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in Qo, at 4 weeks. This observation, combined with the high Qor in renal homogenates from /I-week-old 
rabbits, suggests that renal metabolic processes at this age are particularly susceptible to stimulation by 
substrates. 
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Stoichiometry of drag metabolism in maturing male rats 

(Received 20 October 1973; accepted 21 January 1974) 

ANDROCENS are known to increase the rate of metabolism of type I drugs.‘-’ These reports indicate that 
androgens increase the binding of type I drugs to cytochrome PdsO and thus increase the rate of reduction 
of cytochrome PbsO and the rate of drug metabolism. However, recent studies by Hamrick et al.’ on the 
relationship between NADPH oxidation and drug metabolism indicate that changes in the rate of meta- 
bolism of type I drugs are not always directly related to changes in the magnitude of type I spectral 
changes, the cytochrome PdsO content, or the NADPH-cytochrome c reductase activity. These studies 
indicate that steroids such as testosterone, cortisone and spironolactone may regulate the rate of drug 
metabolism by altering the stoichiometric ratio between substrate-stimulated, carbon monoxide-inhibi- 
table NADPH oxidation and drug metabolism. 

The purpose of this study was to utilize the maturing male rat to study the effect of androgens on the 
stoichiometric ratio for ethylmorphine (EM) metabolism in the developing hepatic microsomal drug- 
metabolizing system, and to attempt to correlate the change in the stoichiometric ratio with changes in 
the binding and metabolism of EM. Since the testosterone concentration in the spermatic vein of male 
rats has been shown to increase from 042 ~g/lOO ml to 1.04 pgg/lOO ml between the age of 25 and 30 days 
and to increase from 0.96 pg/lOO ml to 4.8 pg/lOO ml between the age of 35 and 40 days,’ the study was 
conducted in rats between the age of 3,O and 6.5 weeks. Interestingly, the time of increase in testosterone 
concentration correlates well with previous observations that testicle size increases primarily between the 
age of 3 and 6 weeks, lo that seminal vesicle size increases primarily between the age of 3 and 8 weeks,” 
that hexobarbital sleeping time decreases between the age of 4 and 5 weeks,’ and that EM metabolism 
doubles between 3 and 5 weeks.” Thus, one might assume that the age of 3-5 weeks approximates puberty 
in the male rat. 

For this investigation, a single group of male Sprague-Dawley rats weighing 4&5Og were obtained 
from Cherokee Lab Supply in Atlanta, Georgia, and they were utilized as they matured. As the animal 
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reached the age of 3.0 weeks (51-6Og), 3.5 weeks (81-88 g), 4.0 weeks (105-I 15 g), 55 weeks (125-135 g) 
and 6.5 weeks (16&17Og), groups of them were sacrificed by decapitation between 7:30 and 8:30 a.m. 
The rats were classified by weight as well as age to make the members of each group as similar as possible. 
After decapitation, the livers were removed and the hepatic microsomes were isolated as previously de- 
scribed.” Protein concentrations were determined by the biuret method as described by Gornall et al.” 
Spectral changes produced by binding of 0.055 mM to 1.833 mM EM to cytochrome P,,, were measured 
in a Beckman model DK spectrophotometer. For binding studies, microsomes were washed by recentri- 
fuging at 78,000g for I hr and resuspending them in 0.05 M Tris buffer, pH 7.4, and 1.15% KCl. The K,v 
and A,;,, were determined by the method of Remmer rt al. I3 EM metabolism was determined in incubation 
mixtures consisting of 4 mM MgCl,, 12 mM glucose 6-phosphate, 1.00 enzyme unit of glucose 6-phos- 
phate dehydrogenase/3 ml, 0.33 mM NADPH, 50 mM Tris buffer (pH 7.4) 5 mg microsomal protein/3 ml, 
and 0.31 mM EM, 0.62 mM EM, 1.25 mM EM, 2.50 mM EM or 5.0 mM EM. The mixtures were incu- 
bated in a Dubnoff metabolic shaker for IO min at 37°C. The formaldehyde formed from the N-demethyla- 
tion of EM was then estimated by the method of Nash.14 The K, and V,,, were obtained by a least 
squares method as described by Davies et al..‘5 and NADPH oxidation was measured by the method 
of Gigon et al. I6 The stoichiometric relationship between substrate-stimulated, carbon monoxide-inhibi- 
table NADPH oxidation and EM metabolism was determined by Index III of Stripp et al.” which is 
calculated as shown in the second footnote (t) to Table 1. 

Data presented in Table 1 demonstrate that the initial and largest increase in the V,,, occurs between 
the 105 and 115 g weight stage and the 125 and 135 g weight stage, or between 4.0 and 5.5 weeks of age, 
which approximates puberty in the male rat. So, changes in the various parameters of drug-metabolizing 
activity during this time period are of primary interest. Besides the increased Vmax there is also a decrease 
in the K, and in the K, no change in the A,,,, a slight but significant decrease in NADPH oxidation, 
and an increase in the stoichiometric ratio. Interestingly, the magnitude of the increase in the V,,, corre- 
lates well with the magnitude of the increase in the stoichiometric ratio, which indicates that the increase 
in drug metabolism is primarily due to an increased efficiency of the microsomal electron transport sys- 
tem. The fact that the apparent K, and K, decrease as the animals reach 12%135g demonstrates that 
the increase in efficiency of the microsomal drug-metabolizing system at puberty correlates with an in- 
creased affinity of the cytochrome P4s0 for EM. Yet, the data demonstrate that the amount of EM bound 
to the hepatic microsomes does not increase as the rats reach 125135 g. 

These studies indicate that the increased metabolism of EM seen at puberty is related to an increase 
in the efficiency of the hepatic microsomal system, and that the increased efficiency of the system correlates 
well with an increased affinity of the microsomal system for EM. So, one might postulate that in the pre- 
pubertal rat, abortive substrateecytochrome P .+sO complexes are formed, and that androgens, by increas- 
ing the affinity of cytochrome PGsO for its substrate, decrease the number of abortive substrateecytoch- 
rome P40 complexes to increase the rate of drug metabolism. The decrease in the number of abortive 
substrate-cytochrome P4so complexes is reflected in the increase in the stoichiometric ratio. 
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