








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.

$

\

S
@

o

r e
v

¢

«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
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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



s _;;"‘ R . a
{ . ¢ 0‘ v 92 “ ,(‘ R 4 L
© 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. '

&3

f L]

r
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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 ! * ‘ )
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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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- « b « J I
‘ 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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+

L »
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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

with saline. Maanification = 50,4600 .
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Figure 29 0 o

Llectron microgroph of liver sechtion,from hamster iLroeated

wikh [FN="LOMy for 24 he.  Magnabacation - 50,4800 .,
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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

-
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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




) - 202

K2

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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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 -
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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.



A

’ 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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- v
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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