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Inhibition of Drug Metabolism

V. Inhibition of Drug Metabolism by Steroids
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SUMMARY

In a study employing hepat-ic microsomes from m’ats, esti’adiol-17/3, testosterone, an-
drostem’one, progesterone, and hyd!roeortisone inhibited! competitively the oxidation of

ethylmom’phine and hexobai’bital. Inhibitor constants for each stcm’oid were the same
whether ethylmorphine 01’ ilexobarbital Serve(l as substrates. Results are consistent with

the concept that cem’tain dlm’ugs and steroids are alternative substrates for a common

microsomal mixed function oxidase system. The inhibitory effects of steroids on chior-
pi’omazine metabolism w’ere both qualitatively and quanitatively different from those

observed when ethyhnom’phine and! hexobarbital metabolism ��‘ere studied. Not only were
the stel’Oidlsless potent inhibitom’s of chlorpromazine oxidation, but inhibition was not
competitive.

INTRODUCTION

Conney and Kiutch (1) repoi’ted that

several andirogens wem’e metabolized by a
TPNH-dependent mixed! function oxid!ase

system in hepatic micm’osomes and Muellem’
and Rumney (2) descm’ibed a similar

microsomal enzyme system which employed!

estm’a(!iOl-17� as a suhstm’ate. Kuntzman

et al. (3) demonstrated! a great similarity

in the properties of the enzyme system that

metabolized steroids in the livet’ and! that

which is responsible fom’ the metabolism of

many drugs and! other compounds. They

showed! that age, sex, 2-diethylaminoethyl

2,2-diphenylvalerate (SKF 525-A), pheno-

barbital, chlordane, and! 3-methyleholan-

threne affect steroid hyd!m’oxylase and hexo-

barbital activities in the same direction

and suggested that stem’oid! hom’mones may

be the natural sul)strates fom’ the oxidative
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drug-metabolizing enzymes found in

hepatic microsomes. If certain steroids and
dlrugs are alternative substrates for a com-

mon enzyme system, these steroids should

inhibit the metabolism of appm’opriate drugs

in a competitive manner. A study was made

of the inhibitory properties of several

steroids on the metabolism of ethylmor-

phine, hexobam’bital, and chiorpromazine.

METHODS

Male mats (200-250 g) of the Holtzman

strain wem’e used. Micm’osome plus soluble

(9000 g) fractions wem’e pm’epared from theim

livers as described pm’eviously (4). This
fraction was d!iluted! so that each milliliter

contained micl’osomes and supernatant
fm’om 250 mg of liver. Complete reaction

mixtures (5 ml), incubated in open 25-mi

Erlenmeyer flasks in a Dubnoff metabolic
shaker at 37#{176},contained the following con-

stituents (mr�i) : nicotinamide (4), mag-

nesium chloridle (2.5), TPN (0.04), glucose
6-phosphate (4), various amounts of sub-
strate and steroid and enzyme prepam’at-ion.
When ethylmom’phine or chlorproma zinc
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Fmo. 1. Inhibition of the microsomal N-demethylation of ethylmorphine by androsterone

v = micromoles of formaldehyde formed per gram of liver per hour. The lines were drawn with the

aid of the statistical analysis provided by Wilkinson (9).
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was the substrate, 1 ml of enzyme pi’epam’a-

tion was used; twice this amount was used
when hexobam’bital ��‘as the substrate.

Steroids in 95% (w/v) ethanol wcm’e added
to reaction mixtures in 0.005 or 0.01 ml

volumes using Hamilton inj ector syringes.
These quantitites of ethanol did not affect
reaction rates. When the N-demethylation

of ethylmom’phine w’as studied, semicarb-
azide (15 mM) was added to ti’ap formal-

dehyde.
The N-demethv lation of ethy hmnorl)hine

was measured! as (!escribed by Takemori

and Mannem’ing (5). The metho(ls of

Cooper and Brodie (6) and! Salzman and
Brodie (7) were employed! to study tile

metabolism of hexobarbital and chlor-
promazine, respectively. Steroidis (lid not
interfem’e with any of these assay pro-

cedures. An incubation time of 15 mm was

used when ethylmorphine and hexobarbital
were the substrates and! 12 mm when chior-

promazine was the substrate. Data were

plotted by the method of Lineweaver and

Bum’k (8) and subjected to the statistical

analysis described by Wiikimmson (9). Cal-
culations of kinetic constants were pet-

formed by a digital computer as descm’ibet!

previously (10).

Stem’oids were purchased! from California

Com’poration foi’ Biochemical Research.

RESULTS

Inhibition of Ethylinoi’phine and

He.robarbital Metabolism by Steroids

The oxi(!ation of (thylrnorphine and

hexobarbital by hepat-ic microsomes was

inhibited by estradliOl- 1 7�, testosterone,

andh’ost crone, pm’ogesterone, amid! hydrocorti -

sone. In all cases the inhibition was com-

petitive. Figures 1 and 2 illustrate the

inhibitoi’y effects of androstei’one on ethyl-
morphine and hexobam’bital metabolism.

Similar curves were obtained with the

other steroids. Cholesterol showed no in-
hibit-ory effect on the metabolism of either

di’ug. The inhibitor comistamits (K�) are
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Fia. 2. inhibition of time mnicro.somna! oxidation of hexobarbital by androsteronc

v = micromoles of hexoharbital disappearing from the medium per gram of liver per hour. The

lines were drawn with the ai(l of the statistical analysis provided by Wilkinson (9).

listed in Table 1. For any given steroid,
no significant difference (P > 0.05) was

found between the K1, wheml ethylniom’phine
was the substrate, and tile K1, when hexo-

barbital was the substm’ate. Considered col-
lectively, the com’m’elation coefficiemit was

0.92 when the inhibitot’ constants dieter-
mined for ethyimorphine were compared
with the inhibitom’ comistants detem’mined
for hexobarbital metabolism.

Effects of Steiouls on

Chiompro-inazinc ]Ictaboii.snm

The inhibitors’ effects of steroids on

chlom’pm’omazine oxu lation weme 1)0th quali-

tatively and! quantitativel different from

those observed! \Vlleml ethmvhmnoi pl1im�e and

hexobam’bitai metabolism weme studied. Not
only weme the steroids less potemlt. inhibitom’s

of (‘illOl’plOtIlflZill( oxi(lation, but inhibitioml
was not competitive. In most cases inhibi-

tions �s’em’e of a mixed competitive amid non-

competitive ty�)e an� I, sthei’e inhul)itor con-
stants were est.imnateil, they wei’e higher

than 10-’ �i. Androstem’one, a potent inhibi-

tor of both ethylmom’phine amid! hexobarbital
metabolism, was without effect on chior-
promazimie metabolism. In accordance with

expectations, cholestemol was also ineffec-
tive as an inhibitor when employed in con-

centrations between 0.04 amid! 0.1 �T.

1)1St ISSION

In a previous stud!y from this laboratory

(4) whem’e a number of structurally unm’e-

lated drugs were shown to inhibit ethyl-
morphine and hexobarbital meta boiismn

competitively, kinetic d!ata ind!icated that-

the metabolism of 1)0th drugs was mediated

thm’ough the actiomi of a single enzyme sys-
tem. The competitive imilul)ition of tile

microsomal oxidation of ethylmorphine and
hexobarbitai 1)y estm’adiol-17f3, testostem’one,

androsterone, pmogestem’omie, amid hyd i’ocorti-

sone, and the good agm’eenient i)etween in-

ilil)itOi’ tomistaiits fom’ each steroid, whethem
used as an imihibitor of etilylmom’phine or

hexobam’bital oxidation, suggest that ethyl-
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In/i-tint ion constants (K1) of steroid zm,/ith,tor,s of the

metabolism of elhylmnorph inc and /,exoba-rbitul

Concentrations of steroi(ls (11mM): est-radiol-17)3,

testosterone, androsterone and hydrocortisone,

0.02 and 0.04; progesterone, 0.0125 and 0.025;

cholesterol, 0.04 and 0.1 . Et hylinorphine and

hexobarbital concentrat 101,5 range(I from 0.1 to

1.0 lflM and 0.1 and 0.3 mM, respectively. Each

value represents time mean of at least three

determinations.

1�thvlniorplmine

.\-demet hyla- Ilexol marl )i t

tioii oxidation

Inhibitor K1 X 10’ (M) K, X 10’ (M�

Estradiol-17$ 4.3 3.7

Testosterone I . 7 1 . S

Androsterone 1 . 0 1 . 4

Progesterone 0.6 0.6

Hydrocortisone 9.3 21

Cholesterol No inhibition No inhibit ion

morphine, hexobarbital amid these stel’Oid!s

all serve as substrates for a common mixed

function oxidase system. Further support

for the alternative substrate concept of the
inhibition of drug metabolism by steroids

would be provided if it could be demon-

strated that the Michaelis constants (Km)

of the metabolism of tue steroids am’e miot
diffement from t-heim’ inhibitor constamits

(K1) whe�i employe(! as inhibitors of the

oxidiation of etilylmorphine or hexobarbital.
Kuntzman et al. (11) recently published
kinetic dlata for the oxidatiomi of a number

of stem’oids by hepatic micm’osomes. They

reported K�, values for estm’adioi-17�,

testostem’one, amid progesteromie of 4.9 X
10’ M, 2.6 X 10� M, and! 1.6 X l0� �i, ic-
spectively. These values am’e in reasonable

agreement with the correspont!ing K1 values

for these steroids given in Table 1.

That tile imihul)itiofl of cillorproniazimie

metabolism by stem’oi(Is silould dliffer ftorn

that seen with llexOI)al’bital and ethylmor-

phimie metabolism is not entirely unex-
pected. A pm’evious study (4) showed! that
although chlorpm’omazine inhibited the

metabolism of ethvlmorplnmie and hexo-
barbital competitively, kinetic data did not
suggest an alternative subst-m’ate niech-

anism of inhibition.

Tile concept is rapidly developing that

the mlienii)ralie- 1)ouli(i enzymiies of the he-

Patic mnicm’Osonia 1 (!rug mlletaholizing system
behave as a complex in which the various
proteins involved! in the system function

togethem’ as a unit of imitegrated enzymic

activity, much as has already been estab-
lishetl for the clecti’on transfer chain of

miiitochomidi’ia I 13) . TPNH-cytochrome c

m’eductase, a mionllemne im’on protein, and cy-

tochm’ome P-450 have been implicated in

the microsomal electron tm’amisfer chain

leadimig to drug and steroid! metabolism
(13, 14). The dlucstiomi whether a single
enzyme complex capable of producing an

active hydroxyiatimig radical is involved in

dm’ug nietabolisni or whether the hy-
droxylating radical is directed! to various

(Irugs thm’ough the activity of several hy-

d!roxylases of limited specificity is currently

a sul)� ect that has stimulated consit!erable

speculation. The presemit study, which shows

that steroids inhibit the microsomal dlrug-

rnetai)olizing system coni�)etitively, amid! the

pm’evious wom’k from our laboratory (4)

which showed that sevem’al structum’ally un-

related dm’ugs comupetit-ively inhibit the

metabolism of each other, suggest the exist-

ence of a common enzyme system of ext-m’a-

ordinary nonspecificity. This miced not be
the case. If, fom’ the sake of am’gumemit, one

assumes that (VtOcIiI’onie P-450 is coupled
to a miumber of enzymiies itivolved in (lm’ug
metabolism, and then assumes fuithem’ that

eytochromiie P-450 is m’ate limiting with
respect- to the perfommnamice of these various
enzyme systems, then drugs that employ

cytochrome P-450 in their metabolism
would compete with the metal)olism of

each other regardless of how many other
emizyrnes are involved. This may very well
be the case. There is considerable evidemice

that the enzyme system that oxidizes ethyl-
morphine is miot identical with that which
oxidlizes acetamiihide amid zoxazolamimie, yet

acetamulide amid zoxazolarnine inhibit the
A-demiiethvlation of ethy lmorphine corn-

petiti\’ely (4). This is compatible with the
view that two d!ifferent emizyme systems
may shlare a comiinion conipomiemit. Tile �0S-

sii)ility must them’efore he considered that

the emizymiie systems m’espomisible for ethyl-
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morphine and hexobarhital metabolism may

not be identical with each other or with the

enzyme system employed in the oxid!ation

of steroids, but that a rate-limiting com-
ponent commomi to mom’e t-ilaml one enzyme

system is implicated.
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