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Role of steroid hormones in hepatic mierosomaf enzyme induction* 
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THE HYDROXYLATING enzymes associated with hepatic microsomes are active against a wide variety of 
substrates, including steroids, polycyclic hydrocarbons and many drugs.* They are adaptive enzymes; 
pretreatment of rats and other species with many substrates leads to the induction of increased levels 
of enzyme activity.’ These are associated with an increase in the concentration of hepatic microsomal 
cytochrome P-450,’ the terminal oxidase of the hydroxylating enzymes. 

It seems likely that the principal endogenous substrates of the enzymes are steroids3-5 and from 
observations on the effect of castration, adrenalectomy and steroid hormones on enzyme activity,6 
it has been suggested that the levels of microsomal enzyme activity are controlled by the concentration 
of circulating steroid hormones. ‘p7s8 In vitro studies have shown that competition occurs when a drug 
substrate and a steroid hormone are incubated together with liver microsomes.5 Such competition 
could occur also in r&u, and it has been postulated that the induction of the enzymes by foreign 
substances, for example, phenobarbitone, is mediated through changes taking place in an endogenous, 
steroid hormone controlled, regulatory system as a result of interference with endogenous steroid 
metabolism.‘** 

There is some controversy as to the role of the steroid hormones in microsomal enzyme induction.‘-’ 
The experiments reported here represent an attempt to clarify the position, and the results suggest 
that enzyme induction is independent of these hormones. 

A preliminary report of this work has already appeared.‘O 
For these experiments castrated, adrenal~tomi~d, castrated and adrenal~tomized, sham-operated 

and intact male rats of the Carworth CFE strain (Sprague-Dawley derived) initially weighing about 
140 g were purchased from Carworth Europe (Alconbury, Herts.). The animals were housed in mesh- 
floored cages in a conventional animal house. Their sole source of drinking water was 1% NaCl 
solution, available ad lib. Although 1% saline was given to all the rats in these experiments, subsequent 
investigation showed that giving saline to non-adrenalectomized rats had no effect on the enzyme 
activities measured. Food (modified diet 41B, Oxoid Ltd., Southwark Bridge Road, London, S.E.1) 
was available ad fib. also. Al1 animals grew at a mean rate of between 3 and 6 g/day throughout the 
period of the experiments. Rats given phenobarbitone received daily i.p. injections of Na pheno- 
barbitone in 0.15 M saline at a dose of 100 mg/kg. Controls were injected with an equivalent 
volume of saline. Regimes of drug administration were begun on the second day following operation 
and continued for 7 days, the rats being killed 24 hr after the last injection. 

The efficacy of the adrenalectomies was checked by taking a group of four adrenalectomized rats 
at random from the same batch as those used in the experiments, and giving them water instead of 
saline. These rats all became moribund within 24 hr. On histological examination of tissue taken 
post mortem from the vicinity of the adrenals, no adrenal tissue was seen in any of the adrenalecto- 
mized animals. Neither was any ectopic adrenal tissue apparent on gross examination. The control 
rats used in the experiments described were not sham-operated, but in a separate series of experiments 
no significant differences were seen in any of the quantitites measured between groups of sham- 
operated and non-operated rats. 

* This work was supported by a grant from the Medical Research Council. 
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Post-mitochondrial supernatants (for enzyme determinations) and microsomes (for cytochrome 
P-450) were prepared from liver homogenates, and cytochrome P-450 and Pyramidon demethylation 
activity were measured by the methods that we have described previously.*X For the measurement of 
aniline hydroxylation, 1 x%1 of 10 ‘A post-mitocbondrial super&ant was added to 2 ml of a medium 
containing 300 umole Na,HPO, buffer (made to OH 7.4 with HCI): 10 &mole Na isocitrate: 25 &mole 
MgC12; lT5 pmole NADP; and substrate, 1.5 pmoles aniline. (This is’ the incubation mixture used, 
with the appropriate substrate, for Pyramidon demethylation.) The reaction mixtures were incubated 
in air at 37” for 20 min in a metabolic shaker and then quenched by pouring into chilled tubes con- 
taining 2 g of crystalline NaCI. The product, p-aminophenol, was extracted and estimated by the 
method of Kato and Gillette.6 

The effects of adrenalectomy, castration and combined adrenalectomy and castration on cyto- 
chrome P-450, Pyramidon demethylation and aniline hydroxylation are shown in Table f . P-450 
concentrations are similar in each group to control values. Aniline hydroxylation activity is similarly 
unaffected by the single or combined operations but Pyramidon demethylation activity is halved in 
the castrated and in the adrenalectomized rats. This is not an additive effect, however, since enzyme 
activity is not further reduced in the rats subjected to the combined operation. 

TABLE ~.THEEFFECTOF ADRENALECTOMYAND ~ASTRATIONONHEPATIC MICROBIAL 

ENZYMEACTIVIT~SAND CYTOCHROME P-450M THEMALERAT 

Treatment No. of rats 

Pyramidon Aniline 
Cytochrome demethylation hydroxylation 

P-450 @moles/g @roles/g 
(nmoles/g liver) hver/hr) liverihr) 

None 
Adrenalectomized 
Castrated 
Adrenalectomized and 

Castrated 

4 17i2 044 i 0.11 0.94 * 0.33 
4 16 i 3 “0.20 + 0.07 1.11 & 0.17 
4 1813 *0.19 + 0.10 0.86 rt 0.34 

4 16 64 *0.19 f 006 0.94 & 035 

Values are given as means + standard deviations. 
* Indicates a value significantly different (005> P) from the control. Animals were killed on the 

10th day following operation. 1% saline was given as drinking water to all animals. Daily saline 
injections were given for 7 days before sacrifice. 

The effects of adrenalectomy and castration of male rats on the activity of their hepatic microsomal 
drug metabolizing enzymes are well known.‘n6 The activity of the enzymes towards some substrates, 
e.g. Pyramidon, is decreased while that towards others, e.g. aniline, is unaltered. The results reported 
here are in accord with this and also indicate that the decreases in enzyme activity are not related to 
changes in the concentration of cytochrome P-450, the terminal oxidase of these enzymes. Castro 
et ~1.‘~ have also found P-450 levels little affected in adrenalectomized rats, although an isolated 
report by Wada et al.‘” who observed a decrease in P-450 after adrenalectomy which could be 
prevented by cortisone treatment, is at variance with this. 

From the results appearing in Table 2, it is clear that cytochrome P-450 induction is not impaired 
in rats which have been either adrenalectomized or castrated or both; there are no significant differ- 
ences between the phenob~bitone-educed levels of cytochrome P-450 in the controls or any of the 
experimental groups. Aniline hydroxylation activity is induced to the same extent in castrated rats 
as in controls although in the adrenalectomized rats, whether castrated or not, somewhat lower levels 
are obtained. Although in the non-induced rat, Pyramidon demethylation is lower following adrenals 
ectomy or castration (see Table l), phenobarbitone induces to the same extent in the operated group- 
as in the controls except in the rats which were castrated and adrenalectomized, where the induced 
level of enzyme activity is slightly, but significantly, less. 

In previous investigations of the role of steroid hormones in microsomal enzyme induction, both 
Conney et al? and Orrenius et al. 7-S found that induction of enzyme activity could still take place in 
steroid hormone-depleted rats, although to a lesser extent than in controls. Orrenius inferred that 
steroid hormones are involved in the maintenance of normal levels of microsomal enzyme activity and 
in enzyme induction.‘s8 But since the results from this laboratory, Conney’sg and Orrenius’s7s8 all 
demonstrate that induction can still take place in the steroid hormone-depleted rat, it follows that this 
cannot be the fundamental control. The lack of any effect on cytochrome P-450, the concentration of 
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TABLE 2. THE EFFECT OF ADRENALECTOMY AND CASTRATION ON THE INDUCTION OF 
HEPATIC MICROSOMAL ENZYMES AND CYTOCHROME P-450 BY PHENOBARBITONE IN THE 

MALE RAT 

Treatment No. or rats 

Cytochrome 
P-450 

(nmoles/g 
liver) 

Pyramidon 
demethylation 

(rmoles/g 
liver/hr) 

Aniline 
hydroxylation 

@moles/g 
liver/hr) 

None 
Adrenalectomized 
Castrated 
Adrenalectomized and 

Castrated 

4 110 * 10 2.4 f 0.3 4-s & 0.2 
4 120 + 10 2.2 f 0.s *3.6 i O-5 
4 130 rt 20 2.2 + 0.4 4.6 h 0.5 

4 110 i 10 *1.9 & 0.1 *3.7 f 0.3 

Values are given as means i. standard deviations. 
* Indicates a value significantly different (P < 0.05) from the control. Animals were killed on the 

10th day following operation. 1% saline was given as drinking water to all animals. Injections of 
Na phenobarbitone were given i.p. at a dose of 100 mg/kg daily for 7 days before sacrifice. 

which changes in response to many of the stimuli affecting enzyme activity, supports this thesis. 
Possibly the selective changes in basal and induced levels of enzyme activity as a result of steroid 
hormone depletion are related to changes in enzyme conformation rather than enzyme synthesis. 
Nevertheless, the idea that induction by foreign substances is mediated through interaction with an 
:ndogenous regulatory system remains an attractive one, and results from this laboratory suggest that 
dietary factors may be important in this respect.10*14*‘5 
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