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controls were selected specifically in 
terms of age and sex although there is 
Ino evidence that the individual's age and 
sex is a determinant of the characteris- 
tics o:f the erythrocyte sodium efflux. 
The methods and calculations used have 
been described (7). The definitions of 
pumps I and II are as defined by Hoff- 
man (8) and are as follows: pump I 
is that component of sodium efflux 
which is inhibited by the addition of 
ouabain to a medium which contains 
sodium and potassium; pump II is an- 
other decrement in the efflux of sodium 
which is due to the addition of etha- 
crynic acid to the medium which con- 
tains maximally inhibitable concentra- 
tions of ouabain. The remnant of the 
efflux-that is, the component of the 
total efflux unaccounted for by pumps 
I and II-is referred to as the "leak." 
This presumably correlates with the 
permeability of the red-cell membrane. 
The average value for sodium efflux 
in the controls for pump I was 2.47 
mmole per liter of red cells per hour, 
and for pump II it was 0.45 mmole of 
sodium per liter of red-blood cells per 
hour. These data are comparable 
with our previously determined values 
among normals. 

Ten patients with cystic fibrosis were 
studied with simultaneous control sub- 
jects; the mean decrease in pump I is 
15 percent of the control value. How- 
ever, pump II was more strikingly 
decreased in these patients. They were 
only 53 percent as active as their con- 
trols. These differences were statistically 
significant (Table 1). Furthermore, the 
"leak" parameter was statistically sig- 
nificantly less in the patients as well. 

The proximate source of energy for 
the major component of sodium trans- 
port in the erythrocyte (pump I) is 
adenosine triphosphate. In addition, the 
glycoside-sensitive adenosine triphos- 
phatase of red-cell ghosts is intimately 
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linked to the glycoside-sensitive sodium 
efflux. Ghosts or fragmented red-cell 
membranes were prepared as reported 
(9). There was a mean decrease of 32 

percent in the ouabain-sensitive adeno- 
sine triphosphatase activity of the seven 

patients studied (Table 1). In contrast, 
there was no difference between pa- 
tients and controls in the ouabain-insen- 
sitive component of ghost adenosine 
triphosphatase activity. The mean value 
of the ratio of patient to control was 
1.02. 

Patients with cystic fibrosis have a 
normal concentration of sodium in 
erythrocytes but a diminished active 
efflux of sodium. This suggests that the 
passive influx of sodium (the "leak" 

parameter) might possibly be dimin- 

ished, and the "leak" parameter of 
sodium efflux measured with isotope 
is diminished (Table 1). 

In erythrocytes from parents of these 

patients there was no difference in 

pump I nor in the associated ouabain- 
sensitive adenosine triphosphatase ac- 
tivity; but there was a 56-percent dim- 
inution in pump II (Table 2). The 

magnitude of the depression in the ac- 

tivity of pump II is similar to that seen 
in the patients. 

In summary, this investigation has 
demonstrated a diminished active trans- 

port of sodium in the erythrocytes of 

patients with cystic fibrosis. Of special 
significance is the marked decrease in 
that which is defined as pump II in 
the parents. This quantitative marker 
of the heterozygous carrier of the dis- 
ease may be useful in genetic studies 
and in genetic counseling. 

J. W. BALFE 
C. COLE 

L. G. WELT 

Department of Medicine, University 
of North Carolina, School 
of Medicine, Chapel Hill 27514 
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Hepatic Microsomal Enzymes in 

Man and Rat: Induction and 
Inhibition by Ethanol 

Abstract. The feeding of ethanol in- 
creased significantly the activities of 
hepatic pentobarbital and benzpyrene 
hydroxylases in rats, and, in human 

volunteers, doubled pentobarbital hy- 
droxylase activity. In vitro ethanol in- 

hibited aniline, pentobarbital, and benz- 

pyrene hydroxylases. These data may 

explain, at least in part, the increased 
tolerance of alcoholics to sedatives when 

sober, and the enhanced sensitivity to 

sedatives when inebriated. 

We recently showed that ethanol in- 

gestion in rats increases the activities 

of two hepatic, microsomal, drug-me- 
tabolizing enzymes, aniline hydroxylase 
and nitroreductase (1). Since the liver is 

not commonly called upon to metabo- 
lize aniline or nitrobenzoic acid, we 

proceeded to investigate the effect of 

chronic ethanol administration on the 

in vitro hepatic metabolism of a com- 
mon sedative, pentobarbital, and a 

ubiquitous environmental carcinogen, 
benzpyrene. 

Six female Sprague-Dawley rats, ini- 

tially weighing about 200 g, were fed a 

liquid diet, deficient in protein and 

choline, as described previously (1). 
These animals were matched with six 
female littermates, which were pair-fed 
the same diet, in which ethanol, com- 

prising 36 percent of total calories, was 

isocalorically substituted for carbohy- 
drate. A deficient diet was employed, 
because when combined with ethanol, it 
led to greater increases in enzyme ac- 

tivity than the same dose of ethanol 
given with an adequate diet (1). After 
14 days, the animals were killed by 
exsanguination and the hepatic activities 
of the following microsomal enzymes 
were determined in liver homogenates: 
pentobarbital hydroxylase and benz- 
pyrene hydroxylase by the methods of 
Kuntzman et al. (2), and aniline hy- 
droxylase according to Imai and Sato 
(3). 

When compared with their pair-fed 
controls, the livers of rats treated with 
ethanol displayed increased activities of 
aniline hydroxylase, pentobarbital hy- 
droxylase, and benzpyrene hydroxylase 
(Fig. 1). Thus, in rats, chronic intake 
of ethanol leads to increases in the ac- 
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involved in the detoxification of sub- 
stances important to man. 
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The diet was supplemented with addi- 
tional vitamins and folic acid as de- 
scribed previously (4). No drugs or arti- 
ficial sweetening agents were given 
during the experimental period. Aspira- 
tion liver biopsies were performed be- 
fore administration of ethanol and at 
the end of the study. The control biopsy 
specimens were all morphologically nor- 
mal. After administration of ethanol 
all biopsy specimens showed prominent 
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Fig. 3. In vitro effect of 50 mM ethanol on 
the activities of aniline hydroxylase, pento- 
barbital hydroxylase, benzpyrene hydroxy- 
lase, and nitroreductase in rat liver homog- 
enates. 

10). They inhibit the metabolism of 
other drugs in vitro (7). 

In conclusion, both in rat and in man, 
ethanol feeding increases the activity of 
hepatic, microsomal, drug-metabolizing 
enzymes. In vitro ethanol also inhibits 
the activities of these detoxifying sys- 
tems. This suggests that in addition 
to possible changes in the central nerv- 
ous system, the resistance of chronic 
alcoholics to drugs such as sedatives 
may be due, at least in part, to an 
ethanol-induced increase in hepatic 
drug-metabolizing activity, and that the 
inhibition of drug-metabolizing enzymes 
by ethanol may contribute to the in- 
creased sensitivity of inebriated persons 
to barbiturates. 
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