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Abstract-A novel analogue of human a-interferon (IFN-&ON,) was tested for its ability to modify 
the hepatic cytochrome-P-450-dependent mixed-function oxidase system in the hamster. This cloned 
interferon was derived by selecting the most frequently observed amino acid sequences at each position 
in the known human a-interferon subtypes. IFN-&ON, had a biphasic effect on cytochrome P-450 and 
related drug biotransformation in the hamster causing an initial increase followed by a significant 
depression. IFN-aCON, also had a biphasic effect on cytochrome P-450 in the lung, adrenal and spleen 
but only a depressant effect in the kidney. This effect was not due to morphological damage and followed 
the species specificity for this type of interferon. Both the increase and the decrease in cytochrome 
P-450 could be prevented by the administration of the protein synthesis inhibitor puromycin. Various 
isozymes of cytochrome P-450 induced by phenobarbital, pnapthaflavone and clofibrate were also 
depressed by this interferon. The results presented in this report suggest that IFN-aCON, interferon 
will likely depress drug biotransformation in humans because the antiviral effects and the “anti- 
cytochrome P-450” effect of interferons cannot be separated, and this interferon has antiviral properties 
in both hamster and human cells. Clinically relevant drug interactions may be common during the 
concomitant use of this interferon and other drugs that are metabolized by cytochrome P-450. 

In 1976, two laboratories demonstrated that inter- 
feron inducers decrease the metabolism of drugs in 
the liver by depressing the content of cytochrome 
P-450 [l-3]. At that time considerable controversy 
existed as to whether this depression was due to 
interferon itself or resulted from other actions com- 
mon to these agents (e.g. immunomodulation). 
Direct evidence for the involvement of interferon in 
depressing mixed-function oxidase was established 
followed the cloning of interferon and the production 
of a highly purified product by recombinant DNA 
technology [4,5]. The depression of the mixed-func- 
tion oxidase system by interferon might be a problem 
during the clinical use of interferon as this will inter- 
fere with the concomitant utilization of other drugs 
and increase the frequency of untoward drug 
reactions. The loss of drug biotransformation which 
occurs during viral infections is thought to be due to 
the production of interferon during the course of the 
infection [6,7]. 

Following the discovery of how to synthesize com- 
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plete gene sequences, a novel human interferon was 
conceived called alpha consensus one (IFN-&ON 1) 
which is derived by selecting the most frequently 
observed amino acid at each position of the known 
a-interferon subtypes [8]. This interferon (IFNm- 
CON,) has significant antiviral activity in human and 
hamster cell lines and is active against viral infections 
and experimentally induced tumors in hamsters [9]. 
Because of the potential clinical use of this interferon 
as an anticancer or antiviral drug, the effect of IFN- 
aCON on hepatic drug metabolism is of concern. 
In this study, we investigated the effects of IFN- 
aCON interferon on the mixed-function oxidase 
system in various organs of the hamster. 

MATERIALS AND METHODS 

Animals and drug treatment. Adult male golden 
Syrian hamsters (lOO-200g) were obtained from 
Canadian Breeding Farm, Hals Harbour, Nova 
Scotia, Canada, and Swiss Webster strain mice (20- 
25 g) were obtained from Jackson Laboratories, Bar 
Harbor, ME, U.S.A. All animals were allowed to 
acclimatize in our own facilities for a period of 1 
week before use. Animals were housed on clay chip 
bedding and fed water and Purina Chow. Interferons 
and poly rI.rC were administered i.p. in saline in 
the doses and for the times indicated in Results. 
Various isozymes of cytochrome P-450 were induced 
in the liver with phenobarbital (80 mg/kg daily for 3 
days), P-napthaflavone (40mg/kg daily for 3 days) 
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Table 1. Depression of hepatic cytochrome P-4%dependent drug oxidation by IFN-&ON, interferon preparations in 
the hamster 

Aminopyrine 
N-demethylase Benzo[a]pyrene 
(nmol HCHO/ hydroxylase 

Cytochrome P-450 Cytochrome bs (nmol 3-OHBP/mg 
Treatment (nmol/mg protein) (nmol/mg protein) protz$hr) protein/hr) 

Control 0.83 f 0.06 0.46 * 0.10 424 2 7 9.44 2 1.27 
IFN-aCON, (5 x 10’ units) 0.75 f 0.09 0.49 2 0.03 436 2 38 12.56 ? 0.24 
IFN-crCON, (1 X 10h units) 0.62 t 0.02* 0.45 +- 0.04 342 2 4* 3.10 -+ 0.97* 
IFN-&ON, (2 X 10’ units) 0.42 2 0.08* 0.52 t 0.07 153 2 14* 6.53 2 0.53* 
IFN-&ON, (1 X lo7 units 

daily for 3 days 0.41 r 0.06* 0.38 2 0.07 282 2 24* 5.42 ? 0.X2* 
Buffy coat interferon 

(I X lo6 units) 0.48 % 0.02* 0.45 ‘- 0.01 262 2 14* 7.38 ? 0.5 1* 
Poly r1. rC (10 mg/kg) 0.56 + 0.02* 0.50 t 0.04 234 + 9* 7.32 t 0.34* 

Animals were treated i.p. with various doses of interferon which are indicated in parentheses. After 24 hr, animals 
were killed, and hepatic microsotnes were prepared. En the group that received three daily doses of interferon. the 
animals were killed 24 hr after the final dose. Each value is the mean +- SE, N = 4. 

* Significantly different from corresponding control, P -=z 0.05. 

or clofibrate (250 mg/kg daily for 4 days). In the 
experiments designed to determine if the action of 
interferon required the synthesis of an intermediate 
protein, animals were treated with puromycin 
(20 mg/kg) for the times indicated in Results. In 
all experiments, control groups received saline in 
equivalent volumes. 

Znterferons. IFN-aCONI interferon, which was 
supplied by Amgen Inc., Thousand Oaks, CA, was 
prepared using recombinant DNA procedures and 
was expressed in Escherichia co/i [S]. The specific 
activities of the various batches of this interferon 
were between 2 x 10s and 2 x lo9 units/mg protein 
(as calibrated against NIH standard GA-23-902-530) 
and exceeded 95% in purity as assessed by sodium 
dodecyl sulfate (SDS) polyacrylamide gel 
electrophoresis. Buffy coat interferon was derived 
from human leukocytes (Amgen Inc.). The single 
batch of buffy coat interferon utilized had a specific 
activity of 1 X 10H units/mg protein. 

Microsomal drug biotransformation. Microsomes 
from the liver and other organs were prepared from 
hamsters and mice by ultracentrifugation by the 
method described by El Defrawy El Masry and Man- 
nering [lo]. Microsomal protein was determined by 
the method of Lowry et al. [ll]. Cytochrome P-450 
and cytochrome b5 were measured by the method of 
Omura and Sato [ 121. In the case of lung microsomes, 
cytochrome P-450 was determined by the method of 
Johannesen and De Pierre 1131 to minimize inter- 
ference from hemoglobin. NADPH-cytochrome c 
reductase activity was measured by the method of 
Williams and Kamin [14]. Heme content and heme 
oxygenase activity were measured by the methods of 
Falk [Vi] and Schacter [16] respectively. Microsomal 
drug biotransformation was assessed by measuring 
aminopyrine N-demethylation [ 171, benzo[a]pyrene 
hydroxylation [lS], and lauric acid hydroxylation [19] 
using procedures described previously. 

Histology. Sections of liver removed from the right 
and left lobes were fixed in 2% glutaraldehyde in 
sodium cacodylate buffer (pH 7.2). The sections 

were fixed in Osmium tetroxide and stained with 
uranyl acetate and lead citrate and examined on a 
Phillips 300 electron microscope. 

Statistics. An unpaired Student’s t-test was used to 
compare two variables. In experiments with more 
than two variables, groups were compared using 
analysis of variance and the Student-Newman-Keuls 
test for multiple comparisons. 

RESULTS 

Effect of IFN-&ON1 interferon on hepatic micro- 
somal mixed-function oxidase in hamsters. The effect 
of various doses of IFN-&ON, interferon on hepatic 
mixed-function oxidase activity in the hamster is 
shown in Table 1. IFN-dONi treatment (single 
dose) for 24 hr caused a dose-dependent decrease in 
microsomal cytochrome P-450, but cytochrome b5 
levels remained unchanged. The loss of cytochrome 
P-450 at each dose of IFN-KONi was accompanied 
by a loss of aminopyrine N-demethylase and 
benzo[a]pyrene hydroxylase activities. Treatment of 
animals for 3 days with IFN-aCON1 (injected once 
daily; 1 X lo7 units, i.p.) did not cause a further 
decrease in mixed-function oxidase. Buffy coat inter- 
feron (a naturahy occurring interferon derived from 
human leukocytes) also caused a significant depres- 
sion in cytochrome P-450 and in aminopyrine 
N-demethylase and benzo[a]pyrene activities in ham- 
ster hepatic microsomes. In contrast to these results 
obtained in the hamster, IFN-&ON1 interferon had 
no effect on hepatic mixed-function oxidase activities 
in the mouse (Table 2). In both the hamster and the 
mouse, the interferon inducer poly r1. rC depressed 
cytochrome P-450 and drug biotransformation 
(Tables 1 and 2). In all of these experiments, body 
weight, liver weight and microsomal protein con- 
centration were identical in interferon and control 
animals. Neither IFN-aCON, nor poly r1. rC had 
any effect on hepatic mixed-function oxidase when 
these agents were incubated directly with hepatic 
microsomes in vitro (Table 3). 
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Table 2. Effects of IFN-L&ON, interferon and poly rI.rC on cytochrome P-450 levels in mouse liver 
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Treatment 
Cytochrome P-450 
(nmol/mg protein) 

Cytochrome bS 
(nmol/mg protein) 

Aminopyrine 
N-demethylase 
(nmol HCHO/ 

prot%/hr) 

Benzo[a]pyrene 
hydroxylase 

(nmol3-OHBP/mg 
protein/hr) 

Control 0.758 + 0.014 0.252 2 0.015 338 + 11 7.07 + 0.11 
IFN-aCON, (1 X lo6 units) 0.788 + 0.036 0.248 * 0.15 336 ? 25 6.49 2 0.32 
Poly rI. rC (10 mg/kg) 0.465 2 0.064* 0.258 2 0.01 221 r 8* 6.53 -t 0.24* 

Animals were treated with a single dose of interferon or poly rI. rC, i.p., and killed 24 hr later. Control animals 
received a corresponding volume of phosphate-buffered saline (pH 7.4) at the same time. Each value is the mean 2 SE, 
N = 4. 

* Significantly different from corresponding control, P i 0.05. 

Table 3. Mixed-function oxidase activity in hamster hepatic 
microsomes incubated in uitro with IFN-c&ON, interferon 

or poly rI.rC 

Treatment 

Control 
IFN-aCON, 
Poly r1. rC 

Aminopyrine 
N-demethylase 

Cytochrome P-450 (nmol HCHO/ 
(nmol/mg protein) mg protein/hr) 

0.811 2 0.003 476 c 3 
0.813 % 0.002 478 2 4 
0.790 2 0.001 460-+4 

Poly rI .rC (1 mg) or IFN-&ON, (lo6 units) in 0.1 M 
phosphate buffer, pH 7.4, was added to a microsomal 
suspension (1 mg/ml in 0.01 M phosphate buffer, pH 7.4) 
and incubated for 15 min at 37” in a shaking water bath. 
Control microsomal suspensions received equivalent vol- 
umes of buffer. Each value is the mean f SE, N = 3. 

Temporal changes in hepatic microsomal mixed- 
function oxidase in hamsters following a single dose 
of IFN-c&ON, interferon or poly rl. rC. The time 
courses for the effects of a single dose of IFN-aCON1 
interferon and poly r1. rC (10 mg/kg, i.p.) on hepatic 
cytochrome P-450, aminopyrine N-demethylase 
activity and benzo[a]pyrene hydroxylase activity in 
hamsters are shown in Figs. 1 and 2. For both agents 
a biphasic response was observed with a significant 
elevation in mixed-function oxidase occurring 
initially, followed by a significant depression within 
24 hr. Except for the effects of interferon on 
benzo[a]pyrene hydroxylase activity, the values for 
mixed-function oxidase returned to normal values in 
approximately 1 week. The highest levels of cyto- 
chrome P-450 and drug biotransformation occurred 
at a slightly later time following treatment with poly 
r1. rC compared to treatment with interferon (6 hr 
vs 3 hr). This difference was likely caused by the 
time lag (3-4 hr) which occurs in the appearance 
of interferon following poly r1. rC treatment [20]. 
Although not measured throughout the entire time 
course of IFN-aCON1 interferon treatment, hepatic 
ethoxyresorufin deethylase and lauric acid hydroxy- 
lase activities were elevated by 87 and 17%, respect- 
ively, at 3 hr and were depressed by 40 and 37%, 
respectively, at 24 hr. 

Total microsomal protein was elevated signifi- 

cantly at 3 and 6 hr following treatment with inter- 
feron and at 6 hr following treatment with poly rI. rC. 
At all other times protein content in treated animals 
was identical to that found in controls. Variables 
such as body weight, liver weight, microsomal cyto- 
chrome b5 level and NADPH-cytochrome c 
reductase activity remained unchanged throughout 
these experiments. 

The treatment of hamsters with puromycin modi- 
fied the interferon-induced biphasic changes which 
occurred in the mixed-function oxidase system. The 
increase in hepatic microsomal cytochrome P-450 
and aminopyrine N-demethylase activity that 
occurred 3 hr after the treatment of hamsters with 
IFN-aCON1 interferon could be totally prevented 
by treating the animals with puromycin (Table 4). 
This protein synthesis inhibitor itself had no effect on 
cytochrome P-450. Puromycin treatment also totally 
prevented the decrease in cytochrome P-450 and 
aminopyrine N-demethylase activity which occurred 
24 hr following the administration of interferon 
(Table 4). Puromycin itself had no effect at this time. 

Effect of IFN-c&ON, interferon on total micro- 
somal heme content and heme oxygenase activity in 
hepatic microsomes. The effects of a single dose of 
IFN-aCON1 (1 x 10” units, i.p.) on total microsomal 
heme content and heme oxygenase activity are shown 
in Table 5. No change in total microsomal heme 
content or heme oxygenase activity was observed 
3 hr after the treatment of hamsters with IFN-c&ON, 
interferon. After a single dose of IFN-&ON, for 
24 hr or after three daily doses of IFN-aCON,, the 
total heme content of microsomes was depressed 
significantly and heme oxygenase was elevated 
significantly. 

Effects of IFN-aCON1 interferon and poly rI. rC 
on cytochome P-450 and benzo[alpyrene hydroxylase 
activity in extrahepatic tissues. The effects of a single 
dose of IFN-aCON, (1 x 10h units, i.p.) on micro- 
somal cytochrome P-450 content and benzo[a]pyrene 
hydroxylase activity in extrahepatic tissues are illus- 
trated in Table 6. Because of the low activity of 
mixed-function oxidase in these tissues, a pool of 
microsomes prepared from four animals was used 
for each assay, and the results are expressed as the 
mean & SE of four such pools. Cytochrome P-450 in 
the lung, spleen and adrenals increased 138, 53 and 
22% over control, respectively, 3 hr after treatment 
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Fig. 1. Hepatic microsomal cytochrome P-450, aminopyrine N-demethylase activity and benzo(a]pyrene 
hydroxylase activity in hamsters treated with a single dose of IFN-aCON1 interferon for various times. 
Data are expressed as percent change from control animals receiving saline for the same time periods. 
Control values at zero time were: cytochrome P-450, 0.75 t O.O2nmol/mg protein; aminopyrine N- 
demethylase activity, 420 2 13 nmol/mg protein/hr; and benzo[a]pyrene hydroxylase activity, 
11.7 k 1.5 nmol3-OH benzo[a]pyrene/mg protein/hr. Each value is the mean of four individual animals 

at each time period. Key: (*) Significantly different from control, P < 0.05. 

Pdy rI.rc (lOmg/Kg) 

Cytochrome P-450 

Fig. 2. Hepatic microsomal cytochrome P-450, aminopyrine N-demethylase activity and benzo[a]pyrene 
hydroxylase activity in hamsters treated with a single dose of poly rI.rC for various times. Data are 
expressed as percent change from control animals receiving saline for the same time periods. Control 
values at zero times were: cytochrome P-450,0.73 ‘- 0.01 nmol/mg protein; aminopyrine N-demethylase 
activity, 566 + 45 nmol HCHO formed/mg protein/hr; and benzo[a]pyrene hydroxylase activity, 
9.99 2 0.12 nmol3-OH-benzo[a]pyrene formed/mg protein/hr. Each value is the mean of four individual 

animals at each time period. Key: (*) Significantly different from control, P < 0.05. 
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Table 4. Effect of puromycin on the interferon-induced stimulation and depression of hepatic mixed- 
function oxidase in the hamster 
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Treatment 
Cytochrome P-450 
(nmol/mg protein) 

Aminopyrine N-demethylase 
(nmol HCHO/mg protein/hr) 

Control (3 hr) 
IFN-c&ON, (3 hr) 
Puromycin (3 hr) 
IFN-aCON, + puromycin (3 hr) 
Control (24 hr) 
IFN-uCON, (24 hr) 
Puromycin (24 hr) 
IFN-aCON, + puromycin (24 hr) 

0.77 r 0.01 
1.20 r 0.08* 
0.83 ? 0.02 
0.67 -+ 0.04 
0.80 * 0.01 
0.52 ” 0.01: 
0.77 2 0.02 
0.74 2 0.02 

408 ‘- 10 
645 2 60* 
405 + 32 
350 * 31 
442 ? 14 
332 2 ll* 
452 2 6 
453 2 12 

In the animals treated with interferon for 3 hr (1 x lo6 units i.p.), four doses of puromycin (20 mg/ 
kg, i.p.) were administered at -2, 0, 1 and 2 hr. Animals were killed 3 hr after interferon treatment. 
Control and interferon only treated animals received a corresponding volume of PBS at the same 
times. In the animals treated with interferon for 24 hr (1 x lo6 units, i.p.), six doses of puromycin 
(20 mg/kg, i.p.) were administered at -2,O, 1,3,4 and 5 hr. Animals were killed 24 hr after interferon 
treatment. Control and interferon only treated animals received a corresponding volume of phosphate- 
buffered saline at the same times. Each value is the mean t SE, N = 4. 

* Significantly different from corresponding control, P < 0.05. 

Table 5. Effect of IFN-aCON, interferon on heme oxygenase and total heme content in hepatic 
microsomes in hamsters 

Treatment 
Total heme 

(nmol/mg protein) 
Heme oxygenase 

(nmol bilirubin/mg protein/hr) 

Control 1 .oo t 0.08 0.06 2 0.01 
IFN-t&ON, (3 hr) 1.30 2 0.10 0.07 + 0.02 
Control 0.72 f 0.02 0.05 + 0.01 
IFN-&ON, (24 hr) 0.53 * 0.02* 0.10 2 0.01* 
Control 0.71 * 0.02 0.053 2 0.01 
IFN-t&ON, (three daily doses) 0.54 + 0.03* 0.111 ? 0.02* 

Animals were treated with a single dose of interferon (IFN-t&ON,, 1 X lo6 units, i.p.) and 
killed 3 or 24 hr later, or with three daily doses of interferon and killed 24 hr later. Control 
animals received a corresponding volume of sterile phosphate saline at the same times. Each 
value is the mean f SE, N = 4. 

* Significantly different from corresponding control, P < 0.05. 

Table 6. Effect of IFN-aCON, interferon treatment for 3 and 24 hr on cytochrome P-450 and benzo[a]pyrene hydroxylase 
activity in extrahepatic microsomes 

Organ Treatment 

Cytochrome P-450 
(nmol/mg protein) 

3 hr 24 hr 

Benzo[a]pyrene hydroxylase 
(nmol 3-OHBP/mg protein/hr) 

3 hr 24 hr 

Lung 

Kidney 

Spleen 

Adrenals 

Control 
IFN-aCON, 
Control 
IFN-&ON , 
Control 
IFN-&ON, 
Control 
IFN-&ON , 

0.13 ” 0.02 
0.31 -t 0.01* 
0.18 t 0.00 
0.11 + 0.01* 
0.13 -+ 0.01 
0.20 ” 0.01* 
0.22 r 0.01 
0.27 2 O.Ol* 

0.13 2 0.01 
0.05 + o.oo* 
0.16 ? 0.01 
0.05 * o.OO* 
0.12 2 0.00 
0.08 f. O.OO* 
0.22 2 0.01 
0.13 -r- 0.01* 

2.55 % 0.03 
4.57 * 0.30* 
5.15 c 0.10 
4.79 2 0.18 
0.65 ? 0.06 
0.82 f 0.11 
1.99 * 0.03 
2.33 2 0.02* 

2.09 + 0.11 
1.35 2 0.01: 
5.63 2 0.11 
3.44 + 0.02’ 
0.71 2 0.05 
0.59 t 0.03 
2.76 + 0.07 
1.95 * 0.02’ 

Animals were treated with a single dose of IFN-aCON (1 x lo6 units, i.p.) and killed 3 or 24 hr later. Control animals 
received a corresponding volume of sterile phosphate-buffered saline at the same times. Microsomes prepared from four 
individual animals were pooled for each determination. Each value is the mean ? SE of four sets of microsomes, each 
containing microsomes pooled from four animals. 

* Significantly different from control, P < 0.05. 
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with a single dose of IFN-&ON, interferon. In 
contrast. cytochrome P-450 content in the kidney 
was depressed to 56% of control. Benzo[a]pyrene 
hydroxylase activity in the lung and adrenal was 
increased to 76 and 26% over control, respectively. 
but was unchanged in the kidney and spleen. Twenty 
four hours following the administration of IFN- 
&Or\, cytochrome P-450 was depressed in all four 
of the extrahepatic tissues studied. and 
benzo[cr]pyrene hydroxylase activity was depressed 
in the lung, adrenals and kidney. 

effect of imecferotl m xenohiotic-induced cyto- 
chrome P-450. The effects of a single dose of IFN- 
&ON, (1 X IO” units, i.p.) for 24 hr on hepatic 
cytochrome P-350 content and mixed-function oxi- 
dase activities were determined in animals induced 
with phenobarbital, /3-napthaflavone and clofibrate 
(Table 7). Administration of IFN-c&ON, depressed 
cytochrome P-450 and aminopyrine N-demethylase 
activity. benzo[a]pyrene hydroxylase activity and 
lauric acid hvdroxylase activity to 66, 65, 81 and 63% 
of control. respectively, in uninduced animals. In 
phenobarbital-induced animals that received inter- 
feron, cytochrome P-450 and aminopyrine 
h-demethylase activity were depressed by 23 and 
45%. respectively, compared to the phenobarbital- 
induced animals that received saline. 
Benzo[u]pyrene hydroxylase activity was unchanged 
in phenobarbital-treated animals. In fi-napthaflav- 
one-induced animals that received interferon. cyto- 
chrome P-450, aminopyrine N-demethylase activity 
and benzo[a]pyrene hydroxylase activity were 
depressed by 56.23 and 18%. respectively, compared 
to the /SnapthaIlavone-induced animals that received 
saline. In clofibrate-induced animals that received 
interferon. cytochrome P-450. aminopyrine N- 
demethylase activity, and lauric acid hydroxylase 
activity were depressed by 54. 22 and 31%, respect- 
ively. compared to the clotibrate-induced animals 
that received saline. Benzo[a]pyrene hydroxylase 
activity was unchanged in these animals. 

Lirwr histology. Examination of the liver by elec- 
tron microscopy was carried out to assess if damage 
had occurred in the endoplasmic reticulum during 
IFN-a-CON, treatment. No morphological changes 
could be discerned in the sections taken from ham- 
sters receiving a single dose of IFN-aCON, (1 x 10’ 
units. i.p.) for 3 or 24 hr when compared to saline- 
treated control animals. 

DISCUSSION 

The results from this study demonstrate that IFN- 
aCON, interferon has a biphasic effect in hamsters 
causing an initial increase in hepatic cytochrome 
P-450 and related drug biotransformation followed 
by a significant depression within 24 hr. This activity 
of consensus interferon (IFN-&ON ,) in the hamster 
was quite different from the effects reported in other 
species for all other interferons tested to date which 
do not have an inducing effect after short treatment 
times and cause only a depression of cytochrome 
P-450 [4.5,21,22]. 

The increase in cytochrome P-450 content that 
occurred within the first 3 hr following administration 
of interferon was associated with an increase in total 
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microsomal protein concentration. This was likely 
due to de novo protein synthesis as the treatment 
of the animals with the protein synthesis inhibitor 
puromycin prevented the interferon-mediated 
increase in cytochrome P-450 and the related drug 
biotransformation activity. The concentrations of all 
proteins in the liver, however, were not increased 
as no increase in NADPH-cytochrome c reductase 
activity or in cytochrome b5 content was observed. 
The increase in mixed-function oxidase that was 
observed in these experiments appears to be a feature 
of the effects of poly r1 .rC and interferon in the 
hamster as previous reports indicate that only a 
depressive effect occurs following the administration 
of these agents to the mouse and the rat [5,22]. 

The stimulation of mixed-function oxidase by 
interferon as opposed to the depression normally 
reported has also been observed in two specific 
circumstances. Poly r1. rC or crude mouse interferon 
preparations increase cytochrome P-450 levels and 
related enzyme activity in cultured mouse hepa- 
tocytes [23], and crude mouse interferon stimulates 
benzanthracene-induced aryl hydrocarbon hydroxy- 
lase activity in fetal mouse cell cultures [24]. Other 
enzymes that have been enhanced by interferon or 
interferon inducers include xanthine oxidase [25-271, 
2’ ,5-oligoadenylate synthetase [28], creatine kinase 
[29], tRNA methylase [30], guanylate cyclase [31], 
indoleamine 2,3-dioxygenase [32], tryptophan dioxy- 
genase [8], heme oxygenase ([6,33] and the current 
study). 

The depression in mixed-function oxidase that 
occurred 24 hr after interferon treatment in hamsters 
was similar to that previously reported for human 
IFN-uAD (Bgl) and gamma interferon in mice 
[4,5,21] and poly rI.rC in mice [4] and rats [33]. 
As previously reported for other interferons, the 
depressive effect of IFN-c&ON1 interferon appears 
to be selective for the cytochrome P-450 of the mixed- 
function oxidase system as cytochrome bS and 
NADPH-cytochrome c reductase activity were not 
affected by interferon treatment. Several other inves- 
tigators have reported that this flavoprotein was 
depressed by interferon or its inducers [5,33]. This 
supports the idea that the interferon inducers poly 
r1. rC, tilorone or Freunds’ adjuvant selectively 
depress proteins tentatively identified as apocyto- 
chrome P-450 [34,35]. Multiple doses of IFN- 
aCON1 had no greater effect than a single dose, 
suggesting that a new steady-state of cytochrome 
P-450 content was reached within 24 hr of interferon 
treatment. A similar observation was made pre- 
viously with the interferon inducers poly r1. rC and 
tilorone in rats [l, 31 and with human interferon 
HuIFNr-AD in mice [5]. 

Throughout these experiments, the depression of 
cytochrome P-450 by either IFN-aCON1 or poly 
rI.rC was not accompanied by changes in body 
weight or decreases in liver weight or microsomal 
protein concentration, and no ultrastructural abnor- 
malities were observed in sections of tissue examined 
by electron microscopy. These results demonstrate 
that the in vivo depression of cytochrome P-450 
system by interferon is not accompanied by obvious 
toxic effects to the animal or ultrastructural changes 
in the tissue. 

The idea that the antiviral and “anti-cytochrome 
P-450” properties of interferon [4,5] cannot be sep- 
arated was also supported by the results obtained in 
this study. IFN-aCON1 interferon, which is antiviral 
in the hamster and lowered cytochrome P-450 in that 
species, has no antiviral activity in the mouse and no 
effect on hepatic cytochrome P-450 or drug metab- 
olism in the mouse. Poly rI.rC, which has antiviral 
activity in both species, depressed the hepatic cyto- 
chrome P-450 system in both species. Human buffy 
coat interferon (HuIFN-or), derived from leukocytes, 
has antiviral activity against a hamster cell line 
(BHK) when challenged with vesicular stomatitis 
virus and depressed hamster hepatic cytochrome 
P-450 in the present study. Buffy coat interferon has 
no antiviral activity in a mouse cell line and no 
depressive effect on mouse hepatic cytochrome P-450 
141. 

IFN-&ON, interferon was ineffective in lowering 
the levels of cytochrome P-450 in animals treated 
with the protein synthesis inhibitor puromycin. This 
suggests that an intermediate protein which is syn- 
thesized in response to interferon is ultimately 
responsible for the depression of the mixed-function 
oxidase system. This hypothesis is supported 
indirectly by data from a number of other studies 
indicating that cytochrome P-450 is lost at a time after 
interferon has disappeared. Round and Stebbing [20] 
have shown that a single dose of poly r1. rC in ham- 
sters induces serum interferon levels that peak at 3- 
4 hr which is at the time we observed an increase in 
cytochrome P-450. No detectable level of interferon 
was observed at 24 hr at which time hepatic mixed- 
function oxidase activity was depressed. Parkinson 
ef al. [5] demonstrated that the cloned interferon, 
IFN-(u AD, disappears rapidly from blood and is 
absent at the time of the observed decrease in cyto- 
chrome P-450 content. These authors suggested that 
the effects of interferon were not due to its direct 
action on the mixed-function oxidase system. The 
nature of the putative protein intermediate is at 
present unknown, but its existence is consistent with 
the hypothesis of Ghezzi et al. [25,26] who have 
suggested that interferon induces xanthine oxidase 
in the liver and that the free radicals produced by 
this enzyme destroy cytochrome P-450 in the endo- 
plasmic reticulum. It is interesting to speculate that, 
in the present experiments, puromycin prevented 
the synthesis of xanthine oxidase and, therefore, 
blocked the effect of IFN-aCON, interferon on drug 
metabolism. The existence of a protein intermediate 
might also suggest that the antiviral mechanism of 
interferon which involves 2’,5’-oligoisoadenylate 
synthetase [36] might be involved in the loss of 
cytochrome P-450. Induction of this synthetase ulti- 
mately leads to the production of an endonuclease 
which could degrade the mRNA coding for the iso- 
zymes of cytochrome P-450. As the induction of this 
synthetase requires de nova protein synthesis, the 
antibiotic may act to prevent the initiation of this 
chain of events. The increase in heme oxygenase 
which was observed at 24 hr is consistent with either 
hypothesis. This is likely due to an increase in the 
regulatory heme pool caused by the dissociation of 
heme during cytochrome P-450 breakdown or a 
decrease in apo-protein synthesis leaving an excess 
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of free heme [33]. 
The stimulatory and depressant effects of IFN- 

&ON1 interferon on the mixed-function oxidase 
system were not restricted to the liver as cytochrome 
P-450 in the lung, adrenal and spleen were affected 
in a similar manner. The only exception to this 
general pattern was in the kidney where cytochrome 
P-450 content was depressed at both 3 and 24 hr. 
This depressant effect at 3 hr and the large magnitude 
of the effect of interferon at 24 hr in the kidney may 
be related to the high concentrations of interferon 
reaching this tissue as about one-third of a dose of a 
human E-interferon labeled with lZ51 was found in 
the kidney of mice within 5 min of i.v. administration 
compared to the liver and stomach which contained 
only 5.5 and 1.4% of the dose respectively [37]. 

The effects of IFN-&ON, interferon on the 
mixed-function oxidase system in animals treated 
with different cytochrome P-450 inducers indicate 
that all isozymes of the hemoprotein are not affected 
to the same degree. The isozymes of cytochrome 
P-450 which oxidize benzo[a]pyrene appeared to be 
affected to a lesser degree than constitutive cyto- 
chrome P-450 in the control animals or the cyto- 
chrome P-450 induced by phenobarbital or 
clofibrate. It has been shown previously by Renton 
et al. 1381 that concurrent administration of poly 
rI.rC or tiloronc suppresses the induction of cyto- 
chrome P-450 and mono-oxygenase activity (ethyl- 
morphine N-demethylase activity and 
benzofajpyrene hydroxylase activity) in pheno- 
barbital- and 3-methylcholanthrene-induced 
animals. Recently, Crowe et al. [39] demonstrated 
that poly rI -rC depresses the cytochrome P-450 
induced with either phenobarbital or 3-methyl- 
cholanthrene, but this effect is only temporary in 
the 3-methylcholanthrene-treated animals since the 
cytochrome P-450 content returns to the pre-induced 
level within 72 hr of poly rI . rC treatment. A similar 
recovery was not obtained in the animals induced 
with phenobarbital. 

In summary, we have shown that in the hamster 
IFN-aCON, interferon caused an initial increase and 
then a decrease in the hepatic mixed-function oxidase 
system which is responsible for the metabolism of 
drugs. At the present time only, the depression of 
drug biotransformation has been observed in humans 
17,221. The results presented in this report suggest 
that IFN-&ON, interferon will likely depress drug 
biotransformation in humans because the antiviral 
effects and the anti-cytochrome P-450 effect of inter- 
ferons apparently cannot be separated, and IFN- 
aCON, interferon is antiviral in both hamster and 
human cells. It will be important to determine if 
interferon depresses cytochrome P-450 in humans 
and to assess the potential for interferon to cause 
clinically significant drug interactions. 
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