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Modulation of thyroid hormone actions on hepatic drug metabolism by androgens 
and estrogens 

(Received 4 March 1984; accepted 3 July 1984) 

Numerous studies have established that the thyroid hor- 
mones thyroxine and tri-iodothyronine participate in the 
regulation of hepatic microsomal drug-metabolizing 
enzymes [l-lo]. The results of most investigations indicate 
that thyroidectomy decreases hepatic monooxygenase 
activities. However, varying effects of thyroid hormone 
administration on drug metabolism have been reported. 
The divergent results may be attributable, at least in part. 
to differences in the doses of thyroid hormones used. Kato 
and coworkers [l-4] gave very large doses of thyroxine to 
rats and found that the effects on drug metabolism were 
sex and substrate dependent. Administration of thyroxine 
to female rats increased the rates of metabolism of all 
substrates examined. In male rats, by contrast, Kato et al. 
[l-4] found that thyroxine decreased the rates of metab- 
olism of substrates whose oxidation was stimulated by 
androgens but increased the metabolism of androgen-inde- 
pendent substrates. The investigators concluded that thy- 
roxine antagonized the stimulatory effects of testosterone 
on hepatic drug metabolism but, in the absence of tes- 
tosterone or with androgen-independent substrates. thy- 
roxine increased the rates of drug metabolism. We sub- 
sequently suggested that the conclusions of Kato and 
coworkers were applicable only to supraphysiological doses 
of thyroxine since physiological amounts of hormone uni- 
formly stimulated microsomal drug metabolism in male 
and female rats [8]. However, Skett and Weir [lo] have 
proposed recently that there are sex differences in the 
actions of even physiological amounts of thyroxine on hep- 
atic drug metabolism. To further pursue this issue, the 
following studies were done to evaluate the role of the 
gonadal hormones (testosterone and estradiol) in modu- 
lating the effects of thyroxine on drug metabolism. 

Methods 

Male Sprague-Dawley rats, obtained from Zivic-Miller 
Laboratories, Pittsburgh. PA, were housed under stan- 
dardized conditions of light (6:00 a.m. to 6:00 p.m.) and 
temperature (22”). Castrations and thyroidectomies were 
performed by the breeder on animals 55- to 60-days-old. 
All animals were fed Wayne Lab Blox ad lib. and those 
with intact thyroid glands received tap water ad lib. to 
drink. Thyroidectomized rats received 1% CaCl, in place 
of water to enhance survival. The CaCl, did not affect 
hepatic metabolism of ethylmorphine, aniline, or benzo[a] 
pyrene. Sodium-l-thyroxine (Sigma Chemical Co., St. 
Louis, MO) in 0.9% NaCl (pH 9.0) was administered as a 
daily subcutaneous injection between 8:00 and 9:OOa.m. 
at a dose of 25 pdkg body wt for 7 days. Testosterone 
(Testosterone cypionate; Upjohn Co., Kalamazoo, MI; 
5 m&O0 g body wt) and estradiol (Estradiol cypionate; 
Upjohn Co.: lOp&OOg body wt) were administered as 
single subcutaneous depot injections. We previously found 
that those doses maintained normal sex ancessory tissue 
weights in castrated male and female rats, respectively, for 
at least 4 weeks. Hormonal treatment was initiated 14 days 
after thyroidectomy and/or castration. 

All animals were killed by decapitation between 9:00 and 
1O:OO a.m. Livers were quickly removed and homogenized 
in 1.15% KCI. Homogenates were centrifuged at 9000 g for 
20 min. and the supernatant fraction was centrifuged in a 
Beckman preparative ultracentrifuge at 105,000 g for 
60 min to obtain the microsomes. Microsomal pellets were 

resuspended in 1.15% KC1 containing 0.05 M Tris-HCI 
buffer (pH 7.3) at a concentration of 4-5 mg protein/ml. 

The demethylation of ethylmorphine and the hydroxy- 
lation of aniline were assayed as the amounts of for- 
maldehyde [ll] or p-aminophenol [12] formed. respect- 
ively, by hepatic microsomes, as described previously [S]. 
Semicarbizide (25 nmoles) served as a trapping agent for 
formaldehyde produced from ethylmorphine. Incubations 
were carried out in a Dubnoff metabolic shaking incubator 
at 37” for 15 min under air. Benzo[a]pyrene hydroxylation 
was determined by the fluorometric method of Nebert 
and Gelboin [13]. Quinine sulfate was calibrated against 
authentic 3-OH benzo[a]pyrene and routinely used as the 
fluorescence standard. For all enzyme assays, the appro- 
priate tissue and substrate blanks and standards were car- 
ried through the entire procedure. 

Cytochrome P-450 content in isolated microsomes was 
determined using a Cary 17 recording spectrophotometer 
at 25” as described by Estabrook et al. [14]. NADPH- 
cytochrome c reductase activity was assayed by the method 
of Phillips and Langdon [ 151. and microsomal protein was 
determined by the method of Lowry et al. [ 161. The stat- 
istical significances of differences between group means 
were determined using the Newman-Keuls multiple range 
test [ 171. 

Results and discussion 

As previously reported [8]. thyroidectomy decreased the 
rates of metabolism of androgen-dependent 
(ethylmorphine. benzolalpyrene) as well as androgen-inde- . __. 
pendent (aniline) substrates by rat liver microsomes (Table 
1) Thvroidectomv also decreased NADPH-cvtochrome c 
reductase activity but did not significantly affec; microsomal 
cytochrome P-450 levels. In none of the experiments 
described do the effects of thyroid hormones on drug 
metabolism correlate closely with changes in cytochrome 
P-450 content. It is possible that cytochrome P-450 levels 
are not rate-limiting for the monooxygenase reactions stud- 
ied or alternately that thyroid hormones effect changes in 
specific isoenzymes of cytochrome P-450 which are not 
reflected by total cytochrome P-450 concentrations. In most 
cases (Tables 1 and 2), the effects of thyroxine on micro- 
somal drug metabolism correlated closely with changes 
in NADPH-cytochrome c reductase activity, as reported 
previously [8]. 

Administration of thyroxine (T,; 25 &kg body wt) to 
thyroidectomized rats reversed the effects of thyroidectomy 
on microsomal metabolism (Table 1). Castration further 
decreased the rates of metabolism of the androgen-depen- 
dent substrates, ethylmorphine (EM) and benzo[a]pyrene 
(BP), in thyroidectomized rats but did not further affect 
aniline hydroxylase activity, NADPH-cytochrome c 
reductase activity, or cytochrome P-450 levels. T1 adminis- 
tration to thyroidectomized-castrated rats produced 
changes in microsomal metabolism very similar to those 
produced in thyroidectomized rats with intact testes. EM 
demethylase, BP hydroxylase. aniline hydroxylase. and 
NADPH-cytochrome c reductase activities were increased 
by T+ and cytochrome P-450 concentrations declined 
(Table 1). Administration of testosterone to thyroid- 
ectomized-castrated rats restored microsomal metabolism 
to levels comparable to those in thyroidectomized rats with 
intact testes. Administration of both T, and testosterone 
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to thyroidectomized-castrated animals further increased Acknowledgements-These investigations were supported 
enzyme activities to levels found in the control group (Table by NIH Research Grants CA-22152 and GM-30261. The 
1). Thus, whether or not testosterone was present, Tj technical assistance of Marlene Pope, Marsha Marquess, 
treatment increased the rates of hepatic drug metabolism. and Peggy Johnson is gratefully acknowledged. 

The effects of estradiol (E2) on the response of thy- 
roidectomized-castrated male rats to T4 are shown in Table 
2. We and others previously reported that Ez administration 
to castrated male rats decreases the rates of microsomal 
drug metabolism and lowers cytochrome P-450 con- 
centrations 1181. However, in animals that were thy- 
roidectomized as well as castrated, E2 did not significanfiy 
affect microsomal metabolism (Table 2). The absence of 
Ez effects is probably attributable, at least in part, to the 
already very low rates of metabolism in thyroidectomized- 
castrated rats. T4 administration to Ez-treated thyroid- 
ectomized-castrated males increased EM demethylase, ani- 
line hydroxylase, BP hydroxylase, and NADPH-cyto- 
chrome c reductase activities, but the stimulatory effects of 
T4 were smaller than those produced in thyroidectomized- 
castrated animals not receiving E2 (Table 2). Thus, E2 
appeared to modulate the magnitude of the response to T4 
but the effects of T4 were qualitatively similar in the pres- 
ence and absence of Ez. 

Department of Physiology HOWARD D. COLBY' 
West Virginia University School RICHARD C. RVMBAVGH 

of Medicine 
Morgantown, WV 26506, 

U.S.A. 
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