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Recent findings in our laboratory (1-3)
and others (4, 5) have shown that spirono-
lactone (SPL) stimulates the metabolism of
drugs by liver microsomes. Stripp and co-
workers (5) reported differences in the
nature of enzyme induction in male and fe-
male rats after SPL pretreatment. The
present study was initiated to ascertain
whether SPL inductive effects occur in both
sexes of mice. Aldadiene (SC-9376), a major
in vivo metabolite of SPL (6), was included
to determine if this A®-dethioacetylated me-
tabolite retains the inductive properties of the
parent drug.

Materials and Methods. Nonfasted male
and female albino Swiss mice, weighing 20-30
g, were used. Spironolactone and aldadiene
(100 mg/kg) or corn oil vehicle were given
ip twice daily for 3 consecutive days, in a
volume of 1.0 ml/100 g of body weight.
Experiments were initiated 24 hr after the
last dose.

Sleeping time. After the injection of
hexobarbital sodium (120 mg/kg, ip), the
duration of sleep was determined to be the
time interval between the loss and restoration
of the righting reflex.

Microsomal enzyme assays. Procedures for
the isolation of liver microsomes and their
incubation with hexobarbital and ethylmor-
phine were conducted as previously described
(1). Incubation mixtures contained the fol-
lowing components in a final volume of 3.0
ml: 5 mg of microsomal protein, a NADPH-
generating system (consisting of 2 enzyme
units of glucose-6-phosphate dehydrogenase,

1 This work was supported by Grant FR 05607-03,
from the National Institutes of Health. A pre-
liminary report appeared in Pharmacologist 12, 279
(1970).

15 pmoles of glucose-6-phosphate, 1.2 pmoles
of NADDP, 150 pmoles of Tris—HCI buffer,
pH 7.4), and either 15 pmoles of ethylmor-
phine or 2 pmoles of hexobarbital.

The extent of hexobarbital metabolism and
ethylmorphine N-demethylation by liver mi-
crosomes was assayed using the procedures
described by Cooper and Brodie (7) and
Nash (8), respectively.

Cytochrome P-450 was estimated by the
method of Omura and Sato (9); NADPH-
cytochrome ¢ reductase was measured by the
procedure of Phillips and Langdon (10) and
microsomal protein was assayed by the meth-
od of Lowry et al. (11). Statistical compari-
sons were made using Student’s ¢ test.

Results. The influence of spironolactone
(SPL) and aldadiene pretreatment on vari-
ous hepatic microsomal enzyme systems and
related parameters in mice is presented in
Tables I and II, respectively. These results
reveal that there are no qualitative differ-
ences in the induction by either drug in both
sexes. It was observed that both SPL and
aldadiene increased liver weight (11-27%),
liver/body weight (14-20%) and microsomal
protein content (17-34%). In addition, the
observed reductions in hexobarbital sleeping
times (4-18% of the control group) are in
agreement with the 2-fold increases noted in
the microsomal metabolism of hexobarbital.
Similarly, pretreatment with either drug ele-
vated the N-demethylation of ethylmorphine
(1.3-2.5-fold). In the same series of experi-
ments, components of the hepatic microsomal
electron transport system were examined. It
was found that both compounds elevated the
cytochrome P-450 content (34-57%) and in-
creased the reduction of cytochrome ¢ by
NADPH (20-75%).
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INDUCTION BY SPL AND ALDADIENE

TABLE 1. Effect of Spironolactone Pretreatment on Liver Weight, Liver/Body Weight, Microsomal
Protein Content, Sleeping Time, and Various Hepatic Microsomal Enzyme Levels in Mice.

Treatment”
Parameter Sex Corn oil Spironolactone % of control

Liver wt (g)® M 0.93 = 0.04 1.18 = 0.02 127¢
F 1.05 + 0.03 1.18 + 0.03 112°

Liver/body wt (%)? M 5.39 + 0.24 6.47 + 0.27 120¢
F 4.93 + 0.17 5.85 3 0.27 119¢

Microsomal protein (mg/g of liver)® M 242 =+ 1.1 283 =+ 11 117¢
F 27.7 += 21 33.6 + 2.3 1214

Hexobarbital sleeping time (min)? M 83 =+19 15 =+ 7 18°
F 127 +39 23 +18 18¢

Hexobarbital metabolism in vitro (mymoles/mg M 29.8 + 6.3 62.3 + 9.1 209°
of protein/20 min)°® ¥ 21.6 + 6.6 486 =+ 3.9 2954
Ethylmorphine N-demethylase (mymoles/mg M 123 =+ 9 312 +14 254°
of protein/12 min)° F 83 + 6 164 =11 198°
Cytochrome P-450 (myumoles/mg of protein)® M 0.75 + 0.02 1.18 = 0.01 157¢
F 0.74 3= 0.08 0.99 = 0.04 1344

NADPH-cytochrome ¢ reductase (mumoles/mg M 97 + 4 170 + 7 175°
of protein/min)® F 108 =+ 7 145 =+10 134°

® Animals were given spironolactone (100 mg/kg) or corn oil ip twice daily for 3 consecutive days.
* Values represent the mean + SD of N — 10 for each treatment group.

¢ Livers from 5 mice were pooled and treated as an individual sample (N) for the in witro assays.
Tabulated values represent the caleculated mean + SD of N = 5.

1p <.01.
°p <.001.

In a kinetic study (Table IIT), it was
observed that pretreatment of male mice with
SPL significantly increased the maximal ve-
locity (Vyax) for the N-demethylation of
ethylmorphine by 2.2-fold, without altering
the apparent affinity constant (K,). Thus,
the enhanced microsomal metabolism of
ethylmorphine by SPL can be attributed to
an increase in the amount of the enzyme
rather than an alteration in the existing en-
zyme system.

Discussion. The data obtained in this
study demonstrate that SPL increases the
activity of microsomal enzymes concerned
with drug metabolism and electron transport
in both sexes of mice. These findings differ
considerably from those previously reported
after SPL pretreatment in rats (5). Ac-
cording to Stripp et al. (5), a reduction in
hexobarbital sleeping time as well as an in-
crease in the microsomal metabolism of the
barbiturate was seen only in female rats. In

contrast, they found no appreciable sex diff-
erences in the stimulation of NADPH-
cytochrome ¢ reductase and ethylmorphine
demethylase activitites. Furthermore, there
was no change in the cytochrome P-450 con-
tent in either sex after pretreatment with
SPL. In view of these observations, it is evi-
dent that the nature of hepatic microsomal
enzyme induction by SPL is markedly differ-
ent in mice and rats.

We have shown that the A®-dethioacety-
lated metabolite of SPL, aldadiene, is also an
inducer of hepatic microsomal drug metabo-
lism. On the basis of this evidence, we are
unable to ascertain whether the inductive
effects of SPL are mediated directly or via
aldadiene. However, because of the similarity
in chemical structure, it might be suggested
that both drugs are active in this regard.
Further, it is of interest to note that aldadi-
ene retains the antimineralcorticoid effects of
spironolactone (12).
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TABLE II. Effect of Aldadiene Pretreatment on Liver Weight, Liver/Body Weight, Microsomal Pro-
tein, Sleeping Time, and Various Hepatic Microsomal Enzyme Levels in Mice,

Treatment®
Parameter Sex Corn oil Aldadiene % of eontrol

Liver wt (g)? M 1.51 &= 0.04 1.68 = 0.06 111¢
F 1.27 += 0.03 1.51 = 0.03 119°

Liver/body wt (%)" M 524 + 0.34 6.08 + 0.21 1167
F 512 + 0.36 5.86 = 0.35 1147

Mierosomal protein (mg/g of liver)® M 23.4 + 4.7 314 + 21 134°
F 253 + 14 31.7 + 1.8 1257

Hexobarbital sleeping time (min)? M 50 =21 9 =17 187
F 47 =+ 32 2 +=5 4f

Hexobarbital metabolism in vitro (mumoles/mg M 30.9 4114 63.9 + 9.1 2071
of protein/20 min)° F 21.6 + 6.0 411 =+ 3.5 1907
Ethylmorphine N-demethylase (mgmoles/mg M 83 +11 104 =+ 5 125°¢
of protein/12 min)® F 102 =+ 9 206 +16 2007
Cytochrome P-450 (mgmoles/mg of protein)® M 1.25 = 0.20 1.756 = 0.17 140°
F 1.06 = 0.04 1.57 + 0.19 148f

NADPH-cytochrome ¢ reductase (mumoles/mg M 119 =+ 8 159 =22 133°
of protein/min)°® P 97 +10 116 =+11 1204

¢ Animals were given aldadiene (100 mg/kg) or corn oil ip twice daily for 3 consecutive days.

® Values represent the mean = SD of N = 10 for each treatment group.

° Livers from 5 mice were pooled and treated as an individual sample (N) for the in witro assays.
Tabulated values represent the caleulated mean =+ 8D of N =5.

4p <.20,
°p <.05.
p <.01.

TABLE III. Effect of Spironolactone Pretreat-
ment in Male Mice on the K,, and V,,,, Constants
for the Microsomal N-demethylation of Xthyl-

morphine.®
Treatment
Parameter® Cornoil  Spironolactone
K, (mM) 1.11 +0.22 -1.15 + 0.22
Vmax (mgmoles/mg  17.5 +=29 385 +7.3°

of protein/min)

¢ Animals were given spironolactone (100 mg/
kg) or corn oil ip twice daily for 3 consecutive
days.

® Varying concentrations of ethylmorphine (0.05-
2.0 mM) were incubated with liver microsomes and
a NADPH-generating system as deseribed in Ma-
terials and Methods. The kinetic constants (K, +
Vwax) Were found by visually fitting straight lines
to double reciprocal plots of the data (5-6 data
points/experiment). The results are expressed as
the mean value + SD of 5 experiments.

’p <.001.

Prior treatment with SPL has been shown
to reduce the pharmacological and toxicologi-
cal actions of many drugs. Whereas, the en-
hancement in drug metabolism may explain
the reduction in toxicity of certain anesthet-
ics and digitoxin (13, 14), it does not satis-
factorily explain the attenuation of mercuric
chloride poisoning (13).

Summary. Pretreatment with spironolac-
tone (SPL) or aldadiene enhanced the ac-
tivity of drug-metabolizing enzymes in mouse
liver microsomes. Elevations in components
of the microsomal electron transport system
and other parameters indicative of enzyme
induction were also noted. The nature of the
induction by these drugs did not differ qual-
itatively nor was sex-dependent difference
observed. Kinetic studies suggest that the mi-
crosomal induction by SPL may be mediated
by an increase in the amount of enzyme
(Vmax) rather than by an alteration in the
apparent affinity (K,,) of the enzyme.
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