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It will be desirable first to clarify what we mean by alcoholism, 
because the term has not always been used as one carrying a clear-cut 
meaning. Although we recognize that there are many problems asso
ciated with the consumption of alcohol—economic loss, domestic diffi
culties, failure and frustration, etc.—none of these per se is alcoholism. 
An alcoholic is an individual with a peculiar difficulty. With respect to 
drinking he is like an automobile with defective brakes. He may have 
many other problems—domestic, financial, religious, emotional and what 
not—but unless he has "defective brakes" with respect to alcohol con
sumption he is not a true alcoholic. 

It seems to us highly desirable to recognize the crux of this disease 
and not to confuse it with numerous symptoms which may exist quite 
independently in individuals who are not at all inclined toward alcohol
ism. Although we would not deny that emotional difficulties may be 
an underlying precipitating factor in the disease, we are nevertheless 
fully convinced that the disease itself should be recognized and should 
not be confused with the postulated causative factors. Alcoholism is 
often spoken of as "uncontrolled drinking" or "compulsive drinking," 
and I believe these terms point to the root of the problem. If all indi
viduals had their drinking under control, there would still be problems 
related to alcohol but no alcoholism as we understand it. 

If we think of the likeness between an alcoholic and an automobile 
with defective brakes, we are led to the idea that there may be "brakes" 
that are defective in different degrees (and possibly for quite different 
reasons). The analogy seems apt in this respect, because experience has 
shown that the compulsion may vary through all degrees from indi
viduals who appear to have no "brakes" at all, to those who have their 
alcohol consumption almost but not quite under control. Alcoholism is 
thus a problem that concerns not only those whose brakes are com
pletely nonfunctional, but also those whose control is even mildly 
defective. Mild defects may become serious ones. 

Before we discuss the genetotrophic approach to this problem, it is 
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desirable to remind ourselves that up to now there has not existed any 
treatment or management of the disease that is generally acceptable. 
Many physicians feel the deficiencies of current treatments so keenly 
that they will not accept alcoholic cases, except perhaps for treatment 
of acute symptoms. Very often physicians advise joining Alcoholics 
Anonymous, an organization that is incomparably valuable. Practically 
all who are induced to become active in this organization receive some 
help. Unfortunately, there are many who remain completely outside the 
organization, and many of those who are active members remain on the 
"ragged edge," never knowing whether or for how long they can main
tain their sobriety. 

The genetotrophic approach to the disease alcoholism is based upon 
several undeniable and highly pertinent facts. 

The first fact is this: Proneness to alcoholism is a condition from 
which, in human experience, victims never recover. For them there are 
two alternatives, total abstinence and uncontrolled drinking. As Mrs. 
Marty Mann says in her Primer on Alcoholism (1950), "Their goal must 
be identical: recovery from that illness. This in turn means an identical 
procedure: to stop drinking, completely and forever." The individual 
who successfully elects total abstinence does not become an individual 
who has lost his alcoholism proneness; he still lives under its threat. 
If there have ever been spontaneous remissions of the disease whereby 
typical alcoholics have become nonalcoholics, capable of drinking mod
erately, such cases are so rare as to be entirely negligible. This fact in 
itself seems to point to one of two possible interpretations—either that 
alcoholism is the result of an irreversible change or that it arises because 
of some characteristics in the afflicted individual's inherited constitution. 

The second pertinent fact, on which the genetotrophic approach is 
based, is one that has come to light in relatively recent years: Every 
individual person (alcoholic or not) is horn with distinctive metabolic 
machinery that is genetically determined. The findings that have resulted 
in the establishment of this fact have come out of fundamental studies 
in biochemical genetics using lower forms of life (Beadle, 1945) and 
from direct studies on human beings (Williams et al.). 

Because of the importance of this second fact to the entire theme of 
this symposium, we will take time to outline some of the evidence on 
which the statement is based. That genes are directly involved in the 
capability of organisms to produce specific enzymes has been firmly 
established in many species. The findings were first made in studies of 
mutants of Neurospora crassa but since have been extended to many 
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other organisms. No one can doubt, to cite a single example, that the 
ability of rats to produce ascorbic acid from sugars is based upon their 
possession of genes that make possible the production of the enzymes 
necessary to bring about the transformation. Human beings lack these 
genes, cannot produce the necessary enzymes, and hence will surely 
die if ascorbic acid is not furnished them in their food. 

Evidence that is not so broadly conclusive (mainly because investi
gations have not developed sufficiently) indicates that genetic factors 
are responsible for differences that are far more subtle than the one just 
cited. Not only is the absence or presence of an enzyme determined by 
genes, but the relative effectiveness of enzymes is likewise determined 
by gene changes. The discovery of "leaky genes" or partial genetic blocks 
was made by Dr. Mitchell (1946, 1947), one of the speakers in this 
symposium. It is only by recognizing their existence that we can 
interpret the findings that have been made in the field of human 
biochemistry. Widespread differences in the metabolic machinery of 
human individuals, which have been directly observed, can only be 
interpreted on the basis of the genetically determined presence of partial 
blocks of many kinds. Thus different individuals are usually endowed 
with the same enzymes, but the potentialities for producing these 
enzymes vary from individual to individual in such a way as to give 
each individual a distinctive pattern of relative efficiencies with respect 
to the numerous chemical transformations that take place in his organs 
and tissues. 

Whatever interpretation we adopt, the fact of distinctive patterns 
exists. Direct evidence for this was obtained by studying 12 individual 
young men, their urinary excretions, the composition of their salivas, 
and, somewhat incidentally, their taste thresholds for several common 
substances (Williams et al.). 

The results are pictured on pages 198 and 199. In Figure 1 is dia
gramed, using polar coordinates, a hypothetical average case, one in 
which every item corresponds to the average for the 12 individuals. These 
patterns represent the average values for several determinations on each 
individual and are approximately duplicable. It will be noted that each 
individual is highly distinctive and bears no resemblance to the average. 
Two of the patterns, 12 and 13, show strong resemblances to each other. 
This strong resemblance is observable by inspection and confirmed by 
mathematical analysis. These two patterns belong to two identical twins 
who were included in the study. 

Further direct evidence of individuality in metabolism is the finding 
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that individuals vary substantially in the amino acid content of their 
fasting blood plasma. For the amino acids listed (Table 1) there is an 
average variation over a fivefold range, not counting the two cases 

TABLE 1. Some Ranges in Concentrations of Amino Acids in Human Blood Plasma 

Range 
(mg/100ml) 

Glycine 0.8-5.4 
Proline 1.5-5.7 
Leucine 1.0-5.2 
Threonine 0.9-3.6 
Serine 0.3-2.0 
Tyrosine 0.9-2.4 
Glutamic 0.0-1.3 
Aspartic Acid 0.0-1.2 

where the variation (on the basis of the data) is infinite. Such amino 
acid values have not been studied extensively from the standpoint of 
interindividual differences, but there can be no doubt but that wide 
differences of this sort exist. In a recent study (Rissel and Wewalka, 
1952) on 10 individuals it was found that the amino acid composition 
of duodenal juice as determined by paper chromatography is distinctive 
for each individual. 

Further direct evidence of substantial differences in metabolism is 
based upon individual differences in the blood lipid concentrations of 
fasting individuals. In Table 2 are listed 10 items and the ranges of 
concentration found. It may be calculated that the average variation is 
about 11-fold and the median variation about 8.5-fold! Not every one 

TABLE 2. Some Normal Ranges in Human Blood Lipid Levels 

Range 
Source (mg per 100 ml) 

Neutral fat Corpuscles 11 - 148 
Neutral fat Plasma 24 - 260 
Phospholipid Plasma 110 - 220 
Total lipid carbon Plasma 218 -1780 
Total lipid phosphorus Plasma 1.8- 16.6 
Total lipid nitrogen Plasma 1.7- 23.9 
Lipid amino nitrogen Plasma 0.2- 8.2 
Total cholesterol Plasma 109 - 428 
"Lecithin" Serum 50 - 204 
"Cephalin" Whole blood 31 - 118 
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of these individual items has been investigated from the standpoint of 
interindividual differences, but for several of the items, at least, the 
differences are wide and characteristic of the individuals even when 
they are on identical diets. 

Additional evidence of individuality in metabolism, which, even 
taken by itself, seems conclusive and incontrovertible, has to do with 
interindividual ranges in the content of specific enzymes in blood. 
Broadly speaking, metabolism takes place through the agency of 
enzymes, and if we find interindividual differences in the enzyme con
tent of blood and tissues, there is no escape from individual differences 
in metabolism. In Table 3 are given the ranges for substantially all the 

TABLE 3. Enzyme Concentration Ranges Normal Human Blood 

Units Fold variation 

* Alkaline phosphate (plasma) 1.29- 14.0 11 
Acid phosphatase 

Adenosine phosphate 0.20- 0.66 3 
Glycerophosphate 0.0 - 1.2 00 

*Arginase (corpuscles) 2 - 8.4 4 
* Choline esterase 

Corpuscles 1.5 - 5.0 3 
Serum 2.7 - 7.24 3 

Aldolase 3.5 - 8.0 2 
* Amylase (serum) 10 - 500 50 
Catalase (plasma) 4.2 - 9.5 2 
Phenol sulfatase (serum) 0.3 - 15.5 52 
Lipase (serum) 0 - 150 00 

^-Glucuronidase 41 -1285 31 
Peptidases 

Glycyl-L-proline 13 - 23 2 
L-Leucinamide 2 - 12 6 
Glycylglycine 2 - 12 6 
Triglycine 6 - 19 3 

Mean (omitting oo) 12 

enzymes that have been determined in human blood. It will be noted 
that the average of the variations (omitting oo ) is 12-fold. In the case 
of four of these enzymes (those marked with an asterisk), it is well 
established that the ranges represent interindividual variations and that 
in any one individual the fluctuations are relatively small. In some 
cases the enzyme concentrations have been followed for years in the 
same individuals and found to be relatively constant. The interindividual 
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variations in these four cases are 11-fold, 4-fold, 3-fold and 50-fold, 
respectively. 

Additional indirect evidence of individuality in metabolism may be 
found in the facts that hormones affect metabolism and that there is 

TABLE 4. Pituitary Glands—Normal Variation 
Weight 350-1100 mg 

Percent of whole gland 
37 — 64% chromophobes 

56 - 92 23 - 43% acidophils 
9 - 27% basophils 

7.1 - 4 1 . 3 
0 . 1 3 - 3.64 
0.02 - 10.39 

Anterior lobe 

Posterior lobe 
Epithelium (pars intermedia) 
Colloid (pars intermedia) 

ample anatomical and other evidence for the existence of distinctive 
hormonal patterns. In Tables 4 and 5 are given significant data on this 
point. 

TABLE 5. Other Endocrine Glands—Normal Variation 

Thyroids Weight 8-50 g 
Parathyroids Weight 50-300 mg 

2-12 lobes (about 50% of people have 4 lobes) 
Testis Weight 10-45 g 
Ovaries Weight 2-10 g 

containing (at birth) 30,000-400,000 ova 
Pineal gland Weight 50-400 mg 
Pancreas 200,000-1,800,000 islets 

A cells 10-40% 
Β cells 60-90% 
D cells 2 - 8% 

Adrenals Weight (cortex plus medulla) 7-20 g 
10-fold variation in thickness of cortex 

Still other indirect evidence may be found in the existence of dis
tinctive blood groups and in the fact that skin grafting cannot in general 
be successful (except perhaps in the case of identical twins) when 
carried from one individual to another. 

Still another indirect evidence of individuality in metabolism is 
closely related to the main theme of this symposium. If we administer, 
in comparable doses, any drug or chemical to a series of individuals 
(or to individual animals), we find substantial and sometimes wide 
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variation in response. The drugs that elicit the greatest variation in 
response have not been included among the important drugs and hence 
have received less study. That these variable responses have a genetic 
basis is shown by the fact that consistent species differences exist, and 
that the results of such tests are progressively more concordant when one 
uses closely inbred animals. It may be presumed that drugs very often 
have their physiological effect through interference with enzyme sys
tems. If the enzyme systems of different individuals have different pat
terns of effectiveness, individual differences in drug action is a logical 
outcome. 

The evidence for individuality in metabolic patterns is overwhelming; 
this, coupled with the well-recognized fact that proneness to alcoholism 
is never lost by an individual, strongly suggests that the two facts are 
tied together and that alcoholics do not lose their alcoholism proneness 
because they continue to possess the inherited peculiarities in their 
metabolic patterns. 

A third fact that is highly pertinent to our discussion is this: When 
human beings have adequate as contrasted with inadequate diets, their 
self-selection capabilities are improved. This has been demonstrated in 
two instances. In the extensive child development studies under the 
direction of Dr. Icie Macy Hoobler in Michigan. (Macy, 1942) the 
following conclusion was reached after 10 years of free choice experi
ments: "As a diet is carefully adjusted to meet the particular needs of 
an individual child, the healthy child voluntarily reduces his sugar 
consumption as his bodily requirements are more perfectly met." She 
cites one example of an extended experiment in which the free choice 
of sugar by a child was decreased 80 per cent when the quality of the 
child's diet was improved. 

Another example involving the same principle appears to hold in 
connection with coca leaf chewing. Although this subject has apparently 
not been carefully investigated in a scientifically controlled manner, it 
is widely observed among the Indians in Bolivia and Peru, where the 
practice is common, that poor nutrition fosters coca leaf chewing and 
the availability of ample food markedly lessens the practice. Peru has 
banned coca chewing from its army and has found that most Indian 
recruits can easily give up coca chewing without complaint and with no 
withdrawal pains if they are fed an adequate diet. 

These examples of improved nutrition favorably altering one's crav
ing for substances that may be physiologically harmful are in line with 
the observations on alcoholism that are about to be discussed; they 
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seem to follow the logical dictum: "Good nutrition enhances the wisdom 
of the body." Certainly the wisdom of the body depends upon nutrition. 
Without nutrition the body can gain no wisdom, and it seems reasonable 
to suppose that with good nutrition the chances of developing all types 
of "wisdom" are better. 

The genetotrophic idea as applied to alcoholism can be summarized 
in a few sentences as follows: Every individual has, for genetic reasons, 
a distinctive pattern, quantitatively speaking, of nutritional needs. Alco
holism-prone individuals are those who have unusually high nutritional 
needs for specific items and hence are likely to become deficient in these 
items, especially when they crowd the needed items out of their diet 
by the heavy consumption of alcohol, and when they are subjected to 
stressful situations that may augment their high demands. These de
ficiencies, which are not necessarily the same in different individuals 
and which may include deficiencies of as yet unrecognized factors, are 
most often multiple and complex, and promote, by mechanisms that are 
largely unknown, appetite for alcohol. 

Before discussing briefly some animal experiments, which we believe 
have some bearing on the problem, it will be well to remind ourselves 
that most of the basic facts and principles relating to human nutrition 
have been discovered by studying animal nutrition. Each species of 
animal has its own characteristics and advantages. Rats have been 
invaluable in numerous studies but not in others. For ascorbic acid 
studies one must use guinea pigs or monkeys. For studying the nutri
tional effects of nicotinic acid, dogs or cotton rats may be used. Although 
each species exhibits its own characteristic differences in detail, the 
broad principles apply to different species of animals and to man. 

In the study of the voluntary consumption of alcohol by rats (mice 
were also studied in a limited way) and its possible relation to nutrition, 
several unquestioned facts stand out. First, individual animals are very 
different from one another in their tendency to consume alcohol (Mar-
dones, 1951; Reed, 1951; Williams et al., 1951). This has been observed 
many times and by every worker who has carried out choice experiments 
involving individual animals. Experiments in our laboratories and in 
others strongly indicate, if they do not prove, that these tendencies have 
a genetic origin. Second, in simple choice experiments on ad libitum 
diets, improving the adequacy of diets causes animals to drink far less 
alcohol. This has been observed hundreds of times in our laboratory as 
well as in earlier work in several other laboratories (Brady and Wester
feld, 1947; Mardones et al., 1946; Mardones, 1951). In many extended 
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experiments of this kind it has been found that single vitamin defici
encies, e.g. for thiamine, riboflavin, pantothenic acid, induce high alcohol 
consumption and that correcting the deficiencies causes the consumption 
to decrease to low levels (Beerstecher et al., 1951). 

Lester and Greenberg (1952) have recently carried out interesting 
experiments along this line and on the basis of their results have seri
ously questioned the validity of the genetotrophic approach. Instead of 
giving the animals a single choice between water and alcohol, they 
have been given an additional choice, notably sugar. The result was 
that the animals, pretty much regardless of diet, turned to sugar con
sumption instead of alcohol consumption. On the basis of these experi
ments and the fact that rats do not get drunk, they justifiably conclude 
that the relationship between alcohol consumption in rats and alcoholism 
in man is not as close as some have been led to think. Men do get drunk 
and it appears obvious that merely offering them sugar does not turn 
them away from alcohol consumption. So far, the experiments and con
clusions of Lester and Greenberg appear justified. 

However, in view of the fact that the metabolism of sugar may take 
a somewhat different course in rats and humans (for example in rats, 
sugars may be converted to ascorbic acid), Lester and Greenberg's 
experiment do not invalidate the genetotrophic principle. Several 
other workers in addition to ourselves have in extensive experiments 
worked under conditions where improved nutrition greatly increased the 
"wisdom of the body" of the rats (Mardones, 1951). Because the Yale 
workers have found conditions under which this is not demonstrated, 
it cannot be concluded that there is no connection between nutrition 
and the appetites of animals and men for alcohol. 

There is one serious difference between the experiments of Lester 
and Greenberg and those carried on in our and other laboratories. Dur
ing the experimental period their rats "ranged in average weight from 
256 to 398 grams" (Lester and Greenberg, 1952), whereas many of the 
other experiments have started with weanling rats and practically all 
have dealt with growing young rats (Brady and Westerfeld, 1947; Mar
dones, 1946). It is well recognized that young animals are vastly more 
sensitive to vitamin or other deprivation than are old rats and that to 
be sure of inducing specific vitamin deficiencies in mature rats, after a 
life time of being adequately nourished, is well nigh hopeless. In view 
of this fact and the short experimental periods involved, it is doubtful 
whether Lester and Greenberg were dealing with rats which had been 
rendered appreciably deficient. Probably they would have observed 
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substantially the same results throughout if they had made no attempts 
to control or alter diets. This criticism does not, however, invalidate 
their essential finding that rats may turn from alcohol to sugar. 

Another interesting question may be raised. Admitting that rats 
differ from humans in their turning from alcohol to sugar, is it certain 
that even in humans there is no connection between sugar appetite and 
alcohol appetite? Is it not a commonly held opinion that the consump
tion of candy and the drinking of sugar-containing soft drinks help 
alcoholics curb their alcoholic appetites? According to Abrahamson 
(1951), who presents his case not without evidence, alcoholism involves 
hyperinsulinism and a resultant hypoglycemia. In other words, accord
ing to Dr. Abrahamson s ideas, alcoholics are suffering, without realizing 
it, from chronic sugar starvation. It will probably be some time before 
the connections between sugar appetite and alcohol appetite in different 
species are established, but the presence of such connections is indicated. 

In our laboratory an exploratory study was made to try to determine, 
among the easily measurable items, what might constitute some meta
bolic differences between alcoholism-prone individuals and others 
(Beerstecher et al., 1950). As a result of this study we found six items 
that appeared to be significantly different (at the 95% level). The items 
that appeared high in the alcoholics were (1) urinary sodium, (2) 
urinary hippuric acid, (3) urinary uric acid, (4) salivary uric acid. 
Those items that appeared low in alcoholics were (1) urinary gonado
tropin, (2) urinary citrulline. From these results we concluded "the 
data strongly indicate that compulsive drinkers possess certain common 
metabolic features." This conclusion has been severely criticized on 
statistical grounds by Robert E. Popham (Popham, 1953) in an extended 
article. Concerning his objections, Professor John Tukey of Princeton, 
a leading statistician, has this to say (Tukey, 1953): "In a few words; 
the critic's review sounds as if the higher criticism demolished you 
entirely. This impression is a serious mistake. The overall result is dis
tinctly indicative and warrants further experimentation." It seems obvious 
that this matter cannot be settled by debate, but that additional and 
more extended studies are desirable. Such studies are now being done 
in our laboratories, and it is hoped that other laboratories will under
take similar studies. 

It seems desirable to touch briefly upon the question of the bio
chemical fate of alcohol and the chemical interactions with tissue con
stituents, which are intimately concerned with the developing of crav
ing. It seems obvious that if all the alcohol that is ingested by an 
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individual promptly passes through the citric acid cycle and is "burned 
up" in the same manner as carbohydrates are, it could have no habit-
forming effects. It must be that in alcoholics alcohol itself or some 
metabolite of it (perhaps unrecognized at present) must be interacting 
with bodily tissues to create in some manner the specific appetite that 
alcohol consumption induces. Nutritional deficiency (through its influ
ence on enzyme systems) could make possible such interaction. 

It also seems clear, on the basis of our previous discussion, that 
different individuals may metabolize alcohol using the different available 
pathways to different degrees. The rates of total burning by different 
individuals are known to be different (Widmark, 1926). From this we 
may speculate that in certain individuals alcohol is capable of being 
burned promptly and relatively completely, with a result that no serious 
habit-forming interactions can take place, and in others, alcohol itself, 
or some transformation product not in the direct pathway of complete 
burning, may be responsible for its habit-forming effects. These exhibit 
themselves most acutely in an alcoholic who has just had a few drinks. 
If some unrecognized side-path metabolite is responsible, it may be pro
duced in quantity because of a peculiarity in an individual's enzymic 
make-up. 

In any event it seems probable that enzymes and enzyme inhibi
tions are involved. If this is the case, in view of what we already know 
about the diversity of individual enzyme patterns, it is entirely reason
able that different individuals should differ over a wide range with 
respect to their alcoholism proneness. 

Inasmuch as animal experiments in this area are valuable chiefly 
because they may suggest human experiments, we wish to outline briefly 
what has happened in the genetotrophic treatment of alcoholism in 
human beings. Briefly, this treatment as used up to the present consists 
of encouraging the eating of diversified food, including plenty of good 
quality protein and one tablespoon of corn oil per day, supplemented 
in capsule form by all the available vitamins at levels such that even if 
the individual has a need for five times (or in some cases ten times) as 
much as an average individual, he will get enough. There are still other 
vitamin or vitamin-like substances (which in some cases are known to 
be effective in diminishing alcohol consumption in animals) that should 
be added to the supplement when they become available. 

First it should be made clear that we have no clinical facilities and 
no physicians or social workers on our staff. Hence, we have made no 
attempt to collect clinical information. For a time we had a physician 
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in our group who was also a graduate student, but the Army called him 
and he was not allowed to continue his graduate study. We have had 
the cooperation of some local and other physicians. Some clinical 
trials have been made in Houston, Santa Barbara, St. Louis, Washington, 
D. C, New York, and Boston (O'Malley et al, 1951; Smith et al, 1951; 
Trulson et al, 1952a, b) . Few clinical reports have as yet been pub
lished, and it is not possible to make a statistical summary. From one 
point of view percentages are not important; the validity of the geneto
trophic approach cannot be denied if as few as 1% of alcoholics have 
their compulsion abolished. There is then hope that further exploration 
along the same line (there are many possibilities) will do for all alco
holics the one thing that they crucially need—abolish their physiological 
craving. Many will have other problems still facing them, but if this 
one can be eliminated it will be a tremendous advance. 

It was never our idea to encourage any alcoholic to think that he 
could ever drink moderately. However, in our experience treated indi
viduals who have a strong conviction that their compulsion is gone are 
certain to experiment with moderate drinking, and as a result a con
siderable number have succeeded. Our experiences have in the main 
been with business and professional men, who had a desire to be helped 
and considerable at stake. Such individuals are much more likely to take 
nutritional supplements regularly than are those who are in or near the 
derelict class. 

I have personal, direct knowledge of four alcoholics, who initially 
were severe cases (among the severest I have known about), who have 
taken the treatment and are able to drink moderately and entirely with
out compulsion. The duration of these complete successes to my positive 
knowledge has been from 18 months to over 3 years. They realize that 
their condition is something like that of diabetics—they still take the 
nutritional supplements. Through the testimony of friends and through 
direct correspondence I know of a considerable number of others who 
have had the same kind of success for periods of about two years. I lay 
stress on these results because they are unprecedented and cannot be 
accounted for on the basis of psychotherapy. I do not believe that abstin
ence for a period of six months of itself can be taken as strong evidence 
that an alcoholic has been helped by any treatment. 

The fact that we have encountered alcoholics whom we definitely 
could not help with currently available supplements is discouraging to 
them but is to be expected on the basis of the genetotrophic concept. 
If help is to be given? the importance of the individual's actually taking 
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the supplements in sufficient amounts regularly for a period of months 
cannot be exaggerated. Help may come relatively quickly, but in some 
cases that I know of it has been delayed for at least two months. 
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