .
mouse) . .

S

1

v

Mice (BalbC/J) were treated either with Poly r{I.C) {10 mg/kg) or interferom (CD~1) 1.p 24 Lours before

sacrifige.

.

- a

™~

s

Each value is the mean * S.EsH. of 4 individual animals.

* gignificantly different from countrol p<0.05.

o
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viral activity in the mouse depressed the levels of
aytochrome P-450 and drug biotransformation in the méuse,q
liver, The administration of 40,000 units of LEIF-AD
resulted "'in a 47% loss of @yt@ﬁhr@me»Puéﬁﬂ.and a 41%. logss of
cytochrome bg in microsomes prepared from'ﬁhe livers of-
Balbe/Jd mice (Tgble g?ﬁ This loss of cytochrome P-450 was
accompanied by a 55% decreate in the N-demethylation of
aminop?rine and a 42% decreasé in the hydroxylation of
benzc(a)pyreée which are also summaried in Tablg 9. Similér
losses in cytochrome P-450 and drug biotransfarmgtions were
also observed in éS?BL/GJ strain. mice treated with 40,000
units of LEIF-AD. Even 5,000 units of LEIF-AD had some

effect on cytochrome P-450 system but the effect was_noﬁ’

significantly different from control (Table 10).
»
Another highly purified homogenous cloned human

)

leukocyte ihterferon {(LEIF-A) had no depressant effect on

¢

cytochrome P-450 or on drug biotransformation in mouse l%ver

{Table 8). This preparation of cloned interferon had no’.

Nanthlral activity %n the mouse. Only qualitative
information about the antiviral activities of various
interferon preparations is summariiéd since the? were
.obtained either from Calbiochem. or Genentech. ‘The -
antiviral aétivity of vafious preparations of interferon
used in this stdéy are summarized in Table 11. Using°%wo“\

highly purified human leukocyte interferon LEIF-A and

LEIF-AD,. ahd several impure preparations of . human and mouse

‘ o



'TABLE &

Effect of human cloned interferon (LEIF-A) ou hepatic drug biotransformation

v

)

k2
>

2

T

. CYTOCHROME CYTOCHROME AMINOPYRINE Benzo{a)Pyrene
* PROTEIN ¢ @ N-demethylase Hy&r@xylase
TREATMENT wg/ml P~450 by, . Actvity Activity
S « . {nmoles lCHO formed/|mmoles 3=0i~3P °
nmoles/mg Protein’ | nmoles/mg Protelin mg- Protein/hr. | formed/mg
: 4Protein/hr
Saline 7.23 % ¢.32 0.643 % 0-611 3.2053 & $.023 ’ 366 & 36 . 2.79 & 0.06
Poly r(I.C) 6.44 * 0.26 T0.491 % 0.044% 0.230"% 0.0190 264 ®41% -1.66 * $.09
LEIF-A 8.93 & 0.43 0.751 % 0.029 0.227 £ 0.G08 %92 % 19 1.96 + 0.06

(5x10% units/
mouse)

2

N

Mice (BalbC/J) were treated elther with Poly r(I.C) (10 mg/kg) or interferon (LEIF-A) i.p 24 hours
before sacrifice.

%ach value is the mean £ §.8.M. of

4 individual animals.

* Significantly different framitﬂntrol p<0.05.
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» TABLE 9

#

Effect of human cloned leuckocyte interferon (LEIF-AD) on hepatic cytochrome P-430

W

CYTOCHROME

CYTUCHROME AMINOPYRINE Benzo{a)Pyrene
PROTELN - N—-demethylase liydroxylase

TREATMENT mg/mlL P-450 bg Actlvity Activity
mmoles HCHO formed/jnmoles 3-OH-gP

nmoles/mg Protein | nmoles/mg Proteln mg Protein/hr. |formed/mg

Protein/hr
Saline 5.30 + 0.14 0.870 £ u.064 0.292 + (.006 459 £ 35 718 + 0.22
Poly r(I.C) 4.92 + 0.26 J.589 + 0-04%* 0.246 + §.023 366 £ ZOf 6.90 * §.76
LEIF-AD 4.44 £ 0,23 0.461 £ (.042% 0.173 £ 0.013% 250 £ 18% . 4419 & ,25%

(4x10% units/
mouse)

v

s

A

4

~

8,

’

£

Mice-(Balbéig) were treated either with Poly r(I.C) (10 mg/kg) or interferon (LEIF-AD} i.p 24 hours

before sacrit

" Each value is

- X
* Significantly différent from control p<0.05.

%

Ce.

o

®

the mean ¢ 5.E.M. of 4 individual animals.
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Effect of cloned leuckocyte human Interferon {(LEIF=-AD) on hepatic eytochrome P~450.

. ‘ , " CYTUCHRUME
- PROTEIN
TREATMENT mg/ml P~450
nmolesfmg Protein
. .
Saline 6.26 £ 0.39

Poly r(I.C)

LEIF~AD _
(5x103 units/
mouse)

LEIF-AD
(4x104 units/
mouse)

4.49 * 0.10
5.77 £ 0.38

4obh E 0.23

0-4%3 + 0.023
0.270 & y.027%

v

$.380 £ 4.034

U278 & 0.021%

L

e -

CYTOCHRUME

ANLNUPER IAL

-

&

Benzo{a)Pyrene
. 3 h-denmethylase Hydroxylase
by T Actvity Activity
mmoles HCdHy formed/jnmoles 3~0On-upP
nmoles/mg Protein mg Proteln/hr. |formedfmg -
o . Frotein/hw
0184 * 0.014 406 £ 33 4.63 %k 0.30
0.120 & 0.01L5% 161 & 20*% 2.08 & p.OL%
0:154 + 0.003 332 % 21 4.52 £ 0.61
- @ *
3.133 *£-0.0186 159 & 15% 2.42 & 0, 302%

4

before sacrifice.

“ Each value is the mean £ 3.5.M. of 4 individual animals.

z;* Significantly differeat from céntrol p<0.05.

.

<

Mice (C57BL/6J) were treated either with Poly r(I.C) (10 mg/kg) or ihterﬁeron {LEIF-AD) 1.p 24 hours
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TABLE 11 ¢

Antiviral Activity of Interferon in Mouse ‘

ANTIVIRAL AGTIVITY -
TYPE CELL SOURCE IN MOUSE NOMENCLATURE SOURCE.‘
Calbiochem Fibrobtdst Yes - IFN-B - Mouse

- t —
CD-1 ¢ Leukocyte ; Yes IFN-C C; Mouse
Buffy Coat Leukocyte No : IFN-Q ' Human
LEIF-A Cloned Leukocyte No IFN-Q Human
LEIF-AD Cloned Leukocyte : . Yes IFN-Q Human

h) . [

~ - So— :
« -

The antiviral activity of most of the different types of interferon was supplied by the ¢

donor i.e. Genentech Inc- - .

“
- »

Dr. S. Lee (Department of Microbiplogy, Dalhousie University, Halifax)/ °

.Interferpn obtained from calbiochem (IFN-f) was tested for its antivirz}’zz}ivity by

N - . .
!

»
-

‘&



interferon we have demonstrated that only interferons with

antiviral activity in the mduse appear to depress cytochrome
t

.
~

P-450 1n that species.

’

- ’
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* v

E. Incorporation of l4C-ALA 1in yarious subcellular

fractions after Pply r (I.C) treatment. - //

Mice were 1njeéted with po b3 (I.C) or saline (for

contrpls) for various time. i1ntervals. One hour before

-

sacrifice they were 1injected wgth 14C-ALA and 1ts

. [

incorporation was examined. Marked changes in 14C-ALA

b}

!
incorporation in one ‘hour were observed following the

L * -~
administration of pély r (1.€¢) for various time
intervals. In the 10,000 x g supérnatant obtained from whole

liver homogenate prepared from mice tgeated with Poly r

-

(1.C) for 3 hours, the incorporation of 14C-ALA was

-~

increased by 60% but was decreased by'40% 9 hours after poly

r (I.C) (Fig. 1ll). In the microsomal fraction obtained by

'

ultracentrifugation of the 10,000 x g supernatant, l14C-ALA

»

incorpor’ilon was increased initially 3\hours after poly r
(I.C) administration but then gradually decreased over the

next 15 hours to]ép‘percent of that in control mice

L)

(Fig. 12). . \
. In the same experiment a general decrease 1n total
‘microsomal heme was observed after Poly r (I.C) treatment

L}
for various time intervals(Fig. 13). A deqfease of
approximately 50% 1in total microsomal heme was observed at

24 hours time interval. A'paraldel decrease in bdth the

R
”‘t
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- FIGURE 11 \
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{
T, L

l4c-ALa incorporation in 10,000 x g supernatant of the liver

homogenate. Each point represents mean + S.E.M. of 3
! - [ 4

individual mice.. Each sample was assayed in duplicate. The

P ) *
control value for incorporation of 14p—ALA ingorporation 1in
’

the 10,000,x g supernatant was .7,152 + 464 D.P.M.
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P .
o 14C-AL§ incorporation in microsomes. -Each point represents

ﬁean + S.E.M. of 3 individual mice. Each sample was assayed

.

in duplicéte. The control value for incorporation of

4
14c-ALA incorporation in microsomes ‘was 6,949 + 269 D.P.M.
' L}
. a” o
, 9
- s ’ %
L] . N
N 8
(23 -
. oS
» ' a o °
o N ~ ~ oy go
—O'ai o '(:
' LI
' . | ' “'Qzlmvn
& . L] o & , "
¥ LY T, R o . - .
¢ ; ’
« . 5 .
® A
o k)
e .- S o M
= -
* "
3 hd -
I
- g v
d' -
3 f
’ . -

-



.

% OF CONTROL

+40 4

+20

-60 T T T Y T 1
0" 9 12 15 18 21 24
. TIME ( hours }
¢
: -
" {
/



. «

FIGURE 13

Effect of Poly r (I.C) at various time intervals on the

hepatic tQtal microsomal heme. Each point on the graph
' / .

represents mean + S.E.M. of 3 1individual animals. Each

sample was assayed 1in duplicate. Total heme was determined

by the pyridine hemochromogen method described by Falk

(1964). ,

N
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FIGURE 15
Effect of Poly r (I.C) at various time 1ntervals on Hepatic
Amlnopyrlne,N—demethylase actlvi}y. Each point on the grapﬁ

represents mean + S.E.M. of 3 individual animals. Each{

sample was assayed 1n duplicate.
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L
level- of cytochromé P-450 and ‘the aminopyrige N*demethy—

«

lase act1v1ty were alsg observed (Flg. 14- and 15).

Microsomal cytochrOme bg leuels w%Fe unchanged folliﬁing

Poly'r (I. C),treatment (Flg. 14) .

- L]

F. Effect of Poly r (I.C) on Heme breakdown,lﬁ’qlvo.—

Cytochrome P-450 degr;datlon was determinegnby
measurlng the amount of 14C carbon ;onoxxde -1in explred alz
follow1ng the administration of 5-14€-ALA. In mammals .
carbon mqnd&ide orlgléates solely ~from th; o;;dliéa aipha-

T

methene bridge carbon atom of, hehe: 5—14C—AL§h§Rpc1f1cally
labels the alpha-methene brldge carbon 1n the porphyrln

ring. On cleavage of the heme ring thf;“bagbon is convetted
to carbon monoxide. Rat%}of l4co production from'5—14C-ALA

18 1llustrated in Fig. 16. A biphasic rate , of degradatien,

similar to that obtained by Levin and Kuntimanl(l959) 1s

= _ l‘
observed. . - -

P

&

of Poly r (I.€) mice received 5-14C-ALA ahd the production

‘of 14C0 was measured (Fig. 17). The effect of-%aly r (1.C)

Ve L
treatment at various time intervals on slow phase . ’
. &
degradation rate is measured using half-life as an index of

-

degradation rate. The degradation* rate of &low turpover

cytochrome P-450 was increased aftér 1 hour, 2 hour, 3 hour,
6 hour and 12 hours of Poly r (I.C) treatment. However, 24
hours after Poly r (}ﬂc) treatment normal degradation rates

were restored (Fig. 17 and 19). S

L4 *
N

[

At different time periods following- the administration .



>
-

-

FIGURE 16 .

-

A -

Rate of 14CO production from 5-14c-ALA. 'Mice received 2.0
Ci/mouse of 5-14C-ALA intraperitoneally at time O. ’ 14co was
determined at 10 min intervals throughout this experiment.
The 14CO exhaled by a single mouse is illustrated ih this

4 - . P )
fiéure and is the re‘sentative pattern produced in all
.. N .

‘mice studied. PHASE A represents "Apparent_ net synthesis",

) ¥ PHASE B represents degradation rate of "fast turnover

-

cytochrome P-450" and PHASE C represents the degradation

tate of ‘e”Slaw turnover cytochrome P-450".
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L

\FIGURE 17 ' . -
L
} ~
Rate of 14cO production from 5-14C-ALA following tréatment
L J -
with Poly r (I.C) for various time intervals. Following

Poly r (I.C) treatment for a certain time interval mice

received 2.0)1C1/moﬁse of 5-14C-ALA (1.p) and their l4co

expired i1n breath was continously monitored. ~ %

.

N
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FIGURE 18

’
l

The etfect of Poly r (I.C) at various time 1intervals on "Net
Heme Synthesis" measured by aréa under the curve. Area's

a
under the curves from Fig. 17 were calculated for each curve

[N

]nd were taken as an index of net heme synthesis.
\
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On Enq‘other hand the degr;datlon rate of the fast
_phase,component‘w;:quif\affected after 1 hour and z\hours
of ‘poly r (I.C.) treatment. Howev%; 3 hours after poly r '
(I.C) treathment normal degradation ratés of the fast phase
were restored. .

.
A defect 1n the synthesis of neme 1s also suggested 1in
the exp;rlments involving the elimination of l4co from the
lnethene bridge of heme (Flg. 17). The area under the curve
which represents the total amount of label turnlng‘oveg in

the heme moeity 1s dgreatly diminished 1n Poly r (I.C)

treaged animals (Fug 18).

o

’

G. Inéorporatlon of 3H-Amino Acids 1n varioyus subcellular

fractipns after Poly rh(I.C) treatment.

+

Mice were treated with Poly r (I.C) for various-:time

¥
intervals and one hour before sacrifice a 3H-Amino Acid

-

mixture was administered (1.p.). Whole liver homogenates
.
were prepared using a glass homogenizer and various

4

subcellular fractions were prepared as described earlier.

» -

Aliguots of 0.5 ml of the whole liver homogenate or.the
subctellular fractions were added to*l0 mls o; scintillation
cocktail (Biofluor) to determine the amount of label
incorporated.

In whole liver homogenates 3H-Amino Acid incorporation
was 1ncreased in Poly r.(I.C) treated anlwals compared to

controls. A maximum increase of 6U% in 3H-amino acid °

incorporation was observed 6 hours following the treatment

.ol B Rt v

- e oax
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FIGURE 19
Effect of Poly r (I.Cf treatment at various time intervals
on degradation rate of slow Phase measured by half-life as

an index of degradation. The half-lives of slow phase

(Ph;peyc) were 'calculated from Fig. 17. .
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with Poly r (I.C)s A gradual decline towards control levels

-

-

as observed after’ the peak 'vdlue was achieved (Fiy.

“

’ I
"20). Simalar patterns ot 3H—am1no aclid incorporation weég

i 2

observed 1in the 1lU,0ul X g supernatant and i1n niirosomes
.

(F1g« <1 and 22). C(ytochrome 9—450,'55 and .aminopyrine -

\

‘ o
N-demethylase altivity were .4ls0 determined 1n the

)

microsonal fractloﬁé, Both cytochrome P-450 and aminopyrine
‘N-demethylase were depressed 1in poly r (1.() treated

anutals. The results were very siunilar to those shown 1n

e ‘ %
Fi1g. 14 and 15.
4 ) l . . ,
E] \ .

H. bffect of Pody r (I.C) on -1ncorporation of 14Co-Amino

Aclds 1nto Hepatic tytochrome P-450.

Ten mice were lnjectea with 14C-Amino Ac1éﬂm{xture and
sacrificed an hour later. M1cro§omes prepared from thése
mlCF were pooled and solubilized as described 1n the methods
section. An aliquot of 0.5 ml from the solubilized .
microsomes was added to scintillation cocktail and
1ncorporation of l4c-Amino Acid mixture 1n the pooled
solubllized microsomes was'Fecorded.. 10 mls of (1 gym liver/

'an.buffer) solubilized microsomes was applied.dn tne
sephacryl column for the separation of various proteins on
the basis ot their moledular weight. .A tlow rate of 0.5
- ' ' s .

mls/min was maintained and 4 mL fractions were collecgted.

. y
All tne frac¢tions were examined for cytochrome P-450 and
3 , ‘ * R
*

cytochrome bs content and also monitored for their radio-,
activity. We were unable to monitor protein. at 280 nm

4

0
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FIGURE 20

'
3H-Amino Acid mixture incorporation in the liver (whole
liver homogenate) following Poly r (I.C) pretreatment.
After treatment with Poly r (I.C) for various time intervals
34-A.A. was Lnjected 1.p and 1 hour later the animal was
sacrificed and whole liver homogenate prepared. Each point
represents mean + S.E.M. of 3 individual mice. Each sample
was.co?nted 1n duplicate. The control 3H-Amino Acid

incorporation was 3,411 + 155 D.P.M.
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FIGURE 21

»
.

3H-Amino Acid mixture incorporation in 10,000 x G
supernatant derived from whole liver homogenate following
Poly r (I.C) pretreatment for various time ‘intervals. .,
3H-A.A. were injected i.p an hour beforé‘saér;ficing ahd
preparation of supernatant. Each point represents mean +
S.E.M. of 3 individual mice. Each sample was counted 1n

duplicate. The control 3H-Amino Acid incorporation in

-,

supernatant was 2,480 + 158 D.P.M.
4,
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A

, © incorporation in microsomes was 942 + 162 D.P.M. ’

-
v

L

FIGURE 22

rd
-

3H-Ahiho Acid incorporation‘in Hepatic microsomes prepared

by ultracentrifugation at 100,000 x g of the 10;000 x g

~

- supetqg&ant derfbed from whole liver homogenate followiqg

Poly r (1.C) pretreatment for various time intervals. Each

’

point represents mean + S.E.M. of 3 individual mice. Each

Amifo A
sample was counted in duplicate. The control 3H no Acid

>
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because of the inteéference with the detergent in the
buffer. Both the Lowry assay and the Biuret assay for
proéein determination wer; also susceptible to the
interference caused by the detergent in the buffer. The"
radfoactivity profile obtained from the fractions is shown
in Fig. 23. A rough estimate of the molecular weights of
various fractions was obtained by using the calibraé&on
profiles of standard protein elution volumes }Fig. 23).
‘Similarly a group of ten mice pretreated with Poiy r
(1.C) for 24 hours was injected with 14C-Amino Acid mixture
and sacrificed an hour later. Their solubilized microsomes )
were then elutéa through the sephacryl column. Tye radio-
activity péofile of the treated solubilized microsomes was
expressed as % of the total radioactivity (DPM) 14c-amino
acid incorpdrated into microsomes>(Fig. 24). On
superimposing thg radioactivity profiles of the control
group and ttoate§ group 1t is observed that there is .
ipcrqa-od l4Cc-amino Acid incorporation in treated animals
compared to control animals as shown by the shaded area

between the two profiles  (Fig. 25).

Finally the ftactioné which contained cytochrome P-450
were pooled and concentrated to 10 mls. This concentrate

was eluted on a DEAE-Anion exchange column. Tﬁe column was

developed first with 100 mls of ‘the same buffered detergent,
, « ‘ r
and then with a 500-ml linear gradient of NaCL from 0 to

0.25 M incorporated in the buffered detergent. The pattern

' ’ {

‘
« ' s iy M ¥ o4
& TR
. »

AR V> R, gD 45
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FIGURE 23

Profile of 14C-Amino Acid mixture 13corporated in the

L]

microsomal” proteins separated on the basis of molecular

welght and size on sephacryl S-200 column.. Fractions 140 to

240 had detectable amounts of cytochrome P-450. Microsomes

-

obtained from 10 mice were pooled for eluting on the coluﬁn.

The Y-coordinatg- 1s expressed as percent of total

radioactivity.

It is obtained by dividing the radioactivity

&

of each fraction by the total radioactivity 1in the

microsomes that was eluted on the column. The column was

calibrated using various standard molecular weight

substances as shown 1in .the figure.

- e oameo e
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* FIGURE 24

Profiles of microsomal proteins separated on sephacryl S-200
column. The upper profile (A) 18 obtained from animals
treated with Poly r (I.C) for 24 hours and the lower profile
(B) is obtained from animals treated with saline. NTh?se

profiles are representative of a single experiment for both

3

saline and poly r (I.C) treated anpmals. The saline

a

controls were repeated three times and peoly r (I.C) treated

animals twice, however similar profiles as shown herd wigf’
»

-

obtalned respectively for saline and poly r (I.C) treated

animals. ‘
e ¥

#
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. FIGURE 25

Profiles of poth Poly r (I1.C) treated angmals and saline

>
control from Fig. 24 are superimposed. The shaded parts
show a difference in l4C-Amino Acid 1incorporation 1in Poly r

(I.C) animals compared to saline animals.

109.
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o FIGURE 26 ,

Profiles of 14C-Amino Acids incorporated in the hepatic
cytochrome P-450 fraction (fractions 140 to 240 from the
sephacryl column) separ;ted on DEAE-Anion exchange column.
The open bars represent 14C—Am1no’Acid incorporation in
control animals and the shaded bars represent i1ncorporation
of l4Cc-Amino acid 1in Pély r (I.C) treated animals. The
profile for saline control animals was repeated three. times
and twice for poly r (I.C) treated animals. The patterns
obtained in each experiment were similar to those shown in

. . &
this figqure.
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»
of 14C—am1n9 acid- 1ncorporation obtained in the effluent was
similar to that of various forms of cytochrome P-450
obtained by Warner et al (1978). This 1indicates that the
various form? of cytochrome P—?SO are labelled with amino
acids. When concentrate obtained from poly r‘(I.C) treated
animals are eluted on DEAE-Anion exchange column, a
depression 1in 14C-Amino acid incorporation was observed
compared to the ;Bntrol.group. (Fig. 26). A significant
drop in l4C-amino acid 1ncorpqration was observed 1in all
species of cytochrome P-450 and no single form was

completely abolished by poly r (I.C) treatment.
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A. Involvement of Interferbn 1n causing depression of

Hepatic cytochrome P-450. -

’

The results described in this thesis, demonstrate that
both the level of hepatic cytochrome P-450 and related drug
biotransformation are depressed by 1interferon. Previously
Renton and Mannering (1976) dempn;trated that depression of
drug metabolism was a common property of interferon inducing
agents abut the& were unable to clearly identify 1if this
effect was due to interferon 1itself or tq an&ther common’
property of éhese agents. Other 1investigators (Farquar et.
al., 1976; Soyka et.al., 1979; Barnes et.al., 1979; Htullen,
P.W., 1977) have shown similar effects following the
stimulation of host defence mechanisms but 1t was unclear 1f ¢
individual factors such as immune eAZancement, reticulo-
endothelial cell stimulation, 1interferon production or a
combination of these was anolved‘ln the observed effects.

Further indirect evidence for the anvolvement of
interferon 1s suggested by the experiments carrléd'out in
inbred strains of mice. DeMaeyer and coworkers (t1979) ¢
recently described four distinct genetic loci which
influence the levels Qf circulating interferon 1n response.
to specific viruses. For dewcastle disease virus (NDV) er
autosomal locus (IF-1) determines a 10 fold difference 1in
serum interferon levels in different mouse strains. 1In this

study mouse strains cafry1ng‘fhe high (1F-1h) or low (1IF-11)

production allele at the If-1 locus were used to demonstrate


file:///L979

F'.

+

~
L1

that depression of hepatic cytochrome P-450 by NDV\could be

~

correlated with circulatingd interferon levels. In C57BL/6J
mice whlchifgrry the 1F-1h allele and produced high levels

of interferon when challenged with NDV, cytochrome P-450
| ]
levels and aminopyrine ?rdemethybase activity was depressed
% ) .
by the virus. 1In C3H/HeJ mice which carry the 1F-11 allele
A L J

&
no cifculating interferon was detectged when challenged with

[y

. e
NDV. Phe virus also had no effect on cytochrome P-450 or
drug b10trans!§rmatlon. ’These experiments suggest that the
'dépression of cytochrome P-450 1in response to NDV 1is

dependent on high circulating interferon dlevels.

»

In contrast to'th results'wlth NDV, treatment of
C57BL/6J or C3H/HeJ mice with Poly r (I.C)'produced high

)
concentrations of interferon in the serum of both strains.
(0) -

Hepatic microsomal cytochrome P-450 and aminopyrine

N—demegpylase activity were both signifcantly depressed 1in

A

both strains. Poly r (I.C) 1is a sgnthetlc polynucleotide

which 1induces the formation of interferon at loci other than

-~
L4

lF—;\(DeMaefér,-E. and DeMaeyer-Guxg;ard, J., 1979). This
experiment indicates that the cytochrome P-450 system 1in
C3iH/HeJ mice has tpe ability to respond when high levels of
circulating interferon are produced at other Yjene loci.

J

Thexefore by utilizing this genetrc model 1ndirect evidence
1 proG1deﬁ for Ehevxnvolvement of i1nterferon or the process
ich produces interferon in causing the depression of

-

cytochrome P-450 in the liver. However to provide

v
)
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- A
unequivocal proof of the involvement of interferon and to

resolve whether interferon i1tself or the induction of

interferon causes the lowering of hepatic dru&
brotransformation, homogenous preparation of interferon
would be f;quired to provide direct evidence.

Recent studies by Sonnenfeld et 3&.(1980) have shown
that the admlnlsQratlon of crude preparations of immune type
1n£erferon (IFN-Gamma, Type II) can depress drug \
biotransformation in the liver. Crude preparations of,
fibroblast interferon (IFN-Beta, Type 1) used 1in this
thesis, caused a depression 1in hepatic cytochrome P-450

v .

too.’ A dose-related effect of interferon on hepatic
microsomal mixed function oxidase system was oberved with
fibroblast interferon. Another crude preparation of
leukocyte mouse interferon (IFN-alpha, Type I (CD-1)) which
was obtained from the serum of mice treated with Poly r
(I.C) also caused a marked depression of hepatic cytochrome ,
P-450. However an impure preparation of human Iéukocyté
interferon prepared from buffy-coat cells had no depressant
effect on cytochrome P-450 or on drug bio£ransformatlon in
mouse liver. Although only three impure preparations of
interferon were used in this study it appears that only

|
interferons which have antiviral effects against
encephalomyocarditis virus in the mouse can depress

.cytochrdﬁe P-450 in that species. This evidence although

obtained with crude preparation of interferon indicates that
I's

¢
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(
interferon 1tself causes depression'of hepatic drug

\
biotransformation.

-

In using crude preparations of interferon the
pOSSlgﬁiity of 1impurities 1n the preparatloﬁ having an
effecg’on\c tachrome P-450 rather than interferom 1itself
nust be resolved. Impurities such as endotoxin or other
biological proteins in the serum, or lipopolysaccharides or
some factor in the serum from which interferon 1s purified
could be the primary cause forudepre551on of hepatic
cytochrome P-450. ;p oéder té have conclusive evidence

-

linking the involvement of interferon 1n causing the loss of

- n

b ]
cytochrome P-450, a pure homogenous preparation of

r * rt 4
interferon 1s required. The expressiofg of’ human interferons

.
1in Escherchia coli from cloned genes uding recombinant DNA

technology has provided highly gﬁ?@kiea homogenous

L

interferon preparations (Wetzel, et al., 1981; Weck et al.,

!
198la) allowing direct testing Jf jour hypothesxs. Hyman .,

leukocyte interferons are a family of related peptides and
each sub-type shows distinct p ogertfes (Weck et al.,
1981b). A molecular hybrid, LEIf-AD formed bétween two of
the human leukocyte 1interferon sub-types .(LEIf-A and LEIf-D;
1s remarkable for 1its pronounced antiviral activity on mouse
cells and 1n mice (Weck et al., 1981).

The administration of 40,000 units of LEIf-AD resulted
1? a 47 percent loss of cytochrome P-450 ané a 41 percent

loss of cytochrome bg 1n microsomes prepared from the livers
. Al ’

P
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. of BalbC/J mice. 'This loss of cytochrome P-450 was
accompanlied by a 55 percent decrease 1n the N-demethylation
of aminopyrine and a 4.2 percent decrease 1n the

. hydroxylation of benzo ( a ) pyEene which are typical
- !
xenobiotic bilotransformations carried out by this enzyme

) system. 'Similar losses 1n cytochrome P-450 and drug

\\\\;/ . biotransformation were also observed in C57BL/6J strain iice
treated with LEIf-AD. The changes in this enzyme system

/
were of similar magnitude to those produced by the

A E

- interferon inducer Poly r (I.C) and are equal to the maximum

-

depression which can be caused by this agent. The
depression of cytochrome P-450 caused by this highly
purified homogenous 1interferon provides the flgﬁt

7 indisputable direct evidence that interferon 1tself causes

the depression of the steady-state levels of cytochrome
r

P-450 1in the liver and results in a loss 1n the capaci of

»

the liver to metabolize druys. Hence tne ambiguity of an

»

impurity 1in i1nterferon causing depression of cytochrome

P-450 rather than interferon 1tself was removed by using

>

highly purified homogenous preparation of interferon.

Using another cloned human leukocyte 1interferon .

[

sub-type, LEff-A, no depressant effect on cytochrome P-450,
€ g L]
or drug biotransfprmation®in mouse liver was observed.

However LEIf-A, like human buffy-coat interferon

preparation, had no antiviral effect 1n mouse cells or 1in

-

mice. An.aprioril conclusion that antiviral activity of the

=
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interferon 1s linked to 1ts depressant effect on hepatic
cytochrome P-450 can be made from the few types of

interferon poth crude and pure preparations used 1n this

thes1s. However more preparations from a variety of sources,

are required to confirm this conclusion.

B. Mechanism to explalin the depression of Hepatic

Cytochrome P-450 mediated by interferon.

In the first part of this thesis I have demonstrated
conclusively khat interferon causes a marked depression of
hepatic cytochrome P-450 in the mouse. It ;s ﬁemarkable
that the loss of hepatic cytochrome P-450 by 1interferon or
interferon inducers has never exceeded fifty percent’ of
gontral. This finding that cytocﬁrome P-450 loss does not
exceed fifty percent no matter what dose of interferon or
interferon 1inducer 1s used has been reported by ourselves
§nd by Mannering (Manneflng et.al., 1980). Therefore 1t
appears that hepatic cytochrome P—450vatta1ns a new
steady-staée levél rather than;éé completely eliminated 1in a
'doée dependent'fashloq as 1n the case with cobalt chloride
or Z-Allyl-Z2-isopropylacetamide (AIA) (Levain gg.él., 1972).
Changes 1n steédy-state level of cytochrome P-450 are )
regulated by the t&rnover of the enzyme (synthesis and/or

degradation). Synthesis requires separate formation of the

apocytochrome and the heme moeity which are subsequently
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assembled to the holocytochrome (Correia et.al., 1975). A

perturbation 1n any process of holocytochrome synthesis

“

would result 1n a change 1n the steady-state level e& the”
enzyme (Kumar gnd Padmanaban, 1980) . Slmllarly alteration
1n the degradation rate would change the steady-statg levels
of hepatic tytochrome P-450. Levin and Kuntzman (1969Y)

demonstrated that the decay of radioactive hemoproteln

.

labelled with delta—-aminolevulinic acid occured 1n a

biphasic fashion. This 1indicated the existence of at least

»

two® hemoprotein fractions with the half-life of the fast

3
phase component of 7 hours and that of théVslow phase ¢
component of 47 hours. '

El Azhary et al. (1980) suggested that interferon
inducing agents lowered the concentration of"ﬁepatlc

hemoprotelins by 1increasing their degradation rather than by
decre551ng their synthesis and showed that only the fast
phase of cytochrome P-450 wés affected by 1interferon
inducers. On re-evaluating their Uesqlts 1n our own
laboratory using a computer simdlation of cytochrome P-450
turnover 1t was found that thls mechanism could account for
less than 10% of the 40-50% total loss. As summarized 1n

the tables below the amount of fébel remaining at 24 hours

1% the control group of animals, 7Z.2% of the cytochrome
P-450 ‘must have been resynthesized in order to maintain an .

unchanged steady-state level of cytocﬁrome'P—450. If 1t 1s

assumed that a similar rate of synthesls occurs in the



. f
treated group then 7y adding 72.2% (steady-state synthesis)

to the amount of labelled 3H-ALA remalning at 24 hours, a
/

loss of 9.5% 1s calculated. The following table summarizes

PR
our calculations made from rate constants obtained from the

data of El Azary.et al., (1980) to fit a double exponential

‘ «

rate of degradation.

x

*
-

3H-ALA rémainlng

Synthesis to Calculated Actual }oss
at 24 hours maintain loss of of
steady-stafé ~cytochrome cytochlome
le\;els P-450 . P-450
o ®
(1) control 27.8% V72.2% " 0% 0%
(1i) Poly r (1.C) v '
18.3% 72.2% 9.5% 40-50%

T3

* The following equation was used to calculate the amount of

3H-ALA remaining after 24 hours.

C = Re=%t 4 Be— Bt

ol and p were obtained from the fast phase and slow phase

Half-lifes.
:
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We contlude that the losses 1in degradation of
cytochrone P-450 found by El Azhary et.al (1980) could not
account tor the loss of cytochrome P-450 found
experimentally. Therefore an entire re-evaluation for the
mechanlgm of hepatic cytochrome P-45U depression by
interferon was undertaken in this study.

Degrédatlon of heme was examined bynmeasurlng the elim-
1nation of 14Co from the methene bridge of heme after 5-

14(-ALA was admrnistered to the animal (F1ig. 2). Landaw et.

l. (1970) demonstrated that endogenously produced carbon

o m——

*moénoxide 1n mammals arises solely from the alpha-methene
bridge carbon atom of catabolized hemé. Production of l4co
in the f1ré£~30 hours aféer administration of labeled ALA
reflécts degradation of cytochrome P-450 heme (Bissell,

and Hammaker, 1976). This technique for the measurement of
degyradation of cytochrome P-450 yielded a biphasi¢ degrad-
ation of hepatic cytochrome P—456 (Landaw and Winchell,
l19606), 'simi1lar to that described by Levin and Kuntzman
(1969). However the half-lives of both the fast phase and
slow phase were different than those obtained by Levin and
‘Kuntzman (1969).' Half-1l1fe of the fast phase 1n our experi-
ments 1n mlce was obsegved to be 1 hour compared ta 7 hours
and that of the slow phase was 1l hours compa;ed to 46 hours
obtained by Lev19 and Kuntzman. Utilizing data from L?ndaw
-  et.al (1970) ) who utilized ldco expiration method, the

half-life of both the fast phase and slow phase 1in the rat"

s d

122.
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were comparable to those reported in this thes)s. Therefore
the discrepancy in the half-lives seem to arise from the
methodology used to obtain them rather than species
differences,.

In the first 12 hours after poly r (I.C) treatment an
increased rate of degradation of heme of the slow phase was
observed. Unlike ElAzhary (1980) who found no changes in
the slow phase turnover of cytochrome P-450 we found a three .
fold i1ncrease 1n degradation of the slow phase component.
The discrepancy 1n these redsults can be ekplalned by the
different time periods of poly r (I.C) treatment which were
Aused prior to examining the degradation rates. ElAzhary
et.al. (1980) measured their degradation rates 24 hours
after 4 dairly doses of poly r (I.C) treatment whereas we
examined degradation rates after shorter periods of single
dose treatment (i1.e. 1 hour, £ hours, 3 hours, 6 hours, 12
hours, 24 hours). The lncrease 1n degradation rates which
we have observed 1n our experiments are much more 1in line
w1tQ\the decrease 1n hepatic cyto;hrome P-450 observed
experimentally following poly r (I.C) treatment.

Heme synthesls was also examined at various“~times after
poly r (I.C) administration by measuring the 1incorporation
of a precursor for heme, l4c-delta-aminolevulinic acid. The
incorporation of ALA 1nto microsomes was i1ncreased 1initially
at 3 hours followed by a steady decline to 18 hours.

-

Decreased 1ncorporation at later times (between 6 and 18

9
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hours after poly r (I.C) suggest decreased synthesis of
heme, These findings are confirmed by evidence that
ALA—synthetase*act1v1ty tollows a parallel time course
(ElAhzary and Mannerinyg, 1979).

A defect 1n the synthesis of heme 1s also suggested 1in
the experiments i1nvolving the elimination of 14co from the
methene‘brldge of neme (Fig. 17). The area under the curve
which represents the total amount of label turning over 1in
the heme moeity 1s greatly diminished in poly r (I.C)
treated animals (Fig. 18). If only degradation and not
synthesis of heme was affected then the maximum height oOf
the peak of 14C0 evolution would 1niiiase bul the ared under
the curve would remain unchanggd. Our‘ results however
indicate that the area under the curve was diminished and
that degradation was 1ncreased and therefore we can only

.
conclude that both synthesis and degradation were affected
by poly ; (I1.C).

The decre;se of hepatic microsomal cytochrome P-450
following poly r (I.C) treatment 1s paralled by increased
incorporation of l4c-1abelled amlno‘ac1ds 1nto microsomal
proteins. This seemed paradoxical. To resolve thls paradox
the mlcgpsomal protelns were fractionated by use of
sephacryl §-200 column, which separates 7mote1ns on the
basis of tneir moleQular weight. It was observed that the

increased incorporation of amino acids was 1n low molecular

weight proteins mostly under 67,000 daltons (Fig. 25).

*
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However these data did not distinguish 1incorporation of ,
amino acids 1n hepatic cytochrome P-450 from 1incorporation
1n other low molecular weight proteins.

To examine whether the i1ncorporation of amino acids
specifically into apoprotein of hepatic cytochrome P-450 was
affected by interferon, the fractions of microsomal protein
which contained cytocnrome P-450 obtained ¢f£rom the sephacryl
5-200 colunn were seéarated on an anion exchange column. In
the fractions collected from the anion-exchange column we
found that amino acid 1ncorporation in poly r (I.C) treated
"animals was generally depressed. The amino acid
1ncorporation was not depressed in any specific forms of

A

cytochrome P-450 resolved on this column but the reduction
1in amino acid incorporation occured 1in all species of )
9ytochrome P-450. This was surprising as previously Zerkle
(1980) demonstrated that specific types of cytochrome P-450
were affected more than others in poly r (I.C) and tilorone
treated rats when separated by soedium dodecyl sulfate-poly-
acrylamide gel electrophoresis technique.

‘Tive results reported here indicated that incorporation
of amino acids 1nto cytochréme P-450 was decreased. This 1s ’
most likely due to i1nhibition of apocytochrome synthesis by
interferon as interferon has been shown to 1inhibit the
synthesis of other cellular proteins (Illinger et.al., .

1976). Also another possibility although less likely could

explain the decrease 1n the 1incorporation of l4c-amino acids

- .
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in the 1solated'cytochrome P-45U fractions. Following
normal synthesis of the apopgételn the process anvolvinyg the
attachment of the heme moeity to the protein could be
affected by interferon. 1If these labelled apoproteins
(without heme) were retained on the anion exchange column -
-
then a decrease 1in label 1in the 1solated cytochrome P-450
fractions would also be observed.

The 1nconsistency of increased 1incorporation of amino
acids 1n the microsomes and decreased amino acid
incorporation in apocytochrome (microsomal protein) can be
exblalned by cansidering that tne synthesis of some proteins
are 1nduced by interferon (Revel, et.al (1981)) while others
are 1nhibited (Illinger, et.al. (1976)). Apocytochrome
P-450 1s one of those érotexns whose synthesis 1s
inhibited. The 1ncrease ;n l4c-amino acids observed 1n
crude or partially purified microsomes 1s llﬁely due to the
increased 1ncorporation of these amino acids 1into
non—-cytochrome P-450 proteins. From this evidence we
conclude that interferon 1inhibits the synthesis of
apocytochrome P-450 and thus results 1in a decrease 1in the

levels of hepatic cytochrome P-450.

The data obtained on heme synthesis and degradation and

) L4

1ncorpofét10n of amino acids 1n apocytochrome P-450
following treatment of mice with poly r (I.C) demonstrate an
effect of interferon on hepatic cytochrome P-450. We

propose that interferon might decrease formation of the



cytochrome apoprotein which then yields an increased "free"
heme concentration. Thls 1ncreased free heme causes a
feedback 1i1nhibition on ALA-synthetase which 1s a
rate-limiting enzyme and thus results 1n decreased heme
synthesis. OSweeney et al. (1972) demonstrated that \{\\
exogenous heme causes 1nhibition of ALA-synthetase and
therefore 1t 1s reasonable to postulate that i1ncreased
endogenous heme could cause 1nhibition, of ALA-synthetase.
Heme oxygenase which degrades heme 1s dtimulated by the
increased "free heme pool" and this results \n an 1increased

degradation rate. Therefore 1t appear;’that changes 1n heme

-

metabolism following poly r (I.C) treatment 1n mice could be
a secondary response to decreased apocytochrome P-450. This

proposal 1s analogous to that proposed by Padmanaban et al.

(1973) for the induction ,of cytochrome P-450 by

phenobarbital b:t reversed. Théy proposed that the drug
stimulates at a translational level 1ncreased synthesis of
cytochrome apoprotein which combines with free heme to form
the holocytochrome. Depletion of "free heme pool" results

1in 1ncreased activity of ALA-synthetase by negative B !
feed-back control. Thus the rise i1n ALA-synthetase activity
1s secondary to increased heme requirements and not the

result of the érug directly inducing the enzyme. The
mechanism suggested 1n'thls thesis 18 not unreasonable since

interferon 1s known to inhibit viral protein synthesis

(Friedman, R.M., 1977) and also 1nhibit some host proteins



(Gressor, I. et.al., 1979): However the molecular mechanism
by which 1Aterferon depresses apoproteln synthesls was not
undertaken 1n this theslis but 1t seems to pbe the logical
approach to continue this ;tudy and provide evidence for the
"apoprotein lnhlb&}lon' hypothesis by 1interferon.

| 2

C. <Clinical Relevance "

7.

‘ Various preparations of interferon are being tested
throughout the world for their anti-tumor effects. ‘Ee can
therefore predict that 1mpa1rmeﬁt of cytochrome P-450 by

.
interferon” may lead to changes in the pharmacokinetics and
metabolite formation of other drugs used at the same time.
Interferon 1s 'also likely to be a‘gactor in depressing drug
birotransformation durlng_nétural infection. Examples have
already been reported for the e£1m1nat10n rate of ’
theophylline, which 1s impaired during }nfluenz?"lnfectlon
(Chang et.al., 1978) and following the administration of
1nf}uenza vaccine (Renton et.al., 1980). Thus an impairment
of hepatic cytochrome P-450-mediated drug biotransformation

via an 1interferon-mediated interaction may enhance the

toxicity of drugs and exogenously administered chemicals.



/

CONCLUSIONS

The major sidhificance of this thesis 1s that it

1" *

provides conclusive evidence implicating interferon in
depreésing hepatic cytochrome P-450 and related drPg
blotrané}ormation. Secondly 1t postulates that interferon
cauézs inhibition of apoprotein synthesis. This provides
one of the f%rst examples of the ability of interferon to
affect thé'%ynthesia'of a major protein in the host cell.
The inhibition of apocytgghrome synt£esls yfelds an
increalse‘d “free heme pool"., w&‘causes a change in heme

turnover. Bogh heme synthesis‘and the rate of heme

degradation' are affected. Thus the proposed mechanism for

-

the effect of interferon on the depression of hepatic mixed

function oxidase system is comprised primarily of an

inhibition of apoprotein synthesis and a secondary change 1in

heme synthesis and degradation. -
' , , .




PROPOSAL FOR FUTURE RESEARCH

4

Further investigation to provide conclusive evidence
for the proposed mechanism by which i1nterferon causes
depression of hepatic cytochrome P-450 1s essential. To
obtain this evidence, éhe molecular events for the synthesis
of apocytochrome P-450 have to be considered. The most
probable event that leads to inhibition of apocytochrome
P-450 by 1nterferon could occur at either the transcription
or the translation stage of biosynthesis. Interferon and
interferon-inducers 1inhibit the synthesis of viral proteins
and 1n some cases mammalian cell proteins at the t;anslatlon
stage (wllglams and Kerr, 1980). Hence 1t 1s plausible to
investigate the effect of interferon on the translation of
apocytochrome P~-450.

Translation of apocytochrome P-450 can be examined by
the 1n vitro synthesis of cytochrome P-450 1in a cell free
system. This 1involves the 1solation of liver polysomes and'
the 1in vitro translation of the mRNA to apocytochrome P-450
by a reticulocyte lysate translation system (Colbert et.al.,
1979). Thais mgtho? has been used 1in other laboratories to
demonstrate aq.lncéease in mRﬁA following treatment_of
animals with phenobarbital (DiLella et.al., 1981).

Flna11y7the ablllé; and potency of a wider range of
interferon types to depress cytochrone P-450 dependent drug

AN

biotransformation and their correlation with their ability

130.

-
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v

to act as anti-viral and anti-tumor agents must be -
examined. If such a correlation is found, as suggested 1in
this thes1is, it could be of great value during trials of L

interferon for both anti-viral and anti-tumor use 1in

' . -
-

clinical practise. .

‘The major significance of this proposal ts that, it
would provide a molecular mechanism by which lnterferoé
causes depression of hepatic cytochrome P-450. 1In addition
it would provide information om which of the several types
of interferon are capable of affecting hepatic dfﬁg
biotransformation. Thus it wquld establish whether ,
anti-viral effects of interferon are linked to depressant

effects on hepatic cytochrome P-450 or if they are

independent of each other.
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