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" IFN-«CONi1 is a synthetic interferon (IFN) produced in
Escherichia coli from a constructed gene, which
incorporates the most frequently observed sequence seen in
the naturally ocecurring human x-interferon subtypes.

. Administration of IFN or poly IC (an interferon
inducer) into hamsters tcaused an initial increase (3 hrs
and 6 hrs after IFN or poly IC treatment respectively) in
hepatic (as well as extrahepatic) cytochrome P-450 content,

followed by a ulgnlflcant depression within 24 hrs.

The early increase in apocytochrome P-450 content by

interferon was shown to be associated with increased 5
protelh‘uynthealg de novo. This conclusion was based on
the following. (a) Induction of ‘cytochrome P-450 by IEN was
prevented by protein’ synthesis inhibitors (b) increase«in
radiolabelled amino acid incorporation anto hepatic
microsomal apocytochrome P-450 fractions, (¢) increase in
in vitro translatability of hepatic mRNA xntooprdtei!f,
inecluding apocytochrome P-450.

The decrease in apocytochrome P-450 ‘content 24 hrs |
after [FN or poly IC treatment was due to a decrease in
protein synthesis. This eonclusion was based on the
following: (a) decrease in radiolabelled amino acid
1n00rpnrat10n into hepatic microsomal apocytochrope P-450 .
fractions (b)) both rate of synthesis and degradatlan of
apocytochrome P-450 was decreased, (c¢) decrease in in vitro
translatability of hepatic mKNA into proteins, partaicularly
.0 apocytochrome P-450. The decrease in cytochrome P-480

caused by IFN treatment was prevented by protein synthegis
inhibitors, suggesting the involvement of protein intermed-
iate(s). w "

Anterferon-induced xantaine oxldase activity (X0), may
be responsible for the depression of eytochrome P-450 via
reaclive uxygen intermediates. In this study, the activity
of the (D) form of xanthine oxidase was increased by 1FN (3
hr treatment) without any increase in the (0) form of X0
(responsible for generation of free radicals). After 24
hrs of IFN treatment, the (0) form of X0 was increased by
2 fold and eytochrome P-450 was depressed. The induction

"of X0 and the depression of eytochrome FP-4b0 were prevented
by protein synthesis inhibitors and allopurinel (xanthine
oxldase inhibiteor) and x-tocopherol (free radical
scavenger). This suggests 20 may play a role in the IFN
mediated logss of mixed function oxidase.

xvill
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o b The onset, intensity and &urationnog grug effects

-
h 4
ot B

> vy B - N R R .
depend to a:large degree in achieving and maintaining an .
- N u X9 & !

appropriate concentration of the agent at-its site of

o
& 9

o

action. This congentration is deperident on factors cuch as

[y
v

absorption, distribution, K metabolism and elimination. The

- 2

biotrénéformatiéi_of drugs plays a key role in elimination

» “

’ [a]
processes by cgnvenming lipophilic drugs to more polar

« .metabolites which can be readily excreted in the urine and

1 .
3 ‘1 Q
bile. Most drug birotransformation occurs in pgrenehymﬂl

“

cellé of the liver,

w

where the drug metabolizing enzyme

system is located in the endoplasmic reticulum (ER) which

0

consist of a‘patwork of interconnectad channels present. in

L4

2\
the cytoplasm. Unlike . some cellular organelles, the ER

2 A

cannot be separated from cells as an intact structure,
however, when liver cells are homogenibed and then :

centrifuged, the tmbular reticulum breaks up, and goections

a

-

of the membranes are “"pinched of£" to form tiny veowelros

called microgomes., The mirrosemal fraction seperated from

liver homogenates ic o convenient csouree of the ogidative

.

enzyme system and is usaed for the Labnpeatory otudy of

zenobiotie biotransformation by the mized fanetion ozldaee

nyobem. . i

) %
wernhbion I of this *ntruduqti&n 10 pgeneral reviow of
N v

hiepatic mixed functlomsezidace,  lucluded 1o A roaview of
Iy

the: cytuchrome P-450 componeut. of thre mixed franetion
1

2



oxidase and factors affecting the stead§ stqte levels of
cytochrome P-450 through inductive and inhibitive

Procegses. i

Section Il reviews the regulation of cytochrome P-450

“ turnover.

<

Section III reviews the relationship between host

_defence mechanism and cytochrome P-450 system.
Section IV is a review of interferon with cadence on a

7

particul§r synthetic alpha'type interferon called !

interferon alpha consensus one (IFN-aCONi).

<

Seetion V reviews the relationship between interferon

o

and intexrferon iInducers and cytochrome P-450 system.

Section VI is the formulation of the problem.

v

SECTION I
A, General review bf hepatic mixed function oxidase
Systenm — .

Exhaustivenstudy of mechanisms of drug oxidation a£
subcellylar levels first bMgan in f948~1949 by Mueller and
Millef (1949) who detailed the reductive cleavage of an azo
dye by rat liver homogenates and demonstrated a requirement
for reduced NADP and oxygen (Mueller and Miller 1953). °
Bubsequently this enzyme system, in the microsomal fraction
of the liver, was shown to be capable of oxidizing a wide

variety of different substrates by several diverse

reactions including N~déa1kylati?n, aromatic hydroxylatjon,

”
-~

%
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deamination, sulphoxidition, O~dealkylation, S-oxidation
and N-oxidation (Brodie, 1956; Gillette, 1966).
Presently,~this oxiaative drug-metabolizing enzyme

system is known to consist of a flavoprotein reductase, a
" phospholipid fraction, and a hemoprotein, named cytochrome
P-450: which- functions as the terminal oxidase (Gillette et
al., 1972). This system is also referred to as mixed-
funétion o#idase or monooxygenase as 1t requires NADPH and
'molecular oxygen, and catalyzes the transfer of one atom of
molecular oxygen to the substrate, forming hydroxylated
intermediates or products, while the secondVo§ygen atom
appears in water. A schematic representation of Bicrosomal
electron transport is shown in Figure 1. | o

* + As indicated, the primary electron donor is NAﬁPH and
tﬂe flavo;rotéin reductase, NADPH cytochrome P-450 ¥
) reductase (also referred to as NADPH cytochrome ¢
transfer to cytochrome P-

¢

reductase) catalyzes the electron
450. Drug substrate.binding occurs with the oxidized form

of this hemopéotein and the drug"c;toqbrome P-450 complex
'accépts the, electrons from -NADPH-cytochrome P-450 reductase
to form the redu&éa\ ytochrome-§~450~drug camplex. The
reduced complex com%iﬁe with molecular oxygen and, after a
second electron transfer to the oxygenated complex, the
hydroxylated substrate, water, and oxidized cytochrome P-

450 are generated. Electrons from NADH via cytochrome bs,

other than from NADPH via NADPH;cytochrome P-450 reductase

- ‘p
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Redax cyele of oytochrome P-450 duringyoxidation ot drugg

XH: substrate; Fpv: NADH-eytochrome bhs, reductﬁae, Fpa:

(I1): reduied cytochrome P“4§0} P- 450 (EII): ox1diraed
aytochrome P-~450, (Gander,bJ.E. and Mannering, G.J.,
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may contribute to the second electron input on the
« v ¢ytochrome P-4§0 complex (Gander and Mannefing,_fQBO).

" B. Cytochrome P-450 .

. A 5

Historically, Klingerberg(1958) and Garfinkel (1958),

were the first to describe the existence of a carbon-

A -
.

monoxide binding pigment in mammalian liver. Suﬁsequenbﬂy,
Omura-and Saﬁ%/(1964) characterizéd this pigment and named
it cytoch?omé/P~450 due to the maximum absoHPtion of the
réduced‘hehoprgpein carbon mbnqxide complex at 450 nm.

Ryan and Engel (1957; had iniiialiy'%uggéstedﬂthe

. Pparticipation of cytochrome P-48Q0 as the terminal oxidase

in the hydroxylation of drugs and steroids and . later

t
ol

Cooper et _al. (1965) demonstrated directly that cytochrome

P-450 was the terminal oxidase for‘the mixed function
oxidasp g;stem. ¥ '
//’ Pres;ntly cytochrome P-450 is g gene&ic term applied
to a family of b-type cytochromes found in all phyla;

#

bac%eria, yeast, plants; ingects and vertebrates. The ,
reason fof such ubiquity of cytochrome P-450 was veviewed
by Nebert and Gonzalez, (1985), who reascmed for its

%>M\V”K}iﬁﬁnce by suggestmng that early in evolution "primjtiva
P\450 must have been required for intracellinlar
biosynthesis and degradation of endogenauirggbstrates
eritical’ ta the organism’s life function” (eg. sternids,

fatty acids, hiogenic amines, pheromnnes, leukotrienes and

J
prostaglandins). Later ifi evolution, "by broadening their
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substrate specificity, these proteins then began to
metabolize foreign chemicals as an energy source; a
"gensing device" also must have evolved about this time"
(pseudomonads, fungi). Much later in evolg;&on,‘cytoch;omb
P~-450 functions evolved to "metabolic activation and
detoxification especially in organisms with a digestive
tract and a livexr". -
The broad range of substrate sﬁecifipity known to

" exist for~£b§_hep§tic mixed function oxygenase systems led
to the groposal that multipl? forms of cytochrome P-450
existed. Evidence presénted in support of the existence of

o

multiple forms of cytochrome P-450 includes: alteration in

substrate specificities (Powis et al., 19‘?); kinetic
parameters (Alvares and Mannering, 1970), spectral -
properti€s (Sladek and Mannering, 1966), sensitivity
towards inhibitors (Testa and Jenner, 1981) and
electrophoretic banding patterns of mlcrosomal cytochrome
P- 450 following the pretreatment of laboratory anlmals with
various chemical inducing agents sucb a; phenobarbital and
B%methylcholanﬁhrene (Welton and Aust, 1974).‘

Subsequentiy, methodologies were developed for the

¢

purif%qaﬁion of hepatic microsomal 9§tochrome P-450 in an
active form (Van der Hoevein g&mgk.: 1974; Lu and Coon,
1 1968; Sato et _al., 1973;rGibson and"* Schenkman, 1978), which
" enabled the purification and resolution of a number of

;\cytochrome P-450 isozymes from the hepatic microsomes of

Ao



rats, rabbits, mice and humans (Lu and West, 1980;

Guengerich, 1979). These hemoproteins generally have
{ .

Amoleculaq yeighté ranging from 45,000 to 60,000 daltons as

estimated on sodium dodedyl sulphate polyacrylamide gel

~

électrdbhoresis. A number of cytochrome P-450 isozymes
‘ s )‘§

" have been isolated in a highly purified state and shown to

differ in their molecular weights, amino acid compositions,

spectral properties, immunochemical properties and
R

catalytic properties, including their substrate

specificities and their regiochemical and stereo chemical

~ )

selectivities for model substrates (Lu and West, 1980)

These isozymes have alsg been shown to exhibit marked

»

rglfstructural differences al demonstrated using limited

¢ proteolysis - -technigues (

at

heng and Schenkman, 1982) and from

t

~ protein sequencing of their respective amino termini

(Bothello et _al., 1982) and carboxy termini (Cheng and

Schenkman, 18682). ;
§ Recent a@vances in the application of recomb{nant DNA
Mtechniques (Fujii~-Kuriyama et _al., 1984) and mcnoalonaﬁ
antibodies (Besardic et al., 1986) to specific cytochrome
P-450 isozy_mes have certainly advanced our undersban;iin% of
not. only the existence of multiple forma of cytochrome P~
450 bu% also the elucidation of the g%petig, molecular an;
valutionary mechanisms respousible for the existence of a

multiplicity of forms of cytochrome, P-450 and the inductian



of: distinct forms. by specific ‘inducing agents ( Whit ock,

[}

1986). '

1 .

Although initial purification studies were performed

- 14

using chemically induced animals, recent attention has
focussed on the constitutive isozymes (Cheng and

Schenklman, 1982) since they are. apparently more numerous

and probably have more pharmacological réievance. Séveral

Rl
~

distinct forms of cytochrome P-450 which have low basal
contents in uninduced animals can Be substantially
increased (30 to 50 fold) following the treatment of
animals with classic inducers such as phenobarbital, 3-
methylcholanthnene (or @-napthoflavone) or Aroclor 1254 (a
mixture of polychlorinated biphenyls) (Guengerich et al.,
1982). Presently there appears to be at least four
distinct classes of 1nducers, which 1nduce dlstlnct sibsets

- °

of P-450 isozymgs suggesting that these isozymes are under
sepa;ate genetic regulatory control (Goldstein, 198A)i
These classés'include (1) phenobarbital and a wide variety
of structurally unrelatedgdxugs and environmental ’ :
chemicals; (2) polycyclic aromatic hydrocérbons such as 3-
me{hylcholanthrene or B-naphthoflavone; (3) pregnenolone
16~a-carbonitrile (PCN) and certain other steriods; and (4)
ethanel. Clofibrate, a hypolipidemic drug, is another good,
contender to be the model for a fifth clégs of 1nducer:
Unfartunately, there is no generally accepted nomenclature

for the different isozymes of cytochrome B~450.“ The term

J el



."cytochrome P-450" at the present moment is used in a

0

' generic sense to denote»any or'all forms of the ot
hémoprotein. Derivation of specific forms of cytochrome P-
450 have been designated for different species (Nebert et
al., 1985) on the basis of éheir decreasing mobility and
increasing~molequla¥ weigh@; by SDS~PAGE . .
Cytochrome P-450 is a%so found in extrahepatic
tissués. ﬁhese include the kidney, small intéstiﬁe, lung,

adrenal bortex, skin, spleen, testis and placenta (Gram,.
4 . * o t
1%80) Only recently several- studies are.beginning to
- {
compare the 6ytochrome P- 450 present in mammallan liver:

rs

with those present in extrahepatic tlssues%& These studies
have usually compared the content of spe01flc cytochrome P-

450s before and after treatq/;t of anlmals with’ varlouﬁ '
.7‘& .
inducing agents and by exploiting the lmmunologlcal, 7

elecbrophoretid, catalytic and physical propertles of‘the
various cytochromes P- 450 Generally the enzyme activ1ty

in these extrahepatic sites is a small fraction of’ihat
loc#lized iﬁ‘thé liver. The extrahepatic metabolism ofi
xencbioticé is, therefore: pro@éﬁly of minor signffimance
with respect to the overall Eiétraﬁsformat%on rate and the
capdcity of the animal to/;xcrete drugs. However, «the

o
t

intratissue metabolic acdtivity may be important with

‘respect to local drug coneentrahion and ﬁhus to the
intensity of local .drug effects, or toxicity may play q

°phymol<:)gical role in thﬁuﬂtmn of fatty acids, .
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prostaglandins and steroids (Bend and Serabjit-Singh,

e

1984). Recent studiés have ®shown that the cytochrome P-

re

450 in extfahepatic organs often shows tissue specificity .

for the presence or jnducibility of certain forms of.

-

cytdbhrome P-450. ;

C. . Inducers and inhibitors that alter the steady-state
lgvgig of cxtochpoﬁe P~-450 '

[a)

The steady state level of cytochrome P-450 and the

-]

capa01ty of the liver to metabollze drugs can be altered by
many endogenous chemlcals, phy51ologlca1 factors and

p@thophisiological‘states. Alteration of cytochrome P-450

°

‘content will increase or decrease the elimination rate of a

L]

drug ;and result in plasma drug levels below therapeutic

~ &

level or result in the accumulation of a drug to toxic

I

levels? Many endobiotics and xenobiotics are known to
modify cytochrome P-450 dependent pathways by induction or
inhibition. As mentioned earlier, certain species of:
cytochrome P-450 are fﬁéueed by agents such as
phensbarbital, 3-methylcholanthrene (or anaphphofavone),
pregnenolonevlﬁa»@arbonitrile,.ethanol and clgfibrate.

Induction of the enzyhe systeh by different inducers can .,

v \ "
result in relatively‘specific increases in the types of

' substrate which are metabolized in the liver.* For example,

ethylmorphine and aminogyrine N-demethylase are ‘best

‘induced by phenobarbital and benzo(a)pyrene hydroxylation

[
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and ethoxyrésorufin O—deethylat{on are induced by 3~
me;hylcholanthrene (oi*ﬁ—napthoflavone) The létter tﬁpe te
of inducer produce® distinct species of cytochrome P-450
commonly known a;.cytochromg P~448 and P1450, (Nebert et

al., 1980)j Lauric acid hydréxylation is gstrongly induced

by clpfibrate without affecting other species of cytochrome

P-450 (Tamburini et al., 1984). LTh;s agent ipduces‘anotﬁbr

species of cytochrbme P—456 named cytochrome P-452. .
Pregneﬁolone 16 a-carbonitrile (others e.g. includes
glucocorticoids) and ethanol induce the metabolism_-of’ “
aminopyrine (or ethylmorphine) and ethanol oxidation
respectively.

Inhibitors of cytochrome P-450 dependent m&xed
funct}on,oxidase as outlined by Netter (1980) include the
follo@ing classes: a) Binding to the substrate binding
site (e.g. cimetidine), b) Binding to the heme iron or in
its wvicinity, ghereby diminishing binding of oxygen (é;g.
carbon monoxide), c) Yiel%iné a metabolite that binds
firmly also under reducing conditions (e.g. piperééyl
buéoxide), d) Inactivating cytochrome P-450 by
transformation to cytochrome P-420 (déaxycholate o;.
steapsin), e9 ‘Inhibiting cytochrome P-450 reduction (e.g.
antibodies to eytochrome ¢ reductase), f) ‘Divérsion of
©lectrons from NADPH (e.g. to cytochrome c)) g) In vivo
influences of nutrltlon (e. g low protein Kjet), or .

toxicants (e.g. cobalt ions), or agents that stimulate or

U

7
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depress host defence mechanisms or even inducers that

i

produce a variant not as active towards a given substrate

(e.g. cytochrome P-448).

¥

~
_ SECTION II.

AL The_ turnover of hegaﬁic hemoproteins

-~

Hemoproteins, which contain both-a heme moiety and

L 4

protein moieﬁ& (apocytochrome), can be broadly categorized
into five major classes according to their functions

]

(Granick and Gilder, 1847): (a) Oxygeﬁ transporting

hemoproteins (e.g myoglobin and hemoglobin}); (b) Okyge;

activating hemoproteins (e.g. cytochrome oxidase,’

cytochrome P-450 andtpryptophan pyfalase); (e¢) Peroxidases,

enzwhes that activate hydrogen peroxide; and (d) catalases, R
enzyhe that decompose hydrogen peroxide. The biosynthesis
of a functional hemoprotein‘or holoenzyme requires the
coordinéted synthesis of its prosthetic heme mo}ety and the
apocytochrome. In addition, functional cytochrome P-450 (or

! 2
holoenzyme) requires to be inserted into the_mambrane of

- ! A

endoplasmic ericulum.‘ Hence the steady state level of .
functional cytochrome P-~450 (holoehzyme) present in the

cell depends on a) turnover of the heme moiety, b) turnover
of the ;pocytochrome, ¢) followed by the assembly of the
heme moiety and tﬁe“apocytochromeﬂinto the holohemoprotein

g

* ¢ {2
(functional cytochrome P~450) (Tait, 1878). The

- . , e

o
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biosynthetic pathway of hemoprotein is given in the
following scheme (Figure' 2).
(1) Turnové¥ of heme in e¢ytochrome P-450

The term heme refers to a complex of ferrous iron

linked only to the four nitrogen atoms of a tetrapyrrole

" nucleus (Falk, 1964) It is commonly used in reference to

b type heme, which constituées the prosthetic moliety of
hemoproteins. including cytochrome P-450, hemoglobin,
mypglobin, catalase, peroxidase and mitochondrial and
microsomal cytochrome bs. The other heme types such as
type ¢ and type a, corresponds té that found in 5
mitochrondrial cytochromes. Unlike most other pfbsthbt&c
groups which are derived from dietary sources, the hemé‘
amoietyzis biosynthesized entirely in the hépatooyteﬁ via
the metabolic pathway illustrated in Fig. 3. . .

The fOfmation of thq protoporphyrin molecule requires
8 moiecules of‘élycine and 8 molecules éf succinic acid and
is synthesizednthrough a sequence of reactiéﬁs involving a
condensation, followed by decarboxylation, and then anotﬁer
condensation which is followed by a series of oxidations »
(Figure 3). These reactions are catalyzed by enzymes
present in the mitochondrial as well as the cytosolic
fraction of the hepatocytes. ALA gynthetase (found in the
inner mitochondrial membrane)x the enzyme responsible for

the condensation of glycine and succinyl CoA, is rdate

-k
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Figure 2
Hiosynthesis of hemoprotein.
. (Tait, G.H., 1978.
‘\/ ’ » )
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Biosynthesis of heme enzymes catalyzing thg
interconversions are: 1. ALA synthetase: 2. ALA
dehydratase.

cosynthetaée.

3. PBEG deaminase

5. UroPQrphyrinogen decarboxylasa.

Figure 3

6.

15 .

4 Uroporphyrlnogen‘lli

Capraporphyrinogen oxidace. 7. Protoporphyincgen oxidasa,

8. Heme synthetase.

Q

(Tait, G.H., 1979).
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limiting- and is under negative feedback:ﬁontrol (Tait, -

1978). ‘

A &
Heme is degraded to the bile pigment, bilirubin, .

@
L]

through a tdo step process involving an oxidation and. a
reduction. The reactions are catalyzed by the enzymes
present in the microsomal membranes (heme oxygenase) and
the cytosoliodfraction (bilarubin reductase) in all
mammalian cells tested to date (Maines, 1985). Newly
synthesized heﬁé effluxes into the cytoplasm, from the
mitochondria, where it mixes with exogenous heme
transported from plasma. The exogenous heme from®plasma is
transported into ‘the hepatocyte by hemopexin, a heme

)

binding- serum protein (Smith and Morgan, 1879). In the

A

&

cytosolic tryﬂ!bphan pyrrolase (Badawy and Evans, 1975), or

eytosol heme accumulates in and @nhancezjyhe activity of

Q}ncogporates into catalase in the peroxisomes (Lazarow and

De Dure, 1973) beasides incorporating into cytochrome ¢ in

4
[

mitochondria or cytochrome P-450 and bs in the endoplasmic
recticulum.

Presently it is generally accepted that there is an

iqtra* llular "heme pool” which contributes to tﬁi
as been /

regulation of heme metabolism. This "heme pool” |

ted in certain intracellular functions such asfa) to
inhibit the' formation of ALA-synthetase as well &s the
transfer of pre~ALA-synthetase into mitochondria (Ades,

1983; Strivastava et _al., 1983), b) to induce heme



18

oxygenase (Bissell and Hammaker, 1976), ¢) it may exchange
Dbetween'different molecq}ar s;ecies of microsomally-bound
P-450 (Sadavo and Omura, 1983). Contraé:ibn of this heme
‘pool may occur'duriné hepatia porphyrias and an expansion
could occur in eithgr of two states: namely, anwincrease
in heme synthésis above that necessary for heme pro&ein .
production (result of hemolytic anemia) or an increased
yinflux of heme into cell.(therapeutiq,§dminist;ation of
. hemé for treatment of hepatic¢ porphyrias). Contraction of
the heme pool would result in the induct%on of ’Iﬁi
synthetage (Maines, 1985); enhance the synthesis of heme-
traﬁsporting proteins in an effort to seek heme
‘extracellularly (Foidart, 1982) or to cause a shift in the
compartmental heme distribution within the cell. Decredse
in the heme pool has also been implicated to inhibit the
synthesis of the apocytochrome P~-450 in ordef‘to prevent\
utilization of heme (Guzelian et _al., 1979; Ravishankar and
’ Padmanaban, 1983). An expansion of the heme pool would
lead to induntion of h;me oxygenase, increase or decrease -
in ALA“Sthh§taSe‘(Maines, 1984) and to an accumulation of
heﬁe‘in tryptophan pyrrolase. It is interesting to nst
that during chronicyhemolysis in mice, hepatic ALA- .
synthetase and cytochrome P-450 levels are not decreased
degﬁite marked induction of heme oxygenase, suggesting the

development of some adaptive mechanism after chronic

exposuré to heme (Sassa et al., 1979).
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Presenﬁiy the consequences of disturbed production or
the utilization of’hépa@ic heme is not fully known.
9 ™
Further, it is controversial whether heme oxygenase is -

capable of degrading heme while it is attached to the

r

apoprotein. ' ~
(ii) Turnover of apocytochrome P-450 \
) ¢

It ig generally known that ‘the apocytochrome P-450 i%

synthesized in the endoplasmic reticulum and combines with
heme, supplied by the mitochondrial heme synthesis s&%teﬁ,

to form the holoenzyme. Thus it is appropriate to review
A

the turnover of proteins in the endoplasmic membrane hefore

proceeding to describe the regulation of turnover of
apocytochrome P-450, 2
The study ,of turnover rates of cellular constituents

-1
‘of animal tissues in vivo by administering a single dose of

a suitable labelled percursor compounds to animals and then
measuring the loss of the label from those particular
cqnstitutents was first gsed by'Reiner in 1933., An
advanced modification of this method is the double
labelling teghnique as proposea by Arigs et _al. (1964).
This method was employed in this thesis utilizing [3H] and
[1407] 1;£alled leucine as the labelled precursor of
protein. Varinus radiogctive amino acids calRhe utilized,
héwever it mugt be noted that serious problems inherent to

. e
all ﬁhesa methods are the reutilization of the label in the

animal (Swick and:Ip, 1974). It must alseo be noted that
£

o
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the estimated turnover rates of microsomal proteins which
- ' s

have utilized isotopic tracers are slower than the real
: . ) )

turnover rates when necessary corrections for unequal

?

initial incorporations of the two isotopes are not made
(Schimke, 1974). Recently, [14C]=NaHCO3 is used to label
in vivo arginine to minimize reutilization. This is
'because arginase in hepatocytes can rapidly dqgrage
arginine to urea and thereby minimize reutilization of this
amino acid. N o
W/ _ ,’

Ther membranes of the endoplasmic reticulum (ER)

~

‘représents thg/most_dynamic portioq of the intracellular
nembranc /sy/gtem (Omura, 1980). The average half-life of ER
protein in rat liver is 60 to 70 hours, which is
considerably shprter than the half-life of proteins in
other 6rganelles. Investigation of indi;idual proteins
demonstrates that their turnovers differ and range between
a few hours and several da;s (Table 1). Presently it %é
clear ;hat indfvidual enzymes are synthesized and degréded
independentl¥] indicatihg that:membrane formation and
degradation a complex processes that involve many
synthetic and dgéiadation re?ctions that occur,-
) %imuitgpeousZérat different rates. Newly synthesized
membrane pfo eiqé must be placed ‘into an already existing
membrane as single components and must also be removed in
single reactions. Even enzymes which interact functionally

and lie c}ose to oneianother in the membrane, such as the
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s
Turnover rates of microsomal enzymes in rat liver

Enzymes

HJlf—LiveE
. (hr)

Stearyl CoA desaturase

HMG~CoA reductase v
Nucleoside diphosphatase
Cytochrome P-450 (protein)
Cytochrome P~450 (heme)

NADPH cytochrome P~450 reductase
Arylacylamidase

ik s

Cytochrome bs (protein) £

Cytochrome bs (heme)
NADPH cytochrome bs reductase
Total microsomal membrane protein

100
100

140
70

¢

From Qmura, 1980.

’
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electron transport enzymes (e.g. NADPH cytochrome c

* s !

reductasg),’exhibit different turpo&gr fétes.’Diffe;ent °
barts of the same enzyme such as the apocftdchrome and the
heme prosthetlc group of cytochrome P-450 may exhxblt

dlfferent turnover rates {Greim et al., 1970).

It is well known that the rate of both éyn%ﬁegisaand
degradﬁtion influences the steady-state level of an enzyme..
Thus alteration of the rate .of synthe51s or of degradatlon oY

or both (e g. by drugs or hormones) can affect the level of

a?

the enzyme. Recent studies utilizing highly, specific _, .
P ¥

antibodies to mlcrosomal proteins from animals treatéd with

Lo

[14C]NaHCOa and 3H-labelled ALA have aided, 1nQZZﬁerm»nrhg i

turnpver rates of individual microsomal protel

v
i

Pertalnlng to the proteins of the mixed functlons oxlclazaw:,w
Sadano and Omura (1983) examined two cy;othome P- 450 ; . ’ ‘m,
isozymes, NADPH' gytochrome‘P-450 reductase anpd cytochrome
bs; Parkinson et al. (1983) examineh three cytochrome P-
450s and epoxide hydrolase and Shiraki and Guéngerich
(1984) examined seven cytochrome P-450 isozymes, NADPH®
‘oytochrome P-450 reductase and epoxide hydrolase. Ali of

4

these studies have used specific inducers (such as

5

phénobarbital, f-naphthoflavone and Aroclor 1254) of
cytochrome P-450 isozymes except the latter study, in which !
eytochrome P~4§%P£ﬁnnov?r rates were also determined in

untreated rats,. These studies have shown conclusively that

a) the rate of syﬁﬁhe;ié of the apoproteins (Ks) follows a

o



¥

b

.
Y
f
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zero—oréfr‘ﬁfocess (i e. rate of synthésis is mnot dependent
on the concentratlon of the proteln present) an@ rate of
apo rotemn degradation (Kd) follows first-order process
degradatlon 1s dependent on protein
concentrat ny, b) the degradation rates of different
cytochrome P-450"7 1sozymes are similar, and d§!bchrome P-450
1nduoers (phenobarbltal and - napthoflavone) have no effect
éh these ratés,wc) rate of synthe%is of individual
cy:ochromes P-450 appear to be different when the specific
isozymes gré inducgﬁ by speciﬁicwinddcers, d) the heme

-moiety of cytochrome P-450 is degraded morg/rapidly than
' e

the /apocytochrome (Shiraki and Guengerich, 1984).The last

-

‘viewpoint indicates that the heme\gf cytochrome P-450 can

reversibly dissociate in vivo. This dissociation dictates
that the rate of heme “turnover cannot be used as accurate -
estimates for. apocytochrome half-lives. Heme exchange in

cytochrome P-450 ié undoubtedly feasible since exogenous

yg

heme administered in vivo can reconstitute the apoprotein

tmciety of]cytochrome P-450 formed either by chemically

destroying the heme prostetic group of pre-existing
) A

% «

cytochrome P~450‘(Farrell and 'Correia, 1980) or by
inhibiting heme biosynthesis during the induction of. the

ap@cytochrome (e.g. %by phencbarbital). .
The mechanism for thé synthesis of apocytochrome P 450

has b en a subject of considerable interest in recent .

ybkars. Figure 4 shows a simplistic pathway of protein

v ¢ &
H
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synthesis. Recent reviews Q§ Adesnik and Whitlock (1988)

0 ®

hayve presented some of the recent developments on the
possible -mechanisms ﬂf*reéulatingﬂ cytochr?me P-450 gene N
,Aexpressiqp through application of recombinant DNA‘methods. o
Regulatiop ofhexpressionegf genes can occdr at different
- steps 31ong theﬁpath%ay of mRNA formation Control at, the
level of transcription occurs for some‘ |
develoﬁmeptalally regulated genes and hormone-induéible
genes. In addition, f;refén c;mpounds such "as TCDD
(2,3,7,8*tetrachlorodibenzo—p—diox}n),’polycycliﬁ aromatic
' hydrocarbons or phenobarbital can at the level of
transcription induce, the genes coding for cytochrome P-450
and. other drug-metabolizing enzymes (Israel and Whitlock,
19&?12 The mechanism for selective transcription for
individug}gcytochromessf-450 require further study,
a}thouéh the mechanism for the activation of the TGDL~
» inducible qytochrome P-450 (P1450 and P3450) gene is nearly
complete. Following ;ranscri;tion, the RNA precursor
undergoes “several postranscriptional events which involve

.

in some caseéi”addition (e.g. polyadenylation and capping),

9

trimming (e.g. endonuclase‘acbivity to remove intervening

sequences material) and addition of proteins prior to exit

s

from the nucleus into the cytoplasm. The amount - of miture
“ RNA extruded from the nucleus is usually less than that
which' was transcribed. Hence the rate of catabolism of the

precursor RNA represents ap area of metabolic regulation.

o A



With the ¢omponents of translation.in place in the ° ,é
cytoplasm (example mRNA and ribosomes), protein synthesis

can then occur-with posipiye control by pfotein factors of

o
N o

initiation, elongation and termination. Amino a01ds,vATP .o
GTP, monovalent (K+) and dlvalent (Mg2+) catlons, transfer

. .
RNAs (tRNAs), mRNA ribosomal unlts and many protein .

factors interact 1n a precxse fashlon to complete varaous

¥

v

steps
A There ;;e several ways in ﬁhicﬁ the synthesis rate of -
a protein can be affegte?. h(}) Aééragécript}onal'increa§e N
or decrease in the synthesis of pgecursor QRNA ' )
Phenobarbltal and 3~methylcholanthrene have been shown to
lncrease selectively mRNA precursors of .cytochrome P- 450 ©o?
This induction could be blocked by actlnamy01n D (a DNA L
d;pendbnt RPA synthesis inhibitor). mHeme may also regulgte D
the level éf'cytoéhrome P—450“gene expressién. Using
complementaré“DNA as a hybridization probe, Bavisgankar and
Padmanaban (1985) showed that inhibitors of heme .
biosynthesis (cobalt chloride and 1,2,4-triazole) inhibited
the phenobarbital-stimulated increase in the rate, of
cytochrome P—459 expréssion. (2) An increase or decrease
in the proceésing of precursor mRNA to mature mRNA (or
. perhaps an increase or deciease in selection of a
particnlar mRNA frcm‘i pool of rapidly turning over RNA in

the nucleus). (3) An increase or decrease in the rate at

« which the mRNRA is translated into enzyme molecules, These

%
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would depepd on_tpe above mentioned fa%tors yequired for
protein synthesis Et is known that in eukaryotic systems,
thefnumber of ribosomes rgéiesent a rate-limiting component
in the tragglationgl prgcess. The steady state(levei of
ribosomes is d;%ermined by the rates of catabolism and i
anabolism of these organelles% Argyris and Heinemann

(1975) had reported that injection of 3 methylcholanthrene

resulted in an increase in the amount of ribosomal RNA. ’

. Other workers (H&pkinson and Bresnik, 1975) have shown that

3-methylcholenthrene %ﬁbﬁeased the half-life of liver
po}yribosomes resulting in their greater stability. This
increas% in steady state levels of ribqsomes were also

observed following phencobarbital administration (Smith et

-~

al , 1972) Incre%seé in the ‘activity of mRNA following

pheﬂobarbital administration was first observed by Kato et

¢

al, (1966). Later, Bresni¢k et al., (1981) demonstrated

that 3-methylcholanthrene could increase the activity of
mRNA. In the latter study, cytoplasmic BNA was isolated
from livers of controlfand 3*methylcholanthrene~pretreaﬁéd

rats and the mRNA activity was assayed w1th an in vitro

rabbit retlculocyte system w1th [355])-methionine as the

amino aqmd precursor. Immunoﬁrecipitation of the .

translated product followed by fractionation via gel
electrophoresis gave a positive signal for én increase in

actlvxty of cytochrome P~450 mRNA.© On the other hand, heme

o ;ﬁu.

or protein kinase (actlvated by interferon) can thibit

K4 :

-v@’
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phosphorylation of the initiation factor and thereby
inhibit protein synthesi§. !

_ The info;mation on the mechanism for microsomal
protein degradation, especially cﬁtochrome P-450
apoprotein, is relatively unknown at present. The role of

lysosomes in the degradation of cellular proteins is well

recognized and morphological observation often confirms the

) &

engulfment of endoplasmic reticulum membrane by lysosomes,

in the liver cells (Furono et _al., 1982). The heterogenous

turnover rates of microsomal enzymes débnot support the
major contribution of the autophagic process to the
degradation of endoplasmic reticulum in the liver cells,
although degradatioﬁ rates of cytochrome P-450 appear to be
%he same (Shiraki and Guengerich, 1983). These workers
have argued against autophagocytic processes of cytochrome
P-450 degradation and concluded that the level of the ‘
microgsomal enzymes expressed in the liver are primarily a
function of changes in rates of protein (and prosthetic
group) synthesis as opposed to rates of degradation. Other
workers (Omura, 1980) have assumed participation of
ospecific non~lysosomal protease(s) in'the membrane of
microsomes or in the cytosol to explain heterogenous
turnover of various &ﬁcrosomal enzytes.
1ii) Assembly of eytochrome P-450

Cytochrome P-450 apoprotein is sfnthesized by the

9 +
membrane~bound ribosomes of rough surfaced endoplasmic

-

3
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reticulum as mature-size peptides as opposed to secretory
proteins (albumin) which are synthesized as large precursor

peptides (Bar-Nun et al., 1980). It is presently

envisiéﬁed that;the hemg moiety from m}tochondria would n
translocate to the apoprotein moiety which is embedded into
the endoplasmic reticulum throu%ﬁ a transient fusion of
membranes of the two organelles (i7e. a direct transfer of
heme) (Muller Eberhard and &inceﬂt, 1985). The emerging
hypothesis of a moleculér mechanism involving the insertion
of apoprotein of the éndoplasmic reticulum and the heme

-

into the apoprotein is still in its infant stage.

P

SECTION IIT . o

Relaﬁionship;between host defence mechanism_and cytochrome
P-450 system Cg

B, ™

Recently it has become increasingly apparent that

¥

infectious disease can alter the -biotransformation of drugs
L3

and chemicals in the liver. Many agents both biologiéal

anid chemical which have the ability to alter the immune

system or stimulate host defence mechanism also have the
‘ability to impair processes involved in dru; meLaboll;Q/
(Renton, 1983) Historically, Samaras and Dietz (1953)
were the first to report that the elmmmn;tion of drugs is
impaired by a host defence mechanism. They suggesied that,
the blockade of the r@tiguioendoﬂhelial system.folléwing

g3
the adm;nistratidn of trypan blue hampered detoxification

-
1
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Qf pentobarbital. In this report, which was a; abstract to™ -
a meeting, they said that "narcosis in dye injected animals
were deeper and longer, reflexés were absent and the

animals resembled carcasses”. At t?is date tﬂe existénca«

of cytochrome P-450 was unknown, and little was known about

-

k'f
“the regulation of xenobiotic metabolism.

: o

Some non-specific immune modulators which have been

reported to alter cytochrome P~450‘me§iaféa drug metabolism

L

are shown in Table 2. The list includes vaccines,

J
‘attenuated bacteria, non~specific immuno-stimulants, virus,

r"] . r
compounds affecting the recticul&endothelial°5yst§m and

interferon inducers. All of these agents gpre effective in
depressing the microsomél’mixed function oxidase system
when administered in vivo but have no effect when added in

1

vitro to isolated preparation of hepatic microsomes.

For most of these ageqﬁs, the ‘mechanism by which they

depress cytochrome P-450 is not known. Some of these

agents have been shown to act via the prodﬁption of

-

interferon (Singh and Renton, 1980). The possible
mechanism of action of interferon on the depression of
eytochrome P~450 mediated drug metabolism will be discussed

in subsequent sections. In addition to inducing

. -8

interferon, immunomodulators also exhibit a broad spectrum
of biologicalﬁﬁctivities basically related to host g

immunity. These include a) alteration of )

reticuloendothelial activity, b) antiviral, antifungal,

LY
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TABLE 2

¥
bl

- Nonspecific imfune stimulants which have been reported to depress

’ cytochrome P-450 mediated drug metabolism

»
i

Bordetella pertussis vaccine

Corynebacterium parvum

Myobacterium butyricum

Bacillus calmette-guerin

Freunds adjuvant
E.Coli endotoxin
ZymoFan
Statolon
Colloida% carbon

¥ Encephalomyocarditis virus

Newcastle Disease Virus
Dextran

Dextran Sulfate

Latex Beads

Trypan Blue

Tiloroune '

Poly I¢

Interferon '

laleic Anhydride Divinly~

Ether copolymer

L3

From Reuton, 1983,

“
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]

antibacterial, and antineoplastic activity, c) .

sensitization of, bacterial enddtoxin, and d) inhibition of

~

- adjuvant-induced arthritis e) depression of cytéchrome P-

g

N 4%0. Activation (e.g. by pyran copolymer) or depression f
(e.g. by methylpalmitate) ‘of the reticuloendothelial system
(RES) has been shown to decrease drug metabolism in the.

liver (Renton, 1983). Barnes and co-workers (1979) have

o e E TS J—

RS R —

shown that. the ability of maleig aﬁﬁydrlde ether copolymers‘ )

t6 decrease drug blotxansformatlon correlated w1th an

increase in thelr molecular weight, their antiviral and
, antitumor activity and their ability to block phagocytosis.
This copolymer or other immune modulating agents such as
endotoxin do not stimulate the production of interferon to

n

any great degree yet are among the most potent inhibitors
of cytochrome Pﬂzsd medlated drug metabollsm‘ Recent
studies in our laboratory have suggested that humoral -
factor(s) released from the Kupffer cells of the RES
following treatment with dextrag sulphate (a sulphated,

‘ branched Qpl}saccharidé) or latex particles (a polystyrene
compound) depresses drug biotransformation (Peterson and
‘Rentan, 1986a and 1986b). The effect is believed to be

A;,,i)mi.t.i.asrt?.'z_-\;c.i as a consequence of phagocytosis by macrophages

(e.g. Kupffer cells). The low molecular weight humoral
factor {less than 12; 000 daltons) éxeluded interferon as a

possible factor released from Kupffer cells (Peterson and

1
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The mediator(s) was considered not to be endotoxin itself

d 33,
Renton, 1984). The jdentity of this factor is unknown at

g
the present time.

i

* The mechanism for the depre551on of cytochrome P-450,
elicited by inert modulators of RES may 1nvolve both the
perturbation in cellular heme metabollsm and/or protein
metabolism. Recently, Barnes (1984) showed that a non-'
specific immunomodulator, maleic énhydridewdivinyl ather
copolymer, decrease hepatic micrasomal cytochrome P-450

content by depressing the synthesis of apocyyochrome P-450
- . , ! 0
without increasing its degradation On the other hand, the
o ! )
lipopolysaccharide (endotoxin) cemponent bf the gram-

-

negative bacterial cell wail, an RES-activating agent has .
been shown to produce in_vivo soluble mediator(s) that
could be involved in the decrease in hepatic parenchymal |

cell mixed-function oxidaseuacbivity‘(Egawa et, al., '1981).

W

-~

or endotoxin induced interferon. Ghezzi et.al. (1986) have

]

shown recently that tumor necrosis factor (TNF), a LPG

induced macrophage product, depresses liver cytochréme ¥
450 drug metabolizing enzymes. These same workers ((hezzi

et_al., 1985) and our Lgbaratory (Petersin and Rentnh./

Pt

1985) have shown that another LP5- induced macrophage

product, interleukin-l ,also depresses hepatic cytochrome

P-450, Interestingly, interleukin-1 from mitogen induced

» %
qanonuclear cells has been proposed to induce the

production of interferon (B-interferon) from fibroblast

’ n

4
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cells (Damune et _al., 1985). The intracellular mechanism

elicited by LPS or gts mediator(s) is thought to depress
cytochrome P-450 content by initially causing a
dissociation of h%me frém holocytochrome P-450 (Bissell and
Hammaker, 1976a,b). The suppression of ALA éynthetase,
increased hegz saturatioh of tryptophaﬁ oxygenase, and
induction of heme 6xygenase awma all consequences of an
increase in the heme concentration in a "free heme"
regulatory pool. However, it is not known whether the
de;ressibn,ofacytocﬁr;me P-450 content by LPS is due to
alt&rétion of heme metabolism or alterationﬂir
aggc&tochrame°metabdlism.

Presently it is thought that the %nh%bitory effects on
cytochrome P-450 mediated drug biotransformation observed
after'administxatio; of the variou§ RES modulating agents
including interfegzn mdy be due to the release of factors
from LP°~indﬁced peritoneal macrophages (Williams, 1985
Peterson and Rehtdh, 1986a,b). It has not been established
i; the factor elaborated 6& the peritoneal ﬁacropﬁagesﬁ
exposed to LP§ is also released by Kupffer cells'and if it
is identical to tﬁe factor réieased by dextran sulphate.
Also, it remains to be'seen if interferon can cause

elaboration of similar factor(s) from peritoneal

macrophages or Kupffer cells.”

SECTION IV v | :
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‘ The groundwork for the discovery of interferon was
first laid by Henle and Henle (1943) who demonstrated
interference betweep active and inactive influenza viruses,
in the developing chick embryo. Isaacs and Lindermann,
1957) eventually discovered interferon by demonstrating
that the fluids from virus infected céll cultures contained
‘a protein which could react with other célls to render them
resistent to infectiea*by a wide variety of viruses. As
interferon consists of a heterogenous class of proteins and
does not consEitute the only inhibjitor of virus -
replication, the following criteria have been proposed by
an inéernational committee to define a factor as V
interferon: (a) it must be a protein, (b) it exerts virus
non-specific, antiviral activ1ty against a wide range of
unrelated viruses, (c¢) it must inhibit virus replication
through cellular metabolic processes involving synthesis of
both RNA and protein by the cells, (d)-it must exhibit
activity on a range of hos%\gills, (e) it must induce non-
antiviral alterations in cells such as priming, blocking,
enhancement of double-stranded RNA toxicity and inhibitlon
of cell multiplications (Stewart II, 1981). ' Table 3 shows
the presently used nomenélature for the three major classes
of interfeﬁon. There is a substantial amount of homology
of amino acid sequences’ in the human o~ and @-interferon

(HuIFN), but almost none between I'-interferon and o/f-

interferon (Pestké 1983). Recent advances in the isnlation
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and characterization‘of interferon has given rise to
a4

, iclas§ification of subspecies of IFN~as. Interestingly

&

these multiple species of native HulFN-as demonstrate a

¢

range of antiviral activity and cell. growth inhibition in a

number of animal cell lines (Evinger et al , 1981).
Although most tissues have the capacity to p£oduce IFN
with appfopriate inducing agents, the major production of
three main types of iﬁterféron generally occursvin only few
cell types' IFN-a, in B and T lymphocytes and macrophages,
IFN-B in epithelial and fibroblast cells, and IFN-T in T
lymphocytes ;ith support of macrophages (Baron et _al.,
1984). A variety of natural and synthetic ageets are &

capable of inducing interferon production. Baron et _al

(1984) have categorized interferon inducers into twodmajmr

A3

of classes: a/B inducers and - I'" inducers. Class A o/f
inducers are relatively potent (e-g. RNA viruses, DNA virus
and synthetic polyribonucleotides). 'Class B a/B inducers
are relatively weak (e.g. microbial prcducpé, pyran
copolymers, cyclohéximide). Inducers of IFN-T consiéb %f
antigens, antibody to OKT3 antigen on mature T‘lyﬁphocytes'
and a number of mitogens. N

- It is now generally known that the process of
induction of IFN-a and B by viruses and polynucleotides.
involves processes that can be inhibited by actinomycin D
(inhibitor of DNA-directed RNA synthesis) i.e. new cellular

RNA .and protein synthesis. It therefore follows that

L]
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transcription of cellular éenes is essential. The genes
are' inactive before treatment with virus or poly IC but

following treatment with one of these agents, the genes are

&

activate@, messenger:RNA is produced and this then is

translated. into protelns It dis presently assumed that a

-

repressor system exists in the cell for the interferon gene

which can be depressed by the interferon 1nducer—receptor
2!
complex. Derepr9551on of the 1nterferon gene 51gnals the

¢
v o

formation of interferons (Marcus, 1983).-

The mechanism by which IFN protects the cell against ,.

virus by interfering with nucleic .acid and protein

synthesis is only partially known. IFN is presgntly "

t
or

thought' to exert 1ts ant1v1ralne§fect on spec1f1c receptors

-

lying on the cell surfaee (Kyshnaryov et al. 1983)

Actlvatlon of this receptor has been renartﬁd to stlmulate .

]
N

second messenger candldates such as cyclie AMP and GMP

(Tovey, 19825, but the evidence for either of them playing

it

a central role is not strong. After binding to the cell

A +

. surface, however interferon triggers the 'synthesis of new

cellﬁlar mRNAs and‘proteins wh?ch mediate the aq£iviral
state. Both RNA synthesis and piote}n synthesis ére needed
after IFN tréatment to develop the antiviral state. ‘These
conclusions were first draw% by usingcqp RNA synthesis
inhibitor (Taylor, 1964) and a protein}syﬁthes;s inhibitor
(Dianzani et al., 1969). For the several new proteins

~

synthesized in interferon treated cells, at least three \

A

-~
.
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have been associated with the antiv}r;l staﬁé;othese are ¢
(a) protein kinase, (b) 2'-5’~oligoadenylate (2-5A) A
synEhetase which can catalyze the polymerizafion of ATP
into o%}%ondbleotides with the structure
pppAZ’p5’42’p5’AOH, which then activates the endogenous -

ihactive endoribonucleases normally present constitutively
J ¢ # 13 ' () » - g o L
a4t 'low levels in the cell: (Baglioni et-al , 1978), (c¢) -

+ -

phosphodiesterase (in ‘some systems). The protein kinasew

and &= 5A synthetase ‘are both activated by double stranded

(ds) RNA,, which is'a componqp@ of or is Q?oduced during the

3

replfcative cycle of many different types of.viruses. L

P £y7 ° [
Figure 5 illustrates the different enzyme pathways in

nintegﬁeronwtreated’virus 1nf€%ted c%lls that may be

&

responsiﬁle for inhibition of virus-specific mRNA .

t

. translation This inhibition is thus due to enhanced

»

degradation of viral mRNA, inhibition of chain initiation,
and an inhib&tion of chain elongation (Revel and Grover,
1978).\ How these above enz;mes discriminate between viral
and general hos@ prdte%n synthesis is not yet known,
although it is preéént{y thought that the antiviral gnzymes
(2 5A synthetase and prcteln kinase) may depresw the
cellular proteins which, 11ke viral proteins, turnover most
rapxdly (Mannerlng and Delorla, 1986). It must be noted )
that ﬂnzymes other than 2- 5A and protein kinase may be
involved in the antiviral and other effects of interferon.

Studies involving one and two-dimensional gel

N\
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electrophoreses have sPdhh a number ,of unidentified Lt

polypeptides in cells ihat ap?éar simultaneously with the ,
antiviral state (Johnstén and Torrence, 1983). In'a&dition
to‘their antiviral,activitiés% interferons have many other

effects on cellular strpctﬁre and/or function, some of

b

whicﬁ may contribyteqto host defense against viral
==

infection Theanon-antiviral effects of interferon

Y/

includesﬂ(a)'étimulétion of natural killer cells, (b}

-

enhancement of Qhagooytosis, (¢) inhibition of cell

L3

motility, (d) cytostatic effect, (e) immunomodulating
action, (f) cgll surface modifications (Fec receptors,
histocom atability antigens), (g) enhancement of ds RNA
cytotoxipity (Lebleu and Content, 1982).

Bréseétly itﬁis thought that interferon probably
mediates the 'antitumor activities by a combination of its
antiviral activity, its cytostatic activity and
immunomodulatory action. Furthermore, interferons havé
become recogéized as a hormone-like messenger,which induca§

metabolic changes in distant cells. This is an interestiing

idea as many of the cellular processes which are incurred

"by inﬂg;féren\may not be direa%ed against antiviral or

antitumor activity. For example, high lewels ggngN»a

found in human amniotic fluid.have been suggested to be

-involved in the regulation of fetal development and the

1mmunoregulatlon of fetal acceptanﬂe rather than as/an

antlviral ‘agent (Chang, 1983). ///”

Ve
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B. Properties of IFN-aCONi_interferon

Early clinical studies with purified human a type

interferons proved disappointing as few positive responsés

-

were observed in cancer, and unexpected side effects

occurred during treatment of cancer or viral infections.

-

With molecular cloning of complementary DNA (cﬁﬁA) from
human mﬁNA and specific probing of the human genes, a

family of IFN-a subtypes (approximately 20) of 166 amino
- ; b ! .

acids was derived. These subtypes afe quite different in’

their poteéncy and prqu;tiés despite their c¢lose structural
siﬁzlar%tiés (Zoon and Wetzel, 1984). With the knowledge
\of IFN-a a@iqgf%cid seéueﬁces of different subtypes, a
hybrid analog of human IFN-a cdlled IFN-aCON: (interferon

alpha consensus ®ne) was conceived by Amgen, California.

' This interferon (M.W. 19700) was derived by sblecting the

‘'most fréquently observed amino acid at each po§iﬁﬁon in the
different IFN-a subtypes (Alton et _.al., 1983). This
intefferon therefore has a'high consensus of amino acid
residues contaihed in the other subtypes.

- Studies have confirmed that IFN-aCONi demonstrates the
following, in vitéo; (a) stimulation‘of antibodies in

c’paripheral blodg 1eukocytes,y$b) sbimulaéion of naturalv

killer cell activity; and in vive.(a) antiviral activity

against EMC virus in squirrel monkeys,/ (b) antiviral

activity ‘against herpes viris infection in hamsters, (c)

antitumor activity against the lymphosarcoma of hamsters

i
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and the human: breast carcinoma in nude mice (Stebbing et

//él., 1986). This interferon has potent antiviral activity

s

e
-

N

in human, honkey and hamster cells. It has very little

antlvirg} effect in mouse cell 1ines (Alton et al., 1983)..

Because of the action’ of this interferon is limited to
only a few species, we have confined the studies described

¢ (2

in this thesis to the effect of IFN-aCON1 in hamsters.

[N

SECTION V

Effects of interferon inducers and interferon on drug

metabolism

In 1972, Morahan et al. (1972) rep&ited that pyran

copolymer and poly IC, a weak and potent inducer of
in?erferon respectively, decreased liver microsomal enzymé
aétivity In 1976, Renton and Mannering, and Leeson et_al.
demonstrated‘that tilorone, an antiviral agent, then
thought to produce its effect by inducing IFN, also
depressed the hepatic cytochrome P-450 dependent mixed
function oxidase system. Subsequently, Renton,and
Mannering (1976b) reported that 12 IFN-inducing agents, of
wiéely different structure and molecular weight, depressed
eytochrome P-450, ethylmorphine N-demethylase activity and
aniline hydroxylase activity in hepabic microsomes. Thg
authors suggested that the depresg}on of the cytochrome pP-

, . %
450 system was a general property of interferon inducers.

o

Interferon induction and release cannot however explain the
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action of all immunoactive agents. Pyran copolymer and
endotoxin produce very liftle interferon yet are the most
potent inhibitors of cytochrome P-450 (Mannering et al.,
1976). The possible yreason for tﬁib was discussed in the
previous section. . )
Indirect evidence to support the idea that interferon
prer se is involved in the depression of drug metabolism
includes (a) time required for first indication of
depression of drug biotransformation by interferon inducing
agents such as poly IC or during infection with
enoephalomyaaarditis virus (Renton, 1981), correlétes with
circuiating serum level of interferon (b) when the
nucleotides of poly C and poly I are administered i

1

separately in that order neither depression of cytochrome’
P-450 system ocurred nor are appreciable amounts of
interferon produced. When the order of poly I’and poly (VI
is reversed: serum levels of interferon and depression of
the cytochrome P-450 occurred kMannering,‘lQBO). Tﬁis
sequential administration of single-stranded
pul;ribanucleotides has also been sﬂown to result ;n
antiviral activity (DeClercq and DeSomer, 1972{.' (e)
Strains of mice which differ genetically in their
responsiveness to induction of IFN levels elicited by
Newcastle Disease Virus (NDV) hav: been used to examine
wheth%r IFN titers might be correlated with decreased

aytochrome P-450 system. Animals that possess the high-

AN
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production allele responded to NDV injectioﬁ?with high
circulating IFN titers and a depressed hepatic cytochrome

P-450 level and decreased aminopyrine N-demethylase

activity. Animais that possess the low-production allele
" &
show no sagnificant effect on NDV injection to either

increase IFN levels or decrease cytochrome P-450 system

- (Singh And Renton, 1981).

Proof for the di“ct involvement of interferon in the

erression of cytochrome P-450 system had to await the

availability of highly purified pregaratlons of human
interferon which were obtained by recombinant DNA
techniques from Escherichia coli. HulFN-AD, a recombjnant,
hybrid of.huIFN-A and HulFN-D, which possesses antiviral

. * .
activity in the mouse, also depressed the cytochrome P-450

system in the mouse }Singh et _al ,-1982). HuIFN-A and
HulFNr-D which do not induce antiviral activity in the
mouse, had little or no effect on cytochrome P-450 gystem

(Singh et_al., 1982). This experiment provides the first

conclusive evidence to support the hypothesis that the
proddetjﬁn of interféron is a contributing.factor in the
depréssion of the cytochrome P-450 system and drug
elirination that .occurs during infecbiﬁn or following the
administration of interferon inducing agents. Singh et al.
(1982) and Parkinson et _al. (1982) have also shown that‘a

FJ
correlation exists between decrease in the drug-

metabolizing activity and the antiviral activity of

1

[
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purified recombinant human leukocyte IFN. In addition to

IFN-« and IFN-B, pure recombinant mouse IFN-I' also causes a

4

depression of ‘mouse cytochrome P-450 system (Fianklin and
Finkle, 1985), possibly by a mechanism different from %hat

#initiated by IFN-a and IFN-8 (Renton,"1983). The mechanism

. ¥
for tbe depression of the .cytochrome P-450 system by IFNs
" . 3

““is the subject of this thesis.

4

Several properties of interferon or interferon

inducers are known that &ay help to, elucidate the.mechanism

of interferon-induced depression of cytochrome P-450

A

content. Firstly it is noted that the hepatic hemoproteins

which are rapidly turning over (e.g catalase and cytochrome’

r

P-450) are depressed by interferon inducers but not

hemoproteins which are turning over slowly (e.g. cytochrome
v l
hs and cytochrome a, b, ¢ and c¢i) (Mannering et_al., 1980).

Furtherhstudies have also shown that not all types of

cytochrome P-450 are depressed to the same degree (Ze;%ﬁe

et 1980). Secondly, the 1oss‘of hepatic cytochrome P~
450 cau ed‘by interferon or interferon induc;rs never

excee 0% of control values, even after repeated doses of
interferon(Renton, This indicates that the
cytochrome P-450 attainsra new steady-state level rather
than being completely depressed in a dose-~dependent
fashion, as is the case with cobaltous chloride or 2~allyl-
2 isopropylacetamide (Renton,1983).  As indicated in the

previous section, changes in steady state levels of
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o
H

4
’

cytochrome P~45q;are‘regu1ated B&ﬁthe ongoihg processes of -
syhth?sis ana degrad?tion of the eﬂzyme. T .
_ The level of holocytochrome P-450 in a tissue is

defer&ineduyy both the rate of synthesis and degradation of
the hem; prosthetic group and apocytochrome P-450 (as @
‘discussed inqthg previous section) Using the
- incorporation of rad%plabelled«glmdmﬂe and 6-aminolevulunie
acid into cytochrome P-450, E1~Azh;ry’ggkgl 0(1980)
suggésted‘yhat interferon;inducng agents (poly{IC and
tiloroge) lowered the concgptration of cytochrome B-450 by
increasing heme degradation r%ther thaniaffébting its ‘
synthesis. More recently, Singh (1982) disputed this
”fig@ing and demonstrated,‘ﬁy measuring the e*piration of
COz from the meth%né bridge'carb?n of the-porphyrin ;ing of

4

the heme, that interferon inducers increase both rate.of

heme degradation and decrease the rabegbf‘heme synthesis.
By examining the relative time. ,course of the levels of heme

_OXygenase (rate.limiting enzyme for heme degradation), 6

aminolevulunic acid synthetase (rate limiting enzyme for

n

"heme synthesis) .and holo~ and apotryptophan 2,3-dicxygenase

(enzyme regulating “"free heme pool”), interferon-inducing

bl

b
agents .could cause an increase in the regulatoxy heme pool

\

that controls its rate of synthesis as %ell as rate of
degradation of heme for the hemoproteins (ElwAéhary and@ﬁ

Mannering, 1879). This would occur if interferon inducers

n ’

, 9

o r

s



decreased the content of the apocytochrome P-450 or

increased tﬁé dissociation of heme from cytochrome P-450.

and interferon inducers depress the microsomal cytochrome

v ! s
o o«

5
P-45C dependent mixed functien oxidage, these obsdévations
[y . ° N Y A
were only shown in mouse and rat (Mannering, 1986).
. Induction of interferon has also been corfelated with a

2

depression of hepatic mixed function oxidase in recent

. human studies (Meredith et al., 1985; Kramer et al., 1984;

* . Renton, 1983). *

P

The mapor objectives of this study were:
‘ i ~
(ad ‘To determine if IFN-aCONi, a constructed interﬁeron

¥

¢ . which incorporates the most frequently observed amino

v

acid sequences seen in human a-interferon subtypes

g

. 7 .
. ,.depresses hepatic and certain extrahepatic mixed

function oxidase in hamsters. ‘This interferon has
t been shown,to have higher antiviral and antitumor
activity in human and hamster cell lines than any
other a~interf%fon subtypes known' o
() To investigate the ymechanism by which interferon
’ mediate:s depression .of cytochrome P-450. This study
has focussed on the overall effect on the synthesis

14

- anfdl deoradation nf avneybnechveme P-4R(),
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During the course of this stu@y, two separate groups

v ~

of workers have proposed a novel mechanism for the
3 i
depressiqn of the cytochrome P-450 system by

interfexen and interferon-inducing agents (GHEzzi et

al., 1985; Deloria et al , 1985) They observed that

these agents increase xanthine oxidase activity }n the
liver and'other tissues of mouse by several fold
Because xanthine oxidase (a cytosolic enzyme)
generates free oxygen radicals and oxygenvradicals are

known to destroy cytochrome P-450 (Paine, 1978), they

proposed that interferon de resses the cytochrome P-

" 450 system via the induction of xanthine oxidase”

aptivit&.J
This study therefore al-o investigated the role of

xanthine oxidase and reactive oxvgen intermediates in

. the interferon mediated depression of hepatic drug

[y

metabolism in hamsters.



“ MATERIALS
A. CHEMICALS AND REAGENTS: ’
‘ Throughof#it the entire study, standard reagent grade
laboratory chemicals manufactured or supplie? by Fisher
Scientific Co., Fairlawn, New Jersey, or J.T. Baker
Chemical Co , Phillipsburg, New Jersey o}pby Sigma Chemical

Co., St. Louis, Missouri were used.
A

Non-standard reagents are listed below.

Reagents -supplied by Sigma Chemical Co., St. Louis, MO:

'y

acetylacetone v -
gctinomycin D
~ allopurinol E
aminopyrine :
benzo(a)pyrene
bovine serum albuéyh
bromophenol’ blue )
clofibrate
cytochrome ¢
D-glucose-6-phosphate )
dalton Mark VII-L (molecular weight standards)
“ ' dithioerythritol ) 5
~ethy.lene diamine~tetra-acetic acid (EDTA)
glucose~6-phoséhate dehyarogenase s,
glycerol: ‘hﬂ'
glycine

; guanidine hydrochloride



hemin (equine Type III)
HEPES (N-2-hydroxyethyl perazine-N’-2-ethanesulfonic
acid) 0
lauric acid

" leucine
2-mercaptoethanol
L-methionine . ,

. B-naphthoflavone 3 P
NAD (diphosphopyridine nucleotide)
NADH (Diphosphopyridine nucleotide; reduced fgrm)
NADP (triphosphopyridine nucléotide) o
NADPH (triphorphopyridine nucleotide, reduced form)
poly IC
puromycin
quinine hydrOChloridai
semicarbazide hydrochloride
sodium dodecyl sulphate
sodium potassium tartrateu :
TEMED (N,N,N’,N’-tetramethyl-ethylene Qiamiﬁe) :

af h]

N

a-tocopherol acetate
. Trith X-100

Reagents supplied by other gompgﬁies:

acetone: Fisher Scientific Co.

4

' acrylamide: Bio-Rad Labs (Canada) Ltd , Ontario

ammonium persulphate: Bio-Rad Labs (Canada) Ltd.,

! 4

a

Ontario

T

-~

—

'y
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»

Aquasol: New England Nuclear (NEN) Canada Ltd.,

Quebec

‘barium hydroxide: Fisher Siéentific Co., Bethesda
Research Labs (BRL)

Ain vitro translation kit: Bethesda Research
Laboratories, GIBCO (Canada) Ltd., Ontario
BIS-acrylamide: Bio-Rad Labs (Canada) Ltd. T

Biofluor: NEN Canada Ltd , Quebec

&

carbon monoxide: Union Carbide Canada Ltd., Halifax,

4

N.S. X

copper suléhate: Fisher Seientific Co.

diethyl ether: Fisher Scientific Co.

Enhance: NEN Canada Ltd. :
\ethoxyresurufin: Generously sapblied by Dr. Richard
Addison, Bedford institute oi'Oceanography'(B.I.O.),
Dartmouthf N.S.

glacial acetic acid: BDH Chemica%s, Burnside
Industrial Park, Dartmouth, N.S.

hgxane; Fisher Scientific Co. , .

hydrogen peroxide:a Fisher Scientific Co.’

Kodak X-OMAT AR (X-ray film): Picker International,
Burnside Industrial Park, Dartmouth, N.S. “

Kodak Developer (D=19) and fixer: Picker

International . . .

-

[1~14C]lauric acid: . Amersham (Canada) Ltd., Oakville,

Ontario

T .



o

[3H]-leucine: NEN Canada Ltd.' . -

[140]—%eucine'

NEN Canada Ltd

maghesium chloride: BDH Chemicals (Canada) Ltd. 1‘

" [35S]-methionine: NEN Candda Ltd.

£

. e . RN
phenobarbital sodium (Nembutal): Abbotts Labs, ~

Montreal, Canada o @ ) - N

phenol reagent:

Fisher Scientific Co.

)
resorufin: K Generously supplied by Dr. Richarq "

Addéﬁyﬁ, B.I.O.,

o

N.S. .

sodium dithionite: Fisher Scientific’ Co

Sgientific Co.

Quebec, Canada

Thin layer chromatographic plates (TLC): Mandel

o '

'
1

trgchlororacetic acid (TCA): sFisher Scientific Co.

zinc sulﬁhéte:

¢

“METHODS

B. 'ANIMALS:
- Male Golden Syr

Fisher Scientific Co.

ian hamsters (100-120 gm) wers obtained

from the Canadian Hybrid Farm, Nova Scotia, and were used

throughout the study.

'4 hamsters were kept

Bwiss WLbst@r mice,
Jackson Laborator'es
single experiment.

for a period of at 1

‘To avoidmmverorowding ,hot more than
in a single cage. Randomly bred male ¢
25-30 gm, were obtained from' the
; Bar Harbour, ME, and were used in a,
All animals were allowed to acélimq@izs

east one week following recejipt from

3

-

¢
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the supplier, a were kept on clay chlps bedding for the
iduration of the experiment. Diet consisted of Burina rat
chow and water ad libitum.
C.' . TREATMENT OF ANIMALS:
(i) POLY IC:: T
. £ 5 . .
Agslngle dose of Poly IC (sodium salt) was
adﬁinfste}ed i.p. (10 mg/kg ln 0.9% sterlle salxne) and the

abimals were killed at wvarious times, as indicated in the

AS

i - ' v . Ceo
Results section. e &

(11)* INTERFERONS: Co o !

}";‘Jg

» ’

The interferon preparations (IFN- aCONl & buffy ooat)
were diluted’in 0.9% sterile saline, and'Lere administered

i.p. The two interferons were supplled as a part of a

collaborative study with Dr. Nowell Stebblng of Amgen Inc )7

1900 Oak Terrance Lane,- Newbury Park, CA.- IFN—aCONl, ‘a
o - N
cloned~interferon, was derived using {ecomblnant DNA & -

[
a

procedures, and was expressed&in E. coli. THe purity of -

th}s interferon exceeded 95% aSGassesseﬁ‘by pplyaérylamide

.gel electrophoresis. The specific activity varied from

batch to bateh but was usue}ly ié the order of 2Vx 10& to 2

1

x 109 uﬁits/mg protein (as calibrated against the NIﬁ
standard Ga-23-902-530). IFN—aQQN; is stable‘%p solution -
at 0-4*C. ’Thé«buffy coat interferon wee derived from human
leukocgtes, and the single batch utLifzed ped auspecif§c .

activity of 1 x 108 units/mg protein. The buffy coat

v * 1,

Y
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interferon which is known to be labile was shipped on dry
¢ o

ice and was ugilized immediately.

\ o

D. EXPERIMENTAL DESIGN TO ASSESQ‘THE IEN-aCON1 __TNDUCED

3

CLOFIBRATE.

(1) PHENOBARBITAL/INTERFERON
ﬂ'ﬁnimals we§egtgeatéd with a single se of IFN-aCON1
(1x106 units, i.p ) at day 0, and 3 doses of ‘yhenobarbital:
80 mg/kg, i.p. on day -2,- 40 mg/kg, i.p. on da
mg}kg, i p. on d;y 0, and were killed 24 hrwfbllowing '
}nteﬁferon %ré;tment; Groups of apimalsrweré also treated °

with éallne, inferferon or phenoﬁgrbital alone at
corresponding times. «

\
(ii) B~NAPHTHOFLAVONE/INTERFERON

r

+

-
o

. g ) \
Animalsg were treated with a single dose Q£ IFN~a§bN1°

(1x108, i.p.) at day 0, and three doges éf'B" *
naphthbflayd%e'(40 mg/kg in soya oil, i.p.) on d&ﬁ.:%: -1,
and dayﬁO, ahq w;re sacrif;gﬁd 24 hxr following inperfaronl
treatment. Groups oqumimalg,wérehélso treapgé with
saline, interferon or ;B—gaghthofiavcne alone at
correspoﬁdiné times. i d ’

iii) CLOFIBRATE/INTERFERQN

b Animals were treatgd with a single dose of IFN-aCONI1

(1 x 108 units, i.p.) on day 0, and 4 doses of clofibrate

@

T
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-
r

N ¥ .
(250 mg/keg, i.p.) on days -3, -2, -2, and 0, and were
sacrificed 24 hr following interferon treatment. Groups of

animals were also treated with saline, interferon or

clofibrate alone at corresponding times.

i

"E. EXPERIMENTAL DESIGN TO ASSESS THE EFFECT OF PROTEIN

SYNTHESIS INH%BITORS ON_THE IFN-aCON: INDUCED

STIMULATION AND DEPRESSION OF HEPATIC DRUG OXIDATION

(i) PUROMYCIN:
For the 3 hr IFN-aCONi treatment‘study,/@nimals were
°r ’ 9
given a single dose of IFN-aCON1 (1x10;V39,ts, i.p.) at O
1

hr, and 4 doses puromycin (2.72 mg in &.17 ml sterile

g
ph;spﬁabe buffered saline (PBSK pH 7.4, i.p.) at -2, 0,
1.5 and 2 hr, and\gére sacrificed 3 hr following 1nterferon
‘treatment. For the 24 hr IFN~aCON1 treatment study,
animals were treated with a single dose of IFN-aCONi1 at O
hr and 6 doses of puromycin at -2, 0, 1.5, 3, 4, and 5 hr,
and wé}e sacrificed 24 hr following interferon treatment.
Control and interferon only treaﬁe@ animals received
corrésponding.volumes of PBS at the same times.

(11) ACTINOMYGIN D: ‘

For thé 3 E¥ IFN-aCON1 treatment study animals wefe
given a single dose of IFN-aCON1 (1x108. units, i p.) at O
hr, and 3 doses of actinomycin D (19.8 ug in 0 17 ml of N
sterile PBS, pH. 7. 4 =i, p.) at -2, 0, and 2 hx, and were

Uy

sacrificed 3 hr following interferon treatment -For the 24

4
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hr IFN~ozCON1 treatmen® study animals were 'treat.ed with a

single dose of IFN-aCOM1 at 0 hr and actinomycin.D at -2,

0, and 4 hr, and were sacrificed 24" hr fnllowing iqterfaron

treatmeﬂt (0 hf). Control and interferon-only treated

animals received correfponding volume of sterile PBS at the

same\time- L
(

F. EXPERIMENTAL DESIGN TO ASSESS THE INVOLVEMENf OF FREE

RADICALS IN’ THE DEPRESSION OF HEPATIC DRUG OXIDATION

et .
/CAUSED BY POLY IC:
(i) XANTHINE OXIDASE INHIBITOR: .

Animals were treated with a single dose of poly IC (10

‘m%(kg) at 0 hr and 2 doses of the xanthine oxidase

]
inhibitor allopurinol (either 7 mg/kg or 17 mg/kg in
sterile saline, p.o.) at “1 hr and 6 hr, and were

sacrificed 24 hr later. Coptrol and poly IC-only treated

&

animals received %prre5ponding volume=dnf sterile saline at

the same times a® dame route of admihistration of either

P

treatments.

(1i) FREE RADICAL SCAVENGER! S

¥

. Animals were treated with a single &ﬁ%e“of poly IO (10

™

mg/kg) 24 hr after a free radical seavenger,, a - tocopherol
4

(419 mg/hamster, i.p. )L -and were sdﬂrnﬁlced 24 hr later.

antrol and poly IC~only treated animals received

corresponding volume of sterile saline at the same times.
. , . .

L]
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G. PREPARATION OF HEPATIC AND EXTRA-HEPATIC MICROSOMES:

The liver from each animal was separately rinsed in
ice cold 1.15% KCl solution and weighed. Livers were then
homogenized separately in 10 mlvof 1.15% KC1 in a glass
homogenizer (10 strokes with a loose-fit pestle; and 1
stroke with a tight-fit pestle) and centrifuged at 10,000 x
g for 10 min in a Beckman (J2-21) refrigerated centrifuge.
The pellet, obtained froﬁ the 10,000 x g centrifugation, ¢
contained unbroken cells, cell wall fragments, nuclei, and
mitochondria. The floating fatty layer was removed with a
Pasteur pipette. Thé supernatant was recentrifuged at
125,000 x g for 40 min in an IEC/BTGO refrigeratea
ultracentrifuge to obtain a microsomal pellet. The
§upernatant };om the 125,000 x g centrifugation was used to
measure xanthine oxidase actiy}ty in some étudies (see
below). The microsomal p%%let\was resuspended in ice-cold
50 mM Kz2HPO4 /KC1 buffer, pH 7.5, containing 20% (v/v)
'glycerol,*usingqa glass homogenizer (7 strokes of tight-fit
pestle), to~yield a 50% suspension (; e. 2 x volume of
buffer/gm of liver weight). The micérosomal suspénsion was
stored at ~700C.) Levels of cytochrome P-450 and microsomal
enzyme activities were stable for several weeks at this
temperafhre. Microsomes from extra~hepatic tissues (lungs,
adrenals, kidneys and spleen) were prepared in a similar

manner asg above except the organs were pooled firom

different animals which had reckived the same treatment anq



microsoma% fractions were suspended in 100% weight per

~
~ Iy

volume buffered solution. Special care was taken t& remove

fatty tis%ues surrounding the adrenals during dissection

+

_VII. DETERMINATION OF PROTEIN IN MICROSOMAL AND CYTOSOLIC

FRACTIONS:
Protein was determined by a modified version of the

method described by Lowry et _al. (1951). One ml aliquots

of dilu?ed microsomal or cytosolic fraction (1/100 for
microso&al fraction and 1/200 for cytosolic fraction irf

deionized water) was added to 5 ml of solution containing:

t
49 mls of 2% sodium carbonate in 0.1 N NaOH; 0.5 ml 1%

a

v

a

copper sulphate; 0.5 ml 2% sodium potassium tartrate and
incubated at room tempe;ature for ten minutes. Deionized
water was used as blank. Phenol reagent (2 N) was then
added to the incubation mixture, vortexed and incubated at
room temperature for thi%;y minutes. Abﬁorbangg was -
determined at 700 nm using the blank as a zero ahsorbance
reference in a Turner model 350 speoprdbhotometer. ~Bovine

*

serum albumin was used as the standard protein.

v ° '

I. DET gmﬁmzxou OF MICROSCMAL _g'rocnmrqg; P-450 AND
CYTOCHROME b5 ~ , )

1

Microsomal cytochrome P-450 and aytochrome bs were
determined by the method of Omura and Sato (1964) The

microgomes were buffered with 1 M phasphate buffer pH 7.5

‘o

i ® LY
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and diluted to 1 mg/ml protein concentration with 1.15%

KCl. The microsomes were then divided equally between two

spectrophotometer cuvettes and a baseline spectrum from 5b0
nm to 400 nm was determined with a Pye-Unicam SP8-~200
spectrophotometer. A pinch of sodku% dithionite was then
added to the sample cuvette and a spectrum was obtained

from 500 nm to 400 nm. The"molar concentration of
i

/\\ Tﬁ- - [ . .
absor anc%“at 425 nm using the extinction coefficient of

171 nm~1 em-1.

cytgéﬁf&mgﬁbs was calculated from the difference in .

¢

The reference cuvette was then reduced with dithionite
and carbon monoxide was bubbled Fﬁto the sample cuvette andd
the spectrum redetermined. The peak at 450 nm and the .
extinction coefficient of 91 nm-1 cm-! were used to
determine cytochrome P-450 content. In the case of lung
mlcrosomes; cytochrome Pw456 was determined after CO was
bubbled into both euv;ttes and the sample cuvette only was
reduced with dithionite. This method permitted .
quantitation of cytochrome P-450 in tﬂ;opresencé of large
quantities of hemoglobin. Results are expressed in

nmoles/mg protein for.cytochrome P-450 and cytochrome bs.

"

-«

J. DEIEE&I&AIIQHNQFmMlQEQﬁQUALmAMIHQEXEIﬁEWH;
PEMETHYLATION:
The N-demethylation of aminopyrine in microsomes was

determined by measuring the'amount of formaldehyde formed

L3

% - «



4

2

* 6l
(Sladek and Mannering, 1969). . Formaldehyde formed was

trapped as semicarbazone by semicarbazide and measured by

A

the method of Nash (1953).

J

The reaction mixture contained 1.2 mg microsomal
»

protein, 0.8 mg magnesium chicride, 1 6 mg neutralized

semicarbazide HC;, 2 umoles aminopyrine and an NADPH

2 "

generating system consisting of 0.8 mg NAD?, 2 9 mg
glucose-6-phosphate and 0.5 units glucose-6-phosphate *

dehydrogenage. ‘The reaction mixture was made up tqad total

volume of 2 ml with phosphate buffer (0.1 M, pH 7 5). The

reaction mixture was then incubated ﬁp}WIS minutes at 370C
using a Dubnoff shaking waterQbath. The Q&action was
terminated and mixture deproteinized by ‘adding i ml of zino
sulphate (50 g/1) followed By'}»@a of barium hydroxide (50
g/1). The mixturg was thorouéhl} agitated.on a vortex
mixer after each addition ang phen centrifuéed at. 2000 x.gw
for 5 minutes at room temperature. Formaldehyde was
assayed in 2 ml of‘the clear supernatant by adding 1 ml
Nash reagent (containing 150 gm ammonium acetate, 1 ml
acetyladEtoée; 1.5 ml glacial acetic acid dissolved bt give
500 ml solution with distilled water) agitating and
incubating for 20 minutes at 600C in a water bath. 'Thc
absorbance of the cooléd clear samples was_detérmined at,
412 nm using a Turner Model 350 spectrophotometer. In all

experiments, reagtian mixtures incubated without substrate,

were subtracted from the experimental incubation mixtures

1

@

-
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to correct for any formaldehyde or other materials reactlng

‘ +
with Nash reagent which may be formed from a non- substrate

' sourde Absorbance of blank reaotlon mixturestvaried
8,

A betweer® 0.025 to 0. 045 The-feactions remained lineer with
‘Q‘-‘ vrespect to time utilizing these reactic;.condinidns. )
Results were expressed as nmoles HCHO fcrmedymghérotein/ﬁf.
K. DEIEEI:HEAIIQN._QE_ALQBQ&QMAL_B.EEZD_LAJBXBEEE
“ The hydroxylation of benzo(a)pyrene 1n mictosomes was
'; determined by megsuriug the formatlon of polar ;luc;eseent
products (the 1-,3-, 61f7f and 9—hydroxy derivatives) by a
‘modified method of Nebert and Gelboin (1968). ° |
L ‘h_ “* Throughout this assay all‘procedures we;e carried out
5//'51'-' *\p the dark. Incubation maxture contained 10 ul
nim benzo(a)pyrene (5 mg/ml in acetone), 0.1 ml NADPH (10 mg/ml »
| “1n potassium'phosphate buffer, pH 7. 5)‘and 0.5 ml“diluted<
,;' "‘) . microsomes A1:5 4n 1. 15% KPl for hepatic microsomes; extra-
“‘hepatlc.microsomes were not diluted) Cold acetone (0.§
K ..‘\?ml) wag added to. the blanks and samples weme-incubeted at'
Co . 37°C .in the shaking uater bath for 15 minutes The |
)veaction was* terminated w1th the addition of 0 5 ml acetone
and 2 mI of cold petrc}eum ether (including the blank). |
e ‘The tubﬁa were éhen capped, agitated for 20—~ seconds each
and centrifuged at 1000 x g for one minute APprcximately
.;;: - . u 2 ml;of‘orgenic-apase uagbiemoved and mixed with 2 ml of
- - N
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> cold NaOH-(er). The tubes were'then cappqd, agitated -for

15 sec each and céntrifuged at 1000 x g for one minute.

LY

The.fiuoresqence of the aqueous phasefwas determined "in a

. fluorometef‘(excitaﬁion wavelength = 396 nm and émiésidn

| wavelength = 522 nm).';3*hydroxy behzo(a)pyrene was used to

standardize .the assay procedure. Because of the -
\ difficulties in obtéining, using, and storing authentic 3-

\ hydroxy bengo(a)pyrene‘as a,standard to calibra£ekthe

| instruﬁent, quinine hydrochloride (100 ug/ml) ﬁ&ich‘was

. . . , » . "
| .standardized against the 3-hydroxy benzo(a)pyrene was
. . routinely used on a day-to-day basis. Quinine
a . } R , . X . LY . -
hydrochloride fluoresces stron

gly at the peak excitation -

r

and emission wavelength of §~hydroxy benzo(a)pyrene.
i Resuf%s were expressed as nmoles .of thzo(a)pyréne

bydroxylatéd metabolites fo}med/mg protein/hr.
i .

-

. L.  DETERMINATION L ET ORUFIN Q-DE~ -
' 3 .
( ( . The O-de—gthilatfon of ethoxyresorufin was determined

. ty the method of Burk et gi“,a(1977), using the difj@rence
" . oo L -

. . a T 1 - . o '
%y/fluorescent properties of ethoxyresorufin (excitatloﬁf—\\“\\\;~_
wavelength =

455 nm, emission wavelength = 560 nmi and the

ipfoduct, resorufin (excitation wavelength =

= 510 nm,
« . s o
emission wavelength = 586 nm).. ‘ - -
: A 2 ml aliquot of potassium phosphate buffer (0.1 M pH
-’ ' ) . ' .

7T.4) was placed in a fluorometer cuvetteafollowed'bi 50 ul
)

re
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of undiluted microsomes. Subsequently 10 nl
ethoxyresorufin (88.7 uM in methanoli was added. The
cuvette was then transferred to the shaking water bath and

-

'incubated at 370C for 3 minutes. After 1ncubation, the

‘cuvette was placed in the Perkin- Elmer‘LS 5 fluorometer,

,using an ®xcitation wavelength of 510 nm and an emission

wavelength of 586. nm.
Immedf%tely after a.steady baseline was_establiéhedz‘a

10 ul aliquot of NADPH (24 mM) was introduced into the - |-

" cuvette to 1n1tiate the reaction The pteduction of

resorufin with respect to time was monltored as the

increase in fluorescence at 586 nm. The fluorimeter was

‘calibrated with 10 ul of resorufln standard (14 2 uM in

methanol) in the buffer and microsomal asg;y System, Using ’

the slope'of the ;edction recorded (increaébd_iaf‘*

fluoreseenee with time), the results were e;pressed as,

nmoles resorufin formed/mg proteiﬂ/min;

“w.  DETERMINATION.OF MICROSOMAL LAURIC ACID HYDROKYLATION: ¥
The ﬁ&drokylétiqn of lauric acid was determined by the

] - L |
radiometric methéd of Parker and Orton (1980) for the

detection of the«hydroxylauric acid mepebolites (11- and )

12-hydroxylauric -acid).

L)

Each sample was prepared iﬁ a 15 ml screw cap tube

-

Ncontaining 1 ml microsomes (2 mg/ml), 0.2 ml “eold" lauric

acid (1 mM), 10 ul 14C lauric acid (0 1 Ci/ul) and 0.75 ml
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distilled water to give a total volume of 1.96 ml. Thé
tubes were incubatéd for 5 min at 37°C in the shaking water
bath prior to the addition of 40 ul NADPH (40 mM) to |
initiate ‘the reaction. Contfol microsomes were
subsequently incubated for 15 minqtes at 37°C and
microsomes from clofibfate tfeatedfanimals were iﬁcubatéd‘
for 5 min. The reaction was te;minated by the addikion of
0.2 ml HC1 (3 ﬁ); Petroleum ether (10 ml) was added to the
reaction mbxﬁure‘yhich was then shaken for 10 ﬁin. .A }ew

minutgs later (minimum of 5 min to clarify the phases), 7'

ml of the upper ether layer was transferred to a test-tube

' and'evaporatéd to drynpss under- a stream of ni{rogen.

i
s .

The dried petroleum ether extracts were reconstituted

in 60 ul methanol and 25 ul spottéd onto silica gel GF

t.1l.c. plates (Merck brand). ' GERW lates were developed in

hexane: diethylether: aceti¥ aWji§ solution (140:56:3 by

volume). The developed blate; qﬁré.labelledqwi£h a l4C-
lau;ig acid bromopheﬁol blue mixtufe at the.origin Fnd at
apprqximately 10 cm height. :X~ray fi%ﬁ‘(XAR t) was
sandwiched within the plgtg usiné‘an Xfréy é@pos;;g holder

(20.3 x 25.4.cm) and exposed in the da}k for 3 dayg, Using
P‘ - “ o

the developed x-ray film, the radioactive area
corresponding to uBmetpbblized lauric acid and 11- and 12-

values) were localized on the
F - ‘

hydroxy léuric acid (lower RF

.

tic plétés. Equal sized aieas englosing substrate and

product_spogs and'corresponding areas in microsome blanks

]
4 .
i .
a



were scrapedffrom‘the plate, Suspended“in 10 ml Biofluor
and radioaetivity determined using a Beckman liquid
scintiiiation‘counter.
‘ ‘The rates of hydroxylat;on were calculated'from the
.fractional con;ersion of substrate to total‘hydroxy
;prodUCts.(ll- and 12-hydroxy lauric acid) making the
estimation e?a;ecoveries in various extraction steps

unnecessary. Results were expressed as nmol hydrogy

iaurate/mgﬂprotein/min. ’ \

The activity of NADPH cytocn}ome c reductase was’
.determined by ?ollowing the absorbance change at 550 nm,
reflecting the appearance of‘reduced cytochrome c after
addition of NADPH, .in microsomes as ‘described by Williams
and Kamin (1962).’ : ‘. ‘ B

Reaction mixtu;es, contaihing 1 ml cytochrome c,(O,l
mM dissoived in 50 mM.potassium phosphate'buffer pH 7.4)

and'0 3 ml microsemal suspension (0.3 mg protein/nl), were .

placed in both sample and reference éUVette and were

K .,

incubated at 37°C for 1 min' The cuvettes were then

transferred to the Pye Unicam SP- 800 spectrophotometer . R
1 ’ -

" The reaction was initiated by adding 10 ul qﬁDPH (25 uM) in N

'the sample cuvette and 10 ul of phosphate buffer (50 uM) to . j\\

o A

the reference cuvette. Thehehange,fn_absgrbance at 550 nm

" . "
. , . "
5 v - .
™ .
(‘6 . .
A "t
B .
v .
PN o .
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:
was recorded over the first minute of reaction and the .
specific activity of~NADPH cyféchrome c reducfase was
determined‘from the tangent to the curve representing the
*-fapid phase of reduction. | .

Using an extinction coefficient of 21 nM-! cm 1
(Williams. and Kamin; 1962), the éctivity of cytochrome c

reductase was calculated and expressed as nmoles cytochrome -

¢ reduced/mg protein/minute.

0.  DETERMINATION OF MICROSOMAL TOTAL HEME:
'Total microsomal heme content was measured by the .

pyridine hemochromogen method described by Falk (1964).
* Y

One ml microsomes (2 Mg/ml) were mixed with 0.5 pl of
1" N NaOH and 0.5 ml ZO%fpyfidine; The mixﬁurelwas divided
equally into two cuvettes énd a pinch of sodium Aithionite
was added to one cuvettei& Theﬂcuvetles‘were then scanneQ.

from 600-500 nm.in the Pye Unicam SPB-200

:spectrophotometer.

N -

The resul%sﬂwere calculated from the difference
épectrum at 558 nm and expresged as nmol of heme/mg protein

using extinction cpefficient of 31 cm™! mM-1.

o
N "

P., DETERMINATION OF HEME OXYGENASE: o
v kThe aétiVi}y of hqme oxXygenase infhepapic microsomes
f;wés'depetmine&~spectrpphqtometrically"by following .the rate
. of fprmaaion of bilirub¥n f:om hemlh'at 468 nQV(éChacter et

. . . : \ )
» ' - \

!
{
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D

al., 1978). The ini%ial produot’formed fromvheme
oXxygenase, biliyerdin, was conyerted to bilirubin by NADPH-
dependent\bildye;din reductase obtéined from the IZS;GOQ‘X
'g cytosolic fraction. )

The reaction mixture contained i ml microsome.
(undiluted), 3 6 ml potasslum phosphate buffer (0. 1 M pH
7.4), 0.1 ml blllwdrdln reductase (crude source of enzyme‘
obtained from the 125,000 x g ‘cytosolic “raction of
untreefed hamsters), 0.1 ml magnesium chloride (0.1 M)'and
25 ul hemin (17 uM). Hemin (equine) Type III was‘prepared
’as fol&ows. 13 mg hemin and 12 mg Trls base ‘were dissolved
in 2;5 ml of 0.1 N NaOH and the~ pH of the solution was
adjusted to 7.4. Thef;ePin.so;ution wasaﬂhen made uputo.S
| nl with 2% serum albumin. Total volume of this preparation
was 7 .5 ml. The reaction mlxture was incubated for 5 min
at 37°C in a shaking water bath The lncubatlon dixture
was gently agitated to mix the contents and then was R
equalty dlvided (2.5 ml each) in two cuvettes (sample and
_referenoe) 0.1 ml of NADPH generating system, con51sting
of 1 ml cofactor N (containing 358 mg D-glucose- 8- e,

w

l'phosphate, 76 mg NADP and 10 ml of 1. 15% KCl) and 5°ul of

glucose 6- phosphate was added to the sample cuvette.
Corresponding volume of 1.15% KCl was added to the

reference cuvette. "Both: the sample and blank cuvette
2

containing the reaction mixtpre were incubated for 10 min
' © 4 379C in a shaking water bath. The ‘difference spectrum

e v R
1o, . - -
- , o . ’

.
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from 410 to'556 nm was ;ecorded in a\double beam
spectrophotometer . — |

| Enzyme activ1ty in microsomes was calculated using the
molar extinction coefficient of 0.057, cm-1 nm'l. Specific

actlvity was expressed as nmoles of bllirubln formed/mg

[N

1

proteln/mln : . .

A
v

(TYPE D) ANQ XANTHINE OXIDASE (TYPE 0) AGTIVITY:

‘The activity of xanthine dehydrogenase (type D) was

assayed by measurlng spectrophotometrlcally the amount of

NADH formed at 350 nm in the presence of NAD and ‘ %)

1}
hypoxanthlne Xanthlne oxldase (type 0O) actlvity was

measured by the amount of uric acid formed from o

_ . hypoxanthine in the presence of oxygen (Della, Corte and

Stirpe, 1972). Supernatant from the 125,000 x g fraction

of the 11ver,homogenate\wQs dlalysed q\ernlght

(appngxf//tely 16 hrs) agalnst potasaium phosphate buffer

(O.l_M pH ¥.4) apdzwas used in the fo&loq}ng‘assayaf
o When measuring xanthine oxidase activity, both sample

and reference cuvettes contained in a final volume of 1 ml

the followiné‘ 0. 1. mM potassium-phosphate burfer and 0.1 -

.mM EDTA which have been stabilized at 250C (pH 8. 1) and

saturated;withtoxygen.T Sample cuvette, in addition to the

above reagents,‘contained-o.l mM hypoxanthlne: Reaction

P e

-.was initiated when 70 ul of supernatant was added to both

Y -
A

£
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»

the sa&%le and reference cuvette. Formation of uric acid

was measured at 292 nm in‘a.Rye*Un;cam spectrophotometer.

The slope of the reactiqn recorded (increase in absorbance
with time) at 292 nm and the extinction coefficient of 7.6

x 10-3 cm-! nM-! were used to determine the activity of

xanthine oxidéeeé?%ﬁol uric acid formed/mg protein/minute).
. When measuring xenthine‘dehydrogenase‘activity,'bOth
. sample and’ reference cuvette contained in a final velume of ’
1 ml the following:’ d.f,ﬁM potassium phosph;te buffer, 0.£
mM EDTA and 0.1 mM NAD* which have been stabilized at 250C -
(pH 8.1) 4; aneerobic condition. égnslé’CUVette contained
in addltlon to above reagents 0. 1 mM hypoxanthine.’
\‘Reactlon was initnated when 70 ul of sypernatant was added
to both cuvette. Formation of NADH was measured at 360 nm
in a Pye Uni%fm speétrophotometer The spectrophotoheter
waeﬁcalibrated with 22 nM NADH standard4conta1ned in the |
'i,buffer and supernatant assay system 051ng the slope of
the reaction recorded. (1ncrease in absorbance with tlme),

§

the amount of NADH formed was determined (nmol NADH

formed/mg proteip/min).

R.  DISCONTINUOUS SQDIUM DODECYL SULPHATE POLYACRYLAMIDE |
SLAB GEL ELECTROPHORESIS: ’ o \
The method of Laemli (1970) was used to analyse

. o . . »
‘hepatic microsomal proteins. The proteins were first

réndered mondmeric by solubil}zation ﬁith sodium dodecyl

-
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sulphate (SDS) in the'pregggge of 2-mercaptoethanol and

then

s

separated on 7% polyacrylamide gels according to

Tglecular weights using a discontinuous buffer system..

tock solutions used in the procedure are as follows.

e “' (a)

(b)

(c)

(d)

T

Kéryiaﬁide -~ BIS solution: '’

251 g acrylamide‘ ~

0.8 g N'N’ BIS‘metherné acrylamide

Made up to 100 ml with distilled water
Sepéréting gel bﬁffér; | |

Tris base (1.5 M pH 8.8) 18.15 g .
distii}éd water .. 50 ml
Adjusted to pH 8.8 with 1 NlHCl and lhen made’up'toj
100 ml with distilled water . | |
2} ackihg'gel buffer: ‘

Eys base (0.5 M pH 6.8) 3.0 g o

diﬁﬁilled water 50 'ml

~Adjusted to pH 6.8 with 1 N HCl and then made up to

100 ml with distilled water

Eleéérbde buffef: . : : ] o
Tris bqse (pH 8.3) o 18.0 g .

.glycine . . g6 g )
S [E. 0w

\

and then\véde up té‘éllitre with distilled water

v(e)

. . . \ .
" Distilled water : 2.0 ml

. \
éample buf@er:'

\ oo :

0.5 M Tris b§:e (pH 6.8) ,oﬂs.ml_

:
\ ,
\ ‘ : oo
. S
‘ . : :
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L- ‘ .
99% glycefol 4.0 ml
_ 10% (w/V) SDS 0.8 ml
2—mercaptoethanol‘ ‘0.2 ml

0.05% (w/V) bromophenoi blue 0.1 ml
(f) Ammonium persulphate T 10% (w/v)

(g) N-N-tetramethylethylenediamine (TEMED)

El%ctrophoresis was carried'out at room temperature
‘ueing a vertical slab gél eleotrophoresié (BIO-RAD protean
cell (R)) dual vertical slab gei electrophoresis cell).
Jhe gel was‘contained in glass plates of dimension 18 cm x
16‘3&.' The glass.plates were washed in dete}gent, tap
water, dlstilled water and ethanol, prior to'use The slab
gels were cast outside the protean cell using the separate
casting stand. A 3 mm spacer was used to determine the gel
thickness ‘ Sandwich amps made from polycarbonate with'
nylon scre;s attached to it, was used to make a leak proof
seal and were held vertical by a casting staqd. The
.separating (lower) gel was prepared b& mixiné 33 ml .
distilled yate}!'ZO'mlnseparating gel buffer, 0.8 mls 10%
'(H/;) SDS and 20 ml acpylamideLbis aolut%on. The mixture
was then deaerated under vacuum for 30 min. 'Polymerization

was initiated'by the addition of 0.2 ml'freshly prepared

admonium‘persulphate and 0.4 ml TEMED. The solution was
poured into the sandwich to a height of f20 mm and a laygr »

of distilled water was introduced above the gel'mixtdre to
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give‘a smooth interface after polymerization. When
]

pdlymerization was complete (1 hr to 24 hrs) the water
layer wés removed. .The stacking (upper) gel was,preparéd‘
by mixing 12.8 ml distilled'haier, 5 ml staéking gel
buffér; 0.2 ml 10% (w/v) SDS and 2 ml acrylamide-bis
solution. ‘The mixture was then deaerated under vacuum for
15 min. Ammonium persulphate (0.1 ml) and TEMED (10 nl)

’ [

was added to the mixture to initiate polymerization. A 10

track teflon comb was intro%uced into the stackingwgél
before polymerization to!féém the sample\wells, ,After
polymerization (approximateﬂy 45 min): tHe Samble cdﬁb was
removed and the gel slab was immediately placed into the
electrophoggsis tank (protean\cells.

Microsomal. samples were diluted with sample.buffeg‘to
give a final protein concen%ra{ion of 1 mg/ml and were
placed 1n a boiling water bath for 5 minutes.  After
cooling at room- temperature 100" nl 00 ug) aliqﬁots of the
sample were applied to the stackxﬁékz;l sample wells using
a Finn pipette A constant current of 40 mA ﬁés applied to

the gel until the bromophenol blue indicator dye had moved

- to within 1 cm of thé bottom of the gel. The power was

then switched off, the sahdwigh removed, the glass plates
seéarated and the stacking gsl ;eﬁerd. The loqér gel was
fetaiﬁéﬁ for st;}ning. ‘

Electrophd}etic bands were detected'oq'the gel Qsing

céomassie blue as the protein stain.
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Reagents
(a) Staining solution - coomagéie blue = 0.04%
# di;till'ed w,atér 325 .ml
' . ‘isopropandl 125 ml
" - acetic acid 50 ml.
Destaining solution - acetic acid | 75.m1
o methanol : | 40 ml

distilled water was added until

total volume was 1 litre

4

Staining of protein bands was ,achieved by placing the
gel‘in‘staining solution fof 23hr at 37°C. The gel
backgrgfnd was deStainéd with successive volumes of

'despaining solution on a gently rocking water bath unt%il
»

gel background had cleared. The:gel was then placed in

water and phofographed. N '

‘Standard protein molecular weight markers used in SDS
polvacrvlamide gel electrophoresis
The following proteins, obtained from Sigma Co. (MW-
.-

SDS), of known molecular weight were used routinely to

. calibrate thg polyacrylamide gels.

Bovine Albumin o 66000 -

 Egg Albumin R 45000
Glyéeraldehyde—SyPhosphate Dehydrggenase 36000
Carbonic Anhydrase | 29000

Trypsinogen 24000 -



Trypsin Inhibitor 20100
B-Lactalbumin | ’ 14200
A stock solution was prepared by dissolving 3.5 mg of
the proteins in 1 ml of\the sample buffer and later stored
at 720°C. Before use, an aliquot was diluted (1:10) and
heated in boiling water forlﬁ min. Once cépled, 100 pl was
appiied to the appropriéte sample wefls and the
.electophoresis carried out as previously described.
"fo deiermine the relative mobility (Rf) of a protein,
the following fofmula was used.
Rf = distance of protein migration from ;op of the
separating "gei to tfhe ®enter of the protein divided by,
‘the distance of the bromophenol blue‘trac¥ing dye from
the top of ihe.sepa;aﬁing gel . '
Rf‘values were calculated directly from the gel or from i’
-phopographs. The Rt values (Abscissa) were plotted against
the known molecula;.weights‘(ordinate) oﬂ»semi:logarithmic

.paper. Identifidation of cytochrome P-450 apoprotein was

determined from this calibration curve. ,

INCORPORATION OF LABELLED AMINO ACIDS INTO SUBCELLULAR
1) . Incorporation of a labelled amine acid into various
-~ . . | . | s ‘

*
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[358]-meth10n1ne (spe01f1c activity 1054.4 Ci/mmole)

was 1n3ected‘&ntraper1toneally (i p°) into hamsters (50u

"

Cl/hamster) one hour before they'yere killed. The livers

Y v h ) 4
were.excised, homogenized,and radioactivity from different

4

frapﬁions determined as described ldter in this section.

(a) Determination of relative rates of synthesis of *total

v

‘,3 hepatic microsomal protein and cytochrome P-450
The effect of IFN- aCON1, (24 hr treatment period), on

the relatlve rate of syntheuls ofcmlcrogomal proteing was
o

determined by an\adaptation of the double-isotope technique
of Dehlinger‘andoScﬁlmke (1972). A saline, treated animal
wag given 190 uCi .of [14C]~leucaine intraperitoneally and

225 puCi [3H]~leucline was simultaneously administered t.o an
< ’
experlqgntal animal treated with IFN -qCON1, (1 % 106

unltu/hamsber)‘ZO’hrﬁjprQV1ously (Figure 6). After 4 hr

both animals were‘killed and liver of equal waight é4ch,

3

was combined and homogenized in buffered KC1 solution prior

to microsomal preparation. Control cxperiments crmbining
' !

3H~ and‘140«label\ed livers from two gsaline treated animalo
astabl ished the.limits of experimental error. All

experiments were repeated 3 time:. Lxxer pyrtions from

i

interferon and saline treated hamotaers were removerd prior
/

to combining them, {yr nyLochrome ¥ 450 assay.

Determination of the ratio of 3H/140 for varioun

n

subcellular fractions is described below. The four hour

»

period between isotope injention and killing allowed for

»
v

IS

-
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the passage of the rapidly Jabplled serum proteins through - i

. A
ppe endoplasmic reticulum before isolation of the

v o
3 ®, ’
XY

microsomal fraction {(Arias et al., 1969). . » .

a !
( -

ii) Determination of relative degrddation rate of hepatic -« *

.

total micros&mal protein and cytochrome P-450

g The method of Arias et al (1969) w;sf employed in ° N T
. &;/, %hich each interferon (10¢ units/hamster) or saline tre%ﬁ@d . v
o hamsté}, received 100 pCi fl4C]rled%zne i:p. and 48 hr . .
latgr received 225 pCi [3H]-leugcine %lggf?They werg t.hen g .
i ' o

k;lled 4 hr later. Radioactivity was detérmingd in various

f +
“ =

subcellular fractions from individual liver, homogenates of | . .
egual weight,ffr%m interferon and saline treated hamsters o .
/ a

, a

/ ' 5 "
. {Figure 7). Liver portions were removed for cytochrome P-

S

450 assay. All experiments were performed 3 times-

v Ld 3
s

2 Determination of the ratio of 3SH/14 0 for wvarious -

4 i‘t ¢
° &

: subcellular fraction -1s described below. '

i1i) Detection of labelied amino acaids in variems =

b} L]

3 ' “
subcellular fractlions '

E ’
? . ) . . L4 9
; Aliquots (0.1 ml) of whole liver homogenates from o
j- “ - L & ’ . o w » :
either the single or dual~ labelled experiménts (see above)
A L]

]
- ¢

.

Y were assessed for radicactivity using 10 ml Bicflour as .
[F A [ R o
cintillation finid. The homngenates -were aentrifuged at

&

3

P 10,000 x g and the radicactivity -in the supernatant (Q.l

[ “

= ml) was determined. Migrﬁsomal pellets weres prepared as
o %

deseribed earlier and the radioaectivity in the eytosolie

I

fraction (0.1 ml) was determined. The pﬁ}lets’were then

v
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Relative rates of prate;n degradation
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‘Double 1sotope
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s

washed twice with 8 ml cold 1.45% KC1 and re- oeﬁ%ringed |

~

o

\] < ]

»

for 40 min at- 125'300 x g.* The flnal pellet was %uspended

in the buffer as descrlbed earlﬁer to yleld a 50%

microsomal suspenslon

4

Radioact1v1ty in O. 1 .ml of the

2

e
-

resuspended microsomes was determlned using 10 ml“of

Biofluor.

.

\4 1 ¢ ': [ .
One ml of the resuspended microsomes was then.,
b

ﬁ}%dted with ice-cold TCA (12 5%) and centrifuged at 5,000

x g for 10 min,

thén solublllz

s

The pellets were washed once ;ith TCA and

in IN NaOH.

Tuiliseg,

An aliquot, of the,mixture

(0 1 ml) was added to 10 mls of Blofluor to determine

rad10act1v1ty in the TCA pr901p1table fractlon

nicrosomal protein content wab determined as

4

earlier. s e

Il
/

/

1

o

Total

a

descriﬁed'

ﬁ(o
0
9
.

The washed Aicrosomes were also subjected to gel

“"

7/

electrophoresis and subsequently stained and fixed: As

described earligr.

consecutive slices (3 mm for single labelled and 2

The gels were sliced horizontally into

a

mm for

-

dualoiabelled experiment) from origin to solvent front.

t
t Pl

The gel slices were placed in scintillataion Vlals and “,1

«so&ublllzed with 30% hydrogen peroxide (1 5 ml) at GOOF for

approxlmately 13 hrs or more.

° Y

L

<

Ten ml of Aquasol was placed

* 4n each vial and radioactivity determined. @

~
a N3
¥

In the [35S}'methigniﬁé labelling experiment,

¥

A

radioactivity was counted in a Mark III Oearle Analytin-

Inc. ﬁodel 6%80 liquid sc;ntlllation system, programmed to

’\’
,measure 140-labelled compounds (since 14C has a similar

’1

1

¢

u

]

S

-

{

]
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liguid scinﬂilfﬁtion.spectrum as 358). " Results wére

expressed ‘as total counts (cpm), épm/mg.protein and cpm/gel
' -

gi&ée. In the dual labelled experiments, radioactivity (3H

-

and 14C) was determined with a Beckman LS5801 liquid
scintillation Bbuntei, programmed for dual-labelled
couﬂ%ingi The program performed indivdidual quench

e}

corri#etion and. automatically compensated for 14C spillover

rl

into the 3H channel.,.To acgount for unequal initial ‘

i - o

incorporation of the two isotopes (3H versus 14C), a

r

I &
correction factor was, determined. This gorrection factor
..d

3

*involved the administration of both ithopeg simultaneéusly

PECEE

into an animal with subsequent isolation of wvarious

a
L

i .,8"?\ . ' 4 N . y 13
subcellular-fractionation after 4 hrs Determination of
. a > o A i

the ratio of 3H/14C for various subcelludar fractions and

Y

gel slices is described below The ratio of 3H/14C was'

divided b§ the °corréction factor in order to sﬁandardize

-

'each exberimeﬂt. Results. for the dual labelled experiments

were exﬁreséed'?ﬁ»3ﬂ/14c ratio in the various fragtions and

gel slices. Autoradiography (as described later) was
f
carrigd ouﬁ wiih(gels obtained from the SDS electrophoresis

)

0

of microsomes (1img/mll derived from [¥58]-methionine

N\

_The methods used in the féllowing three sections which

treated animals.

abKl with”RNA extraction, cell-free protein translation and
ry - 3

anglysis of in vitro translated proteins dre summarized in’

Figure 8.
fﬁv H

©

s

/

/
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° RNA EXTRACTION ! .

CELL FREE TRANS;;;:;;N\\\\\$ RNA CONCENTRATION

Rabbit reticulocyte
lysate system &

’ ;r e
»  SDS-GEL ELECTROPHORESIS

o

K
N
AUTORADIOGRAPHY GEL SLICING
N . " {(4mm slices)
¥ 3 .
RADIOACTIVITY
; DETERMINATION
T < . !
¥ - Y
/
¢, y s
Figure 8 . \( ;

In vitro synthesis of proteins 1n a rell {ree system.
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T. ISOLATION OF TOTAL QELLULAR RNA: .
"! Total RNA was “extracted fro@’the liver using-a %

mohification of the proecedure of Chirgwin et al., (1879). ;

The use of a strong denaturant, guanidine hydrochloride

2
R

together with reducing agents such as 2—mefcaptoethénol and .
dlthloerythrltol ensured that the nucle;lytlc degradatlon )
of RNA byfendogeneous ribonucdlease was totally inhibited.
Approximately 2 g livernwas rapi?ly meMov§d from the
hamster and then homogenized in‘a éuanidiné hydrochioridé ¥
obuffer (20 ml/g liver). This buffer Qohtainéd guanidinium
°éP1 (7.5 M pH 7. 0), oltrlc a01d (25 mM), Z—meroapéoéthanol
(10 mM), drthloerythrltol {5 mM) and triton X-100 (0«14 .
v/v). The homogenate was centrifuged at 10,000 x‘g for 20 _
min using a Beckmann(52-21) refrigerated centrifuge. The
supernatant was dgban@éd ﬁnto a sterile téﬁ;-ﬁube and the
RNA precipitgted by the additionyof 0.625 Qelumes of 1 M
;acetic acid‘and 0.75 volume of éthanol. ,The sample was .
thoroughi;\mixed and stored at -25°C overnight‘tq alfow
preﬁﬁpitation of RNA. The next day the RNA preclpltate was
callected by centrlfugaﬁlon at 2,500 x g for 10 min in a
Beckman benchtop cengklfuge. “T?e gesultant RNA pellet was
again dissolved in guanidinium HCL buffer. °A small amount
of the buffer was used initiall&‘ﬁghdissolve the pellét
before making up the mixture to a total volume of 15 ml.

‘RNA was reprecipitated by adding 0.025 volime of 1 M acetic

[ - .
.

[ ¢
@



3 * -

acid and 0.5 volume ethanol = The §b1utiop was alldwed to

stand at -200C for at least fbug hours (usually left’ Y 4

.
3 # “ -

overnight).. The latter step was repeated two more <times, .o

L4 0

this time using 20 miisf buffer to disso%ve the RNA After -

. [
a final precipitations—the RNA pellet was dissolved in \ b ’
t e [ “
2 \ s ®
$terile water (1 ml) and 3 M sodium acetate (pH'5.5) was - . -
added to give a final concentratlon of 073 M -acetate RNA ) p

was then precipitated gy the addition of 2.5 volumes of

ethanol and stbred for at legst 4 thr at ébQC Thé RNA was .

L ]

-

pelleted by\gentrlfugatlon ‘and solubilization and v .

v

precipitation steps repeated:: The gthanol was then removed

] * @

by drying the pellet in a freeze Arier for at least 4 hr to _

enéu$e complete evaporation.of ethanol = The RNA pellet was

14
N k4

'dissolved in a small velume of sterile water (100 nl) -and

ttored in 20 pl aliquots, at ~800C. '

ot
9 v - B 11
7] “ L] Pl

Concentration of RNA in the aliquots was measured’ . -
spéctrophotomét;ically by adding 10 ul of the RNA .

preparation to 990 ul'of sterile wate¥.' The RNA obtained . v
* ] 0 . i a - \u.' °
from the above extradtion procedure routinely gave an >

absorbance ratio’(E 260 nﬁ/ E 280 nm) of above 1.8. The

concentratmon of RNA was determined dpectrophotomotrnﬁally -

o

at 260 nm assumlng that an optical densgity of one

chresponded 6 40 pug RENA/ml (Avadhari and Buetow, 1974).

*
i
¢
1
& Y 0,
©
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“b) "Prétein biosynthesis reaction mixture

AY -
L
B

- ’
<] ) L3

' <

U CELL-FREE PROTEIN SehTHESIS‘ASSAY

. o8 LS
This assay was carried out in rabbig reticulocyte

7
s

lysate in vitro translation system, -which actively
o &

M ¢
translates exagenously supplied mRNA into proteins. The .

lysate system provided in a kit from Bethesda Research -

Laboraéories (BRL), permitted the choice to select the amino
acid and isotope fo; labelling the’ in Vitr? synthesized
protein. lThe procedure for trapsléfion was followed és
described in the kit'supplied. A1l proéedurég,were carried
out ﬁsiﬁg rubber gloves to prevent contamination from

»

ribonuclease from skin. The components for the assay
consisteq of the following:
a) Rabb;t recticulocyte lysate -
Solution containing 3.5 mM MiClz; 0.05 mM EDTA; 0.05
K mM EDTA; 25 mM'KCl; 0.5 mM dithiocerythritol; 25 uM
hgmin; 50 pg/ml creatine kinase; 1 mM‘CaC12; 2 mM EGTA

and 70 mM NaCl.

«~ Holution containing 250 mM HEPES; 400 mM KC1l; 100 mM
creatine phosphate and 500 pM each of 19 amino acids.

ac)  Potassium acq&até solution (2.0 M at pH 7.2).

L)

4 d)  [358] methioMne (0.2 pCi/ul)

¢

e) Sterile watef
Initially all of the above components were thawed in
an ice-bath, and were mixed in the following order: a) 30

nl reaction mixture; 2) 7 nl sterile water; 3) 13 nl

L

o
1



?

ENA. The tubesmwere’swirled gently after- sach addition and

-
e
=

86,
T

" -

] potassium acetate; 4).50 pl [35é]¢methionine and '5) 100 ul

rabbit reticulocyte lysate. Each of the compoﬂ%nts was

LY \

Q}q@ad ir a clean sterile podypropylene Qiérotube on ice

-
v N
Al

an& was gently mixed in a Beckman mic}ofige Addition of

the ;ast component (lysate) brought the total valume of the

SO called master mlx to 200 ul Twenty ul of master mix l d
were then plpetted into each microtube This was followed

by 8 nl of sterile water and 2 ul1 of RNA (from the 20 nl
allquots). Blank 1ncubatlon mlxtures contained 10 nk of

sﬁeyile’water with the master mix without the addition of

”

IJ

were then incubated for 60 miwmutes at 300C. Reaction was

*

stopped by blading the microtubes in ice. . ®

~ 4

t " - \
The extent of incorporation of [3587-methionine into,
N )

o

total protein waé detérmined by measuring the amount of

radibactivit¥ incorporated into acid-precipitable protein.’
q s { % Al

Six ml-of the reaction mixture wer® added to 1 mldwaher g
followed by 0.5 ml of the following solutions (1N NaOHl, 0.5

M H202 and 1 mg/ml “"cold” metﬁionine) to decolorize the

sample and to hydrglyze the t-RNA. Thiy mixture was
incubated at 600°C for 15 min. Then 2 ml «cold 25% TQ@‘@%S

added and the tubes were placed on ise for at least 1 hr.

Kor —~— —

100 1l carrier protein - (BSA 50 pg/ml) was added to
facilitate prealpltatapn. The precipitate was nollected by

vacuum filtration (Millipore) on glass fibre disco (Whatman

a

GF/C) éﬁﬁ washed with approximately 6 mls of 5% cold TCA,

P a

4

- \




=k

proteins. :

|~ R ) . , )
The filters were counted in 5 ml Aquasol using the Becﬁmah

»
+ b

LS counter- . .

o . . 4 . v

By subtracting endogenous %gﬂbipoiation (blank tube) -

*

. from the observed incorporation, net radioactive amino acid °

. -

incorporation due to the .presence of exogenously added RNA o

3 .

could be measured. Results were expressed as (3585

.

ineorporated) cpm per ug RNA or (3585 1ﬁcbrporatedi“cpm/g
liver. Equal amounts of radiocactivity in TCA precipitable

protein translated from saline and IFN treated animals were

’

then subjected to gel electrophoresis.
%

, Coe bl ,
ELECTOPHORESIS - .
Y.  ANALYSIS OF IN VITRO TRANSLATED! PROTEINS

Analysis of the ﬁransla@ed pfoguctS'of in_ vitro

-
-

} ¢ -
protein synthesis was achieved by fluorographic analysis of

»

the gel which allowed visual detection,and fractionation to ,

4

allow guantitation of radiocactive inoorpora%ion in_various

’ «

] ’ » k]

i) ¥Fluorography \

Tg purpogse of fluorography was to reduce the X-ray -

-

film exposure time necessary for visualization. The

following procedure was alsc used in the analysis°of~[35533

»

methicnine incorporated in microsomes.

o

-

After the translated producps (equal amounts of
radionactivity ih the sample buffer/well) were resolved on

¥

gel fixed, stained and destained; the destained gel was

¢ =
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’

LY

1mpregnated with Enhanee (R) (NEN) in a*glass'tray fox'ﬁ hr

with- gentle agltatlon The Enhance was ¢ dlscarded and @ s

1 -

3 EY rs
excess cold water was added to the tray containing the gel.

< - ¥

After 1 hr under gentle agltation, the gel was plaCed 1n a

solution contalnlng 1% glycerol and 10% acetic acid for 30

&7 8F

min. The consqglidated gel was then drled w1th a filter \\““%a

paper under heat (between,BOO 820 C) and vacuum on a a&hb .
Jv £/ K a4

gel dryer (Biorad Model 224) for 2-3 hx. To facilitate - N .

- - - ¢ 1y e H 42 "
alignment of the stained,,“dried.gel and the develqp@d x-ray, ¥

‘
Y - 8
] LY

b} 9
film, .radiocactive coomasie Blqudye was spotted on the . -
- )

filter paper of the gel prior, to autoradiography:‘gTheﬂ . %

3 &8 Is
stained dried gel with radioactive marker spots or filter
paper was then placed in direct contact with ﬁhe k“ray film 7.

I

/ (Kodak 8-Mat AR (R) fllm), clamped in a radlographlc “H"
cassetpe\and ‘then wrapped in a plastic bag. Thé film, was - .
' % - . -

expoged at ~700C for 3 days. . AP ¢
o ¢ ? 'h
#ii) Gel fractionation and counting LT f !
w . i ‘ " N “
»  Fractionation of the gel and the determination of .

© a

radioactivity in the solubilized fractions were toe

1

,

quantitate labelled protein components following gel

electrophoresis. ®

~

Gels were fractionated first by cutting the gel intn

-4

individual tracks using a ldng blqde which enablesg nutting

the length of the track in a single movement. The, gel

a
»

tract was then ¢ liﬁed‘transverqevy (2 mm/slice) uq:ng a

manual gel slicer (Bio~Rad Model 190). . The slicer .

A \




PNy

q

consisted of a series of razor blades separated by 2 mm
thick metal spacers Each slice was placed in a ‘

* scantillation vial andasoluﬁilized for 13 hr or more with

1 ml 30% H202 at 600C. The vials were then allowed to cool
to room temperature before opening Ten ml of agquasol was, .«

added to each vial and radicactivity counted in a Beckman -

v

LS counter. Ngﬁ'indorporation°of 355-labelled protein in

various slices was determined by subtracting the
a & '

B w9
-

correSponding slice of incubation mixture which did not

contain BRNA from the correspondiﬂg slice of gel containing

!

radiolabelled pro%qins synthesized from exogenously added

RNA. Results were expres;ed as ‘cpm/gel slice. -
1“It‘must be noted that before fluorography and gel
fractionation were performed, a calibration curve was
‘gbt?ined based on the molecular weight standards (as
‘®described earlier). This facilitated identification of
‘molecular weights df various proteins. As the molecular
weight of eytochrome P-450 apoproteins are within the
region of 66,000 D to 45,000 D, gel fractionations were

restricted to this region.

E ]

W ELECTRON MICROSCOPY: .
” Right and left liver lobe sections (approximately 1.
mm3 ) were fixed for 4 hr in 2% glutaraldehyde iq 0.1 M
sodium cacudylate buffer (pH 7.2) at 40C. The éecﬁions
were washed in the same buffer with sucrose adﬁéd, post

n -

. &a

*
v

»



90

fixed i1n 1% osmium tetroxide in 0.1 M sodium gacodylate for
1 hr' ' The sections were dehydrated through graded alcohols
and embedded in TAAB embedding resin. For light

, _microscopy, 0.5 um sections of liver were stained with

e

Toluidine Blue (Trump et al., 1961): For electron

microscopy, 60 nm section were stained wtih uranyl acetate

and lead citrate and examined.on a Phillips 300 electron

microscope.

5 %o - I

X. STATISTICAL METHODS: ' .

IS

ﬂr
The students t—test for unpaired data was utilized in

this thesis to determine statistical significance of the
4

differences between two means. Analysis of variunce and

Student~Newman-Keuls was used Lo determine statisticnl

\ -
differences when multiple groups were compared.
Significance throughout these studies is daefined at, the H%

level, il.e. p ¢ 0,05, -

-
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RESULTS . 6 .

°
#

i
A. The effect of interferon on hepatic microsomal mixed“

o 1Y & 4
v

function oxidase in hamsters . .

The effect of a single intraperitoneal (i.p.) N

injection of three different doses ofﬂIFN~aQON1 on hepatic

s
o

'mixed function oxidase activity, 24 hr after administration

4 )

are chown in Table 4. IFN-«CON1 caused a dosePdependeﬁt

decrcase in cytochrome P-450 content, but the cytochrome bs

content remained unchanged following the acute interferon

€

treatment. Tﬁe loss of cytoéhrome P-450 at each dose of 4
IFN-aCON1 pa?alleled the loss of aminogyrine N-demethylase
actiyipies. The .loss in activity of benzo(a)pyrene

hydroxylase with various doses of iFN—&CON1 did hot

parallel 1Jmiloss of cytochrome P-450 content.

Al

A gingle dose of buffy coat interferon (a naturally:

occurring interferon derived from human leukocytes) cgpsad"
¥

’ "

a comparable depression in cytochrome P-450, aminopyrine N-

demethylase and benzo(a)pyrene activities (Table' 4) 24 hrs

later. In contrast, buffy coat interferon (5ingh et.al.y

'

l"‘
1087 and IFN-alON1 (Tahlq 5) has no effeat o n mouse

~

hepatic mixed function *oxidase activities.

9
s

Inothe maltiple aose s@udy, IFﬁ*aCONlh iqjected onee
dadily (1 x 106 units,. i.p.) for 3 dayé (Table 6), caused no
graater reduction in cytochrome Pu450 content or cytochrome
~450 dependent catalytiec activity (as clearly seen in

subsequent study) cumpafed 0 a single daose (Table 4). No

©
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significéant reduction in éytobhrome bs content .was observed °
w%th chronic IFN-aCONi treatment.‘

The treatment of hamsters with poly wﬁi& an interferon
inducer (10 mg/kg, i.p., 24 h?ﬁ), also produged a

significant depresdion in cytochrome P-~450, aminopyrene N-

-

demethylase and benzo(a)pyrene hydroxylase (Table 4,).

L s

* ~ -
These results are similar to those reported by Renton and

Mahnering (1976) in rats and Singh ‘and Renton (1981} in

) \
mice. »

IFN-aCON1 and Poly. IC had no effect’on the hepatic

mixed function oxidase when incubated with hepatic

o

microsomes in vitro (Table 7), demonstrating that

interferon has‘n6 direct effect on Qytoch;ome P -450

£

B. Temporal changes in hepatic microsomal mixed function

oxidase in hamsters following a single dnae of

»

interferon or poly.IC
The effects of poly IC (10 meg/kg i.p.) on hepatie

ocytochrome P“450,:amin9pyrine N-demethylase and benzn 5

(a)pyrene, hydroxylase activities in microsomes prepared

from hamsters,, at various timep after treatment are shown

in Figure 9. Aftgr 6 hr 0£¢poly I treatment.,, cytochrome F .

450 content wasisignifigamtly elevated tn 123% of nontrol,

but tﬁe contentﬂqes depressed significantly to A8% of

control by 24 hou The content of aytochrome P~450

returned to within 0% of control - within 120 hrs of

« v
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Hepatic Mixed Funetion Oxidase in the Liver of Hamsters
T

'reated_with Poly IC for Variocus Times

.

v ° 7
Gontrol values at zero timesSwere: cytochrome P-450 - 0.73

i+

{0 Olnnﬁmles/mé protein; aminopyrine N-demethylase = B66 i

t
.

45 nmoles HCHO formed/mg protein/hr; benzo(a)pyrene
hydrouxylagse - 5.99 + 0-12 30H-benzo(a)pyrene formed/mg

protein/hr Each value is the mean of 4 individual ¢

®

animals at each time period. *hignificantly different

frem control, p < 6,05,

€ . « v



S

S
. , - . 98
) 1

1

1

o

, .
treatment.. Amlnopyrlne N demethylase and benzo(a)pyrene

0

hydroxylase activity paralleled the chpnges“ln cytochrome

P 450 content throughout the t%eatmen@ time course. The

€ R o

biphasic change in activity of aminopyrine N-demethylase
fluctuated between 187% of control at 6 hr after poly IC
treatment‘%o 50% of contrcl’éﬁ 24 hrf On the other hand,

ben&o(a)pyrene hydroxylase acthlty was elevated to only.

P 4 ©

o

T

116% of control at 6 hr and dropped to 77% of control aftex

24 hr, before recovering to control value by 120 hr. Tﬁére
was no sign%ficant change in cytbchroﬁe bs content in the
hepatic microsomes throughout the time coursé'except at 6
hr and 72 hrs after poly IC‘'treatment, where thé levels
weré’elqvated to 125% and 150% respectively (control
cytochrome bs level = 0.22 + 0.01, n = 4). Poly IC had no
effect on body weight or liver welght tﬂroughout the time
period studied but ﬁicrosomal progﬁin content was
signiflc;ntly elevated at 6 hrs. There was no difference
in microsomn! protein content, subsquent to the 6 hru
treatment period. Round and Stebbing (1981) have shown

LA [l ’

that a single dose of poly IC in hamster induces serum

1t

interferon level which peaks at 3-4 hrs. No interfoaren

1eveis were detected following 44 hr‘poly IC treatment

period in their experimegts. Tt seems that the appedranne

of interferon ¥n serum correlates with the stimulation of
"o,

hepatic mixed function oxidase activity and that the
13 a -

a’

EEN

[
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depression of mixed function oxidasp activity is not due to
the direct interaction ofjinterferon with cytochrome P-4%0.
* The biphasic pattern of s?imulation ang the depres;i n

of hamster hepaéic mixed function oxidase activity with
time followlrng a single dose of poly IC, was similarly
observed with ; single dose of IfN—m CON1 (Figure 10)-
Cytochrome P-450 content was maximally stimulated 3 hrs
afteg IFN-2CONt treatment (1x106 units, i.p.). The
activity of aminopyrine N-demethylase and bénzo%a)pyrene
hydroxylase were also‘stimulated to 149% and 110% of

“ conirol respectively affer 3Jhr IFN-a«CONi treatment. The.
first significant depreééioﬁ of cyﬁoéhrome P-450 occurred
between 12 to 24 hr after IFN-xCONi1 administration; at 24
hr the cytochrome P-450 content was 79% of control.
Biphasic changes in the activities of aminopyrine N-
demethylase and benzo(a)pyrene hydroxylase were also
observed after IFN-xCONi1 and these changes paralleled the
cytochrome F-450 content in the microsomes. Deﬁressioh‘of

‘aminopyrlne N~demetﬁylase activity occurred between 6 to 12
hr after IFN-®xCONi administration; at 12 hr, the activity
of demethylase was 80% of control. The first significant
depression of benzo(a)pyrene hydroxylase activity was,
observed betwéQn 12 to 24 hrs after IFN-xCON1 treatment.
By 170 hr of IFN-xCONi1 treatment, cytochrome P-450 content

and aminopyrine N-demethylase activity had returned to

[3
L
e
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I

/o Change Frem Control

‘ " Figure 10

Hepatic Mixed Function Oxidases in the [nver of Hamoters

. Treated with IFN aCOMi for Varimus Times

T T e e T 22 AEA S

.

Control values at zero time ware: cytLochirome P o451 ]
a2 nmolas/mg protein, gminopyrlnu n demethylace 420
13 nmole%/mﬁmprcteln/hou}; benzo(a)lpyrens hy&ruxylnsv
117 + 1.6 nmoles 30H benzi(a)pyrenv/mﬂ protu;n/huhr
Bach value 1o the mean of 4 indivadual animals at cach
time period,  #*Bignificantly different {rom contral,

£1.05
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v
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0

control levels, however benzo(g)pyrene hydroxylase activity

L]

remained depressed even at this tine. Cytochromecbs
&

content' was not altered throughout the time period smtudied

Also, there waéaho effect on body weight or liver weig%ﬁ

S 4 . . .
during the time course studied. Microsomal protein content

(“

was sagnificantly higher at 3 hrs (119% of control) and 6

hr -(125%) bat returned to control values after 12 hr of IFN

treatment. - ’

ulh a separate study,‘a single dose of IFN-«CONM1 (1. x -
106 units/hamster i.p.) for 3 hrs étimulated cytochrome P-
450 content, amiﬂoiyrine N-demethylase and benzo(a)pyrene
acltivities,to 156%, 158% and 145% of control respectively.
-In this stu;;hthe substrates, lauric acid and ' -
‘eth;xyresorufin, were used aswparkers for specific .

» cytochrgme P~450 iscenzymes. Lauric acid hydroxylase and
nthoxyresorufin U-de-nthylase activities wege incfeaged t0o ‘Q
117% and 187% of control after Shr of IFN-aCON1 treatment. ¥ 0

After 24 hr of IFN-aCON1 tregtment, nytochrome P-450

content and the activities min@pyriqngmggmethylase,
benza(a)pyrene hydroxylase, ethoxyresorufin O~dewethy%ase
and lauric ac%d hydrmxy]ase‘ﬁer;‘deﬁresaed to 65%, 64%,
79%,” 60% and 63% of control respectively. There was no
change in cytochrome bs level &t either 3 hr or 24 hr of

after IFN-qCON1 treatment, (Table 8).
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single dgse of IFN-aCON1 (1 x 108 uﬁi}s,,i.p.) for.3 hrs

103

C. The effect of peoly IC and interferon on NADPH

4

cytochrome ¢ reductase activity

The coﬁparison in the response of cytochrome P-450
content and NADPH cytochrome c¢ reductase activity to a
and 24 hrs, and 24 hrs after poly IC treatment is shown in ‘
Taﬁi% é and Table 10, reépectively. The response of
cytochrome P-450 content and NAPPHpcytochrome ¢ reductase
activity after 3 daily doses of IFN-aCOMi (1 x 106 units
i.p.) is shown in Table 11. Although microsomal cytochrome

P-450 content was elevated following 3 hrs and depressed

éfter\ﬁé hrs by IFN-aCONi treatment, NADPH cytochrome c

reductase activity was not significantly changed at either
tnmésx\ Similarly, NADPH oytochnomq c redu%pase activaity
did not significantly changebéfter either 24 hr treatment
period with poly IC or 24 hr after 3 ?ally doses of TFN-
aCON1 , "although cytochrome -P-450 conﬁgnt was depressed It
thereforeqappears that the effect,of poly IC and IFN-aCONi

is restricted to tye cytochrome P-450 cemponent of the

. o . N &
hepatic mixed function oxidase system. ¢

The effect of interferon on total microsomal heme content

and heme oxygenase activity in hepatic microsomes

the éffect of IFN-aCOM: (1 x 106 units, i.p.) on total
microsomal heme, content and hegme oxygenase activity after a
single dose for 3 hr or 24 hrs® and 24 hr after three daily
doses of IFN-aCON1 is shown in Table 12. Total heme
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TABLE 9

) The effect of interferon treatment for 3 hours on
NADPH~cytochrome c reductase and cytochrome P-450 level in

hepatic microsomes in hamaters
- \

# . . NADPH-cytochrome
.0 ¢ reductase Cytochrome P-450
) Treatment ¢ nmole/min/mg protein nmole/mg protein
. .. Controk .. 171 % 8.3 0.811°% 0.06
*TFN-aConj (1 x 100 units) . 193 £ 11,3 1,294 + 0,00%

=
'

Y
3

Animals.we;e treated with interferon (IFN-aConj, 1 x 105 units i.p.)
for 3 hoyes. Each value is the mean of 4 individual animals.

s *Significéntly different from corresponding control, P 0.05,

b
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’ ’ TABLE 10

A

&

S

¥

105

The effect of interferon treatment for 24 hours -om
NADPH-cytochrome c reductage and cytochrome P-450 level in:
i hepatic microsomes in hamsters’

¥

-

4
3

/ §
T \ NADPH-cytochrome®
¢ reductase ) *Cytochrome P-450
Treatment nmole/min/mg protein nmole/mg protein
Control . 163.1 # 6.1 0.812 % 0.08
IFN-nCon; (1 x 10% units) 176.6 % 6.3 0.576 + 0,12%
A o [?
“Gontrol . 170.1 % 5.2 ° 0.876 % 0.12
Poly IC (10 mg/kg) " 166.2 = 7.1 0.510 + 0.16% .

Animals were treated with interferon (IFN-aConjp, 1 x

and interferon inducer (poly rI.rC. 10 ‘mg/kg) for 24 hours.

value is the mean of 4 individual animals.

106 units)
Each

*Significantly difterent from corresponding control, p< 0.05.,

&,

e
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TABLE 11

" The effect of 3 daily doses of interferon treatment on
NADPH-cytochrome c¢ reductase and cytochrome P-450 level in
hepatic microsomes in hamsters

=1

NADPH-cytochrome

! ¢ reductase Cytochrome P-450

Treatment nmole/min/mg protein nmole /mg protein
Control 166 £ 6 . 0.819 & 0.027
IFN-aCony (1 x 10% units) 117 0.403 % 0,059%

1
o 5
- 1

Animals were treated with 3 daily doses of interferon-(IFN—aConi,
1 x 10% units i.p.) and killed 24 hours after the final dose. Each
value 1s the mean of 4 individual animals.

{

*Significantly different from correspénding“bontrol, P%, 0.05,
T ' < 1

M » N . -

1 @ o
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: ‘(? TABLE 12 S

The effect of interferon on —
heme oxygenase and total heme content in
hepatic microsomes in hamsters

n
re

LY

-~

. Total Heme Heme Oxygenase
Treatment nmole/mg protein nmole bilirubin/

o ot ; mg protein/hour
Control |- 1,00 £ 0,08 0.06 * 0,01
IFN-aCon; (3 hr) 1.30 % 0,10 * - 0.07 *0.02 -
Control ' °  0.72 # 0,02 . 0.05 # 0,01
I¥N-nCon) (24 hr) 0.53 # 0.02% " 0.10 # 0.01%

" Control . 0,71 £ 0.02 0.053 + 0,01

" IFN-uCon; (3 daily doses) 0.54 % 0,03% '~ 0,111 £ 0,02%

@

**Significantly different from corresponding control, pt.Qﬂ@S n=4,,
* Animals were treated with a single dose of interferon (FFN-aCON;,

1 x 10% units 1.p.) and killed 3 hrs or 24 hrs later, or 3 daily doses
. %"of interferon and killed 24 hrs later. Control animals received

acorresponding volume of sterile phosphate siline at the same times.

1
1l

[
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conjent was sigmificantly depressed after'a’ single dose‘of
IF ~aCOva/24 hrs and after 3 daily doses of IFN-aCON1- by
73% and T75% qﬁ control respectively.. -The depression of

. "R
total microsomal heme content corresponded to an increase
]

in oxygenase activity to 224% and 208% of control

respectively after a single and 3 dqily doses oﬁ{IFN~

aCON1 ., There was no change in total microsomal heme
* k [ & »
content and heme oxygenase activity after 3 hr IFN- aCONi

(8]

D. The effect of poly IC and ‘interferon on extirahepatic \

cvtochrome P=~450 and benzo(a)pyrene hydroxylage

“

[y

The effect of a single dose of IFN-aCON1 (1 x 108

S

units i.p.) for 3 hr and 24 hr of treatment; and poly IC

(10 mg/keg 4.p.) for U4 hr treatment, on extrahepatic

4

wﬁidrosomal cytochrome P-450 content and benzo(a)pyrene
hydroxylase activity is illustrated in Tables 13. 44 and
&

oo o "
15, . a . %

Following a 3 hr treatment period with IFN-oCOM1, &
{

cytochrome ¥ -450 in the lung, spleen and adrenals incroased

i

to 240%, 160% and 118% of control respect gwely.
Benzo(a)pyrene hydroxylase activity in the corresponding
tissues was inereased to 190%, 119% and 118% of control

respectively. In contrast, the cybochrome P-450 contént

8

and benzo(a)pyrene hydroxylase actixity in the kidney,

4

however were depres§ed Lo 56% and 94% of control

\

respectively. N "
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TABLE 13

The effect of interferom treai-ent for 3 hours ou -
cytochrome P-450 and benzo(a)pyrene hydroxylase activity
in extrahepatic microsomes

Q

109

Cytochrome P-450

Organ Treatments Benzo(a)pyrene Hydroxylase
. (nmoles/mg protein) (omoles 3-OHBP
7 mg protein//hr)
Lun; Control t 0.135 2.60
~ i
IFN~aCONy 0.324 4.93
¥ - *
Kidney  Control . 0.185 ‘ 5.35
IFN-aCON 0.103 5.01
i ® L 3 LS
Spleen Control 0.131 0.75
IFN=-0CONy 0.2{0 0.89
J , . &\
. } ) - ¥
Adrenals Controf : 0.236 2.03
* . ‘5{: .
' IFN-aCONj 0.280 2,39
Animals were treated with a single dose of IFN-oGON; (1 x 106 units
1.p.) and killed 3 hours” later, Control animals received a N

corresponding volume of sterile phosphate buffered saline at the same

times.

Results are mean of two sets of experiments from microsomes

pooled from a group of 4 animals in each set,

4o

G+

o

s

°
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’ TABLE 14 J
[ ° 1
The effect of interferon treatment for 24 hours om
cytochrome P-450 and benzo(a)pyrene hydroxylase activity |,
in extrahepatlc microsaomes
Organ Treatments Cytochrome P-450 * ~ Benzo(a)pyrene Hydroxylase
(nmoles/mg protein) , (nmoles 3-OHBP
. - . mg protein//hr)
Lung Control - 0.138 . 2,00
IFN-aCON] 0.061 ' 1.34 r
Kidney Control 0.154 . 5.70
<A * Iv » o
IFN-0GON . 0.046 3.14
Spleen  Control 0.121" 0.8 .
»
IFN~0CON; 0.085 _ 0.64 )
Adrenals Control 0.220 2.81
IFN=aCON} 0.130 © 1,96

Animals were treated with a- single dose of IFN-aCON; (1 x 10% untts
1.p.") and killed 24 hours later. Control®animals recelved a
corresponding volume of sterile phosphate buffered saline at the pame
times, °‘Results are mean of two sets 'of experiments from microsomes
pooled from a group.of 4 animals in each set,

»
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TABLE 15 )
The effect of poly IC treatment for 24 hours on
cytochrome P~450 and benzo(a)pyrene hydroxylase activity
in extrahepatic microsomes .
Organ *" Treatments Cytochrome P-450 Benzo(a)pyrene Hydroxylase

. (nmoles/mg protein) (nmoles 3-OHBP
mg protein//hr)

Lung Control 0.160 1.91
Poly IC . 0.076 T 1.24
Kidney * ' Control 0.09%\~ ’ ) 5.51
Poly IC 0.929 2.92
i@g,
WXy Spleen Control 0.121 3 0.71
. Poly IC 0.082 0.57
. Adrenals Control 0.220 <1.88
Poly IC 0,132 1.35

q -

==

Animals were treated with a single dose of poly IC (10 mg/kg, 1.p.)

and killed 24 hours later. Control animals received a corresponding °
volume of sterile phosphate buffered saline at the same times. Values
represent results from one set of experiment of microsomes pooled from

a group of 4 animals of each treatment. ; . <i>

-
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After a 24 hr treatment period with IFN-aCONi and poly

IC, both cytochrome P-450 and ’benzo(a)—pyrene hydroxylase

i

were depressed in all of the extrahepatic tissues, however

G

the degree of depression of extrahepatic mixed function

oxidase differed. Whereas the kidney cytochrame P-450

'

content éhdfbeﬂzo(a)pyrene hydroxylase activity were

depressed by 30% and 55% of control respectively by IFN- )

L
1

aCON1 @reatment, spleen cytochrome P-450 content and
benzo(a)pyrene hydroxylase activity were only depiesﬁed to

60% and 70% of control respectively. Lung and adrenal

°

cytochrome P-450 content were dépressed to 48% and 60% ot

contxél respectively with concomitant depression of

3

benzo(a)pyrene hyaroxylase activities to 67% and 7T0% of
control respectively. Poly IC treatment after 24 hrs
caused comparable depression of cytochrome P-450 content
and benzo(a)pyrene hydroxylase activity in these dtlssues.

& »

t

E.

o

nalysis of microgomal proteins by gel electrophnregts

Sttt e SR LM AL B S S

?

after interferon treatment

The 8DS polyacrylamide gel electrophoretic pattern of
protein staining bands from hepatic m&grosoma} preparation,
was used as a crude determination of changes fu !
concentration of particulaf forms of cytochrome P -450
polypeptide.q Chiang and Steggles (1883) have ascigned
electrophoretic bands of polypeptides at 48,500, 40,000 and

53,500 as subunits of cytochrome P-450 apouproteins based ou

A

@
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induction studies in ham§ters with Aroclor 1258,
phenobargital and 3~m9thylcholanthréne. We have noted Jﬁ‘
~changes in %he microsomal proteins at éhe above mehtioned
molecular weight regions. ’ The ef%ect of admipistration of
IFN-aCON1 (1 x 108 units i.p.) for 3.hr, 24 hr gnd“24 hrA
after 3-~daily doses to hamstei;, on the electrophoretic
pattern of iOO wng of micros fal proteins is shown in
Figures 11, 12 and 13. ,//9 ) ]
After 3 hr of IFN-aCONi1 treatment, the intensity of 5
protein band with the mobility in the region associated
wi}h,cytochrome P—456 of Mr = 48,000 was increased compared
to the same protein band obtained for saline treated
hamsters. No significant change in intensity in other
polypeptides was observed. Proteins with mobilitié§ ater
= 48,000 and 50,000 appeared to be present in reduced
concéntra{ion at 24 hrs after a single dose and 24 hr after
3 daily doses of IFN—aCONl.c No appreciable change in
intensity of other bands were noted with either treatment
rotocol. It was concluded that the changes of certain
h nés assigne asxcytochrome P~450 apoprotein were .
norrelated y'th the content of cytochrome P-450, determined
in hapatig”microsom@s, after a single dose for 3 hr and 24
hr and 24 hr after 3 daily doses of IFN-aCON1. It must be
noted that the 6vera11 different intensity of protein bands

i

in the different photographs were probably due to
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Figure 11
%pﬁ:polyagrylamide gel electrophoresis of microsomal
 proteins from hamsters treated with IFN-«CONi1 for 3 hr A
I'3 mm slab'g@l“was used as described in Materials and
Methods. Samples analyzed were' Wells (9) and. (b)
contained liver maicrosomes (100 Mg protein) from saline
and interferon treated hamsters respectively. Molecular
wéight ﬁtandarés used were: Bovine albuﬁin (66,000), kgg
Albumﬁ=?(45,000}, Glyceraldehyde-3-phosphate Dehydrogonana
(436,000), Carbonic Anhydrase (24,000) and Trypgﬁn goen

ale

(24,000). ) o

™

y

/,
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" Figure 12 v
SDS~polyagrylamidé gel electrophoresis of microsomal
proteins from hamsters treated with IFN*erUNF for 24 hr
A 3 mm slab gel was used as described in Materials and
Methods. Samples analyzed were:’hells (a) and (b)
contained liver microsomes (100 Mg protein) from saline
and ;pterferon treated hamsters respectiv@ly: Mulﬁénlwr
welght standards used were: Bovine albumin (66,0005, kgg
Albuman (45,0@03, Glyceraldehyde-3- phosphata Ue;ydru 2] HIRE
(36,000), Carbonic Anhydrase (29,000) and Trypsinogon
(24,000), and Trypsin Inhnpltcr sz,UUU).
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w

SD8-polyacrylamide gel electrophéresis of microsomal
proteins from hamsters tre {gg\wlth IFN-xCON1 daily for 3

f

&
days. A 3 mm slab gel wap used™3s described in Materials

s

and Méthods. Samples analyzéd were: Wells (a) and (b)
contained liver microsomes (100 1'g protein) from salinc
and interferon treate@ hamsters respectively. Molecular
weight Stangards used were: Bovine albumin (86,000), Bgg
Albumin (45,000), Glycer ldehydenﬁﬂpﬁosphate Dehydrogonase

'(36,000), arbonic Anhydrase (29,000) and Trypoinogon

!
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*

diffé;ences'in timing of destaining and photographing-the
? 4 ,u{%
éel. ! )

=2 5 . '

o

. , .
\\WQN\\\\/j.O the effect-of interferon on xenobiotic-induced
Iy

. N depression-of hepatic mixed function IMdase activity by
“» 25 ° . IFN-aCONi a%ter 24 hr treatment period wa; the result of
i varibﬁs ;ytochrome P-450 hemoproteins beinf equally or
selectively depressed. The effect of IFN-aCONi (i x 108
* units, i p.) for 24 hrs, on hepatic cytochrome P-450
. content and mixed‘fdhction oxidas§/adtiV1ti&s were

’

determined ‘in animals induced by éhenobarbitél, B~ <
. N

napthoflavone and cloﬁibrapé (Table 16). Administration of
IFN-aCOM: by itself significantly depresséd cytochrome P-
4502 amlgqpyriﬁe N"dqmeﬁhylase and beéenzo(a)pyrene
hydroxylase activity to 66%, 65% and 81% of control
respectively. Lauric acid hydroxylation was significantly,
depressed Lo 63% of control by,lFN~aCON1 adminlst;ation
(céntnol = 2.20 * 0.09, IFN-aCONi = 1.39 1 0.06 11+¢12 O

lauric acid/mg protein/min).

A «

The respective 141% and 363% increases in cytcchroma*'

P-450 content and aminopyrine N-demethylase activity

)

- _induced bycphenobarbital were lowered by interferon by 48%

and 45% respectively from the induced level. The 143%
§ , ~

a
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~n
° ° TABLE 16

A3

Effects of interferon treatsnt on he ﬁtic mixed function oxidase -
’ of hamsters induced with difg rent xenoblotics

L]

©

Treatment Inducer Cyt P-450 Aminopyrine Benzo(a) pyrene

(nmoles/mg N-demethylase Hydroxylase .
protein)  (nmoles HCHO/ (nmoles 3-OHBP/
- mg. protein/hr) mg protein/hr)

7

Saline  None [12] 0.93 % 0.04 471 % 20 12.7 £ 0.7
. ! -
'. IFN-0CON; None [12] 0,62 + 0,03 306 % 19% 10.3 % 0.3
a p N :‘
Saline  Phenobarbital [4] 1.31 # 0.01% 1709 # 32% 18.2 & 0.5%

3

IFN-uCON; Phenobarbital [4] 1.01 * 0.04% 935 * 42¥  16.6 + Q.5

Saline B-naphthoflavone[4]2,21 + 0.03% 410 % 16 26,3 £ 1,1%
‘r

Saline Clofibrate [4] 0‘90 + 0.04 650 1¢27 * 16,3 % 0.8

%

IFN-aCON) B-naphthoflavone[4]0.98 % 0.03% 314 = o 21.6 £ 0.8

N /°

£

IFN-CON| Clofibrate [4]  0.42 % 0.09% 506 # 27+  15.8 % 0.6

2
1

* Signifivantly different from saline control. P(O 05"

bﬁfnificantly different from corresponding inducer treatment.

P& 0.05 -
Animals, pretreated with phenobarbital, B-nayﬂthoflavone and
clofibrate: (see Method section for treatment protocol), received a
single dose of interferon (IFN-uCONl 1 x 106 unies 1, p.) and killed

24 hours later. Control animals received corresponding volume of
vehicles and interferon. Numbers in parenthesis show the number of
animals, -

L4 N a

L}
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increase in benéo(a)pyrene hydroxylase activity by
- phenobarbifal was decreased hy 12% by IFN-aCONi

The 238% and 207% increase 1in cytochrome P-450 and

a

bénzo(a)pyrene hydroxylase activity respectively, induced

by Bfnapthofléqope were lowered by 56% and 18% o

respectively from the induced level. Aminopyrine N-

. demethylase ;ctivity was not induced by, B—napﬁhoflavopeb

However, IFN-aCON1i decreaséd the activity of aminopyrine N-

demethyiase of B—n?pthoflavone treated aniﬁgl by 23% *

Clofibrate, a known inducer of ; cytochrome P-452, v

did not significantly change.total cytochrome P-450
content, aminopyrine N-demethylase and Qenzo(a)pyreﬁe
hydroxylase activity. The activity of lauric acid
hydroxylase was increased to 760% of saline control

. (conbrol = 2.20 * 0.09, clofibrate = 16.71 + 1 00  11+12
OHﬁlauric acid/mg protein/min). The cytochrome P-450
conten; and. lauric aéld hydroxylase activity were lowered

by B% and 31% respect;vely from the induced level by IFN- -
aCON1 . o

4

-

It was concluded that hepatic aminopyrine N- . *
&

‘demetﬁ&iase ana lauric aecid hydroxylase, both sub§prates
for diffehtfcytochxqme‘bw450 lsozymes wére depressed to a
greater extent than benzo(a)pyrene hydroxylase activity, by
IFN-«CON1 treatment’ in hamcters. )

The effect of IFN:%CONl éor %4 hr on lung ayﬁochramu

P-450 contenl and benzo(a)pyrene hydroxylase activity

-

- ]

+

¢

v
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Anlmalsﬂg}etreatéd with phenobarbital or -napthoflavon®

o
(see Method section for treatment protocol), received a

A4

i

single dose of interferon (IFN-aCONi., 1 x 106 unats, i.p.).

¢ -

and were killed 24 hours later Control animals received
corresponding volumeg'of vehicles and, intexrferon -

Enzymatic aésay was' performed from one set &f experimenﬁs
of mlé;osom85’from a group of 4 animals of eaéh treatment.

C@ntrql value for phenobarbital experiment: cytochroume P- °
450 - 0.15 nmoles/mg protein; benzo(a)pyrene hydroxylase =
0.42 ﬁmolgs 30H BP/mg protein/hr Control value for;@B-

napthoflavone experiment: cytochrome P-450 = 0.147

nmoles/mg protﬁ}n; benzo(aipyrene hydroxylase = 0 50 “g

nmoles 3ol BP/mg pr&teln/hr.

&

o

Lad
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,C

induced by phenobarbital and @-napthoflavone as shown in
Figure 14.°Administration of IFNQG COM1 itself appreciably
depressed cytoshromeQP—450 content, but had no effect on
benzé(a)pyrene hgdrbxylase activity. Administration’of
phenpbarbital itéélf, had no effect on,laﬁg cytochrome P-

450 dontent or benzo(a)pyrene hydroxylase activity. IFN-

"

aCON{ caused an apprecilable depression in cytochrome P-450

content and benzo(a)pyrene hydroxylase activity of 49% and

82% reSpectively in phenobarbital treated animal.

%

Administration of B-napthoflavone caused aﬁ’appreciable

4 1)

e ’ N
increase in cytochrome P-450 content and benzo(a)pyrene

[}

hydroxylase activity to 140% and 317% of control
respectively. The corresponding increase in cytochrome P-

450 content and benzo(a)pyrene activity was depressed by 7%

[ + -

and 338% respectivel% after IFN~§CON1 treatment. It

"

appeared that .the depression of benzo(a)pyrene activity by
/ - .
IFN-aCON1 in B-napthoflavone treated hamsters was greater

in the lung than in the liver,

G The effects of an inhibitor of protein synthesis_on

interferon-induced stimylation and depression of mixed

o

a
b

. function oxidase activity .

{ The aim of these experiménts was to determine whether
R Y
the.stimulation and depression of mixed function oxkdase

aétivity, at. 3 hr ana 24 hr after administration of IFN-

aCON1 respectively, involved the synthegis of an

s

)

R}

intermediate proﬁe&n. Jhe effects of puromycin

s 4

. .
g - .

»d
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TABLE 19

&

The effect of puromycin on interferon induced stimulation
of extrahepatic mixed function oxidase activity in hamsters

Organ Treatments  Cytochrome P=-450 Benzo(a)pyrene Hydroxylase
(nmoles/mg protein) (nmoles 3-OHBP
. mg protein}}hrz
Lung " Control (c)m ¥0.136 2,53 = 7
Puromyein (P§  °~ 0.097 3.14
IFN-oCONj (IFN)  0.293 / 4,79 .
P + IFN 0.101 2.§7~ ,
Kidney Gont;ol (©) 0.183 o ;.98
Puromycin (P) 3.172 ’ Lo 4,75 .
FEN-oCON; (IFN)  0.113 » . 4.58
b+ IEN 0.106 T 43
Spleen Control (C) 0.123 ﬂ " 0.53 D
) Puromycin (P) 0,077 ‘ 0.51
IFN=aCON; (IEN) 0:178 . 0.60
P + IFN 0.079 ’. 0.49 .
. - . ef,
+ Adrenals Gpnh;ol @y - . 0.203 1.93
gPuromycin (?) 0,171 1.73
.IFN—aCON]_ (XFN) 0,253 2.33
P 2+ IFN ' 0,208 ‘ 1.9 '

Animals were treated with a sgle dose of interferon (LFN-uCONp,

1 % 10% yntts 1.p.)'at O hour and 4 doses of puromycin (0.272 mg in
0.17 mi®W of PO4 buffered saline) at -2, U, 1 and 2 hours and killed 3
hours after interferon treatment. Control and interferon only treated
animals received a corresponding volume of PBS at the same times.
Values represent results from one set of experiments of microsomes
from-a group of 4 animals of each treatment. ;

el
> -
i
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TABLE 20

The effect of puromycin on interferon induced depression
of extrahepatic mixed function oxidase activity in hamsters

Organ Treatments Cytochrome P~450 Benzo(a)pyrene Hydroxylase
(nmoles/mg protein) (nmoles 3-OHBP
. mg protein//hr)

t

Lung Control (C) 0.128 2.32
Puromycin (P) 0.120 2.30
IFN-aCONy (IFN) 0.053 ‘ 1.36
P + IFN 0.115 2,20
Kidney Control (C) 0.163 ) 5.41 -
Puromycin (P) 0.154 5.31 .
IFN-oCON; (IFN) 0.056 " 3.48
, T, PHIN - 0.156 . 4.98
Spleen ntrol (C) 0.119 *° 0.63
' Puromycin,(P)ﬂ 0.108 0.59 '
/ LFN~aCON; (LFN) 0.083 0.53
r ; IFN _0.106 " 0.99
Adrenals Control (C) 0.216 . 2,63
Puromycin (P) 0.208 < 2,94
" IFN-aCONj (IFN)  0.128 1.91
P + LFN 0,199 s - 2,36

Animals were treated with a single dose of interferon (LFN=-aCONj,

1 x 109 units 1.p.) at U hour and 6 doses of puromyein (P) (2,272 mg
in 0,17 mls of 0.15 NaCL - 0,04 M phosphate buffer) at ~2, O, 14, 9, 4
and 5 hours and killed 3 hours after interferon treatment. Cfontrol
(¢) and interferon (IFN) only treated animals received a corresponding
volume of phosphate buffered saline at the same times, Values
represent results from one set of experiments of micro&umea from a
group of 4 animals of each treatment,

o .
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pretreatment on hepatic mixed function oxidase activities
in microsomes isolated from animals\éiven IFN-aCON1
treatment for 3 hr and 24 hr respectivéiy is shown in
Tables 17 and 18. T ' >
Following a 3 hr treatment pefiod with IFN-aCONi, the
content and activity of cytochrome Pl450, aminopyrine N-
demethylase, benzo(a)pyrene hydroxylase and ethoxyresorufin
O~-de-ethylase were increased to 156%, 158%, 145% and 187%
of control respectively. After 24 hr of IFN-aCON:
Lreatment: the content and activity of cytochrome P-450,
aminopyrine N—demetﬂylase, and benzo(a)pytene hydroxylase
were decreased to 65%, T5% and 79% of control respectivély.
The biphasic gffect of IFN-aCON1 on cytochrome P-450
content and cytochrome P-450 mediated enzyme activity was
preventéﬁ 6& the coﬁcurrent adminiséyation of puromycin
(Tables 17 and 18). Puromycin itself had no effect on
basal cytochrome P-450 content or enzyme acti@ity.
Similarly, the time dependent biphasic effects of IFN-aCON:
%gga%ment on extrahepatic mixed functi&h oxidase activity
were essentially prevented by pretreatment with puromycin
(Tables 19 and 20). It was noted that IFN-aCONi induced
&epressign of kidney cytochrome P-450 content was not
prevented by puromycin, but the changes in benzo(a)pyrene

hydroxylase activity were however prevented. This prabably

represents an exception to a general trend.

[



e

N s - 130

H. The effgct of an inhibitor of RNA synthesis on

T

interferon induced stimulation and depression. of mxed
1 ’ a

function oxidase activit

[}

The data in Tdbles 21 and 22 illustrate the effect of
the RNA synthesis inhibitor, actinomycin D on IFN -aCON1 (1

% 108 units, i.p.) induced stimulation and depression uf
.
hepatic mixed function oxidase. Following 3 hr treatment

period with IFN-qCONi, the content and activity of

oy

cytothrome P-450, aminopyrine N-demethylase, benzofa)pyreons
)

hydroxylase, and ethoxyresorufin O-de-ethylase wasg

L]

increased to,g59%, 162%, 129% and 181% respeactively After

24 hr treatment period with IFN-aCONi, the content and

3

activity of cytochrome P-450, aminopyrine N-demethylage,

benzo(a)pyrene hydroxylase and ethoxyresorufiu Q'dq .

ethylase were decreased to 67%, 83%, B83% and T4% of r~ontrol

1

respectively. The time dependent biphasic effechk of IFN \

aCON1 on the hepatic mixed function oxidase activity wao

“

prevented by the concurrent administration of antincmycin U
(Tables 23 and 24). Actinomycin D administeTad alone: heel

.no significant effect on basal eytochrome P 450 contrent and

enzyme activity. Cytochraome bs content was not’/choaupgesd

)

< after admihistration of either. IFN dCONi, actinomycin D qg'

14
v

both. . -
The time dependent biphasic effect of TFH a0
. ‘ ®
administration on oybtochrome P 450 content and

benzo(a)pyrene hydroxylase activity in extrahepatio tisswes
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- - TABLE 23 N
The effect of actinomycin D on interferon induced stimulation
of extrahepatic ‘mixed fvnction oxidase activity T e
i °
Organ Treatments Cytochrome P—450 -Benzo(a)pyrene Hydroxylase
- . (nmoles/mg protein) (nmoles HBP
mg protein//hr)
Lung - Control (C) 0,130 © 2,51
Actinomyein D 0.121 2,13
TFN-0CON 0. 300 3.94
ﬁ - o
~ Act D + IFN-aCON; 0,168 ' 2:53 :
b &
Kidney Control (C)  0.179 . , 5.12
Actinomyein D 0.141 5171
IFN-aCONj 0.104 4.57
Agt D + IFN-oCON; 0.132 . h.21
) ’ N
Spleen Control (C) 0.128 0.68
Actinomycin D 0.098 0.58
LFN-0CONy 0,202 0.98 | o
Act D+ IFN~aCONJ 0.131 0.63
Adrenals Control (C) 0.232 ° 2,01
' Actinomycin D 0.212 , 2.01 "
- u
Act D + IFN-aCON; 0,220 '2.28 “

Animals were treated with a single dose of interferon (IFN-aCON;,

1 x 10% units 1,p.) at 0 hour and 6 doses of actinomycin D (2.272 mg
in 0.17 mls of 0,15 NaCL ~ 0.04 M phosphate buffer) at -2, 0, 1}, 3, 4
and 5 hours and killed 3 hours after interferon treatment. Control

(C) and.interferon (IFN) only treated animals received a corresponding’
volume 8f phosphate buffered saline at the same times. Values
represent results from one set of experiments of microsomes from.a
group of 4 animals of each treatment, .



134

TABLE 24

. The effect of actinomycin D on interferon induced depression
of extrahepatic mixed function oxidase activity ’

h \
- | a

Organ _Treatments Cytochrome P-450 Benzo(a)pyrene lydroxylase
’ » (nmoles/mg protein) (nmoles 3-OHBP
; mg protein//hr)
Lung  Comtrol (C) 0.129 1.9 .
) ' Actinomycin D 0.109 1.90
IFN-aCON] 0.052 . 1.34
Act D + IFN-aCON; 0,093 1.83
Kidney Control &C) 0.148 5.78
Actinomycin D 0.110 . 5.00
1FN=0CON| 0.046 3,71
Act D + IFN-oCON, 0.083 ST
Spleen Control (C) 0.128 0.71
Actsinomycin D 0.098 * ’U. 6‘5 .
IFN-aCON | " 0.086 0.60
Act D + IFN~uCONj 0.091 U.06
& b
" Adrenals Control (C) 0.218 ’ 2.86
Actinomycin D 0.213 2 543,
IFN-0CON} 0,132 S L9
Act D + IFN-aCON; 0.168 SR

Animals were treated with a single dose of interferon (LIN~uLON1,
1 x 10° units 1.p.) at O hour and 6 doses of actinomycin D (2,272 my
in 0.17 mls of 0,15 NaCL - 0.04 M phosphate buffer) at -2, 0, 14, 3
and 5 hours and killed 24 hours after interferon treatment. Lontrol
(C) and interferon (IFN) only treated animals received a corresponding
volume of’ phosphate buffered saline at the same times, Values
represent results from dne set of experiments of microsomes from a
group of 4 animals of- each treatment, .
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was similar to that seen previously (Table 23 and 24). 1In
all tissues examineh, actinomycin D prevented the biphasic
effect of IFN-aCON1 on the mixed function oxidase activity

Altﬂough there was no effect of actinomycin D

administration alone on the hepatic mixed function oxidase

-

activaity, this antibiotic did depreﬁs . extrahepatic
cy%ochrome P~450 content and benzo(a)pyrene activity in

. T
certain other organs. \This might reflect the ability of ,

the inhibitor to reach its site of action in adequate -

<

s

concentration. - . ﬁ%
.

& 3 -

N ot i ” >
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r 1. Incorporation of [35S]-labelled amino acid in various _

subgellular fractions | ,} N

L
£

o

. To

. Hamsters were treateﬁ with poly IC (10mg/kg, i.p.) for

L4

- 3
i s . Yo
various time intervals and 1 hr before sac¢rifice, [355]-

methionine was administered’'i.p. ! Whole livershomqgenateé \

e -

and various subcellular fractions Were prepared as ' Doy -

-

described in the’method section. The amount of label. .

incorporated in the whole homogeéenate and subgellular' -

o -

"fractions was determined. "

L
1

Administration of poly IC (10 mg/kg, i.p.) into

hamster for 6 hr, 12 hr and 24 hr had no“sigﬁificant effect

A\

on total [358]}-radicactive incorporation in the whole

homogenate, 10,000 x .g supernat?nt and ceytoselic fraction

5

.compared to saline treated hamsters. Radioactive

~

incq;poration in the microsomal fraction (Figure 15) after

n PR

° 3
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Incorporation of [358)-amino acid in hepatic microsomes
1 @ o B

. féllowing poly IC treatment for various time intervals.

R -
Vo

Open bar represents percentage change }n cytochrome P-450

1

content and radiolabelled amino adid~}ncorporatioﬁ of

V] . ) ) ¥y

saline treated animals at various times and represents
1

P N B

. mean + SE of 4 individual hams?érs (Cytochrome P-450

13 i

content and [35S]-amino acid incorporation respectively,

.-at 6 hrs: 0.81 nmolesi;g protein, 9833 cpm/mg protein; at

g . S
12 hr: 0.84 nmoles/mg protein,r 9390 cpm/mg protein; at 24

“hr: 0.78 nmoles/mg protein, 9532 cpm/mg protein) ‘Shaded

bars represent poly IC treated animals. *x8ignaificantly

€

different from control, p < 0.05.
- x u
5
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a 6 hr treatment with poly IC was significaﬂtlyuincreased
‘V/\ Y ».& rv
to 172% of contral (saline treated = 9833 = 1101 cpm/mg”v .

\ . < .
protein; poly IC treated = 16914 * 1083 cpm/mg.protein).

i )
4

Incorporation of the labelled amino acid into- TCA
LS

. ‘l - - L3 * (3 .
precipitable microsomal fraction was similarly increased to
l s

168% of control by poly IC aftér 6 hr  After a 12 hr or 24

v

h poly IC#treatment the incgorporation of the .
&POre

radiola?elled amino acid into microsomal fraction was not

different from control value. Incorporation of .

Y

radiolabelled amino acid in TCA-precipitable microsomal

]

fraction after a 12 or 24 hr of poly IC treatment beriod

was unchanged from control Microsomal cytochrome P-450
content was' also measured at these time courses.

”

Cy‘ochromedP-45O content was significantly inereased to
;71% bﬁ conﬁrolnaftér 6 hr tr;atment with poly IC, yhereas
cytochrome P-450 content after 12 hr an%{%4 hr treaément
were not changed or depressed to 77% of ‘control
respectively (Figure 15). ' It appears that the aincrease in
total radioﬁabeled incorporation of amino acid into
miorosomés at\G hr gfter poly IC treatment was associated
with increase in protein synéhesis which was then

L

\‘ A
SESOZZ;%ed with the increase oﬁ cytochrome P-450 content.
@1&hr0me"P~450 content seen after 24 hr

The dep;gssion of oy
treatment period with poly IC was without any concomitant
depression in incorporation of the labelled amino acid into

.

the microsomal protein.

A S
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J. Incorporation of [3581-labelled amino acid in various

kY

constituents of hepatic microsomal proteins

s

To examine the extent of incorporation of labelled
amino acid into hepatic microsomal cytoohromé'§—450, s;liﬂe '
or poly IC treated (10 mg/kgﬁi p.) hamsters we;e’injected
i p. with 50 pGi [355]-methionine per hamster and killed 1
hr later. ‘The livers were removed, microsoﬁes were
prepared and proteins were separated by gel electrophoresis
gsxdéscfibea in the methods.l~%he gels were either
subjected to fi&érography or sliced into 3 hm sections.

The gell§lices weraathen'solubilized in H202 and assayed
‘F}uoaogréﬁhs in Figures 16 and 18 show the effect of
poly IC (6 hr and 24 hr treatment respecti;ely) on the
extent of 35S-incorporation in hepatic microsomal protein:
The corresponding profile of the distributidn of 358
radicactivity in microsomal proteins after gel slicing is
shown in‘Fig&res 17 and 18. It was evident that in saline
treated ham;ters an appreciable amount of radioactivity was
incorporatedwlnté the cytochrome P-450 region proteins
(between Mr = 66,000 to 45,000), than in' other regions-
Following 6 hr treatmgﬁt wiék poly IC, there was a marked
increase in the amount of radioactivity incorporated in the
cytochrome P-450 region, espegially Mr = 47,500 and 50,500
(Figure 16 and 17). It was also noted in Figure 17 that

[ T

L)



. o Figure 16

Fluorograprhed SDS-polyacrylamide gel electrophoresis of
_microsomal proteins incorporated with {358] -amino acid and
_of- hamsters treated with poly IC for & hr. Hamsters ﬁere
injecfad,itp. with [855])-methionine and killed 1 hr later.
Hepatic microsomes were prepared, subjected to
electrophoresis and fluorographed as described in
Materials and Methods. Repregéntative profiles of
microsomes from single hamsters are shown; microsomes from
3 hamsters each have vielded similar results Samples
analysed were: wells (a) and (b) containea livaf ’
microsomes (100 Mg protein) from saline and péLy,lC
treated hamsters respectively. Molecular welight standardé
used are shown on the right hand side. The arrows mark

4

the molecular weight region of the cylochrome P-450
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» .
Distribution profile of [5¥8]-amino acid incorporation in

.mlc‘psmmal Qrot91n5 after gel slicing of hamsters treatet
with poly IC for &6 hr. Hamsters were injected 1.p. with
[=Sg1-methionine and tilled 1 hr later. Hepatic
microsomes were prepared, subjécted to electrophoresis and
* assayed {for radicactivity as described in Materials and
Methods. Rép;esentatlve protiles of morosomes {rom
single'hamsters are showns microsomes from 3 hamster o each

I »
have yvielded similar resulto. The arrows mark the

molecul ar werght standards uwsed., @olid line, liver from

hd )

hamsters treated with saline; dotted line, liver from

hamster treated with poly IC for & hr. .
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Fluormgraphed'SDgtpolyacrylamlde gei electrophoresis of
microsomal proteins incorporated with [355]-amino acid and
of hamsters treated with poly IC for 24 hr. Hamsters were
injected i.p. with {358]-methionine and killedml hr later.
Hepatic microsomes were prepared, sdBjected‘to
slectrophoresis and.fluorographed as described in
Materials and Methods. Reﬁieseniatlve profiles of
microsomes from single hamsters are shown; microsomes from
3 hamstersceach nhave yielded similar results. Bamples
analysed were: welﬁs (a) and (b) contained liver
microsomes (100 Mg protein) from saline and poly 1C

-

treated hamsters respectively. Molecular welg;% standards
) }
used are shown on the right hand side. The arrows mark

“he molecular weight region” of the cy%ochrome F-450,
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. Distribution profile of [858]-amino acid incorporation in

' ¢ A I
microgomal proteinf§ after gel slicing of- hamsters treated
n P

"o oy

with poly 1C for 24~hr:~.H§msters were injeéfed i.p.‘with
han

v Y

[38]-methionine and.killed 1 hr latey. Hepatic

microsomes‘wgre prepared, subjected:to electrophoresis and

assayed-for radioactivity as described in Materi#ls amd

/ N
Methods. Representative profiles of microsomes from
single hamsters are shown; microsomes from 3 hamsters each

have yielded similar results. The arrows mark the .

méleeulaf“weight standards used. Bolid line, liver from

.

D) N s ® . -
hamsters treated wrth saline; dotted line,  liver from

. ®

hamster treated with poly IC for ‘24 hr. L
& - '
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regions other than between Mr = 66,000- and 45,000 had
increasé(in radiocactive incorporation. This effect may be i
due to an overall increase in microsomal protein synthesis
by poly¥IC. The increase in'radioactive incorporation in |
various gel fractioms is in accordance to overall .
radiocactive incorporation in microsomal fraction and
increase in cytochrome P-450 content (Figure 17).

The proﬁile of [358]~radiocactive incorporation in
microsomes of animals treated with poly IC for 24 hr is
shown in Figure 18 and 19. The apocytochrome P-450 region
{Mr=48000) in both the fl&orograph (Figure 18) and the gel
fractionation profile (Figure 19) sﬁows that the amount of\
radioactivity incorporated into these proteins was reduced.
The reduction in radioactive incorporation in the
apocytochrome P~450 region is correlated with the reduction
in c¢ytochrome P*4éﬁncontent in the hepatic microsomes,

although the total incorporation of radiolabel amino acid

11 microsomes was not different from control.

K, The effect of interferon on relative rat of hepatic
microsomal protein and apocytochrome P-450 synthesis
Tﬁg effect of IFN-oCON1 (1 x 108 units ,i#p.) for a 24
hr treatment, on the synthesis of microsomal proteins was
studied by comﬁaring thé ratio of incorporation‘of [3H]
leucine into microsomal proteins of hgmsters éiégaed with

TFN «CON1 with the incorporation of [14C]-leucine into

1
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microsomal proteins of hamsters treated with saline. The

Ed

microsomal proteins were then fractionated on SDS
polyacrylamide gels.

In order to é&stablish limits of variation inherent in
this method, control experiments were executed whereby both
[H3]~}eucine qsd [t4CT~1leucine were independently

administered (éée method section) to saline treated

¢

animals. The ﬁeﬁ%tic microsomes were thé% prepared and

s examined b& electrophoresis The upper panei,in Figure 20
shows the distribution pattern of 3H/14C ratio in a control
experiment. A5 seen, no point lies outside the 95% >

confidence limits (indieated by the dotfed lines) from the -

S

mean microsomal 3H/14C ratio of individual slices. Thus
. 5 -}
experimental ratios (i.e treatment with IFN-aCONi:) that are

outside the 95% confidence limits (CL) of the eontrul ratio’

(mean = 0.98, lower and upper CL = 0.90 and 1.086

respectively) are considered to be indicative of deyrnased

»

and increased rates of protein synthesis respectively.

When this method was applied to an analysio ufy the

*

effect of IFN~-aCON1 after 24 hr treatment, peridd\(Fignrn
o (_I;w " \3'\-..
20, lower panel) a marked deviation from control limits

- were seen in some areas o{ the pol?amrylamide gel. In‘
particular, the°3H/14G ratio of apoprotein®s in the ;
molecular weight regic;n of cytochrﬂpme P-450, Mr 47,510;1,0
51,000 and 52,000 (gel slice no © gl, 20 ang 19 .

respectively), was decreased indicating that ﬁhe;%elabivo ‘

-
nt

t k)

-y
3 (LN}

<
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*

Figure 20

Relative rate aof synthesis of microsomal protéins. Panel

{

A, control hamster given [3H]-leucine compared with

3

control hamster given [14C]j-leucine; Panel B, hamster
Htreated with IFN-xCON1 (1 x 10% unkts, i.p., 24 hr) given
[3H]~leucine compa}ed with conﬁrol hamster given [14C]~- r

leucine. Microsomes were prepared from each group,

S
q [

electrophoresed, and fractionated as descrabed in .

Materials and Methods. Dotted horizontal lines represent

v A
d standard deviation from means microsomal 3H/14C ratio

.

(45% confidence limits) in control experiment. The two
panels are representative profile; mmcro;omes from 3
hamstiers each have yielded similar‘results. The arrows
54K, 51K and 47.5K mark the molecular weight regions of
the cytochrome P~4bO.‘ . )

3
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rate of ydthésfg\efuthese species of apocytochrome P-450

é b
was decre ged. The 3H/14C ratio of gel slices in thig

region waSgconsistently below the confidence limits in two

further experiﬂeﬁts. It was also no%ed'ﬁha;fthe 3H/14C

o

ratid of a numbexr of higher molecular protein bands in the
' 1
IFN-aCON1 .treated} hamsters was increased particularly in

_?Bq molecular weight. region Ereater than Mr = 66,000. This

[+ a
indicates that synthesis of other microsomal proteins

is stimulated by IFN- aCONl . ;‘ BRI
The effect of IFN- aCON1 t&eatment for 24 hrs :on the

.

relative rate ol protein synthe51s in the above hmentioned
. s . ° %
molecular weight regions in thre€ geparate experiments are
v 3 B -

summarized in Table 35  The indiyiduél'natios were

obtained by pooling 3H and 14C counts tdpm):fn.the

s - ,*fr\' v o N . n‘

respective gel region of individual eXpérimenms: ‘The mean

* 3 e

3H/14C ratio for, the individual gel. -slic€ was then divided

by the correction factor (&ee method sgction).n;ThesaH(ifc
ratio for ﬁhe individual slices corrésponding’to the’
cytochrome P-450 reglon, Mr.= 47 500 51 000 and 52, 000
were depressed by 66%, 64% and 80% of control zespectlvely

Gytochrome P-450 content (as determ;ned

v

g v

spectroPhotometrioally) in mlcrosomes from IFN~aCON1 s

treated anlmals was smgnlflcantly depressed by 65% compared

13

-

to control value. It was conelnded that the depressmon of

aabocyéochrome P-450 content after b4 hr IFN*aCONl‘ -

H

\i .

.
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) TABLE 25

afhe effect of interferon on relative rates of synthesis of
¢ ‘.- putative apocytochrome P-450

. S

Treatment- Mr¥47500 Mr=51000 Mr=52000  Cyt P-450  \
g - 3g/l4c 3u/lac 3u/l4c (nmolés/mg
‘ . sprotein)

Contrpl - 1.00 « 1.00 ° 0.99 0.85 £ 0.05

IFN-acON; : ‘ '
(1 x 106 ynits) 0.86 « 0.64 0.79 0.55 % 0.09%

7Y

]

chrome P-450 as assessed by gel electrophoresis) The individual

ratios were obtained by pooling ~H and 4C counts) of hepatic

microsomes of three individual sets of experimentg including figure 20

(see result section). Cytochrome P~450 content wak determined from ‘
liver microsomes of Ilndividual animals (n=3).m “ v

a

g

o
ar )

R
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treatment is due to decrease in apocytochrome P-450
synthecgis. - . s
P
L. t of interferon on relative rate of hepatic

. microsomal protein and. cytochrome P-450 degradation'

In this experiment, one isotopic form of an amino
td k3
N *

. acid, [*4C]-leucine, was administered in hamsters initially

and was allowkd to be eliminated for 48 hrs. Then, a

second isotopic form of the same amino acid [3H]-leucine
) was, given, and the animal was kllled 4 hrs later. The 3H
counts represented the initial time p01nt on the labelled

@

. protein degradation curve of the microsomal proteins which
" have incorporated. this lagel while the 14C counts
;eprégenﬁéd‘tﬁ? amount of ldabelled protein remaining in the
ot ;ic;bgoﬁal proteins after 52 hr Hepatic microsoges were
then prepared and electropharesis‘carried out. The 3H/14C
ratio in gel fractions of microsomes from IFN-aCONi trgatéd
hamsters was compared to corresponding fraction pf . '
microsomes from saline treated hamsters. Changes in ratios
+in the same molecular weightlregion indicates changes ‘in
relative rates of proteln degradation. b
The pattern of distribution of 3SHAA4C ratic’ of

n

individual proteins that were.fractionated in the
! L&

polyacrylémide gél is shgﬁn in Figure 21. The profile of
7 the differential ratio across the different molecular

welght regions 1ndicates heterogeneity of relapive rate of

a
k3

&(‘ r
. - . S A



" for each g?l slice was divided by the correction factor
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i’ | - " Eimm.&l "'/
Relative rate of degradation of microsomal proteains.

Panel A, control hamgtér given [14(C]-leucine followed 48 -
hr later by [3H]-leucine. Panel B, [FN-xCOMi treated (1 x
108 ug%;sj i.p:, 24 hr) hamster given [14(]~leucine
followed 48 hr later by [3H]-leucine. Microsomés wero

prepared from each group, electrophoresed and fractionated

as described in Materials and Methods. The 3H/140C ratio

(see Materials and Methods). The two panels are

representative profile: microsomes from 3 hamster each

T

have yielded similar'results. The arrows 52K, &L1K and

47 .5K mg%k'ﬁhe moleculag_weléht regiong of the cytochirome

+

. P-450.
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degﬁadatlon of éoqu}tuent microsomai proteins. As seen in
the Figure 21 higher molecular weight érotein% were
degraded more rapidly than smaller pglypeptides (as
indicated by higher 3H/14C ratio).’ A marked' exception was
see; with the proteins between Mr = 66,000 and 45,000.
According to Dehlinger ‘and Schimke'(1972);,this region,
which is associated with cytochrome P-450 region, have
higher 3H/14C ratio and therefore proteins in this region
tgrn over more rapidly. Following IFN-aCONi Lngatment \
(ﬁigure 21), heterogeneity of degradation tate of proteinsg
were still apparent, however there was‘yeduction in the

|

relative rate of degradation of cytochbtme P-450
‘ ¥

apoproteins, Mr = 47,500, 51,500 and 52,000 (gel 'slice no.
21, 20 and 19 respectively). The effect of IFN-alOMN1 after

w
24 hr treatment period on the relative rate of protein |
degradation in gel slices, at the molecular weight regibn
of Mr = 47,500, 51,;00 and 52,500, obtaimed from 3 separdte
experiments, is summarized in Table 26. Thg Lndiqidan d
ratios were obtained by pooling 3H and 1fC,countu of
individual sets of experiments in the gespectivz gel
regions. The mean 3H/14C ratio for the individual’ |
molecular weight region was then divided)by the cnrreétian
factor (see methods section). As seen, the SH/14C ratic in
the respective pr?pein regiané, i.e. Mr - 47,500, b1,000 .
and 52,000, was»deﬁre%ﬁed by approximaﬁely 10% froé aontrel

after IFN-aCON1. treatment. In other words, the relative

L

v
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TABLE 26

The effect of interferon on relative rates of degradation of
g putative apocytochrome P-450

Treatment Hr=48000 Mr=351000 Mr=52000 Cyt P-450
) a/b a/b a/b (onmoles/mg
. } protein)

¥,
Control - 2,96 2.86 2,82 -~ 0.88 + 0.06 ,

IFN-aCON] >
(1 x 109 uynits) 2,67 2.67 2.65 0.61 % 0.09%

s $.2

'f_

e a . .

R” Signiﬁcantly different from corresponding controi, p{ 0.05, n=3,
L

The respective molecular weight regions represent'putative

apocy tochrome P~430 as assessed by gel electrophoresis. The '
individual ratios were obtained by pooling 38 and 14C counts of
hepatic microsomes of three individual sets of experiments including
figure 21 (see result section). i¥tochrome P-450 content was
determined from liver microsomes individual animals (n=3).

»

¥ ,
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rate of degradation of the putative apocytochrome P-450 was
depressed after IFN-aCONi treatment in hamsters.
Cytochrome P-450 content (as measured spectro-
photometrically) in the microgcmes yas also depressed {o
89% of control.

" For the hetermination of the apparent rate of
degradation and half-lives from these ratio (3H/14C): t.her
followingfformula of Bock et al (1971) was uqéd.

‘Apparent rate of degradatioun, Kd = 2 308 log R
' t2-t1

Apparent half-lives tx/zzf‘o 693,
Kd -

E ]

where t2-t1 denotes the time interval in hours betweoeon

administration of the two isctopic forms of leucine (in

o .
this experiment t2-t1 =3§%?hr), and R cor;espunds to the
"corrected dpm ratio of 3H to 14C/¥§dinactlviﬁy af%wr:
sequential isotope administation (i.e. 3H/140 divided_hb
correction factor). fha apparent rate of dugrnd&txun JK1)
and half-life (t 1/2) of the putative apounytonbhrime ' 440
in gel slices aorreﬁpundiné,tm molecular weight, regions of
4%,5003 51,500 and 52,500 (gel sline no 21, 20 and 14
respeclively) Table 27. The half lives of the putative d
épacytochrome P-450 from miecrosomes of  saline -tLreated
hamsters were qpproximately similar’ to those reported hy
others for the rat {(Parkinson et al., 1987, u;ﬁﬁnn an
Omura, 1983). After 24 hr of TFN aCON1 treatment prerioosd,

the average half-lives of the putative apocytochrome b ARG

1]

Y
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TABLE 27

Estimated mate -of degradation and balf lives of’ .
pub,a‘uve apocytochrome P-450 of hamsters treated with interféon

N 2 :;;;,Jﬂ . Treatment- * Approximate . Kg .t}
_,«;‘-’f“f*}?“ TC @ « Mr of Gel * (hr~1) (hx) -,
R L - Slice - :

. ’ Y . ' . ]
- 8 ' Control 47,500 °  0.023 - " '30,1
51,500 0.022 31.5.
52,500 0.022 3L.5
- L % 10 ﬁuts) 51506 . 0.021  "33.0
- . “ sz,sqo 0.020 34.7

Values for K4 and t} were obtained by pooling .
radiolabelled incorporation in thiree Sets of experi-

. ments (three set¥of microsomes each from control amd
X treated animals). \
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,“ control (Table 26), 24 hr after i1FN-aCON: gﬁﬁatment was not

o

8

B 160
- v ’ el “ H
was increased from 31 hr in saline treated hamsters to

[

approximately 34 lwr in the IFN-aCONi1 treated hamsters.
This suggests that the’ reduction of cytochrome P-450
content (as measured spectrophotometrically) to 69% of

due to an _increase in degradation rate of apocytochrome P -
\ 450. In fact the slight reduction in the rate of
degradation may contribute to a process of stabilization of

the enzyme' at the new steady state of protein turnover.

v

»
‘N.M The effect of interferon on in vitro biqugthgsiﬁwg£<fa\\\_*

" proteins by translation of hamsver liver messenger RNA

The aim of this experiment was to determine whether
:
» ‘ e
the biphasic change in catalytic activmties of oytochrome

P- 450 medlated’drug blotransformatlon at E/hr (stimulation)
N gand 24 hr%(depr85510n) after IFN aCONl treatmant was due to

changes in (a) amount of mRNA ievnl and (bh) effxmlunﬁy of

. .

. mRNA tn translate into proteins, especially apooytouchrome
< ,g; s
P 450” In thié experiment to 11 %NA°was aztracted from

I
" hamntf£% treated with IFN-aCON1 after a1 3 hr or €4 hr °©

tr#atmpnt Sy in galine trﬁatnd hdmstwrci,and translatead
i . - Q E 1]
tl'\ ! 3 - - L] - w -
%f%uaaqg IﬁSS] methionine 1ncorpurab;on*mn a rabbit,
w L
fwa? s I .t .
reticulocyte lyéate translation system. The probeius

] ~ N

- uynfhﬁalmed warp then 1smlatpd by ngu puiyqarxlﬁmide g1
e of M -

' v*}&u*x.rnp}g’rem as daﬁ':mbed "m tLhie mﬁ-’* hed seetiond The

@
-

N N - v
o effests of IFN*aGUN; treatment (1 % MICIRI /PR I (O IR T8 o

-
T et £
.
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3

ang 24 hrs treatment, on total RNA ber gram liver, specific
activity of mRNA to translate and cé%acity of total liver
to-translate [35S]-methionine into TCﬁ—pre01pitable
proteins.is shown in Table 28. After 3 hr of IFN-«aCONi1
treatment, microsomal protein and cytochrome P-450 content
(as measured spectrophotometrically) were increased to 150%
and 152% of control respectively The‘amount of total RNA
extracted, the speciffb activity of mRNA to translate and
the capacity of total liver to tramslate into,proteins were
increased by 151%, 153% and 230% of control. |
Following a 24 hr treatment period with IFN-aCONi
there was no change in microsémal protein content, however
cytochrome P-450 content was depressed to 65% of control.
The amount of topgi RNA extracted, .the specif%c activity of

mRNA to translate or capacity of total liver to translate

were not affected~by a 24 hr treatment period with IFN-

N -

CON1 .
Analysis of total translation products by SDS

- "\. *

polyacrylamide gel electrophoresis following 3 hr and 24 hr

. treatment period with IFN-aCOMi: are shown in Figures 22 and

¢4, regpeatively. In all these experiments, approximatély
;qual amountsdof TCA precipitéble radioactivé ;!Lnts were
resolved on thé:gel.' The gels were either sliced or
subjected to fluorography. Gels were sliced in the

molecular weight region between Mr = 66,000 and 45,000

@y



m

&l

.
° . . [ 1 \‘ * . e . - [ .
;o . L v -
Ed -
. 2 P ° - ® nt N - s
N o . - < B N . %o
o ’ . = . -
L} - ? 3 Y a ="
a R = %
= 8 “ ..% i 5 .
= “ - L4
Y ' 3 » ) * - "~ v ag s 0~ ’ 5 ‘ te
" e -
#3INIXTO UOTIPQRIUT

UOT3IETSUBIT 93 "JO WOTIO®IAF m,naau.«a.muoud val 9T uouwmwomuooaw umwmoEpouﬂmmnmw ‘IR jynomww JuY
§e paansevm SEA mo«uauoauou& *(TufVNE BT QF = £31susp ‘Teo7ido 530 FIUm 1} Lrr=aixyswozoydoarvads
-~ g POUTWLIVISP SEA PIIDWIIXY ¥NY 3O £371Ueny  *IWRIUOD Gh-g FWOIYDOJAD Lesse 03 .-

pest Sem ILATT W JO IS9T YL “INATT (308 7 MOIJ PIIDELIIX? YNY PUB PISTTXR -313m S39A377  *9UTTES ¢

I

_peaszyng syeydsoyd 9F1I918 JO SWUToA SuipuodseaIod PRATRORI STEWIUR [oIjuc)y ‘Idje] eInoy »7 pu® g .
_PTTTY pue (*d*1 fsitun 4O1 xn 1 *TNoor-NAT) UOI93IIUT 3O s=o0p *13uis ® YITM pPRAPII qauq..uua sSTenuy

- : : ’ sg=u cq*p V d fyozauod ‘WOIF-1UIIVFIIFP ,mﬁ:nuw,ﬁaw«n

~ P
€, a @ o3 - < e

= a - e = 3, - ’ = £ .
: T P . . o v «.mwﬂ:ﬂ oI X T} N
L1099 F 6TE%8C 967 F 16¢1 0°6Y ¥ 0°T0T %£0°0 F 66°0 - 1T°0 ¥ T1°8 = (I vz) Twopw-NgT - -
o . T - . R ’ o ’ - M-Pt N s
. Lg679 ¥ 902872 6781 % 766€ ° 0°06 ¥ 0°L8T _ GC'0 =+ 68°0 =< -I¥"0 ¥ m.&. {Iu %) IuyTeES
) o wc . o s : ¢ . n s {satun @Q.ﬁ X 1) .
#/%986T F Sy8IZ6T  -%Z19 F 901 ¥0°€T F 0°04Z =*%0°0 F €2°T .»0G°0F TH' 11 (3y ¢y Tuonrekil .
-3 u@n ! fos 4 ° D v, e - ) ’ QI,
YTHZST ¥ G9£L€8. 85 T £S9% - T ZIF 176LI 200 ¥ 1870 120 F 1972 (U £% suytes
v, - < g e -3
. _IeATT B %, yNy 81 - ‘ (utea0ad (Tw/3uw) jueuI eIy,
/SUTHOTYISW /PuTuoTyIdU JRAIT & 3m/seTouu) uieloId
-is¢gl 30 ., ~ ~-[S¢el 30 /vNy 31 0Sy-d 34D TeWOSOIDITH .
~aoyyeiodaooug uoilvicdaoouy oLt . . :

>

guje303d 0juF OIFTA U S1e[SuURI) 01 YN I93usssow I Jo LITIIqE
Y31 pue JUSIUOD YNY JPAT[] ISISEEY UO UOIIFISIUY JO IVIIIP 3]

¢ %

87 TTAVL




&

¢

?

[N

exogéﬁous RNA.
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«Figure 22

treated with IFN-«CONi1 for 3 hr.

f

“ control and interferon treated ham

_Fluorographed SDS-polyacrylamide gel electrophoresis of

total translation products of hepatic RNA from hamsters

Aliguots (130,000 cpm)

of translated TCA‘precipitable proteih were resolved on

' SDS-PAGE and flgérographed. WelXs (b) and (c) RNA from

] o

ster liver,

» respectively, (q) bands detected in the absence of

Molecular weight standards are shown on

‘

<

)

of experiments yielding similar results.

-

» . the right; where cytochrome P-450 region lies between 66K -

and 45K. Fluorograph shown is a representative of 3 sets

T
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Fracblonat;d SDS-polféérylam;de gel electrophoresis.ofg .
total translation progucpSLbf hepaﬁip RNA froq hamstef;,
treated wath IFN*meN; for 3 hr: Aliquots §130,000):of

translated TCA p;ecipltable proteins were resolved d%\SDsr

?AGEmand assayed for radicactivity aftér gel = ,/

. ¢ R / B
] g

1] q
fractionation. 'Arrow mark the molecular weight ’

°st;ndards} where cytdchrome P-450 region lies between 68K

& .

4 @

and 45K. Distribution profile shown is a representative

of 3 sets of experiments yielding similar results.,
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L3 A “
- and 45K. Fluorograph shown is a’representative of 3 sets:
of experiments yielding similar results.
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" Fluorographed SDS—polyacrilamidé gel electrophoresis of

¢

total translationvprgducts'of hepatic RNA from hamsterg

treated with IFN-«CONi1 for-24 hr. - Aliquots (110,000 cpm)

, of translated TCA precipitable protein were resolved on”

ve Y .

v T
" SDS-PAGE and fluorographed. Wells (b) and (c) RNA from

control and interferon treated hamster liver, b

R4 £

3

respectively, (a) bands detected in the absence of

exogenous RNA. Molecular weight standards ave shown on

®

- the i%ght; where cytochrome P-450 region lies between 66K
£ '
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Fractionated SDS-polyacrylamide gel electrophoresis of

- '

total translation products of heﬁatic RNA from hamsters
treated with IFN-xCON: for 24 hr. Aliquots (110,000) of
traﬁqlated TCA precipitable proteins were resolvéd on SDS-
PAGE and assayed for radioactivity after gel
fractionttion. Arrows mark the molecular weight
standards, where cytochrome P—459 region lies between 66K,

. Gm
and 45K.. Distribution profile shown is a representative

of 3 sets of experiments yielding similar results
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v

(region corresponding to apocytochrome P-450 ; Chiang and
{

Stegglesj 1983)

After 3 hrs of IFN-aCONi1 treatment, the intensity of

the“radioaotive'signals in the fluorogram between Mr =
47,000 and 54,000 appear to be greater than those of

control (Figures 22 and 23). When the gel was subjected to

3 >

fractionation (2 mm gel slice) agd counting between the

malecular weight fégion of 45,000 and 66,000,fincrease in
. N N

radicactive counts in individual gel slices were noted in

the translation products from RNA of IFN-aCON1 treated
animals, especially at the moleculgy wgight region between,
Mr = 47,000 and 54ﬁ000 (gel slice no 11, 10, 9, 8 and 7
‘respectively). After 24 hrs treatment ﬁeriod with IFN-

aCON1 (Figures 24 and 253, the converse was seen. Between

the region of Mr = 47,000 and 54,000, the intensity of the® ~

s —— S

{
radioactive signals in certain bands in the fluorogram was

reduced compared to those of control. In addition, a band

©

aruunq Mr = 65,000 was reduced in intensity compared to
control, ’dounté from gel slices between Mr = 47,000 and
64,000 were reduced <compared to control (slice no. 11, 10,
9, 8 and 7 respectively).

-

The effect of IFN~&UON1 greatment, after 3 hr and 24

hr on the efficiency of the RNA to translate into proteins
‘ L]

from the livers of hamsters treated with. IFN~aCON1 at the

corresponding time perioas in three experiments is’

summarized in Table 29 . The ralios in Table 29 were

"w
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' TABLE 29

The effect of interferon after 3 hour and 24 bour trestment
on the translatability of liver RNA into proteins

[y

v

, Time After Treatment

Experiment - s e
No. ~ Treatment 3 hr o4 hr
1 Salline u tald . df
) TFN=aCON RT3

Ratio (IFN-UCUN;/saline) 1.uU 13, Bu )

" ‘J'
o2 Saline - .37 1, L4
IFN-aCUN U bd bt
Ratio (LFN-CUN|/salinej L.ob 1), it
3 Saline . (4. 54 I
. LFN~uGON T BTN O .

‘ Ratio (1FN-Culij/saline) 1.4 e terd

PRI e g TR L U UV LA WP W A

i

Table summarizes J experiments lor the etfect uf single '
administration of IFN-1CON; (1 x Y unics, Loy, } on the
efficiency of RNA, derivcd irom the liver ol trewle) unimaid,]
to translate into specific proteins, Hontrol animalg '
received corrsponding volume of sterile phusphats bufters ’
saline. The trandlated protelin of ejunl radionvtive count
were then subjected to SUS/PAGL, as deacribed in the lethody
section. The ratios were derived frum agess'of total gount.
in gel slices between Mr = 47,000 and %4,000 under "futer-
feron treatment” curved to areas under Lhe "saliue treated”
between the correspondiug molecular weight repion,

4

un

4

& {
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e
™

deérived from areas of totalrcéunts in gel slices between Mr
= 47,000 and 54,000 under IFN-aCONi treatment curve to
areas under'the saline treated between.the corresponding
ﬁ%lecular weight region. After 3 hr' and 24 hr.of IFN“aCONl
treatment perlod ‘the ratio of total counts of treatment
over control between 47,000 and 54, 000 was 159% and 62% of
control respectively whlch is almost 1dent1ha1 to the
changes seen in cytochrome P-450 content following the two
interferon treatment periods. ‘ . ’ |

In summary, this ekpériment dembnstrated that after 3
hr treatment with IFN-aCON1, there was 1ncreased amount of
RNA and the efflclency of translatlon was 1pbreased
‘espe01ally in the cytochrome P~45O reglcn. This correyatedi
with thenincréase in microsomal cytochﬂbme P~450'content
{as measuréd Spectrbphotometnically) ih this ti;é period.
After a 24 hr treatment period with IFN-aCON:,the total
translational capacity of the liver reméined unchanged,
however only the efficiency of translation was depressed in
the aﬁocytéchromeAf“450 region which is in keeping with the
obsérved depression of microsomal cytochrome P-450 content

(as measured spectrophotometrically).

N. <«The effect of interferon on ahepﬁ.igmmhin&mm

It has!been reported that xanthine. oxldase activity in

-

the liver was increased’follow1ng the’administration of

PR

interferon or various interferon inducers (e.g. poly IC,

v —_
]
LS
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i gu : . .
tllorone and bacterlal llpopolysaccharlde) (Ghezz; et al.

1984). As it is known that the.(O)*fFom the xanthlne
»oxides has the abilgty.to generate Eggcﬁiveboxygén
'intermediafeé (supeioxidé and hydrogen peroxide) which may
héve a detrimentél efféct'on the oytochréme P<450~system,
we 1nvest1gated the effect of IFN~aCON1 on two forms of
xanthlnevoxldase, ((D) form .and the LQ) form) Xanthine
oxidase was extracted from the whole 1iver homogénate és‘

" described in the method section. | ‘ | 5
The effect, of TFN-aCON1 (1 x 108 units i.p. ) for 3 hr
or 24 hr on tH! (D) and (0) form of xanthlne oxldase 15
shown in Table 30. Follow1ng a 3 hr treatment period with-
IFN~dCON1,.ﬁhe,a¢£iviﬁ& of the (D) fbrm-;f xanthing oxidase
was increased by 420% of control withoutlany cgncomitaﬁf
increase ;n the (0) formLof xanthine pxidasé. After a'24
hr of IFN-aCON: treatﬁent period, the actiVity‘of (O)‘form
of xanthine oxidase was incréésed to'165%'of control while
the (D) form of xanthine oxidase decreased to a 1evel of

175% of control. Neither IFN- aCONi nor "poly IC had any

effect on either the (D} fdrm or (0) form of xanthine

oxidase in vitro (Table 31).

_The effect of the RNA synthesis inhibitor, actinomycin

D, on the'IEN~aCON1 induced xanthine oxidase activity is
shown in Figure 26. Actinomycin D prevented the induction
" of (D) form of xanthine oxidase activity while the (0) form

remained at the normal level after 3 hr treatment periodA

B 5.
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)} TABLE 30

[

The effect of interferon after 3 hour and 24 hour treatment
on hepatic xanthine uxidase activity

& >

I
b ., i

ﬁroteln ’ Xanthine Oxidase XanthinQQOxidaae
- Concentration . (0 form) = (b form) |
in Supernatant  (nmoles gkic acid/ {nmoles NADM/ !
Treatment (mg/ml) , mg protein/min) mg protein/min)
ZControl 8.91 £ 0.93  °  2.35 % 0.27 1.06 £ 0.10  °
> +
\ . ’
A}FN—GCONI 11,75 £ 0.75 2.40 £ 0,14 . 4,47 k£ ,87% ] i‘
¥ (3 hr) o ) " . D
Control 8.19 £ 0.29 2.15 £ 0.49 2.63°% 0,11
IFN-oCON]  8.61 % 0.42 3.55 £70. os*ﬂr 4.60 % 0,398
(24 hr) - ’ ?

",
r w®
L

* Significantly different from corresponding cbntrof, é(KiOS (n¢4).

-y

Animals were treated wﬁih a single dose of lpterferon (IbN-mLONl, .
1 x 100 units 1. p.) and killed 3 hours and 2% hours later, Control

.animals received corresponding volume of sterile phosphate buttered
saline at the same time, -

%t
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© 0 e . | TmABIE 3L ‘ ¢
\\;ﬁr © \ ¢ . 7 "') . "
Xanthine oxidase activity (O form and D form) in hamster hepatic
: cy&:oslolic fraction incubated in vitro with interferom or poly IC
. s ' Protein - Xanthine Oxidase = ' Xanthine Oxidase
i Concentration (0 Form) ) - (D Form) LR
. in Supernatant (nmoles uric acid/ (nmoles NADH/ . %
Treatment (mg/ml) mg protein/min) mg protein/mipn) > L
o Control  » 21,32 1.26 £ 0.86 . 2,13 %0.11 5
IFN-aCON; ¢ 20,010 2.93 + 0.36 3.98 % 0.13
* Control . 22,42 1.38 £0.34 ., ° 2.07 £ 0.12
. ‘ s '
) 1% - ~ . -
Poly IC 21.36 2,62 £ 0,18 4,18 £ 0,13
‘ :

4

Poly 1C:(1 mg) or IFN=-aCON (loﬁl‘gﬁits) was added to cytosolic
. fraction, 15 min prior to assay. Jontrol microsomal suspension
o received equivalent volume of vehicle. ELach value represents means
and staudard error, of three replicates. '
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The effect of aciinomycain D on interferon induced -

' 3

. v - ]
stimulation of xanthine oxidase. Control values for 3 hr

s [

experiment were: xanthine oxidase (0) form - 1.70 ¥ o it

&

‘nmoles uric acid/mg prdétein/min; xanthine<oxidase (1)) torm

-
v

= 1.06 X% O.dO\nmoles NADH/mg protein/min. - Control valuen

-

, i - v I8}
for 24 hr experimént' xanthine oxidagse (U) ilorm S.lh vt
> 4
g

0.09 nmoles uric acid/mg protein/win; 'xanthine oxiduase ¢D)

form = 2 63 % 0.1]1 nmoles NADH/mg protein/min Baclh valua Pf
9

]

is the mean of 4 indavidual hamster. Significantly .
» - N . '
different from control, p ¢ U.0b. ¢ .
- ?
a ! * ‘ )
o %
© ¢ 1
8 : v
0 . - n "
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with IFN-aCONi. 1In thi§ experiment, actinomycin D by .

Z
¥

“n
-
1r
8

‘

itself had no'signiflcgnt‘eff%ct on the activity of either

® 3

the (0) form or thé (D) form of xanthine oxidase.

o ~

Actinomycin D prevented the indtiction of both forms of

N o

xanthine oxidase which occurred 24 hrs after fnterfgron
»m

treatment At this time, actinomycin D pretreatment hy

itself decreased the activity of both the (0). and the (D) a

- - 0’/-
form of xanthine oxidase Actinomycin.D pretreatment,

{

preventéd both interferon induced stamulation of cytochrome

P-450 after 3hr {reatment 'period ahd interferon induced

depression of cylochrome Pr450n(Tables 21 and 22)

o

From these studies, two main conclusionsg can he drawn

-

pegarding the stimulation of xanthine oxidase activity by

’

interferon in the liver  Firstly, it appears that the

increase in xanthine oxidase activity , particularly the

A

-

> ¥ ‘
(D) form, and cytochrome.P-450 after 3 hr of iuterforon

5
4

. —
treatment requires protein syntheoio denovo.  Deoondly, the

]
depression of cytochrome P 450 after 24 Ly of interfsron

1 r
o .

treatment is also dependent'  om, the oynthesin of an o

iutermediate protein (¢ g. 0 form of zanthine oxedase:)

. L 4
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‘ radical scavenging on thé interferon mediated

N .

s gbgféssiOn of hepatic mixed function® oxXidase ac?ivitz'

14

. Allopurinol, a xanthine oxidase inhibitor and «-

tocopherol,. a free radlcalﬁscavénggy, were used to

-

investigate, the role of freecradicals in the depression of

<

hepa%ic mixed function oxidase activi#y 'induced by the L

interferon induéey poly IC. Poly IC was %éed iflstead of
IFN~aCON1,in thesé experiments becausé (a) poly IC
stimulates xanthine oxidase activity more stronély than °
J&FNMaPONl and €b) the limited avallablilty ;f IFN-«CON1 .
The effeet of allopurlnol (7T mg/kg p. o. and 17 meg/kg
P.O. reupectlvely) on the depression of hepatlc mlxéd
fung;ion oxidase lnducéd by a single dose of poly IC (10
Me/ke, 1.p.) 24 hrs 1a{eiu is shown in Tables 32 and 33.
Cvtéuhrame P~45(0 content rand ethoxyresgrufin Ojde~ethylase
activity were dépressed by pol& iC to 44% and 39% of o

control respectively. Concurrent administration of

aliopurinol 17 mg/kg p.ov:) protected cytochrome P-450 from,
. - 7 '
the depression induced by poly IC. Lowwloses of

¥

- 'ﬁ
allopurinel (7 ng/kg, p.o.), partially protected cytochrome=

P 4n0, Allopurinol itself, at thﬁ corregpondlng Anses, hrad

/ -4
no effect‘eibhpr on Gytochrom P7450 content or

uthoxyraaoruian O-de- pthyl se activity in the hamst@rg

a® I

Prevxous studies (Gheazni *¢ al., 1985) have shown that

B b

=}
.
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+
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. Tocophenol by itself had no effect on zanthine ozidice

: ‘ & v 183

b &
- b 4 o

>  allopurinol at-50 mg/kg ﬁ‘otocan'depress cytochrome P*450I

.

- » . .

in the mouse. . 5 it a4

‘\\ The effect-of allopurinol (7 mg/kg p.b. and. 17 mg/kg

= ~
o - - ) ¥

p.é respectively) on the® indiction of xanthine oxidaée (O
¢ . b v
+ form and D form) 24 hr after a aingle dose of poly IC is

shown, in Tables 32 and 33. Poly IC treatment increased the

b3

.cactivity of the (0) form and (D) form of xan%hlne oxidase

to 223% égd 145% of control respectlvelyu Admlnistratipn

A

of allopurinol (7 mg/kg or 17 mg/kg p.o.) prevented.poly I¢

induced incdrease in activity of both form of xanthine

t

oxidasg. Basal level of both .forms uf xanthine ledn:e WAL

A

also degressed significantly at both doses of .allopurinol

» a ”

Al
. ™ Administration of the free radical aépVBngur, 1
0 7

toedpheruﬂ (416 mg/hamster 1.p.) protacted aghinst the

depression of cytochrome P-4560 content and ethoxyronorufin

]

* e0O~de-ethylase avtivity caused by poly IC  (Table H4). ‘1
4 .

k)

‘o L . .
activity, but caused a sipniflcant deprecsion 1ncocytochrome

-

¥- 450 content andl ethozyresorufin U"de uthylaau awtivjty

Theoe flndxng asuggest, 1hnt the vﬂxnratinn of frao

>

radicals (probably via zanthine oxidase Getivity) mny play

v ® - *

an obligatory role in the daepressioa of Lhe hfpnhiq mized
\ )

function oxidane system caused by interforon. -

~ )

e
5 v
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© P Liver histology ", -7 % . . .

. . . »
» L W

L] » - Y . 3 -
. Iiver histology was carried.out to assesst if ‘damage {3
Py [y . - M N . t.

ocaurred in the endoplasmic retichlum¢€%iteﬁﬂf hepatxq‘

[t =

mixed fungtion oxidasegwduhinngFN~dCON1 treatment. i. ﬁ,
Hamsters received a single dose of IFN- CONic (1 x 108 units s
v, % 2 ¢ "

Py
¢

" ‘ a v !
i.p.) and were killed at 3 hr and 24 hr Gon@yol animals -

<

. . ' . . "
) received corresponding volqpes of 3aline. The livers were

v ° r 1

removed, fixed with glutaraldehyde and osmic acid, embedded

13 1 > \

in TAAER embedding refin and stained with trahyl acetate mn@

(] e -
LI
9 o - -~ 4

lead citrate. - ’ &
* . % hd 7]

o I’#
, Examination with electron microscopy (Figures 07, 74

[ ¥ 1]
[

. . . . - M
and 29), the ultrastructures, including that of the |

]
4

endoplasmic reticulum, of the hepatpcytes of the IFN o (ONL

o .

treated hamsters in these preparations appearcd normal; 1n .

* -all details compayed to control., This demonstrates that

decreass ln eytochrome P-450 content after IFN-aCON1

-
a

s

’&] E L3 ’
> breatment is nob due to phyoical damage to the endoplanmie |

reticulum , > ‘
L]

\ - . .
it

A Y
T

-
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Figure 27 .

Flockron myerograph of liver section from
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.SECTION 1 Lo N o . .
N In 1976, two laboratofles (Renton and Manneraing, 1976;

e
A

Leeson et _al ,({1976) demonstrated that interferon inducerg .

Q

depreséed hepatic metabolism of drugs by depressing the

/ -

‘contendg of cytdchrome P-450." At this time, there was
¢ ) A

¢

22

considerable speculation as to whether this depregsion wag

i

a

“ due to interferon or resulted from other actions common to
o t :

th%se agents (e’ g. imm&nom;dulntign). With the advent of
S <

1axgegséale production of highly purified interferons,

. 1 »

direct .idence for the involvement of interferon in .
4 p ,

depressing the cytochrome P-450 content was establiched
(Singh et _al., 1982; Parkinson el al

SR

19?2). Recently,

with the capacity bto synthesize complete gene sequenceg,
] " o
Amgen Inc. in Talifornlia, conceived a novel analog human

kY

interferon called alpha consensus one (IFN aCGON1 ) Which,
Lunlike other synthetic i1mterferons, was derived b%;piqking
ﬂ the mcat\frequently ohserved amino acid at each position of
" +the known IFN-a subtypes (Alton et 'al , 1983). The
biologrcal property mpat stimulatethaditial interest T
TFN-aCON1 was with respect to 1bs significant antiviful
antivities in human and bamotor oell lines and in virdl
lpfeaﬁinn& and experimental tumors in humsleors (Diebbing é}
Al ,"1986). In this thesis, we daetermined the extont Ly
which IFN «CON1 could depress hepatic drug metaboliom, an .
“ \

‘ 169 - )
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4

effect of clinical concern, particularly when,other drugs

N
!
2 g

are used concomitantly.

Preliminary experiments of thig study demonstrated

g

that administration of IFN-aCONi in hamsters caused an

-

initial inckease in hepatic cytocgrome P~450 followed by a .

‘ .
5igni§icant depression within 24 hrs This response in
h?mstﬁr wiﬁﬁ@the consensus interfgfon (IFN-aCON¥ )} was .quite
differént from all previous work in which only depregsion.
of cytochrome P-450 was observéd. The results described in
this thesis demonstrate for tﬂeafirst time thét‘;pterfgrony

in addition to causing depregsion of cytochrome P-450,

could also stimulate this enzyme system.

Interferon induced stimulation of evtochrome P-450 system

During the "time course studies" of this
investig: ioh, it was noted that both poly IC and IFN-oCONi
stimulated the hamster hepatic mixed function oxidase prior

*

2? depression. Administrd@ion of IFNLQCONI or poly Ic
caused an initial inerease (3 hre and 6 hrs after TFN-aCON1
and poly 10 treatment respectively) in ¢ytochrome P-450

levéis follmwéd by significant depression within 24 hrs.

This early lncrease in cytochrome P-450 conﬁent and related
ennyme anbj§ity was also assoniated with increcases in total
microsomal protein concentration. Theﬂxesgan&e appearé to

he specifie fmr‘Lhe aytochrome P -450 apoprotein component

of mixed function oxidase systems as 1) no increase in

-



% no@
;3 ! 191, |
o k.ﬂ

NADPH cytochrome c. reductase activity @and cytochrome hs

-

content was observed, 2) putatime cytochrome P-450
apoprotein of a mélecular weigh% region of 48,000 was
increased when the microsomes were.analyzed by SDS—PAG@.

Thié stimulatory effect of IFN-aCON1 on ‘mixed function

r

oxidase system was not regtricted Lo the liver as lung,

adrenals and spleen were also affected in a similar manner. °

\

In éontrast, kidney cytochrome P-450 content aﬁd

8

L1
¢

] o
benzo(a)pyrene activitlies were depressed by 44% and 69%

»

from control respectively.

The depression of kidney'cytochrome P-450 content,’
after 3 hrs of treatment with IFN-aCON1 could be due to a)
differences gn c¥tochrome %«450 isozymes in different
tissues (Bend and Serabjit-Singh,1984), b) ‘temporal féotnra
in activation of this biological function, or o) the ,

concentration of interferon reaching the.tliecsuece With

e d ¢

regards to the latter pq}nt, it was found that onme third of
a dose of a human a-interferon labelled with 1251 warn fennd
in the kidney of mice within 6§ min of i.v. adminaistration,

whereas liver amd stomach econtained 5.8% and 1.4% of the
L5
dose respectively (Pallerony and Bohoslawee, 19#847.

Alternatively the difterent response in the kidusy may Le

\

due to differehces in biclogical system&fE?r example, Bl
W
m,p‘)’n
4 ~ ' [k
Azhary and Mannering (1879) reported that-the coytLochrome P

450 content and b%pzn(ajpyrene antivity of rat” intestines
and adrenals and eytochrome ¥ 4650 acntent in the kidnay

i
1

S [}
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5 o
4 Y%y » 4

cortexes, were not affected by 4 daily doses of poly IC
however, the benzo(a)pyrene Byd?oxylage ac}ivity was

lowered by 30%. It is also interesting to speculate that

s+ O 4

‘th@'effecb of interferon could be related to the macrophage
type cells present (Kupffer cells in the liver and alveolar

macrophages in the“iung) or absent (kidney) in a particular

0

4 ° u '
. Although the present study dem?nstrates that poly IC"

and 1FN-aCONi stimulates microsomal P-450 systems in vig%,

I i &

. it is stillruncertain if the action is a property of a

@ 3

interferon per. se, as preliminary studies in o&r Taboratory
have shown that IEN“aCONl does not stimulate the mytochg&me
P-450 gsystem in icolatéed hamster hepatocytes (!Ehton et
al., 1984). It ig possible tﬁaﬁ interferon-induced-

gstimalation in viveo of microsemal cytochrome P-450
-

'

e ]
dependent. catalytic activity may be due to (a) releaze of
humdral factors (e.g. glucorticoid) that may stimulate

cytorchrome P-450 activity, or (b) thrcough an intracellular
!

component which stimulate cytochrome P-450 gystem and whose
. ; . . " . . * 7
mechanism of action is "short lived" (Mannering and

Deloria, 1986). ' "

[

The paradoxical result (sotimulation of mixed function

I
n

oxidase as opposed to the depregsion normally reported) has
also been observed by others in two other situations. Poly

IC or arude mouse interferon preparations can increase
¢ 3
ey bochrome P-450 levels and related enzyme activity in

14

¢
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cultutred mouse hepatocytes (Renton et _al , 1878), and crude
» mouse interferon stimulates benzanthracene-induced aryl
hydrocarbonohydroxylase activity én fetal ho;sé)cel} )
cultures (Nebert ana Friedman, 1873) Other enzyméﬁ can
also be enhanced by inte}feron or interferon/ﬁggycer%”

intluding (a) xanthine oxidase (Ghezzi et al., 1984, 198b;

Deloria et _al , 1985; and this stddy), b) 2'5

oligoadenylate synthetase (Krispin et al., 1884), c) .

creatine kinase (Fisher et al., 1983), d) tRNA methylase

(Rozee“et al , 1969), e) guanylate cyclase (Vesely and
Cantell, 1980), {) indoleamine 2,3, dioxygenase (Yoshida
and Ha}aisbi, 1978), g) tfyptgphan dioxygena?a (E1 Azhary
and Mannerihg, 1979), h) hehe oxygenase (El Azpary and
Mannering, 1979; Renton, 1981 and this study).

‘ a

Interferon-induced depression of mixed funection_oxidyse

The temporal aspects of hépatlc ocytochrome P -450
depression of hamsters following a single dose of IFN and
poly IC were similar to those previously reported for human
IFN-«AD (Bgl) and gammaAinterferon in mice (éLngh et al |,
(1984; Parkinson gﬁgggé; 1982; Franklin and Finkle; 14985)
and poly IC in mice (8ingh 1962b) and rats (Bl Ashary and
Mannarjng; 19%9). Tha'depresaion of metaboliom of typical
substrates such as aminqp}rine N“dém@thylase,
benzo(a)pyrene hydroxylase, ethoxyresorufin O-deethylace
and laurie acid hydroxylase*garalleled the depression of

]
3
” o



c;tochrome P-450. fThe 4ppnesslon appears to be selectlve

-for cytochxome P- 450 hemoproteln as cytochrome bs' and NADPH

cyﬁochrome ¢ reductase are not affected bynlntepfenon

__treatment.. . ’ L

.

I -

C‘ . L
At present, the pharmacokinetic wilimination profile of

IFN-oCON1 is unknown -and it is therefore impossible to

0

correlate the deprfession of cytochrome P-45065ystem with

"serum level of IFN-a CONl.U Round and Stebbing (1983) have

L

§hoWn that a single dose-of poly IC in hamsters induces

sarum interferon levels which peak at 3-4 hrs during wpich
the hepatic mixed function oxidase activity is increased.

No detectable level of interferon was observed after 24 hr

afterxr poly IC treatment dyring the time which hepatic mixed

function oxldase act1v1ty was depressed The lack qf )
détectable ‘serym 1nterferon levels at the time of’
deproﬁsion of ecytochrome~P-450 systems was similarlyn

observed by Parkinson et al- (1982) In contrast, Singh

and Renton (1980) ‘and Renton (1981) found that an increased
serum interferon level correlated with depre5510n of b
”cytochgome P-450 system. Serumcinterferon levels however
are not necessarily relﬁable indicators of the interferon
content of the liver and other organs. This is because
interferon can differentially be sequestered in different
organs (Palleroni and Bohoslawee,1984). Parkinson et al.
(1982) suggested that thelrapid disappearance of the

interferon, IFN-a AD, after a single dose of this “
LS

1]
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interferon (i’p "y from blood serum Jrelative to the rate of

. © -Ao" a S

Y
. ,decrease-in., cxtochrome P-450 contént was not due to 1ts

™ 1

dirgot“interactioncbf interfg;on with cytochrone P~450.
f M

/
Our present study provxdes fux#her evmdence against a

_ . direct 1nteract10n between terferon and hepatlc mixed

@ {

'ng a "“lack’ of 1nh1b1t10n of the

LA

function oxidase by sh?y/

‘eytochrome P~450 system in vitro by IFN-aCON1 or poly IC.

“ﬁo further reduction in the cytochrome P- 450 system occurg

aftér 3 daily doses (1 X 106 unltsbl.pﬂ) of IFN*qCONl
(chronic“studQ)oas coqparéd f@ a single dose (1 x 108 units
i.p.) suggesting that 'a new steady-state of cytochrome,?~
450 content ig‘reached thhin 24 hrs of interferon ‘
treatment. A similar observétion was noteé by Magperin et
al_ (1880) with iﬁterferon inducers poly IC and tilorone in
rats and‘Py Parkinson et al. (1952) with human interferwn
HulFNr-AD in‘mice. Wh;n gnalyéed by SDS-PAGE, the
concentration of hepatic microsomal pgoteinq with méleculﬂr
weights of approximately 48,000 and 60,00@ daltonus appeared

o decrease 24 hrs after a single dose and ‘multiple doses

t

of“TFquGDNl. Micrgéopal proteins of these molenu}ar
weight ranges huve been identifiedmas aytochrome(s) P- 450,
(Chiang and Steggles, 1983). Previous workers usding ODS
PAGE, to sebarate microsomal proteins, roported that,
interferon indqp&rs poly I0, tilorone or Frounds’® adjuvaunt,
nelectively depressed apocytochrome P-450 (Zerkle ot al |

1980)., During the course of this study, Balkwill &anlu

o

by
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(1984) reported that the concentration of selective
apocytqchrome P-450s in mice treated with purified mouse
interferon was decreasé&. It can be concluded that
interferon and interferon inducers depress the cytochrome
P-450-content (as measured by its carbon monoxide-binding
specgrumf by decreasiﬁg apocytochrome P-450 content

A single doseé of IFN-aCON1 and poly IC for 24 hours
also depressed cytqchrome P-450 contgnt and benzo(a)pyrene
hydrogylase activity in lungs, kidney, spleen é%d adrenals.
The extent of depression of cytochrome P-450 content and
benzo(a)pyrene activity varied between -different tissueé.
No correlation between the‘extent of depression of
cybochrope P-450 content and bénzo(é)pyrene activity
occurred in these tisgues ?ossibl& reasons for this would
be: +a) the “depression of selective isézymes of cytochrome
P-450 with/without a ielatively high specific activity
towards benzo(a)pyrene, b) regulatory mechanism for thé
maintenance of steady«ébate levels of cytochrome P-450
systems differ bétween tissues, c¢) the ability of the
interferon to reach lts site of action in adequate .
c@ﬂcmntrgti@n. Kidney being the major site fpr metéboliam
of interferon is also the site where interferon had the
graatest Jdepressive effect.

In our experiments, the depression of cyboechrome P-450
by ¢ither IFN-aCONi or poly IC was not accompanied by any?

changes in body weight, liver weight or microsomal protein

”~
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concentration. Ih addition, no ultrastructural

abnormalities were observed in tissues obtained from®

hamsters treated Hzth single doses of IFN-«CON1 whgn

examined using angelectroh microscope. These results P
v

demonstrate that the in vivo depression of cytochrome P 450

system by interferon is not accompanied by obvious toxid
effects to the animal or ultra structural changes in thg
tissue.

The hypothesis that a direct gelatlonship exists
between antiviral and "anti-cytochrome P-450" properties of
interferon (Singh et al., 198?) was also tested in thig -
study IFN-aCON1 which haé no antiviral activity againgt a
mouse cell line (LBZQ) when challenge@ with vesicular
stomatigis virus (VSV), did not depress mouse hepatic
cytochrome P-~450 content or cylochrome P-450 dependent,
catalygic activity, Qn the other hand,, poiy IC depressad
hepa@ic cytochrome P-450 system in the mouse ig a similar
extent to that reported by Singh and Renton (1980) ¥ Human
buffy coal interferon (HulFN-a), derived from 1oﬁkocytes,
15 antiviral against a hamster cell line (BHK) when
ehallenggd with VGV, depressed hamoter hepatic eytochrome
P 450 gystem. This interferon has virtually ano antiviral
activily in a mouse cell line and no depressive effect on
mouse hepatie aytschr%me P-450 (Singh et al 198@).
Although IFN*&C@ﬁi has been shown to have antiviral

actlvity against primate and human cell lines(Alton 1
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_hepatic oytochrome P-450 system was not affected.

’

- : ‘ - 198
>y ' . R ~ ) |
al.,1983), preliminary evidence from our own lab suggests

Q

that tﬁis interferon does not alter theophylline

elimination kinetics in frimates, possibly suggesting that

[

the antiviral activity of this interferon is not .

R

‘necessarilf accompanied by a depression in cytochrome P-450
1]

system in allggpecies (Renton et _al , 1984). This would be

@

an obvicus advantage for the eventual use of this

9 "

v
interferon in man, °

$ x
In summary, this part of the study demonstrateé~t£at
IFN-aCON1 caused a dose dependent and time dependent

Ll

-decrease in the cytochrome P-450 system in hamsters. Both.
?epatic and extrahepatic cytochrome P-450 content was
depressed after 24 hrs interferon treaﬁﬂént period. The

s depression of the mlxed function oxmdace was restricted to
the cytochrome . P-450 component of the gystem as cytochrome

bs and NADPH cytochrome ¢ reductase were not affected:
%

IFN-xCOM1 demonstrates a species specificlly as mouse

. H
b

3

Effect of interfepon on various isozymes of cytochrome P

450

The aim of this part of th udy was t@yﬁegarmine‘

whether TEN-afON1 had any suppressive effect on the levels
of the eytochrome P-450g and aperific mdnn Qxygenase
achivities induced by ph@nahwrbmtal (PB), anapbboflavonp

(BNF) oy clofibrate (OF). “
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PB and BNF induced high condentrations of total
cytochrome P~450 (as meaéured by‘cafbon monoxide biﬁding
spectrél in bepati& microsomes. ‘"Phenobarbital inducible” =
cytochrome P-450 has a gigh substrate specificity for

e aminopyrine, and "3-methylcholanthrene inducible" (or -

;naptﬁbflavone):cytochrome P-450 (cytochrome P~44?) has a

high substrate specificity for benzo(a)pyréne( On the

othgr hand "clofibrate inducible” oytochrome P~450Q
(cytochrome P- 452) displayed gpec1f101ty for the
hydroxylgglon of laurlc acid wmthout 1nducmng cytochrome

v s
total P-450 content (carbon-monoxide binding spectra) 1t

has been siown recently that considerable proportinn

(greater than 50%) of {the clofiﬁratewindu@eﬂ cytochrome -

—r

~ 450 isozyme is indeed cytochrome P-452 (Tamburini et al |,
1984).° Animals jinduced with various the inducers produce

L] & * q [l L} L3 * ’

animals with microsomes which contain high levels of

different isozymes of cytochrome P-450. "
b‘/ [}
The results of thase studies indieated that after a 24

. s ,
hy treatment period IFN-aCONi1 depressed cytochrome I 4b0
content, and the activities of aminopyrine Nldemuthglanuh
benzo(a)pyrene hydroxylase, ethoxyresorufin mﬂdaalkwfaﬁn
and laarie acid hydroxyfaﬁm in non- indaced hopat i

N microsomes tu 66%, 65%, 81%, 63% and 63% of conbenl

3&» .

fx\f“\\Jé peactivaly,  When comparfnﬁ the results Lo animalo

{

induced with PH, BNF and CF it becomes evident that the

, ' o
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forms of cytochrome P-450 induced are a‘determinigg factor
in the extent of ,depression of P-450 hemoprotein.
PB-, BNF- and CF-induced cytochrome ?:450 content, as
measured by the amount of CO-binding pigment, were
:ﬁlfferentially decreased within 24 hrs of IFN-aCONi
* treatment. Though this only indicates that total -
cytochrome P=450 is depressed by IFN~qC9N;,it does not 'mean

/
that specific isozyme of cytochrome P-450 are depress in

¢

the similar manner by interferon. However, different

3

isozymes of cytochrome P-450, based on substréte

. 5peu1ficmt§ were gepressed to vérying degrees by IfN—aCONl ’
{lyfoch¥ome Pwégé: as measured by lauric acid hydroxylation,
and Fytochrome P-450 (PB inducible), as measured by
aminopyrine N-demethylation were the isozymes most affected
1n both iniuced and non-induced microsomes by IFN-aCONi
t}eatm@nt. On the other hand, cytoehﬁ#me P-448 as meagured
by benzo(a)pyrene hydroxylation Qas least affected _

It has been shown by Repton et al. (1979) xhat
voncurrent administration of poly I{ or tilorone suppressed
_Lhe induction of cytochrome P-450 and mono;oxygenase
activity (ethylmorphine N-demethylase and benzo(a)pyrene
hydroxylase) in PB and of 3-MC induéed animals. However,
induntion of benzo(a)pyrene hydroxylase b§ 3-MC was lowerad

by only 40%. BRecently, Crowe et _al. (1986), as in the

g gk P R

study by Renton et_al (1979); showed that treatment of

&
animals with poly IC induced with either PB or 3-MC

-

w -
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decreased the dvtﬁchrome P-450 content to the noninduced
basal level within 24 . They also ‘showed that thig
effect was temporary ipg/the 3-MC-treated animals since the
cytochrome~P";5b.c ent returned to the pre-induced 3-MC

leyel within 72 hrs of poly IC treatment. A similar

recovery was not obtained in the comparable PB experiment

The effect of IFN-aCON1 on induced lung cytochrome P-

L]

450 content and benzo(a)pyrene hydroxylase activity wau

I

different from that seen in fhe liver In lung, IFN- COM1

depfesaed benzo(a)pyrene hydroxylase activity in the BNF

induced animal accompanied by only a small effect un
-:‘Sq‘; »
cytochrome‘P"450 systems. PB did not induce cytochrome P

450 content in hamster lung microsomes. This wags not

Ny

unusual as several reports have noted this phenomena in

other species (Conney, 1971) However, in cantrast to

) .
BNF treated hams turuh benzo(a)pyrene hydroxylase activily

in the lung mic}nsomgﬁ‘of the PB treated hamster wan only
depresced by 18%, cu&pared Loy 338% in DBNF Lgeatm&nt by LFN
aGON1 . IFN-axCON1 treatment by 1£L@1£ only depreasoned
benzo(a)~pyrene hydroxylase activity by 2% bu%,aybuvhruma

I-450 @ongonb ways depressed by 49%. It ahpuufs that TIFH

allON1 , as in the liver, has little depresyive /
henao (a)pyrene hydroxylase activity in Lhﬁ Lung a}thnuﬁh' -
Lhere was unparalleled deprecssion in 1hﬁ ﬁy nhromh ' 45

naﬂbanﬁ. I contrant, Lrﬁntmenh‘wtth BNF alterns the-

&
i
pattern of depression of bens o(a)pyrona hydroxy laoes
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activity by TFN CONi1 "possibly"” through a production of
specles of cytochrome P-450 1sozyme hat/is shsceptible to
depression by interferon

The selective depression of enzyme~activ?ti s .
(aminopyrine ﬁ_demethylase and lauric acid hydroxylase
compared to benzo(a)pyrene hydroxylase) and cytochrome P-
450 apoprotein content by administrat&on of inLerferon may
be due to effects on rapidly turning-over forms of
cytochrome P-450, e g +the rapid turnover of PB-inducible
cytochrome P-450 (7-8 hrlyrelative to the 3-MC inducible
cytochrome P-450 (46-48 hrs) (El Azhary ef al., 1980).
Turnover rate of cloglbratezgnaucible cyéochrome P-450 has
not been determined to date. Also this idea 1s supported
by the observation that steroid induoed“tyrosine aminé
transferase or glutamine syonthetase (both are thgught to be
rapidly Luxnlng over ' proteins) (Roosi, 19856) yéﬁe depressed
by interferon in rat and cgicken cells.. /

.

SECTION 11

Mechanioms involved in gtimulation and depression. of

hepatic eytochrome P- 450 caused by interferon

Enmymé induction as first defined in 1953 by~Cohn:gL
al., "is a relative increase in the rate of synthesis of a
spectifie apoensyme resulting from exposure t0o a chemical
substance”, In nonbrast enzyme repression was defined

(Vogel, 19587) as "a relative decrease, resulting from-the

o)

(1
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exposure of cells to a given substance, in the rate of
synthesis of a particular apcerzyme" The ﬁord&“"enzyme
induction" and "enzyme repressionJ will be used henceforth
to represent the increase and decrease of cytochrome P-450
folléw1ng IFN treatment —

In the first paft of this thesis,] have demonstrated

that interferon, IFN-aCONi1i and the interferon inducer poly

b

Iic causes an initial increase in cytochrome P-450 content
and relaged enzyme activities in the hamster which is then

followed by a significant depression of the system within

2 p)

24 hrs. It 1s remarkable thal the increase and the loss of
{
hepatic cytochrome P-450 caused by interferons or
: l
interferon inducers has rarely excéeded.fifty percernt of

1 * - 1 p
.control. The finding that cytochrome P-450 loss does nol

"

exceaed fifty percent of control Gven: after, repeated dases

o

of inLerfefon has been reported in thlﬁ astudy as well as

othergs (Parkmnson ‘et a%f? 1982, singh, 198§): Thes crarly

«

transient increace in eytochrom@ P-450 by 1nterfd?on which

ig reported in thin study is the first ohonrvation of such

P r ru
& L]

an effect. .

The initial inercase in cytochreme I'-40L0 ocontent by

interferon is associated with ificreases n microsomil o
1

€
¥

protein concentration and increuses in apooytochrome P o450

[s

I £,
aonbtent,. The logo wn cytochrome P 450,10, howaver,

3

agssopiated with less in apmeytﬁuhrumm P 450G apoprotein .

sontent WLLheuL an dﬂcnmpanyinp losn in total microosomal

&+
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protein congentration. Synthesis requires separate

formation of the apoprotein and the hene moieﬁy which are .,

L]

Al . @
assembled to form the holoprotein gsee Introduction). A

perturbation in any process of holoprotein synthesis would

e

result in a change in the®*steady-state level of the enayme

s

(Omura, 1980). Similarly alteration in the degradation _

rate would change the steady-state levels of hepatic
dytochrome P-450 Several studies have been qgrried out +o

determine the mechanism of the effects of interferon and

n

interferon inducers on cytochrome P-~450.

.3 L

]

Y e N
@Eiiggis of _interferon on hepatic microsomal cytochrome P-

]

}

450 hemd turnover

v El Azhary and Mannering (1980) have suggested that
interferon inducers depress cytochrome P-450 content by -

increasing heme degradatién and thereby decreasing the

availability of heme. These authors described the

-

following sequence of events, which is based on the concept
of ‘heme synthesis being regulated by a heme pool

(DeMatteis, 1978). They observed that interferon‘inducing

o

agents caused an inaorease in the size of the regulatory
heme pool. This a@ﬁid oceur in two ways: (a) these agenls
dan cause increased dissociration of heme from cytochrome, P-

450 or other hemoprotein; (b) or thege agents depress the

14

synthesis of apoeytochrome P-450 and the apoproteins of

- \ -
other hemoproteins, thereby decreasing the demand for heme

~
©
-

H

@
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from the héme pool. ¢The increase in the size of the heme
Pool has been shown to depress S-aminolevulinic acid
synthetgfse (ALA-S), the rate~limiting enzyme in, heme
synthedis. The excess heme aléo induces ﬂeme oxygenase, tbe
rate limiting enzyme in heme breakdown, which then .
relievesg the ﬂhh;£ition\qf ALAJS by destroying heme
(Bissell and Hammaker, 1976) In this study, heme

¢ 1

oxygena§e‘act1vity was increased 24 hrs following IFN*GCONl
treatment and corresponded to the time when the cytochrome
P-450 content was decreasedE A causal relatidnshlb betweeﬁd’“
the increase in heme 6xygenase activity and the depr@ssﬁon

of cytochrome P-450 has been described by others (Maines

and Kappas, 1977; Jarvisalo et _al., 1978: Baissell and -

v

Hammaker, 1876; El1 Azhary and Mannering, 1979; Renton,
1980) In 1980, El Azhary et _al. ‘suggegted that L ]

interferon-inducing agents aincreased the degradation of

heme in cytochrome P-450 but had no effect on heme .

&

synthesis. However in 1982, Singh- (thesis) indicated that

the results of El Azhary et al. (1980) cannot expla&n the

increase in heme degradation as the mechanism by hhich R
interferon inducing ageﬁ%s depress cytochrome P-450,

Singh’s explanation, based on the maasuremenﬁ;bf rat.e
constants of heme degradation calculated by El Azhary et

al., (1480), allows only an 8% deéreaae in Gytéchrome P-450

by interferon inducers. A 40-50% total loss in hgmoprotein

¥

. is routinely observed. Subsequently,’ Siﬁ@h (1987

-4
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/ ., .

demonstrated that heme degradation-as measured by the

‘ Ve
expiration ofl14C02 from methene bridge carbon of the

L}

porphyrin ring was increased three fold inx mice treated

y L]

with interferon inducers. The area under the curve for

»
1

14002 expiration was decreased in treated mice, ssuggesting
that the synthegis of heme was also impaired. The
magnitude of the changes measured in this way was much more

comphtiﬁle with the\observed decrease in cytochrome P-450.

-

Furthermore, Sonnefeld et al. (1982) noted -that induction

-

of gamma interferon in mice resulted in a transient

3 -4

decrease in serum iron levels. They proposed that
translocation of iron from serum to liver could have

¥
resulted in a decrease in heme synthesis and increase in

-

heme degradation, as proposea by others (Bisseli %na '
Hammakeg, 1876). These auéhor%:attempted to block the
itranslocation of@irén bé’adminié%ering cysteine, which
’&ouid complex Qith the metal via its sulphydryl groups.
aDﬁd@inistration of cystéine however did not block the
decrease in cytochrome P-450 by the interferon; which
sugéested that the changes in heme componen%s may play a
secondary role in dep;eséion of eyt&chrome P~-450 by
interfeyon.
* In regard to the early stimulation of cytochrome P-450
by IFN-aCON1 observed in the p}esent expﬁrimenfs, it is
interesting to note that heme content was also increased

"

during this time period. Heme oxygenase activity however

-

@

a
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[y

was hot affected during this treatment period.“ This is in
\ <

keeping with the finding of El Azhary and Mannering (1979),

that early stimulation of ALA-S occ;rs after treatment with

N \ 1
an interferon inducer

the steady-state levels of cytochrome P-450 following

interferon treatment would be to alter theﬁéanten

) &

apocytochrome P-450. Indeed it has been suggested that, the”

of, the

o

rate limiting step involved in the formation of ﬁf
holocytochrome P-450 would be the availability of the

apocytochrome (Correia and Meyer, 1975). -

L]

- (ig Induction of apocytochrome P-450 by interforon

The results presented in this thesis have demonstrated
s for the.first time that the amPunt of ¢ytochromae(s) P-454L0
in hepatic ;nd extrahepatic microsomes (except kidney
microsomes; increased during the ini%ial effents of [FN-
aCON1i and poly IC (3 hrs and 6 hrs after IFN- CONi and Poly
IC treatment). The results of the [355]-methionine
incorporation experiment (Hangen =t _al., 1976) shows that

the amount of radioactivity incorporation per mg of

microsomal protein in treated animals (6 hr treatment

™
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P .
v period with poly IC) were higher than ,the control animals,

-

indicating pP?t an~increa§e ig’the synthesis of microsomal
proteins pr;;ée&éd at a h%gherx§ate in ihterferon treated
animals. When analy%ed b% SDS~§AGE (gel fractionation or
fluorography), equally 1aéelled microsomal proteins
associated with the apocyﬁ;chromeqP7450 reéion from treated
animals wgs increased. Re%ton and Singh (1984) previously’
demonstrated a sigq;ficant;increase in the incorporation of
3H-labelled amino acids to%the totgl protein of hepatic
microsomes of animals at 3,.6,.9, 12 a;d £8 hps after
treatment with poly’Ib, howé&ér they did not associate this

increase in amino acid inoorporlfion with increases in

gpecific or total apocytochrome P-450 dup;ng these , time

~ - ~

intervals. - 3

Drug-induced increasés in microsomal enzyme activity
can be prevented by certain iphibitors of,pfotein or
deoxyribonucleic acid (DNA) dependent ribonucleic acid
(RNA) synthesis. Previous investigators have shown éhat
inhibitors of protein synthesis such as puromycin (Gelboin
and Blackburn, 1964) and actinomycin D (Gelboin and
Blackburn, 1964) prevented the inductipn of microsomal
enoymes (e.dg. benzo(a)pyrene hydroxylase) by thé inducer,

3-MC. The results presented here demonstrated that the

. interferon induced stimulation of both hepatic and

extrahepatic cytochrome P-450 content and related enzyme

actbivities could be prevented by both puromycin (protein

* ¢

™

¢
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syﬁﬁhesis inﬁibitor) and actinomycin D (DNA~dé;endent RNA @
synthesis inhibitors) It has been shown that the response
to interferon requ;res the generation of new RNA and
protein synthésis In fact only two enzymes out of scveral )
IFN-induced proteins of unknown function (Sen, 19841Jhave
been discovered that require de novo protein synthésig.
This includes the 2’-5’ oligosynthetase and protein kinase.
We therefore conclude that interferon also induces
cytochrome P-450 contentwand that this induc%ion requires
protein synthesis de novo. “

An increase in the amount of extractable ENA and in !

e Apeliet

vitro synthesis of RNA directed TCA precipitable protein

+ isolated at 3 hrs following IFN-aCON: administration
coincides with the waximum appearance of microsomal protein
concentrations. Becgusa the translational gystems used
here were designed such that exogenous mRNA i the
°priqt’siple determinant -for the rate of protein synihegis,
these results indicate that induction with interferon
increagses not only the amount of mRNA but algse the gpecific Q
activity of mRNA (i.e. translated protein/pg RNA) Ouch an
effect. is not surprising as the antiviral action of IFN
requires initial new mRNA and protein synthesis. Rubin and
Gupta (1980) have reported thal the synthesic of proteing ’
in IFN-a-treated cells is tightly rééulaﬁhd. In IFH- -

>y

treated human {fibroblasts the induced proteins are not

synthecized continuously and the rate of syatheris of SOme

=
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‘of these proteins peak within a few hours of commencement
of IFN-treatment® On analysis of total products by SDS-
PAGE, we have shown that the intensity of radioactivity
were greatest in the 47,000-54,000 dalton molecular weight
- —_ .
region. It is in this region that apdé&tochrome P-450 S

would be expected to ‘migrate. The 60% increase in the in

vitro synthesis of apocytochrome P-450 observed at 3 hrs

following interferon administration suggests (but does not
prove) that an increase in the number of cytochrome P-450-
specific mRNA" sequences are involved in the induction
process. %urthermore, it was found that the ap;cytochrome
P-450 gynthesized in vitro is-indistinguishable in sige
from the.apocytochrome isolated from hamster liver
microgomes. Therefore, processing of interferon induced
apoecytochrome P-450 upon insertion into the endoplasmic

» reticulum may not occur. Similar.observation was reported

* by Kumar and Padmanaban (1980) with phenobarbital as the

induner. .

Depression of cytochrome P-~450 by interferon

The results discussed in the previous section indicate

that, interferon induged depression of cytochrome P-450 is
i
\\Egﬁbgiated with a decrease in the steady-state level of

G apocytochrome P-450. This has also been suggested by
saveral other workers (Zerkle and Wade, 1980; Mannering et

al., 1983; Balkwill et al., 1984). This study however

¥
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provides for tke first time evidence to directly support
the hypothesis fhat the interferofh gnduced depression of
the apocytochfoﬁé P-450 content is due to a decrease in
protein synthesis and is not influenced by changes in-
degradation of proteins Thig conclusion is based on the
following results

The incorporation®of [358]-methionine into total
microsomal protein was identical in control and 24 hours
after the treatment of poly IC., This indicates that the
overall synthgsis of total microsomal proteins is unchanged
by an interferon inducer. When analyzed by SDS-PAGE,
hoﬁé&er, micfbsomal proteins of the molecular weight rango
of apocytochrome P-450s (47,000 dalton - 55,000 dalton)
contained less radioact;vity in animals treated with poly
IC. A possible reason Lo explain the unchanged amount of
amino acid ineorpoyaﬁion in total microsomes aould be that
the rate gi synthesis of some microsomal proteins in thes
liver was‘!ﬁduced by poly IC treatment, while the syntheoic
of other proteins (e.g. cytochrome P-450) was deprensed. A
similar suggestion was made by S{nﬁh and Henton (19684) who
demonatrated that the locorporation of amino acidn into a
cytochrome P-450 rich fracticn of microsomes wan daprannod

but the overall incerporation of amine acids inbo total

varosomes was actually increased. Thece twofotudias which
/

[
&
»
3
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¥

that interferon inducers inhibit\apocytochrome P-450
synthesis. Conversely, Zergle and Wade (1984) suggested
that poly IC depresses cytochrome P—450ﬁby increasing the
rate o} degradation of apocytochrome P-450.° This
coﬁcluéion was based on the fact that 14C-leucine )
incorporation into a cytochrO@EP~4g%°enriched fraction of
poly IC treated }atsowas'increased, and therefore the
depression of ayocytochrome P-450 interferon was due to
increaseslig degradation rate. - ‘ .
Unfortunately studies of protein synthesis which
simply measure incorporation intg a proteiﬁ have !
interpretation problems. That is, depressed radiolabelled °
incorporation could be associated wi%h ipcdﬁ!ﬁéd rate of
protein, degradation réther than decreased synthesis
‘Another approach, which could alleviate thir problem, was
taken In this study in order to define accurately the
‘mechaniom involved in the depressed.steadymétate le¥el uf
napmcytechrmme P-450 after interferon treatment. The
technignes of Aria et _al | (1969) aﬁd Dehiinger and Sghimke
(L370) enabled us to determine .the effect of interferon on
the relat iyve. ratoes of apocytochrome P- 450 degradation and »
synthaesis regspectbively. fhruugh this study, we could -
pinpulnﬁ‘thﬁ mechanism by which interferon d&prﬁs&%&
apoeytochrome P450 content (1.e. rate of synthesis or

degradotion, or both)., It was found that the relative rate
-

of degradation of putative oytochrome P-440 was actnally
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. proteins would require the use of multiple mornospe
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decreased, rather than increased, following interferon:

.

treatment Three putative apocytochrome P-450 of .

approximately Mr = 47,500, 51,500 and 52,500 had mean hal{”

lives of 30 1, 31.5 and 31 5 hrs respectivel& in control .
animals. These half-lives of pitative apocytochrome P-450s
from microsomes of control hamgke s were similar to those ‘
reported by others in the rat (Parkinson et alf, 1983; .
Sadono and Omura, 1983). It is concluded tﬁat these 3

*

proteins turnover at similar rgtes The ewidence that

2

Steggles (1983). Unequivocal identificabion of theoe
sifie

antibodies. The.half~lives of these 3 proteing was

&
inoreased by about 10% in animals treated with inLeerrug .

a3

for 24 hrs even though cytochrome P-450 vontent was

depresued by 31%. The decrease in the rate of degradatinm

5
A

of apocytochrome P-=48505 may contyibube Lo a, procoss of \

A

v

stabilization of the enzyme at the new oteady state of \

protein turncover. In further cxperiments, the relatiore
. .

rate. of synthesis of the abeve mentioned putative .
b
Apueybochrome P-4560s were decreased significantly in

hamsters breated with intorferen for 24 Wrs. Thio elearly

o
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indicates that the depressed s%%ady—state level of
cyﬁaahrome P-450 is caused by a loss in the capadity of the

liver to synthesize the apocytochrome P-450 and that

’ F

i

degradation of the apocytochrome P-450 plays no significant
q r ‘
rrsle in thas process. It must be emphasized that a serious

s

.. }
drawback in the accurate determination of degradation

A

(Schimke, 1875) in these studies, is isopope reutilization

1

{i « labelled proteins degraded to constituent labelled
amino acid, can be reutilized for synthesizing the same
proteins and therﬁforércould underestimate degradation rate

¢ s . T,
censtantly )., As reoutilization of labelled amino acid intd

¥

prubein would be the same qu both saline and interferon

»

tr-ated animals, this would therefore represent the actual

1

offect of interferon on rate of.synthesis and degradation s
A )
i apoeytochrome P-450. .

. Tr determine 1f the decrease in cytbchrome P-450
synthesis was due tm.(a) decrease in mRNA, (b) decrease in
transiatability of mRNA, or (e¢) both, the effect of IFN on
the 1n vitrd synthesis of apocytochrome P-450 was measured
u ot enll féee~translat;on system. This idea was developed
fruQ roportfd that indicate that poly IC and Lnterfegan .

il

e synthesis of certain other cellular proteins

e ronse

tother thal viral proteins) via such a mechanism (Rossi et

f 17
1., 188hH) “~fhe results «obtained ip thesergxperiments

2

demonstrate that (a) total amount of RNA. isolated from

4

srntrol ‘and interferon treated animals was identical, (b)

A
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after proteins were translated#gigs\isolaged RNA, the total
amount of label incorporated into TCA precipitable material
was identical in both groups of animals The latter (b)

indicates that the total translafional capacity of the

-

iver in interferon treated hamsters were identical to that

of saline treated animals. This is perhaps not surprising

as several reporis indicate differential rates synthesis
< k

and degradation of several different proteins which occur
after lnterferon treatment as stated in the review by '

Rossi, et al.(1985). On analysis of total translation

©

products by SDS/PAGE, the amounts of apocytochrome I 450
trénslateq was depressed. This indicates that the -
treatment of hamsiers with interferon specifically affects
theAtranslatahility of the mRNA codkng for aDO?ybuchrume

synthesis., Recent experiments in our laboraiéry uging
J
s

specific antibodies have indidated that the tranclation of

Ve
specific forms of apoaytochrome F-450 by intoerferoan
i
(apoeytochrome P-452) was impalred (Renton et al., 1986).
¥
These experiments provide for the first time unequivoeal -

proof that interferon is deprescing cytochrome P 440 !

content, in the liver by diminicshing qapna}ty af Lhe li1ver
to synthesioe the apoeybochrome S

During the course of thin study the yuestiontarane
"does inteéferﬂn act, directly mn a mechanism of protein
synthesio or does interferon require some form of

-
intermediate?” This ldea was developed from Lhe

)
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cbservations that interferon requires the sy?thesis of an
o - R .,—“
"intermediate protein" to hmpart its antivivé% ?etion on a

L

cell. Such a possikility had been discussed for many years
'y - * LY

and was 1X fact tested in 1984 by Gorce and Wade ~ These

, authgrs, however, made a serious mistake by using protein

L - !

synthesis inhibitors in combination with interferon

9

b

-

inducer. As interferon itself is a protein ﬁhich regquires

.

de _novo protein éynthesis (Mannering -and Deloria, 1986) the

gonclusion that an intermediate protein 1s Yequired as made
by Gorce and Wade (1984) was totally upjustified. , This
type of experiment could only be carriedsout with pure

® \ W ,‘ N W

interferon such as used in this thesis.

a?

b
In experiments carried out.with protein synthesis
@ E ¥’
\ £ e

b
inhibifors, actinomycin D and puromycin prevent the

14
¢

T

interferon mediated depression of cytgdhrome P-450 -and

D Jo e v

, related enzyme activities by the purifieddnterferon. Thas

demonstrates conclusively for the first time that the ¢

A B
[ 5 -

depression of cytochrome P-450 caused by interferon
requires the synthesis of an intermadiaﬁe protein and does

« not act directly on the prqteiﬁ synthetic -machinery. The

53 0
+

proteln(s) responsible for the actual deﬁ%essioh of .
cytuchrome P-450 steady-state level are probably gnzymes
-which act on the protein synthetic machinery (e.é. mRNA,
ribosomes, éte.) and as discussed in the next paragraph may

N be xanthine oxidase.

"

& - -

7

-

3
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Role of reactlve oxygen.intermediates in the interferon-

5 AR s i SN

o

medlated depressxon of c&tochromﬂ P-450
%

Gh£221 et’ al {1984) have proposed a novel mechanism

4

"to eXplaln the depre551on of the cytochrome P-450 system

G’A
caused by interferon * These authors reported thot xanthmne

\\4§\\\:%1 ase qct1v1ty (0 form) was enhanced in the llvcr and
LﬁZr t:ssues by several fold follow1ng interferon

o

L4

[

treatm t. Without any direct evidence, they speculated

@

that he production of superoxide by %hf!lenzyme could

, ° acdcount for many biological roles of interferon including

G

.the loss 0f cytochrome B~ 450 Delﬁfia et_al. (1985), using

the genetic model developed in our laboratory. demonstrated

- that cytochrome P-450 was lost only in strains of mice
.‘which produced interferon and high 1ev9ks of liver xanthine
. : P .

Joxidase (O form). Ghezzi et al. (1985) demonstrated the

concomitant administration of allopurinol, a xanthine

u

oxidase inhibitor or free radioal scavenger (N-
acetyleysteine) protected against the interferon-mediated

&

depressiop of cytochrome P-40L0. .

In the present study we have demonsirated that the (D)

form of xanthine oxidase is induced in the first 3 hours
following the administration of interféron and that the (0)
form of the enzyme;within the next 24 hours. The increace
in the (D) form of x@ntﬁine oxidacz By in%arfcroh treatment .

correlates with the times when the cytochrome P-450 is

-

~ induced; and the increase in. (0) form of xanthine oxidase -

a ™

[

¢

r
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~

®

qbqincﬁdes with’the time when the cytochrome P-450 is

° a

depresge . That the prevenktion of interferon induéed (o)

form of x nthine oxidaseband depressionof cytochrome P-450,

A

by actinomycin D, supports the hypothesis that interferon

”

induces protein intermediate(s) (e g. xanthine oxidase)

«

which are responsible for depresgion of cytochrome P-450

xanthine oxidase which is formed after

r

interferon treaﬁg:nt,is likely to originate entirely from

The (0) form o

the (D) form of nthine oxidase, as is suggested from the

0
following: (a) (D) form of xanthine oxidase is the only
@ P . 1
form of the enzyme that exists normally in the liver (Wand
and Rajagopalan, 1976), (b) only the (D) form was induced

o

after 3 hrs of interferon treatment as shown in this study,

+

(¢) prevention of formation of (D) form of xanthing oxidase

by actino%gcin'D prevented the formation of *the (0) form of

» xanthine oxidase, 24 hrs later, as shown in this study, (d)

o

oy,

3
A

‘decrease in %he activity of the (D) fogm of xanthine
oxidase is correlated with increases in the (0) form of
xanthine oxidase 24 hrs after interferon treatmeht. It has
been propo§ed that the conversion of the ;@) form of
ﬁanthine bxidase can occur in two ways: (a) through

oxidation of its thiol groups, which is reversible with

dithioerythritol, or (b).by proteolysis, an irreversible

' v

provess (Della Corte and Stirpe, 1972). Deloria et_al
(1985) demonstrated that the (0) forms of xanthine oxidase

induced by poly IC and almost entirely converted to (D)
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form of xanthine oxidase by, dithiocerythritol, thus showing

that its conversion from (D) form of xanthine oxidase was-

“

oxidat®%ve rather than proteolytic. s

. ) The protegtive effect of aLlogurinol on poly IC

° o

mediated depression of liver cytochrome P-450 reported in
this study supports tlhe hypothesis that an increase 1in the

. generation of reactive oxygen intermediates resulting from
- " A

L

the induction of (0) form of xanthine oxidase is

responsible for the depression of cytochrome P-450, 'Ghezzi

. et_al (1885) reported tha@ allopurinol protected poly IC

t

induced depression of cytochrome P-450 in micel The dose of

ailopurlnbl used in tﬁéir study also depressed ihe
-~ cytochrome P-450 In our study, the dose of allopurinol
used per se didfnot depress cytochrome P-450 yvet was able
" . to depress xanthine oxidase activity. Further, the

: protective effect of a-tocophercl on the poly IC induced

a

depression of cytochrome P-450 reported here supports the

-

hypotﬁpsis that an increased generation of reactive oxypgen
2 e

intermediates, possibly resulting from induction of

. xanthing oxidase by interferon, is reponsible for the
. \ .
5 depression, .

/ '

In summary, we specﬁlate that the (Ox form of xanthihe
oxidase foimed via the induction of the (D) form of
) xaﬁ@ping oxldase may be responsible for the,deprgssidﬁ of
hepatic miﬁed fﬁnation oxidase (via gene;atian of active

< oxygen). Ghezzi et al. (1985) conclnded that intérféron

PreTac Sl Ay

dl‘ N
N -
13
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°

induced xanthlne ox1dase results. in the destruct#on of

ocytochrome P- 450 and drug blot ansformatlon in the liver

7

via generation of free radicals. While this hypothesis
! !

v
a 4

i appears to be logical and much .of cqur own data can supportaé

i a

a

L3
such an idea, several major problems with this conclusion

a ”»

are apparentf . 3

@

4 €

«
£ 3
€ o Y

i) The oxidative destruction of eytochrome P-450 is s

» G

(. f "/
usually accompanied by severe membrane damage, but in our
. . v, : . »
study, the membrane of the endoplasmic reticulum of the-

Pod o . . - ‘4 A
liver cells appears_normal in interferon treated animals as
examiqed in the electron microscope. Recently Koizumi' et

al (1986) proposed that the depression’ of,cytochrome P-450
K ) .
content might be caused by enhé;cad }ipid perocxidation ™

associated with increased actiyvity of xanthine oxidase. «On
N ¢ - L’ @
evaluating this data, the modest increase-in lipid

o

w

peroxidation caused by poly IC treatment: could not possibly

L]
w

¥
have caused the depression of cytochrome P-450- The' o *

v

destruction of cytochrome P-450 by such mechanism is
usually‘dcccmpanied by severe membrane dﬁmage, such as seen
in cérboﬁAtetraehloride~indueed hepatoxicity (?illis,
1980). Further, Finkle and Franklin (1985) demﬁnstratea'
that the m}érosdm&lxconjugating enzyme ﬁygpems (Phase II)
are not affected by interferon. In fact, administration of
interferon inducers protected rats from hyperoxic pulmonary
damage (Kikkawa et al., 1984). Hence, possible modest .

’

generation of reactive oxygen species (through the



1)

2.1

induétion of (0) form of xanthine oxidase) are unlikely to

s

cause the destruction of cytochrome P-450 .
ii) This study and others (Renton et al., 1986; Gooderham

and Mannering and Deloria, 19886), haye clearly demonstrated
. - = - b [

3

in a number of dffferent ways that it is the synthesis of
the apocytochrome P-450 which is impaired and the rate of

degradation of apocﬁ%ochrome FP-450 is not responsible for

a

the loss of hemoprotein
iii)lVery recently, Mann?r%ﬁg and Deloria (personal
commun}cdtion, and 1986) have found that in mice in which |
xanthine oxidase activity is.lowered to 10% of control by
tungstate theglosénof cytochrome P-450 can still be
mediated by the interferon inducer, poly IC

What then is the role of-xanthine oxidase in the loss
of CXtochrome P~-450 following L?eatwent with interfcron?.
- Although at this stage of investigation it is pure

speculation, tﬁb ﬁbssibilitieS‘can be suggested.

~
P

i) The increase in xanthine oxidase following interferon

” - A & Q
(is purely coincideﬁtalcpo the loss of cytochrome P-450.

Interferon has many Unrelated actions in a-cell and these

effects can be totally.unrelated. The fact that X0 can
- - &
create reactive molecules which can potentially destroy

cytochrome P- 450, may be an unfortunate fact which may have

Y
I g

led s and others in pursuit of an erroneous mechanism,

%

~

ii) vT;:e generation of free radicals or reacltive oxygen
2 X h‘_ )

specigé by xanthine oxiaase may ig@@@i&wpgugeigkgxgxhggig

f
3
8 e ¥ o
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rather than the more obvious mechanism of destroying
cyﬁochrome P-450 The free radicals formed in the
cytoplasm of the cell might well destroy the mRNA involved
in protein synthesis. '‘Proteins which turnover with é
faster rate will be affected to a greater extent. The fast
turnover rates of the cytochrome F-450s might well make

1

them preferential candidates ffr such an effect to account

for their lower rate of synthesis and the decrease in

cytochrome P-450 content.
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’ CONCLUSIONS

The results summarized below represent the major
original deseriptions and contributions to new knowledge
which are described in this thesis.

(1) Interferon and interferon inducers have a baphasic
effect on hepatic and extrahepatic mixed function
oxidase in hamsters. An initial increase in
microsomal cytochrome P-450 1s followed by a :
significant dépression within 24 hours The
depressioﬂ of mixed function oxidase by interferon °
appears to be selectivé for the most rapidly turning
over forms of cytochrome P-450 IFNnaéONl, derived by
selecting the most frequently“ob§erved amino acid at
each position in the different human interferon o-
subtypes, demonstrates species specificity in
depressing cytochrage P~450.~

(2) The mechanism of induction of apocytochrome P-450
rquires aynthes%s of an intermediate prateln‘mhlnh Lo
medgated through production of mRNA¥>¥ee Fipure 50)

(3) The mechanismd%y whic? interferon represses |

‘apocytochrome P-450 content is due to a decrease in

the rate of protein synthesis rather than degradation

of the protein. This decrease in rate of synthesoin of
apocytochrome P-450 requires the Synthésis of protelin
intermediate(s) through the production of mkNA (Figure

30). Tt appears that these protein jntermedm&{c%

“ . 4 ]

€

. 243 4
N

gy



(4)

affect the translatability of apocytochrome ?~4504‘

oxidase activ

“intermediates. = - . -

-

224

mRNA.

This stﬁdy~also demonjtraﬁes the induction of xanthine

e A

~Ety by interferon. This requires protein

-

synthesis de novo. An initial ihdrease in the (D)

¢

form of xanthine oxidase is followed by an increase in

. the (0) form ofxx&nﬁhihefbxidaSe. The latter is

responsible for the generation of_reactive‘qugén

[
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PROPOSALS FOR FUTURE RESEARCH &
(1) The turnover of7messenger RNA and apooytocﬁrome P- ‘
450 isozymes at different time periods following interferon
treatment. This will enable us to (a) measure the effect
of interferon on the rate of mRNA synthesis.and degradgtion

after interferon treatment ofsapocytochrome P-450 isozymes

species. At the same time it~will enable us to identify

. temporal relationship between turnover of mRNA and

apoprotein synthesis before an@ after ihterferon tieatment;
and (p) to study the effect of interferon on the half-lives
of mRNA and apoprotein of individual cytochrome P-450
isozymes. This will help us identify the mechanis;\of'
depression of certain isozymes of cytochrowe P-450 by
interferon.

The translation_of apocytochrome.P—450 mRNA 'can be
quantified by translating fixed concentrations of mRNA
ignlated from liver from interferon treated dnimals using
an in vitro cell free translation system. The translated
products can tﬁén be lmﬁunoprecipitatedzgnd thgn analyzed
i BDS/PAGE., Quantificatian of mRNA for specifié
apoeytochrome P-450s can be analyzed with a Glonéd ?NA
probe, Measurement of the half-life of a specific,
apucygochrnme P=450 can be determined in _vive by injecting.
NaH14C03 into treated animals an;’using monoclonal -

antibodies ‘to immunoprecipitate specific apocytochrome P-

50 from micengomes. These methods have been used in other
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laboratories to demonstrate the turnover of messenger” RNa,
[¢]

- apoprotein and heme of a particular cytochrome P-450 -

©

« subtype leléwing treatment of animals with phenobarbitil”

]

% ‘(Rav1§hanker andrPadmanaban, 18385). In addxtion, '
'\; ! B
K ‘Psimultaneous measurement of 2°-5° oligoadenylat+ ? -
’f synthetase, protein kinase and xanthine oxidase (O and D
: ]

o v

form) can be measured to determine the temporal

3

relationship of these enzymes to tﬁé turnover of the mRNA

L4 ¢

and apaprotein of cytochrome P-450. The zynthetase and the

kinase are shown to inhfbit the synthesis of viral proteing

. . O \
and in ‘some cases mammalian cell proteins at the e e
=

L

- .« translational stage (Rossi et al , 1980L), Xanthing vaidao

°

. (g form) may have a role in providing reactive oxygen

. g 4 & L]
Intermediates that may destroy nucleic acid

-

(2) To determine the effect of interferon'on t.he .

A

cybtochrome P-450 system in isolated hamoter hepabaoyte,

. Preliminary experiments in our laboratory have shown that,
. s - . 9 -

IFN-aCON1 -only deprossed oytochrome -450 nontent in
isolated hamsters hepatocytes. The fallure of Ahin < -
interferon to stimnlate g;tmchfama % 450 in 1oolated
hamqter hepatocy@es might be czplained by bhumoral facton,
not present in hepatocyﬂ@s but, suépiied by uthu; uﬁliu‘, Ty
method of él&minati?n, cither by syotemabic removral Jf
orgau (hﬁpophysectumiaéd or adreng@eﬁtominad animalsy or by

o
.

. . 4
removal of different cell typec in ‘the liver (e, . ‘s

4 7

endothelial aells, Kupffar cells), wa may be abia o o

Q

B ’ ®



a
-

determine ifla humoral factor external to the heépatocytes

1o responsibleé“for inductiongof cytochrome P-450
4 - »

<« L

Intoerferon 1g known to (a) induce glucorticoid release from

2

the: adrenals and (b) have ACTH-like activities (Mannering

I <

atrl Deloraa, 1986) - a possibility that interferon induces

>

nytonhrome P-450 through the action at these hormones.
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