
Prolonged Ethanol Consumption Increases 

Testosterone Metabolism in the Liver 

Abstract. Male alcoholics often suffer from features of hypogonadism related to ab- 
normal metabolism of sex steroids. Since the activity of testosterone reductases is rate 
limiting for testosterone metabolism in the liver, the effect of prolonged ethanol con- 
sumption by rats and human volunteers on the activities of these microsomal and cy- 
tosolic enzymes was studied. In rats, long-term ethanol ingestion doubled microsomal 
5a-testosterone reductase activity, a majorpathwayfor testosterone metabolism, while in 
human volunteers the activity was increased two- to fivefold. These changes may play a 
role in the altered androgenic activity of the chronic alcoholic. 

Male alcoholics, with and without overt 
liver disease, exhibit certain hypogonadal 
features, such as testicular atrophy (1), im- 
paired spermatogenesis (2), impotence and 
decreased libido (2), as well as overt abnor- 
malities in the metabolism of testosterone 
(2-4), androstenedione (4), and the estro- 
genic steroids estrone and estradiol (5). 
The irreversible metabolism of circulating 
testosterone is initiated in the liver by mi- 
crosomal A4-3-ketosteroid reductases. The 
microsomal enzyme is a steroid 5a-reduc- 
tase, while the cytosolic enzyme is a 53-re- 
ductase (6). 

We have shown that long-term ethanol 
intoxication leads to increased activities in 
the liver of microsomal enzymes that me- 
tabolize drugs in the liver (7); the activity 
of A4-3-ketosteroid reductase in the liver 
can be induced by drug administration (8- 
10). We now report the effect of prolonged 
administration of ethanol on hepatic tes- 
tosterone reductase activity in rats and hu- 
man volunteers. 

Sixteen male Sprague-Dawley rats, 
weighing approximately 150 g, were fed a 
liquid, nutritionally adequate diet (11). 
Each animal was paired with another fed a 
similar diet, in which ethanol was isoca- 
lorically substituted for carbohydrate, ac- 
counting for 36 percent of total calories. 
After 24 days the animals were killed, and 
the microsomal and soluble fractions of 
the livers were obtained by standard meth- 
ods (10). 

The assay mixture for the measurement 
of testosterone-reductase activity con- 
tained 0.01M potassium acetate buffer (pH 
5.6), reduced nicotinamide adenine dinu- 
cleotide phosphate (7.2 x 10-4M), testos- 
terone (6 x 10-4M), containing [4-'4C]- 
or [7a-3H]testosterone, 106 count/min), 
and liver enzyme preparation (micro- 
somes or cytosol) in a total volume of 
1 ml. The mixture was incubated at 37?C 
and 0.2-ml portions were taken at 10- 
minute intervals. The reaction was termi- 
nated by placing each portion in 4 ml of 
dichloromethane. The testosterone-reduc- 
tase activity was determined by two meth- 
ods; either by the rate of formation of re- 
duced metabolites of '4C- or 3H-labeled 
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testosterone after isolation and identifica- 
tion, or by the rate of disappearance of the 
A4-3-ketosteroid substrate, as measured by 
the decrease in absorbance at 240 nm (10). 

Table 1 shows the effect of long-term ad- 
ministration of ethanol on the rate of tes- 
tosterone reduction in rats. The mean ac- 
tivity of testosterone reductase in the mi- 
crosomal fraction was more than doubled, 
compared with that of pair-fed controls. 
By contrast, reductase activity in the sol- 
uble fraction was essentially unchanged. 

To extend the findings of animal experi- 
ments to man we studied five male human 
volunteers ranging in age from 21 to 38 
years. After giving informed consent, they 
were maintained at the Clinical Research 

Table 1. Effect of long-term ethanol consump- 
tion in rats on the activities of hepatic micro- 
somal 5a- and cytosolic 53-steroid reductase ac- 
tivity (nanomoles of testosterone reduced per 10 
minutes per milligram of protein). Each group 
consisted of 16 rats. N.S., not significant. 

Microsomal Cytosolic 
Subject 5a-reductase 5-reductase 

activity* activity* 

Control 22.3 ? 1.9 5.4 ? 0.2 
Ethanol-fed 43.4 ? 3.1 5.0 ? 0.2 
Percent 

changet 115 ? 22.7 -7.6 ? 3.7 
P < .005 N.S. 

*Mean + standard error of the mean. t Means of 
individual pairs. 

Table 2. Effect of chronic ethanol consumption 
on total hepatic testosterone reductase activity 
(nanomoles of testosterone reduced per 10 min- 
utes per milligram of protein of liver homoge- 
nate). 

Testosterone reduc- 
tase activity Percent 

Subject 
Before After change 
ethanol ethanol 

D.M. 13.9 70.3 + 406 
W.K.* 8.9 19.9 + 124 
T.A.* 5.6 15.9 + 184 
J.S. 6.1 12.0 + 97 
J.H. 6.3 25.2 + 300 
Mean ? 8.2 ? 1.5 28.7 ? 10.6 + 222 

standard error 

*Alcoholic. 

Center of the Mount Sinai Hospital. 
Three were normal, nonalcoholic individ- 
uals, whose weekly consumption of ethanol 
did not exceed an average of 70 g. Two 
were chronic alcoholics who had abstained 
from drinking alcoholic beverages for at 
least 7 to 10 days prior to the study. The 
volunteers were given a routine hospital 
diet supplemented with vitamins, including 
folic acid, for 4 to 5 days. At that time re- 
sults of all routine clinical laboratory tests 
(including serum bilirubin, the activities of 
glutamic oxalacetic and pyruvic trans- 
aminases and that of alkaline phosphatase) 
were within normal limits. An aspiration 
liver biopsy was then performed. The vol- 
unteers were subsequently given the same 
dose of ethanol as a 15 percent solution 
(weight to volume) in a flavored beverage 
every 3 hours, and a diet that contained ex- 
cess protein, vitamins (including folic 
acid), and minerals (12). The total caloric 
intake was 3600 to 3800 calories per day, 
distributed as follows: ethanol, 42 percent; 
protein, 14 percent; fat, 32 percent; and 
carbohydrate, 12 percent. The total daily 
amount of ethanol consumed was usually 
220 g or about 3 g per kilogram of body 
weight. After 4 weeks, ethanol was with- 
drawn; 18 hours later another liver biopsy 
specimen was obtained. The weight of the 
volunteers, which ranged from 64 to 79 kg, 
did not change significantly during the 
study. 

Table 2 shows the testosterone-reduc- 
tase activity in the human liver before and 
after ethanol consumption. Owing to the 
small amount of tissue available in an aspi- 
ration biopsy specimen, the enzyme activi- 
ty was assayed only in whole homogenate 
(9). The reductase activity was augmented 
between two- and fivefold after ethanol 
administration. 

The data indicate that long-term admin- 
istration of ethanol to male rats and hu- 
mans leads to a striking increase in the ac- 
tivity of microsomal Sa-reductase activity 
in the liver. However, the 53-reductase ac- 
tivity, which is found in the cytosol, is not 
affected. Proliferation of smooth endoplas- 
mic reticulum and increased activities of 
some microsomal enzymes, including a re- 
ductase, are produced by long-term eth- 
anol ingestion (7). The activities of other 
cytosolic enzymes, for example, alcohol 
dehydrogenase and glutamic oxalacetic 
transaminase, are not altered by long-term 
ethanol consumption (13). An increase in 
the activity of testosterone reductase, the 
rate-limiting hepatic enzyme for testoster- 
one metabolism, may enhance the removal 
of testosterone and other A4-3-keto- 
steroids in the liver, which, in turn, may 
play a role in the altered androgenic activi- 
ty in chronic alcoholics. Our preliminary 
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data indicate that, in man, there is no con- 
pensatory increase in the biosynthesis of 
testosterone under these conditions. 
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habituation than those of control specimens. 

Exposure to sensory input during post- 
natal development can influence the nature 
of the vertebrate nervous system (1). If 

sensory input could be demonstrated to in- 
fluence the development of the numerically 
simpler nervous system of an invertebrate, 
we might be able to determine, at the level 
of identified neurons, the mechanisms by 
which environmental modification of a 
nervous system occurs. We report here a 
successful modification of the response 
properties of identifiable interneurons by 
manipulation of sensory input during ma- 
turation. We found that interneurons ex- 

posed to continuous stimulation during 
postembryonic development habituate to 
that stimulus more slowly than do inter- 
neurons of unexposed specimens. 

Our experiments were carried out on the 
abdominal giant interneurons of the crick- 
et Acheta domesticus. These interneurons, 
which are the largest in the cricket nervous 

system, are excited by substrate vibrations 
detected by receptors located in the body 
wall and by sound and wind currents de- 
tected by mechanoreceptors located on 

paired abdominal sensory appendages, the 
cerci. The sensitivity to tones, which will be 
our major interest here, results from a 

monosynaptic input from sensory cells 

coupled to receptive hairs located on the 
cerci. The largest interneurons are sensi- 
tive to tones below 1000 hertz with peaks 
at approximately 100 and 500 hertz (2). 
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