SCIENCE

June 10, 1949, Vol. 109

Maximal Consumption of Ethyl Alcohol

Henry W. Newman

Department of Medicine, Stanford Umverslty
School of Medtclne, San Franc:sco

Physicians who have had to deal with patients suffer-
ing from chronic¢ alcoholism cannot but have heen im-
pressed with the. wide variation in estimates given by
them when asked how much they drink daily. In gen-
eral, they fall into one of two classes: those who state
that they never take more than a couple of beers, and

those who stoutly maintain that they consume up to 2 qt’

of whisky every 24 hr. In order to have some basis for

judging the credibility of these.statements,~it. would-be-

desirable to know with a-fair -degree .of aceuarsecy .the
maximum amount of aleohol that ean be consumed daily
over a period of several days.

Simple as the direct experimental approach te the prob-
lem would seem to be, the medical literature fails to re-
cord such an experiment.

is available a sufficient amount of data hearing on the

subject to allow us to estimate the maximal daily intake .

with a reasonable probability of aceuracy.

Widmark £7) estimated, on the basis of the rate of
fall of blood aleohol concentration after a single dose,
that a 70-kg man should be able to dispose of 170 g of
aleohol in 24 hr, which would imply a rate of aleohol me-
tabolism of 101 mg/kg/hr. If Widmark’s estimate is
acecurate, we must conclude that the greatest amount of
100 proof whisky that a man of average weight eould
metabolize in a day would be 14 oz, or less than a pint,
which would certainly render inaccurate the estimates
frequently given of a consumption several times thig
great. Nor ean it be argued that the greater capacity
claimed by addicts may be due to increased faecility in
alcohol metabolism engendered by habituation, for this
has been founad not to be the case (3).

Before we prematurely discredit the patients’ state-
menté, however, we must consider an important faector
which: probably operated to make Widmark's estimate
too low. This is the finding, recently confirmed (7, 4),
that the rate of aleohol metabolism is not constant irre-
spective of dosage, as Widmark believed, but that it in-
ereases with’increasing blood aleohol eoncentration. Thus
Eggleton (1) found by referring back to Mellanby’s
original -work (2) that in the dog, when the blood alco-
hol concentratfon was between 300 and 400 mgy/100 cc,
the -rate of aleohol metabolism was' 200 mg/kg/hr;
whereas when the concentration was between 200 and
300 mg/100 ce, the rate was only 150 mg/kg/hr. Simi-
larly Newman and Lehman (5) found that, cousidering
the average for four dogs, an increase in dosage of 100%,
which would double the average blood alcohol concentra-
tion, produced an inerease in rate of aleohol metabolism
of 36%. This has since been confirmed by Newman,
Yee, and Cutting (6). Since most of Widmark’s work
was done with small doses of alcohol, the increase in rate
of metabolism with increasing dosage may well be re-

In default of such direct ap-.
praisal, which should certainly some day be made, there .

sponsible for the low estimate of maximal daily consump-
tion reported by this generally reliable worker.

That maximal daily consumption is indeed higher than
that put forward by Widmark is supported by the amount
of aleohol that has been consumed day after day by dogs
in this laboratory. Thus three dogs were allowed access
at all times to a solution of 5% by volume of ethyl aleo-
hol in tap water as their sole source of fluid. TUnder
these circumstances they consumed aleohol at a rate of
446 g/kg/day. When the percentage of aleohol was
raised to 10% they reduced their fluid intake accordingly,
80 that their aleohol intake increased only to 5.52 g/kg/
day. This is équivalent to 230 mg/kg/hr, which is quite
a close approximation to the 200 mg/kg/hr that was
found by Mellanby with high aleohol dosage. If we
transpose this to man,.the maximal daily~dosage for a:
70-kg man can be caleulated to be 386 g of alcohol, or
approximately 32 gz of 100 proof whisky. - This is much
‘nearer the intake cluimed by many aleoholies.

A reasonable -criticism of the above inference 'is that
30 far no evidence has been put forward to justify equat-
ing the rate of aleoiol metabolism in dog and man.
There is, however, fairly conclusive evidence that such
an equation is tenable. Thus Newman and Lebman (5)
found as the average for two human subjects after a dose
of 1.5 g/kg, a rate of metabolism equal to 214 mg of
aleohol/kg/hr, quite comparable to the figures for dogs
which we have quoted. Thus it seems quite reasonable
to assume that the rate of metabolism of aleohol in man
and in the dog is essentially the same.

Further evidence regarding the rate at which alcoho.
can be metabolized in dogs may be secured from the fol-
lowing experiments. A 23-kg male dog was given a dose

f 3.0 g of alcohol intravenously, and the blood alcohol
concentration followed until it approached zero. The
average rate of metabolism of aleohol so determined was
found to be 156 mg/kg/hr. On another day the same
dose was again given, followed by a constant intravenous
infusion at a rate of 156 mg/kg/hr for a period of 3 hr.
The blood alcohol concentration under these circumstances
dropped from an initial figure of 363 mg/100 ce at the
start of the constant infusion to 351 at the end. On two
other oceasions an initial dose of the same magnitude waa
given, followed by hourly doses administered by stomack

~tube_at the same rate of 156 mg/kg/hr for a period of 8

hr.  On one occasion the -Hlood™ aleohol conéentration
dropped from 346 to 312-mng/100 ce, on the ether from
330 to 312. Thus; in gpite of the maintenance dose of
156-mg/kgshr, ;ealenlated: from the .average rate- of dis-
appearanee of aleohol. after a single large dose, there
was, on the average, a drop in blood aleohol concentra-
tion of 3.5 mg/100 cc/hr, which is equal to a rate of
metabolism of 30 mg/kg/hr in excess of the maintenance
dose. The experiment thus demonstrated that a mainte-
nance dose of alcohol calculated from the average rate of
metabolism after a single large dose was not sufficient to
maintain the blood alcohol level constant at the highest
level produced by such a dose. This constitutes addi-
tional proof of the fallacy of the hypothesis that the
rate of alcohol metabolism is unrelated to dosage or bioqtl‘
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aloohol concentration. The true rate of aleohol metabo-
lism at this high blood aleohol concentration can thus be
estimated as the sum of the maintenance dose of 156 mg/
kg/hr plus the deficit of 30 mg/kg/hr, or 186 mg/kg/hr.
If this rate be applied directly to man, the maximal daily
consumption for a 70-kg man would be 312.5 g of aleo-
hol, or about 264 oz of 100 proof whisky, which falls in

" the same order of magnitude as the 32 oz calculated from
prolonged daily consumption in dogs.

From these data we may then conclude that the maxi-
mum daily consumption of aleohol by a man of average
weight is represented by a quart of 100 proof liquor, and
that estimates. greater than- this are in error. Equally,

it may be concluded that this consumption may only be.

achieved by maintaining the blood alcohol concentration
at a high level.
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Trichinella spiralis is the causative agent of human
trichinosis. The disease is acquired as a result of eating
undercooked meat, usually pork, containing the parasite
in the encysted larval stage. Trichina infection appears
to be somiewhat common in the United States as it has
been found in 14.34% of human post-mortem examina-
tions (2). Since there is no simple economical method
of treating meat at slaughter to kill trichinae larvae, any
information which may improve present conditions is de-
sirable. It has been found that a very intense beam of
X-rays or cathode rays produced in a newly developed
high voltage machine rapidly destroyed bacteria, yeasts,
and molds, and the application of this method to the
sterilization of food has been suggested (1, 8).

The writers, in this study, have undertaken some pre-
liminary experiments to determine whether treatment of
meat with radiations would have lethal action on the en-
cysted trichinae larvae or would produce some morpho-
logical change which would prove detrimental to the life
eycle of the parasite. For the purpose of clarity the life
eyele of Trichinella spiralis is briefly summarized. The

1"16. 1. Adult females of Trichinella spiralis recovered
from small intestine of rats 6 days following experimental
infection. (a) Normal adult with embryos in the uterus,
recovered from a control rat which had received nonirradi-
ated infected muscle; (b) adult showing undeveloped em-
bryos in the uterus recovered from a rat which had received
infected meat irradiated for 96 hr; (¢) adult recovered from
a rat which had received meat irradiated for 144 hr showing
abnormality in the shape of the body wall.

larvae develop and reach maturity in the intestinal tract
of the host 2-3 days following ingestion of infected meat.
On the fifth or sixth day about 99 to 100% of the female
worms show embryos in the uterus (Fig. la). These
embryos are liberated into the lymph spaces of the host’s
intestines and eventually reach the mmseulature where
they become infective in less than 3 weeks.

The method used in these experiments consisted in pre-
paring small cellophane wrappings each enclosing about
1 g of trichinous rat meat and placing the paekets be-
tween two tubes containing radioactive cobalt, in a re-
frigerator at about 4° C. The dose of irradiation re-
ceived by the meat was estimated to be 2000 r for each
24 hr, consisting largely of gamma rays, the beta rays
having been filtered out. After the meat was irradiated
for a specified interval of time, the contents of each of
two wrappings were fed to each of two white rats? One
of the rats was killed 6 days after infection to determine
the condition of the adult worms in the intestinal traect.
The second rat was killed 30 days after infection to de-
termine presence or absence of encysted trichinae larvae
in the musculature; if larvae were not found by use of
the press preparation method, the muscle was artificially
digested and examined. A control rat receiving un-

1 Acknowledgment is made to Dr. A. R. Lamb, Experiment
Station, H.S.P.A., for making laboratory animals available.




