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Interferon suppresses the isoform-specific activities of hepatic cytochrome P450 in
female rats

(Received 9 September 1991; accepted 29 October 1991)

There are important sex differences in hepatic drug
metabolism in rats. Adult females have 10-30% lower
levels of hepatic cytochrome P450 (P450*) than males and
the activities of several P450-dependent mixed function
oxidases differ several-fold [1,2]. These differences are
'E:ccounted for by the presence of sex-specific P450 isoforms
3,4].

Interferon (IFN) down-regulates hepatic P450 in male
rats [5]. The principal isoform suppressed by IFN was
P4503A2 [5], a male-specific protein that is not expressed
in adult female rat liver {4, 6]. A variety of IFN inducers
including poly IC, tilorone, endotoxin, Bacillus Calmette-
Guérin and Corynebacterium parvum have been reported
to decrease the level and catalytic activity of P450 in female
rats [7-11]. However, it is controversial whether IFN
inducers produce a greater impairment of drug metabolism
in females than males {7-9, 11]. The purpose of the present
study therefore, was to determine whether IFN alters drug
metabolism in female rats. We reasoned that, if it did so,
this must involve changes in the activity of different
isoforms to those suppressed in male rats.

Materials and Methods

Ethylmorphine was from McFarlan Smith Ltd (Edin-
burgh, U.K). [4-*C]Androstenedione (59 mCi/mmol) and
[4-"*C]progesterone (sp. act. 56 mCi/mmol) were purchased
from Amersham Australia. Testosterone, unlabeled
androstenedione and progesterone, 68-hydroxy- and
16a-hydroxyandrostenedione, Sa-androstanedione, 16a-
hydroxy- and 21-hydroxyprogesterone, as well as all other
biochemicals were obtained from the Sigma Chemical Co.
(St Louis, MO, U.S.A.). 7a-Hydroxyandrostenedione and
6B-hydroxyprogesterone were obtained from the MRC
Steroid Reference Collection, Queen Mary’s College
(London, U.K.). Recombinant rat IFN-y was kindly
supplied by Dr P. H. van der Meide, TNO Primate Center,
Rijswijk, The Netherlands.

Adult female Wistar rats (200-250g) were raised at
the Westmead Hospital animal facility. Animals were
administered either 7.5 X 10°U of rat IFN-y or vehicle
(H,0) as a single intramuscular injection 24 hr before being
killed. The liver was removed from rats anaesthetized with

* Abbreviations: IFN, interferon; P450, cytochrome
P450; rat IFN-y, recombinant rat interferon-y.

ether and hepatic microsomal fractions were prepared as
described previously [12]. Microsomal protein con-
centration [13], P450[14] and ethylmorphine N-demethylase
activity [12] were determined by standard methods.
Androstenedione hydroxylase activity was assayed as
described previously [12]. Progesterone hydroxylase activity
was assayed using the method of Halpert et al. [15] with
minor modifications. Separation of the hydroxylated
metabolites of androstenedione and progesterone was by
TLC {12, 15]. Serum oestradiol and testosterone were
determined with direct radioimmunoassay kits (CIS, Gif
Sur Mur, France). All results were expressed as mean
*+ SD. Comparisons were performed using Student’s ¢-test
(unpaired, two-tailed). A P value < 0.05 was considered
to be statistically significant.

Results and Discussion

Hepatic light microscopic morphology and hepatic
microsomal protein content did not differ between IFN-
treated and control animals (data not shown). There was
no significant alteration in serum oestradiol levels compared
with control (162 + 68 vs 98 = 41 pg/mL, N =35, NS);
serum testosterone levels were below the lowest standard
(0.1 ng/mL) in all animals.

The data presented in Table 1 indicate that rat IFN-y
decreased hepatic microsomal P450 levels to 81% of control
(P < 0.005) and ethylmorphine N-demethylation to 82%
of control (P < 0.05). Thus, rat IFN-y suppressed the
level and catalytic activity of hepatic P450 to a similar
extent as previously observed in male rats {5]. This finding
is in keeping with some (but not all) earlier studies which
suggested that gender was unimportant in determining the
magnitude of the fall in P450 produced by treatment with
IFN inducers {7-9,11]. In female rats, ethylmorphine
N-demethylation is predominantly catalysed by two
quantitatively important isoforms, P4502C6 and P4502C12
[4,16]. P4502C6 is the major sexually undifferentiated,
hormonally independent isozyme present in female rat liver
[3]. P4502C12, which is absent from normal male rat liver,
is the principal female-specific P450 [4, 17]; its expression
is regulated by sex steroids [3, 18].

Progesterone hydroxylation was used to assess further
the suppression of female P450 isoforms by IFN. The
activity of the progesterone 21-hydroxylase (P4502C6) was
decreased by 14% (P < 0.05) following IFN administration

Table 1. Cytochrome P450, ethylmorphine N-demethylase activity and progesterone hydroxylase activities in hepatic
microsomes from female rats treated with rat IFN-y or vehicle

Progesterone hydroxylation pathway

Cytochrome Ethylmorphine
Treatment* P450 N-demethylase 16« 68 21
(nmol/mg protein)  (nmol formaldehyde/mg protein/min) (nmol/mg protein/min )
Vehicle 0.98 = 0.07 1.92+0.13 0.51+0.06 0.23x0.05 0.35=0.03
Rat IFN-y 0.79 + 0.06 1.57 £ 0.22 0.43+006 023+0.05 0.30+0.03
P <0.005 <0.05 NS NS <0.05

Values are mean * SD of resuits from five individual microsomal fractions.
* Rats were injected with either rat IFN-y (7.5 x 10° U) or vehicle (H;0) 24 hr before being killed.
NS, not significant.
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Table 2. Androstenedione metabolism in hepatic microsomes from female rats treated with rat IFN-y or vehicle

Androstenedione hydroxylation pathway

Treatment* 16« 166 68 Ta Sa-Androstanedione  Testosterone

(nmol/mg protein/min) {nmol/mg protein/min)
Vehicle 0.12 + 0.02 0.22 +0.04 0.23 +0.04 0.67 = 0.07 0.15 = 0.08 1.22 =+ 0.60
Rat IFN-y 0.10 0,01 0.19 = 0.02 0.19 £ 0.04 0.53+0.09 0.15+0.05 1.36 = 0.66
P <0.05 NS NS <0.05 NS NS

Values are mean % SD of results from five individual microsomal fractions. :
* Adult female rats were injected intramuscularly with either rat IFN-y (7.5 X 10° U) or vehicle (H,0} 24 hr before

being killed.
NS, not significant.

{Table 1). This minor decrease in P4502C6 activity would -

not, thercfore, be sufficient to explain either the observed
decrease in ethylmorphine N-demethylation or in total
P450, because P4502C6 comprises only about one-third of
total P450 in female rat liver [3]. It seems possible,
therefore, that the female-specific P4502C12 may also be
down-regulated by IFN. However, this enzyme has minimal
catalytic activity towards unconjugated steroid substrates.
Thus, measurements of steroid hydroxylation on female
hepatic microsomes provide no information regarding
P4502C12. Rates of formation of the 16a- and 68
hydroxyprogesterone metabolites were not different from
control microsomes (Table 1). In male rat liver, it appears
that P4503A2 is the predominant isozyme involved in
progesterone 68-hydroxylation {19]. Since P4503A2 is not
expressed in the liver of untreated adult female rats [6], it
seems likely that P4501 A2, which also displays progesterone
6p-hydroxylase activity {19], and which is present in
untreated female rat liver microsomes [3], is not suppressed
by IFN.

The activity of the relatively minor androstenedione 16a-
hydroxylation pathway was decreased in IFN-treated
microsomes to 83% of control levels (P < 0.05) (Table 2).
In females, androstenedione 16a-hydroxylase activity is
probably catalysed by the closely related forms, P4502B1
and 2 {19]. However, an inconsistent finding in the present
study was the failure of IFN to decrease the activity of
the P4502B1 and 2-dependent androstenedione 168-
hydroxylation pathway (Table 2). Although andro-
stenedione 168-hydroxylase activity appeared to be reduced
in female microsomes (to 86% of control) by IFN this
change was not significant (P =0.09). Interestingly, a
similar {(but significant) reduction in the activity of
the P4502B1 and2-dependent androstenedione 168
hydroxylation pathway (to 83% of control) was previously
noted in male hepatic microsomes after IFN treatment [5].
Thus, it remains unresolved from the present study whether
IFN down-regulates the minor P4502B1 and 2 forms in
female rat liver. IFN produced no alteration in the activities
of the two P450-independent steroid metabolising enzymes
Sa-reductase and 178-hydroxysteroid oxidoreductase in
female rats (Table 2).

Another finding of the present study was that IFN
decreased androstenedione 7a-hydroxylation to 79% of
control (P < 0.05) (Table 2). This pathway of steroid
hydroxylation is catalysed in female rats by P4502A1
exclusively [3,20], which is present in higher levels in
female hepatic microsomes than males {3, 18]. Expression
of P4502A1 is regulated by sex steroids and growth
hormone [18,21]. In male rats, androstenedione 7a-

* Corresponding author: Associate Professor G. C.
Farrell, Department of Medicine, Westmead Hospital,
Westmead, NSW 2145, Australia. FAX (61) 2687 2331.

hydroxylation was unchanged by rat IFN-y administration
[5S]. Thus, an effect of IFN on down-regulation of
P4502A1 but not P4502A2 would explain the decreased
androstenedione 7a-hydroxylase activity observed in female
but not male rat hepatic microsomes. Since changes in
serum sex steroids were not observed, the reason for the
IFN-mediated reduction in P4502A1 catalytic activity is
not clear. Serum growth hormone levels are elevated in
certain patients receiving IFN [22]. Although an altered
growth hormone secretion profile could account for
suppression of P4502A1 and P4502C12 [17, 21], there is no
evidence that growth hormone is important in the regulation
of P4502C6 [23]. Thus, it seems likely that in female rats,
non-hormonal factors (possibly IFN itself) are important
in the IFN-mediated suppression of hepatic P450.
Administration of endotoxin has been shown to down-
regulate P4502C12 in female rats [24]. The present findings
with IFN may therefore relate to a selective suppression
of certain P450 genes by inflammatory mediators.

In summary, the results from the present study indicate
that rat IFN-y decreases hepatic P450 levels and catalytic
activities in female rats. The magnitude of the down-
regulation of P450 is similar to that found in male rats.
Furthermore, the activities of specific P450 isoforms
(P4502A1 and P4502C6 and possibly P4502C12, and
P4502B1 and 2) are decreased by IFN. Hence, the effect
of IFN in female rats appears to involve several, but not
all, hepatic P450 isoforms. Both hormone-dependent and
hormone-independent isoforms are suppressed by IFN.
The mechanism for this effect does not, however, appear
to be mediated by changes in serum levels of sex steroids.

Acknowledgements—This research was supported by the
Australian National Health and Medical Research Council
(NH & MRC). P.I.C. was an NH & MRC Research
Scholar.

Department of Medicine PuiLe I. Cralc

University of Sydney MICHAEL MURRAY
Westmead Hospital GEeOFFREY C. FARRELL®
New Sourh Wales

Australia

REFERENCES

1. Kato R and Gillette JR, Sex differences in the effects
of abnormal physiological states on the metabolism of
drugs by rat liver microsomes. J Pharmacol Exp Ther
150: 285-291, 1965.

2. Buters JTM and Reichen J, Sex difference in antipyrine
3-hydroxylation. An in vivo-in vitro correlation of
antipyrine metabolism in two rat strains. Biochem
Pharmacol 48: 771-777, 1990.



910

10.

11.

12.

13.

Short communications

. Waxman DJ, Dannan GA and Guengerich FP,

Regulation of rat hepatic cytochrome P450: age-
dependent expression, hormonal imprinting, and
xenobiotic inducibility of sex-specific isoenzymes.
Biochemistry 24: 4409-4417, 1985.

. Waxman DJ, Rat hepatic cytochrome P-450 isozyme

2c: identification as a male-specific, developmentally
induced steroid 16a-hydroxylase and comparison to a
female-specific cytochrome P-450 isoenzyme. J Biol
Chem 259: 15481-15490, 1984.

. Craig PI, Mehta I, Murray M, McDonald D, Astrom

A, van der Meide PH and Farrell GC, Interferon down-
regulates the male-specific cytochrome P450IIIA2 in
rats. Mol Pharmacol 38: 313-318 1990

. Imaoka S, Terano Y and Funae Y, Constitutive

testosterone 6B-hydroxylase in rat liver. J Biochem
104: 481487, 1988.

. Farquhar D, Loo TL, Guttermann JU, Hersh EM and

Luna MA, Inhibition of drug-metabolizing enzymes in
the rat after Bacillus Calmette-Guérin treatment.
Biochem Pharmacol 25: 1529-1535, 1976.

. Sonawane BR, Yaffe SJ and Witmer CM, Effects

of endotoxin upon rat hepatic microsomal drug
metabolism in vivo and in vitro. Xenobiotica 12:
303-313, 1982.

. Eiseman JL., von Bredow J and Alvares AP, Effect of

honeybee (Apis mellifera) venom on the course of
adjuvant-induced arthritis and depression of drug
metabolism in the rat. Biochem Pharmacol 31:
1139-1146, 1982.

Robbins MS and Mannering GJ, Effects of the
interferon inducing agents tilorone and polyriboinosinic
acid-polyribocytidylic acid (poly IC) on the hepatic
monooxygenase systems of pregnant and fetal rats.
Biochem Pharmacol 33: 1213-1222, 1984.

Matsuura Y, Watanabe H, Fukuda T, Yoshida T and
Kuroiwa Y, A sustained increase of microsomal heme
oxygenase activity following treatment of rats with
Bacillus Calmette-Guérin and  Corynebacterium
parvum: its possible relation to the decrease of
cytochrome P-450 content. J Pharmacobiodyn 8:
669-678, 198S.

Murray M, Cantrill E, Frost L, Mehta I and Farrell
GC, Effects of long-term choline deficiency on hepatic
microsomal cytochrome P-450-mediated steroid and
xenobiotic hydroxylases in the female rat. Biochem
Pharmacol 37: 1187-1192, 1988.

Lowry OH, Rosebrough NJ, Farr AL and Randall RJ,
Protein measurement with the Folin phenol reagent. J
Biol Chem 193: 265-275, 1951.

14,

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

Omura T and Sato R, The carbon monoxide-binding
pigment of liver microsomes. I. Evidence for its
hemoprotein nature. J Biol Chem 239: 2370-2378,
1964.

Halpert J, Jaw J and Balfour C, Specific inactivation
by 17B-substituted steroids of rabbit and rat liver
cytochromes P-450 responsible for progesterone 21-
hydroxylation. Mol Pharmacol 34: 139-147: 1989.
Guengerich FP, Dannan GA, Wright ST, Martin MV
and Kaminsky LS, Purification and characterization of
liver microsomal cytochromes P-450: electrophoretic,
spectral, catalytic, and immunochemical properties and
inducibility of eight isozymes isolated from rats treated
with phenobarbital or 8-naphthoflavone. Biochemistry
21: 6019-6030, 1982.

Waxman DJ, Interactions of hepatic cytochromes P-
450 with steroid hormones. Regioselectivity and
stercospecificity of steroid metabolism and hormonal
regulation of rat P-450 enzyme expression. Biochem
Pharmacol 37: 71-84, 1988.

Dannan GA, Guengerich FP and Waxman DJ,
Hormonal regulation of rat liver microsomal enzymes.
J Biol Chem 261: 10728-10735, 1986.

Swinney DC, Ryan DE, Thomas PE and Levin W,
Regioselective progesterone hydroxylation catalyzed
by eleven rat hepatic cytochrome P-450 isozymes.
Biochemistry 26: 7073-7083, 1987.

Waxman DJ, Lapenson DP, Nagata K and Conlon
HD, Participation of two structurally related enzymes
in rat hepatic microsomal androstenedione 7a-
hydroxylation. Biochem J 265: 187-194, 1990.
Waxman DJ, Morrissey JJ and LeBlanc GA, Female-
predominant rat hepatic P-450 forms j(IIE1) and 3
(IIA1) are under hormonal regulatory controls
distinct from those of the sex-specific P-450 forms.
Endocrinology 124: 2954-2966, 1989.

Goldstein D, Gockerman J, Krishnan R, Ritchie J,
Tso CY, Hood LE, Ellinwood E and Laszlo J, Effects
of y-interferon on the endocrine system: results from
a phase I study. Cancer Res 47: 6397-6401, 1987.
Westin S, Strem A, Gustafsson J-A and Zaphiropoulos
PG, Growth hormone regulation of the cytochrome P-
45011C subfamily in the rat: inductive, repressive and,
transcriptional effects on P-450f (IIC7) and P-450p;,
(IIC6) gene expression. Mol Pharmacol 38: 192-197,
1990.

Morgan ET, Suppression of constitutive cytochrome
P-450 gene expression in livers of rats undergoing an
acute phase response to endotoxin. Mol Pharmacol 36:
699-707, 1989.




