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Evidence for spironolactone as a possible inducer of liver 
microsomal enzymes in mice* 
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SPIRONOLACTONE, currently employed as a diuretic, has recently been reported to have pharmacological 
effects in addition to aldosterone-blockade. Selye et a1.l have shown that this agent offers protection 
against the sedative and anesthetic effects of such steroids as testosterone, progesterone, desoxy- 
corticosterone and hydroxydione, as well as pentobarbital and ethanol. They emphasized that several 
days of pretreatment were essential for antagonism of this CNS depressant activity. Androgens, 
estrogens, glucocorticoids, anabolic and progestational steroids have been noted to influence the 
activity of drug-metabolizing liver microsomal enzymes.e.3 

To test the hypothesis that spironolactone was stimulating hepatic drug metabolism, we sought to 
examine the effects of its pretreatment on pentobarbital and testosterone-potentiated pentobarbita 
sleeping times and to measure liver microsomal enzyme activities. 

Experimental 

Animal pretreatment. Male Swiss mice, 18-25 g, were maintained ad lib. on a standard laboratory 
pellet diet and water. Animals were given a 100 mg/kg subcutaneous injection of spironolactone or 
its corn oil vehicle for 3 consecutive days. These injections, and all others described, were delivered in 
a volume of 0.1 ml/l0 g body weight. Approximately 24 hr after the last injection, control and drug- 
treated animals were randomly divided into groups for the sleeping time studies and liver microsomal 
assays. Another group of animals, treated in an identical manner, were employed for the study of 
hexobarbital metabolism. 

Sleeping time experiments. Details of the drug administration schedule are presented in Table 1. 
The duration of sleeping time was calculated from the time the animal lost its righting reflex until it 
was able to right itself three times in 30 sec. 

Preparation of liver microsomes. Anii were sacrificed and livers excised immediately, rinsed and 
transferred to ice-cold 0.02 M Tris-HCl buffer, pH 7.4, containing 1.15% KCl. Livers were homo- 

* This study was supported by GRS Grant FR 05607-03, National Institutes of Health. 
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TABLE 1. EFFECZTS OF SPIRONOLACTONE PRBTREATMENT ON PENTOEARBITAL AND TESTOSTERONE- 
POTENTIATED PENTOBARBITALSLEEPING TIME INMICE* 

Spironolactone Testosterone Pentobarbital Control 
Group? (100 mg/kg, s.c.) (300 mg/kg, i.p.) 

Sleeping time 
(50 mg/kg, i.p.) i S.D. (min) (%) 

I: I 
- 

: 
63.4 f 23-l 

- 28.8 f 11.2 

:e -t ‘; 1 
121.6 & 42.0 ,;;,t 
44.9 l 17.6 3711 

1567 

* Spironolactone or corn oil vehicle was given once daily for 3 consecutive days. Twenty-four hr 
after the last dose, testosterone proprionate or corn oil vehicle was injected and followed 30 min later 
by pentobarbital or saline. 

t No. = 10. / - _. _ _ . 
$ II vs. I; P < 0.001. 
I III vs. I; P < 0.005. 
II IV vs. III; P < 0~001. 
7 IV vs. II; P < 0.025. 

genized in 4 vol. of the buffer with a motor-driven Teflon-glass homogenizer. All subsequent tissue 
manipulations were carried out on ice. Homogenates were centrifuged at 9000 g for 20 min in a 
refrigerated centrifuge; the 9000 g supematant was then carefully removed and centrifuged at 78,000g 
for 75 min. The resulting microsomal pellet was resuspended in ice-cold 0.02 M Tris-HCI buffer, 
pH 7.4. 

Enzyme assays. Incubation mixtures contained the following components : 5 mg microsomal protein, 
2 pmoles NADPH and 300 pmoles Tris-HCl buffer, pH 7.4, in a final vol. of 3.0 ml. For hexobarbital 
metabolism, a NADPH-generating system consisting of 1 pmole NADP, 12 wales glucose 
6-phosphate, 2 units of glucose 6-phosphate dehydrogenase and 15 pmoles MgCla was substituted for 
NADPH. The amounts of substrates present in the mixtures were 20 pmoles aniline, 15 pmoles 
ethylmorphine and 2 pmoles hexobarbital for the aniline hydroxylase, N-demethylase and hexobarbital 
assays respectively. After the addition of all components, the flasks were transferred from ice to a 
Dubnoff apparatus and incubated at 37” under air with shaking (90 oscillations/min) for the times 
indicated in Tables 2 and 3. 

TABLE 2. EFFJZC~ OF SPIRONOLACTONEPRETRBATMENTONTHELIVER MICROSOMALENZYMB ACTIV~~IN 
MALE MICE* 

Treatment? 

Control 
Spironolactone 
% Increase 

Liver weight 

Body weight 
(%) 

4.86 f 0.41 

‘8:+* o.30 + 

Liver microsomal 
protein 

(mg/g liver) 

18.3 -+ 2.4 
24.2 f 1.9 
32.05 

Aniline 
hydroxylation 

(mpmoles 
p-aminophenol 

formed/mg 
protein/l5 min) 

33.6 + 5.2 

Ethylmorphine 
N-demethylation 

(wmoles HCHO 
formed/mg 

protein/l2 min) 

95.4 i- 4.7 
120.4 f 3.1 

26.3s 

* Livers from three mice in each treatment group were pooled and treated as an individual sample 
(N). Tabulated values represent the calculated mean f S.D. for N = 5-6. 

t Animals were treated subcutaneously with 100 mg/kg spironolactone or corn oil for 3 consecutive 
days. 

$ P < 0.02. 
p P < 0.005. 
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TABLE 3. EFFECT OF SPIRONOLACTONJ?, ON THE MICROSOMAL METABOLISM OF HEXOBARBITAL IN 
MALE MICE* 

Treatment? 
Hexobarbital metabolized 
(mpmoles disappeared/mg 

protein/20 min) 

Control 
Spironolactone 

34.0 & 6.4 
57.2 & 12.8f 

* Livers from five mice in each treatment group 
were pooled and treated as an individual sample 
(N). Tabulated values represent the calculated 
mean + S.D. for N = 5. 

t Animals were treated subcutaneously with 
100 mg/kg spironolactone or corn oil for 
3 consecutive days. 

: P < 0.02. 

Analyrical methods. Microsomal protein was determined by the method of Lowry et al.,4 employing 
crystalline bovine albumin as the standard. Aniline metabolism was measured by its conversion to 
p-aminophenol as described by Kato and Gillette;5 N-demethylation of ethylmorphine was determined 
by formaldehyde production,6 and hexobarbital disappearance by the method of Cooper and Brodie.7 

Results and discussion 

The duration of sleeping times after the various drug treatment schedules and the statistical analyses 
(Students t-test) are presented in Table 1. Mice treated with spironolactone and/or testosterone 
exhibited no gross behavioral effects. Testosterone potentiated pentobarbital sleeping time in the 
absence of spironolactone pretreatment (III vs. I) or in its presence (IV vs. ID. Pretreatment with 
spironolactone significantly reduced pentobarbital sleeping time (II vs. I) and testosterone-potentiated 
pentobarbital sleeping time (IV vs. III). 

The influence of spironolactone pretreatment on the liver microsomal enzyme activities is presented 
(Tables 2 and 3). As shown in Table 2, prior administration of spironolactone enhanced the microsomal 
metabolism of aniline and ethylmorphine 29 and 26 per cent, respectively, over control values; 
microsomal protein per gram liver in spironolactone-treated animals was increased 32 per cent. 
Further, the liver weights of treated animals expressed as a percentage of total body weight were 
significantly increased over controls. Moreover, it is clear that hexobarbital metabolism is increased 
(68 per cent) after spironolactone pretreatment (Table 3), and this provides evidence for a more direct 
relationship between barbiturate sleeping time and its metabolism. 

Selye et al.1 noted that the anesthetic effects of testosterone were markedly reduced after 
spironolactone-pretreatment in female rats. Since we observed no gross behavioral changes with 
testosterone in male mice, we gave this compound with pentobarbital to detect CNS depression which 
was otherwise unobservable; potentiation was noted. The findings that spironolactone-pretreatment 
reduced testosterone-potentiated, as well as pentobarbital sleeping time, coupled with our biochemical 
findings suggested that this antagonism of anesthesia may not be a major consequence of a change in 
CNS responsiveness, as suggested by Selye et al.,1 but rather the result of a stimulation in microsomal 
enzyme activity by a mechanism similar to other inducers. In this regard, a wide variety of steroid 
hormones and related substances, including testosterone, are not only metabolized by microsomal 
enzymes, but have also been shown to stimulate drug metabolism in the liver.2* 3 

Spironolactone is therapeutically employed as a diuretic, and it may be argued that the effects 
observed are the result of this pharmacological action. In this regard, there was a small difference in 
body weight between control and spironolactone-treated animals on the day of testing. Although it is 
conceivable that the excretion rates of testosterone and pentobarbital were increased in the drug- 
treated animals, we believe that the reduction in pentobarbital sleeping time is the result of an 
enhancement of barbiturate metabolism. In view of our results, the administration of other therapeutic 
agents with spironolactone should be investigated for possible drug-drug interactions. 



2532 Short communications 

Acknowledgements-The authors wish to thank Drs. James Buzard and Lorenz Hofmann of 
G. D. Searle & Co. for providing a generous supply of spironolactone. 

Division of Pharmacology, 
College of Pharmacy, 
The Ohio State University, 
Columbus, Ohio 43210, U.S.A. 

MICHAEL C. GERALD 
DENNIS R. FELLER 

REFERENCES 

1. H. SELYE, I. Mks and L. SAVOIB, Anesthesiofogy 31, 261 (1969). 
2. A. H. CONNEY, Pharmac. Rev. 19,317 (1967). 
3. R. KUNTZMAN, Ann. Rev. Pharmac. 9,21 (1969). 
4. 0. H. LOWRY, N. J. ROSBNBROUGH, A. L. FARR and R. J. RANDALL, J. biol. Chem. 193,265 (1951). 
5. R. KATO and J. R. GILLETTE, J. Pharmac. exp. Ther. 150,279 (1965). 
6. J. COCHIN and J. AXBLROD, J. Pharmac. exp. Ther. 125, 105 (1959). 
7. J. R. CARPER and B. B. BRODIE, J. Pharmae. exp. Tber. 114,409 (1955). 


