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INTRODUCTION

Alcoholism: The Disease

"Alcoholism is a chronic disease manifested by
repeated implicative drinking so as to cause injury
to the drinker's health or to his social or economic
functioning" (53). Such a definition of alcoholism
points to the disease concept which went unrecognized
until recent years., In addition to its medical im-
plications, alcoholism has been the subject of consi=
derable writing and research by academicians in such
diverse fields as sociology, psychology, physiology,
psychiatry, theology, and law.

At the outset it should be noted that the writer
is aware of the arguments and opinions expressed by
the advocates of the several disciplines as mentioned
above, and it is fully realized that all of the above
have a proper and Just place within the scope of the
problem of alcoholism. It should be realized that
any problem may be approached from a variety of
positions; and in the case of a disease, several dif-
ferent etiologies; pathologies; and treatments may be

valid. Thus, although the writer is concerned



e
with the physiological=genetic aspects of alcoholism,
it should be understood that sociological, psycholo-
gical, and other factors play an important role in

the precipitation of the disease.

There remains a great deal of uncertainty in the
realm of the physiology and biochemistry of alcoho=
lismy, particularly with respect to the etiology of
the disease. If it were possible to define clearly
the role of biochemistry and genetics with respect to
the onset of alcoholism one would have a valuable
tool at hand to use in the treatment and prevention
of this disease which affects some five million

Americans.,

The Role of Genetics in Disease

The science of genetics as it applies to human
disease has only recently become an important con-
sideration., Early studies in genetics were confined
to plants and the lower animals mainly because man is
a difficult form in which to study inheritance. As
Stern (98) points out, man demonstrates a great deal

of genetic diversity and humans mate without concern



for the experiments of geneticists.

Pollowing Mendel's rediscovery, early in the
twentieth century, it was possible to illustrate the
inheritance of dominant and recessive traits as well
as the resulting 9:3:¢331 or 331 ratios. As the study
of genetics advanced, it became clear that one could
not describe all inheritance, particularly in the
realm of human genetics, on the basis of simple
Mendelian genetics. At the present time a genetic
analysis is complicated by such factors as the exis-
tence of polygenes, incomplete penetrance, sex lin-
kage, variable expressivity, modifying genes and
other factors that make it difficult to say defini-
tely whether or not a given trait or disease has a

genetic basis.

It should be stated that when reference is made
to a genetic basis for alcoholism, the reference is
not to inheritance of the disease per gse, but rather
to the inheritance of a gene(s) which confers a pre-
disposition to the disease, which then may or may
ﬁbt be manifest depending on the environment. It
is now becoming clear that many diseases which were

not thought to have a genetic basis due to the lack



of clear and simple Mendellan patterns, do in fact
owe thelr expression, i1n part at least, to the geno=-
types Thus research has been directed towards an
investigation of the role of genetics in lung cancer,
leukemla, schizophrenia, epilepsy, diabetes mellitus,

tuberculosis, and many other diseases,

Nature of the Present Study

The present study 1s designed to investigate
the genetic baslis of alcoholism, and, to a lesser
extent, the relationship between smoking and alcoho-

lism and the genetlc basis of smoking.

Al though there 1s some evidence suggesting a
relationship between smoking and drinking (16, 17,
67) the writer has been unable to locate any studies
relating to smoking and alcoholism. It was thus be=-
lieved feaslible to collect data relevant to smoking
and alcoholism and by administering several genetic
tests to the subjects, relate smoking and alcoholism
as well as to determine if any relationship existed
between the trailts investigated and elther smoking
or alcoholism. If one or more of the genetic traits

investigated was found to occur with greater frequency
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in the experimental group than in the control group,

linkage would be suggested, whereby the gene(s)
responsible for the genetic tralt was located on the
same chromosome(s) as the gene(s) predisposing to

the conditions investigated.

Many studies have been undertaken to investigate
linkage between two particular tralts and in general
the experimenter has concluded that no evidence for
linkage was found. This result may be expected if
two traits are selected at random and an attempt is
made to show linkage between them. Since there are
twenty-three pairs of chromosomes 1n man, each of
which "contains" an enormous number of genes respon-
sible for a wide variety of trailts, the chance of
selecting two such traits at random and finding them

to be linked is extremely improbable.

Prior to the selection of the genetic tralts to
be investigated, the writer visited several meetings
of Alcoholics Anonymous in an attempt either to
eliminate or select certain characteristics which
might be representative of alcoholics. In this manner
eye color, ear lobe structure, hair texture, body

type, baldness, height, and congenital deformations
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were eliminated. This elimination process was by no
means infallible since under ideal conditions data
would have to be collected and analyzed statistically
before a definite conclusion could be drawn. It was
assumed, however, that the above characteristics
were not distinctive for the alcoholics observed.

Two characteristics did tend to stand out. The
first, which is fairly well documented in the litera-
ture (2, 31, 51, 52, 59, 66, 119) is that there are
more male than female alcoholics, the ratio being on
the order of six to one (2). In addition, it was
noted that there was an excessive amount of cigarette
smoking, particularly "chain smoking." These obser-

vations led to the present study.

The fact that male alcoholics outnumber female
alcoholics six to one suggests that perhaps some
type of sex linkage 1s involved. Red-green color
blindness was selected as the sex linked trait to be
investigated because 1t 1s relatively easy to deter-
mine (as opposed to hemophilia) and also because the
number of color blind individuals roughly approximates
the number of alcoholics (In the ¥nited States an

estimated 8 per cent of the males and 0.5 per cent of
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the females are color blind. This would be approxi-

mately 6.8 million individuals as compared with an
estimated 5~6 million alcoholics).

The reasons for selecting the second trait to
be investigated, the ability to taste phenylthio-
carbdmide (PTC), were somewhat more involved. As
will be demonstrated, both alcoholism and the ability

to taste PIC are related to hyperthyroidism.

Richter (87) noted that one rarely finds alco-
holics among hyperthyroid patients. This observation
led him to experiment on the role of thyrold extract
in alcohol consumption by rats. He found that thyroid
treatment (1 per cent of total diet) resulted in
essentially stopping the intake of alcohol in a
free-choice situation. Richter noted that thyroxine
and trilodothyroxine were equally effective in re=-
ducing the rats' intake of a 10 per cent alcohol
solution as well as wine, whiskey, and beer. According
to Richter, the results suggest that excessive thyroid
secretion in hyperthyroid individuals inhibits the
appetite for alcohol. It should also be noted that
PTC is an anti-thyroid substance which inhibits the

formation of thyroxine and causes the condition
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known as goiter (29). Pischer, et al.(22, 23), in a
series of experiments found that the ability to
taste PTC and other related compounds is associated
with the enzymatic activity of the saliva, this
activity being greater in non-tasters. They further
demonstrated that certain thyroid precursors lower
the taste thresholds for PTC and related compounds.
The above reports, along with the finding that the
ability to taste PTC is higher in heavy smokers (99),
led to the decision to investigate thresholds for
PTC in alcoholics.

The final trait to be investigated in the present
study concerned the manner of clasping the hands.
Two possible positions of hand clasping are possible =
the fingers of the right hand may be over the fingers
of the left hand, the right thumb then being upper-
most (type R) or the fingers of the left hand may be
placed over the fingers of the right hand, the left
thumb being on top (type L). The trait seems to
have some genetic basis (26, 27). The reason for
selecting this characteristic for use in the present
study lies in the relative ease of collecting the
data, and the possibility that any such readily ob=



servable and inconspicuous trait might show a rela-
tionship with one or more of the other traits being
investigated. Also, in dealing with the data, evidence
might be obtained which would help to establish
whether or not this trait is indeed inherited.



REVIEW OF THE LITERATURE

The Genetotrophic Concept

Without a doubt the most vociferous claims
suggesting the importance of genetics.in the etio=-
logy of alcoholism have come from Williams (105-118).
Together with his assoclates at the University of
Texas Biochemical Institute, Williams has propounded
the genetotrophic concept of disease and has applied
this concept primarily to the etiology of alcoholism.
Basic to the formation of Williams' theory is an
understanding of the related concept of biochemical
individuality as 1t applies to alcohol selection in
cholce experiments with animals and distinctive
metabolic patterns among individuals. 2Prior to a
consideration of the genetotrophic concept itself,
attention will be focused on the related ideas
mentioned which have led to the formulation of the

theory.

In order to show that metabolic patterns differ
in different individuals, Williams (110) performed
a series of experiments in which he analyzed the

blood, urine, and saliva of various organisms (both

10
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rats and humans) by chromatographic techniques.
These experiments showed that several characteristics
were distinctive for each individual tested. Rats
which were kept on identical diets were found to have
different urinary patterms with respect to amino acilds
as well as to other substances excreted. Similar
results can be observed in young children fed milk
or identical formulas. Although only one set of
twins was studied, they were found to have metabolic
patterns which were more similar than any other two
individuals. Williams' studies also included members
of Alcoholics Anonymous and a group of schizophrenics,
each of whom wére observed to have metabollic patterns
distinctive from control subjects. On the basis of
these studies;, Williams concluded that the patterns
seemed to be inherent, since even when the environ-
mental factors were minimized by keeping the subjects
on ldentical diets, the patterns showed marked indi-
vidual differences. Williams further believed that
changes observed to occur with age were inherent and
that the individual's metabolic pattern was of prime
importance in his susceptibility to mental or
physical disease.
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One of these experiments mentioned above

by Williams, and performed by Reed (82), involved
several strains of inbred rats in terms of alcohol
consumption. The diets of these rats were carefully
controlled so as to minimize environmental differences.
Reed found that there was a striking difference
among the individual rats and also among the various
strains of rats used with respect to alcohol con-
sumption in a choice situation and also with respect
to the urinary excretory products. The differences
between strains involved differences in phosphate,
lysine, taurine, and methionine excretion. Reed
claimed that these findings substantiated the notion

of a polygenic basis for the metabolic patterms.

Williams (111) carried out the investigation of
metabolic differences further and found that in the
serum of alcoholics, the amounts of sodium and uric
acid were higher than in the serum of control subjects.
Urine analysis showed higher levels of hippuric acid,
uric acid, thiamine, citrate, pigment/creatinine,
and weak acids whereas the levels of gonadotrophin,
citrulline; and taurine were lower in the controls.

In another experiment Williams, et al.(115), analyzed
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a group of 53 alcoholic males and 41 male controls
who had demonstrated an ability to drink in moderation.
The results showed significant differences between
the alcoholics and the controls in the following
determinations:
1. Total leukocyte count.
2. Lymphocyte count.
3. DEosinophil count.
4, Serum sodium.
5. Serum calcium.
6. Serum potassium.
7. Blood glucose.
8. Urinary creatinine.
9. Urinary hippuric acid.
10, Urinary sodium.
1l. Urinary chloride.
Although the evidence is not conclusive, it is
thought that several of the above are genetically

determined (115).

Barlow and Wooten (9) analyzed the serum and
red cells of alcoholics and compared thelr results
with those of a control group. They found the plasma

electrolytes and hematocrit values to be signifi-
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cantly lower in the alcoholics. In the erythrocytes
the sodium level was normal but the potassium values
were higher and those of the chloride lower for the

alcoholic group.

A numerical system was devised whereby an index
number was assigned to each value determined for an
individual for a particular metabolic trait (116). By
adding up these numbers 1t was possible to determine
an individual's "alcoholism-proneness" strictly on
the basis of his metabolic pattern. Although it is
possible that alcohol consumption over the years has
something to do with the character of the metabolic
pattern, the fact that inbred strains of mice show
similar patterns is support for the genetic nature of

metabolic patterns.

Williams (117) sums up the subject of biochemical
individuality by stating that the genetic basis of
metabolism leads to distinctive amino acid require-
ments for every individual. Indirect evidence for
these distinctive needs is given in terms of the
exlstence of substances in characteristic amounts in
the body fluids. He also suggests that in addition

to quantitative differences in needs, there may also
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be qualitative distinctions. Williams (118) lists
seven areas in which individual differences may be
found, thus he notes differences in (1) anatomy,

(2) blood and body composition, (3) enzyme systems,
(4) endocrine activity, (5) excretion patterms,

(6) responses to drugs, and (7) nutritional needs.

It has been shown that there are individual
metabolic patterns which are at least to some extent
genetically determined. These patterns have been
shown to differ between individuals and also between

alcoholics, as a group, and non-alcoholics.

Rats differ in terms of their preference for a
10 per cent solution of ethyl alcohol over pure water,
the position of the two liquids in the cage being
switched daily (106). These preferences seem to be
genetically determined because inbred strains be=
have similarly and distinct differences exist among
strains., It was also shown that the preference for
alcohol could be abolished by adding certain factors
to the diet. Many substances seem to play a role in
abolishing the rats' appetite for alcohol. Fore=-
most of these substances were the B vitamins, anti-
pernicious anemia vitamin, linoleic and linolenic

acid (106).
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McClearn and Rodgers (68, 69) have provided

strong evidence for genetic control of the mechanism
of alcohol preference in mice. They showed that
animals of the C57BL/Crgl/2 strain preferred 10 per
cent solutions of alcohol whereas four other strains
showed strong preferences for plaln water. In a
genetic analysis of McClearn and Rodgers' data (69),
it was shown that inbred C57BL mice showed a greater
tendency to consume the alcohol solution than any of
the other stralns. When the Fl's from a C57BL crossed
with a non-preferring strain were tested thelr con-
sumption was found to be between that of inbred
C57BL's and the other strain. The reciprocal crosses,
C57BL X C3H/2 and C3H/2 X C57BL, permit an assessment
of the maternal effects. The offspring of the
CSTBL X C3H/2 cross develop in the uterl of, and are
ralsed by, C57BL mothers. The fact that there was
no significant difference in the alcohol consumption
by the offspring of these two crosses shows that
maternal variables have little if any effect on
alcohol preference., In another part of this experi-
ment, two heterogeneous groups of mice were compared,
one of which had some C57BL ancestors and the other

of which did not. It was shown that the heterogeneous
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group of mice which had some C57BL ancestry showed
stronger preferences for alcohol than the group which
had no such ancestry. In the final part of this
experiment the generations beyond the Fl's were
observed. On the basis of simple Mendelian genetics
the F2's would be expected to show a greater variance
than had been shown by the F, generation. This was not
observed. These results, as well as the fact that
high values of alcohol consumption were not observed
in the F, generation, seem to indicate a polygenic
system rather than a single locus type of inheritance.

In a more recent study (92) the preference for
alcohol over plain water was investigated with a
series of alcohol solutions varying from 2.5 to 15
per cent. It was found that the concentration most
preferred by C57BL mice was 12.5 per cent, higher
than the preference of any other strain. Over a three
week period, C57BL and O03H/2 strains demonstrated a
progressive increase with respect to amount of al-
cohol ingested whereas mice of two other "non-
preferring" strains showed a progressive decrease.
In previous experiments C3H/2 mice had shown a low

preference for a 10 per cent solution of ethyl alcohol.



18
Here their preferences were shown to be moderately
high, falling between that of C57BL mice and the non-
preferring A/3 and BALB/c strains. The results here
also suggest that alcohol preference in mice is in-
fluenced by a multiple allele and/or a multiple gene

system.

Arvola and Forsander (7) expanded the principle
of the preceding experiments to various species of
animals. They found that whereas rabbits tended to
drink as much water as alcohol, hamsters showed a
"pronounced preference" for alcohol. Hedgehogs,

guinea pigs, rats, and mice tended to prefer water.

It 1s now possible to look at the genetotrophic
concept as 1t applies to alcoholism. Williams, et al.
(107), pointed out that each individual has a charac-
teristic metabolic pattern which is genetically
determined. These patterns can then lead to the
possibility that an individual could suffer from
nutritional deficiencies on a diet which would be
adequate for another individual. On the basis of
experiments with rats, 1t seemed that the appetite
for alcohol had a physiological basis tied in with

inadequate nutrition. Such unusually high require-
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ments make the individual vulnerable, and once he
begins to consume alcohol, more nutrients are crowded
out of the diet and a greater deficliency results.
Thus the genetotrophic concept encompasses both
genetic and nutritional factors in the etiology of

disease.

The inheritance could be one of a particular
type of endocrine activity. This would be similar
to the cravings which result from a deficiency of
salt or calcium. The hereditary trait then which
predisposes to the disease is a high requirement for
certain food elements. A vulnerable person could,
however, escape alcoholism if, for social, cultural,
or psychological reasons, he were to keep his drinking
to a minimum or avold i1t entirely. Here is an example
of the importance of various environmental factors

in the expression of a genetic trait (108).

As a possible mechanism behind the genetotrophic
concept, Williams (109) suggests the existence of a
partial genetic block. These are described as blocks
which "involve a heritable characteristic by dimi-~
nution (though not complete failure) of ability to

carry out some specific enzymatic transformation.
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Since a functional deficiency of this kind may in-
crease the need of the body for some specific nutri-
tional factor or factors, the existence of such
partial genetic blocks can explain why different

speclies require different quantities of nutrients."

It would be worthwhile to inJect here some
information concerning partial genetic blocks or
"leaky genes" as they are sometimes called. PFirst
the notion must be accepted that an alteration of
the veloclity of a particular reaction in the midst
of a whole series of blochemical reactions is
sufficlent to cause major modifications in the final
metabolic pattern. If a mutation causes the loss of
the capacity for carrying out some biochemical
reaction, and this loss in turn affects the organism
deleteriously due to a failure to synthesize a par-
ticular metabolite, then a nutritional supplement
containing this metabolite will alleviate the effect
of the mutation (102). In studies with Neurospora,
many mutants investigated with regard to faulty
metabolic patterns exhibited partial genetic blocks.,

One example concerns the ablility of Neurospora to

grow without riboflavin at one temperature but not
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at another. At temperatures intermediate between
the two extremes a partial requirement for ribo-
flavin was demonstrated. It was also shown that lower
quantities of riboflavin would have to be added as one
approached the critical temperature. From these and
similar experiments on tryptophan synthesis it seems
that partial genetic blocks play an important role in

the control of metabolism (102).

Beerstetcher (10) performed further studies
relevant to the genetotrophic concept, specifically
with respect to which nutrients would abolish an
experimental preference for alcohol. He found that
riboflavin, thiamine, pantothenic acid and pyri-
doxine were all important factors. Rogers, gt al.
(90), experimenting with the effect of glutamine on
alcohol consumption in a free choice situation with
rats, found that it was possible to reduce the animal's
intake of alcohol. Oral glutamine, and to a lesser
extent, injected glutamine, were effective during the
period of administration. After discontinuing the
glutamine supplement the alcohol consumption once
again increased. The effects of glutamine on humans
has also been tested and it seems that this substance

may be one of the nutrients which is effective in the
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control of alcoholism (91).

In another study (84) it was shown that the
voluntary intake of alcohol by rats was decreased
following the addition of a yeast supplement to the
diet. At least part of this effect was attributed
to 1lipoic acid since synthetic lipoic acid alone
had been shown to cause a slight decrease in alcohol
consumption (84). An interesting relationship was
discovered by Reed,_givg;+183), whereby glutamine was

effective 1n reversing the toxic effects of ethanol

on cultures of Streptococcus faecalls.

The above findings show the effect of various
nutrient supplements upon the preference for alcohol
and tend to support the genetotrophic theory. The
following studies deal with other types of evidence
for Williams' proposals.

Mardones (64) noted that certain deficiency
diseases appeared with greater frequency among alco-
holics: hamely, cirrhosis, polineuropathy and other
forms of thiamin deficlency, and pellagra. He also
observed that rats increased their alcohol consump-

tion when kept on vitamin B deficient diets. This
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led to the conclusion that the difference in appetite
for alcohol was determined by genetic constitution as
well as by such factors as experience, pathological
events, and pharmacological actions. Mardones (64)
states that the increased sensitivity to deficiency
disease as expressed by alcoholics is not the direct
result of the action of alcohol. He likewise con=-
cluded that the voluntary intake of alcohol by mice

was genetically determined.

Williams, et al. (112), points out that partial
genetic blocks and the genetotrophic concept of disease
is not limited to alcoholism. He suggests that there
may be similar etiological bases for cancer, diabetes
mellitus, rheumatoid arthritis, multiple sclerosis,
and many other diseases. In summing up the geneto-
trophic concept as it applies to alcohol preference
in rats, Williams (114) states:

"1. 1Individual rats have requirements which are
quantitatively distinctive.

2. Deficiencies too mild to produce overt
lesions are sufficient to reduce materially
the wisdom¥*of the body of the individual
rats.

#Williams apparently uses "wisdom" in a physio=-
logical sense.
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5. Nutritional substances, not yet recognized,
are needed by the rats in order that all
individuals exhibit a maximum wisdom of the
body with respect to food choices."
In his latest publication, Williams (118)
discusses the recommended dietary supplement and the

effects of his treatment on alcoholics. The complete

vitamin supplement i1s shown below:

Thiamine (Bq) 3.30 mg.
Riboflavin %Ba) 2.67
Nicotinamide 20,00
Calcium pantothenate (Bz) 20.00
Pyrodoxin 3.30
Biotin 0.05

Folic acid 1.10
p-Aminobenzoic acid 11.00
Inositol 53.00
Choline 53.00
Vitamin Bj» 5.00 ug-
Vitamin A 6,667.00 units
Vitamin C 66.70 mg.
?-Tocopherol 6.67 mg.
Viosterol 333.00 units
Lipoic acid 0.10 mg.

The above vitamins should be taken from three to nine
times dally depending on the individual case. In
addition i1t is suggested that a daily intake of
glutamine and a mineral supplement containing man~
ganese, iron, copper, cobalt, zinc, iodine, and
molybdenum to taken daily. Williams also provides

several suggestions with respect to diet. Specifically,
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the alcoholic should eat large amounts of high pro-
tein foods such as meat, fish, poultry, eggs, and
dairy products. Foods such as sugar, white rice,
spaghettl, macaroni, and white=flour products, all
of which comprise a class of refined nutrients, should
be kept to a minimum. Williams (118) cites indivi-
dual cases where the dietary supplement has been
applied successfully in the treatment of alcoholism.
He notes, however, that in some cases the results
have been incomplete or unsuccessful.and attributes
this to a fallure on the part of the subject to main-
tain an adequate diet and also to refrain from all
drinking. In experimental studies one is never
certain whether or not the subject is taking all of
the required vitamin capsules, and this has invali-
dated some of the experimental work which has been
performed. This was the case in one study (100)
where of 25 alcoholics treated over a 13 month period,
diagnosis showed 7 were abstinent, 7 controlled, 2

improved and 9 showed no change.

In summary of the genetotrophic theory it can
be pointed out that cravings with a physiological

basis are well known in living organisms. Hunger and
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thirst are the most common of such cravings. Williams
speaks of the "wisdom of the body" with respect to
these cravings. Thus a rat which suffers from a
salt deficlency will begin to crave this substance.
Williams has also shown that individuals differ with
respect to physiological or metabolic patterms.

These patterns seem to be genetically determined

since inbred organisms display similar patterns. In
humans, certain blood and urine determinations of
alcoholics are distinctive from those of non=alcoholics.
In mice and rats, the patternms of those strains which
select alcohol over water are different from those
which choose only water. Further studies seem to
indicate that the crucial factor is associated with
nutrition, since an animal can be made to select
alcohol more often by removing certain substances

from its diet. Likewise an animal which originally
chooses an alcohol solution can have this appetite
abolished by supplying an adequate diet. On the basis
of these findings Williams has proposed the geneto=-
trophic theory. Genetically the organism has a high
requirement for certain substances. If these sub=
stances are provided by an enriched diet the tendency

to consume alcohol disappears. It i1s also suggested



a7
(118) that this theory provides a means for the pre-
vention of alcoholism. By testing youngsters it would
be possible to identify those individuals possessing
metabolic patterns which predispose towards alcoholism.
These individuals could then be raised on a special
supplemented diet and alcoholism could be prevented.
In the case of the person already having the disease,
the administration of the speclal diet would serve

to abolish the craving for alcohol.

Criticism of the Genetotrophic Concept

Lester and Greenberg (62), experimenting with
ten rats, observed that alcohol consumption could be
increased by placing the animals on a deficlent diet.
These results seemed in accord with earlier findings
by Williams (108, 109, 111, 118). It was further
noted, however, that the addition of a third solution
(an emulsion of fat or solution of saccharin or
sucrose) significantly decreased the preference for
alcohol. On the basis of this finding it was con=
cluded that the preferences expressed were probably
due to the caloric content of the cholice solutions,

palatability, or other unidentified factors. This
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experiment showed that there was no specific preference
for alcohol, and according to Lester and Greenberg, it
was lmpossible to assume that the etiology of alco-
holism in humans is connected with dietary deficien-

cles.

Popham (79) in a similar series of experiments
came up with the same results. He also concluded
that since the laboratory animals do not seek intoxi-
cation, their behavior does not parallel human behavior

with respect to alcoholic beverages.

As a result of another series of investigations
in which the addition of sucrose led to a decrease
in the preference for alcohol, Lester and Greenberg
(33) stated that the genetotrophic concept was an
oversimplification. They agreed that lncreased al-
cohol consumption in vitamin deficient rats was an
example of an alteration of metabolism to new needs,
but since the organism did not specifically choose
alcohol, the validity of the genetotrophic concept

was questioned.

Additional criticism of the genetotrophic theory

(72, 104) relies on the same assumptions as above;
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namely, the effect of sugar as a third choice.

In another study a group of 650 boys was followed
over a 24 year period. This group was carefully ob-
served at the beginning of the study and various
characteristics were noted and compared at the end of
the study. On the basls of these findings it was
concluded that nutritional deficiencies are not
causally related to alcoholism. It was also concluded
that glandular disorders do not lead to alcoholism
and that the evidence for a hereditary explanation 1is

lacking (70,71).

Williams (113) attempted to jJustify his original
findings in the light of the experiments mentioned
above. He repeated Lester and Greenberg's experiment
and observed that sugar consumption as well as
alcohol consumption increased as a result of a defi-
cilent diet. He pointed out that some rats exhibit a
"sweet tooth" and this results in diminished growth.
Some animals tended to consume more alcohol and like-
wise became more deficient. It was also pointed out
that 1t was not necessarily the same rats consuming
the extra sugar as were consuming extra alcohol. In

another study by Williams (114) the new findings with
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regard to sugar consumption were used as another
demonstration of nutritional deficiency leading to

an increased craving.

Frequency of Alcoholism in
Families of Alcoholics

The studies in this category, which consist of a
comparison of the frequency of alcoholism in the
relatives of alcoholics and in the general population,
are extremely numerous. They are among the earliest
studies i1n the genetic analysis of any disease, and
are also the least conclusive since environmental
factors' are at a maximum. Consequently, when early
analyses pointed to the fact that alcoholism seems to
run in families i1t was suggested that this was due
to the example set by the parents and the neglect to
which children of alcoholics are subjected. Although
an increased amount of alcoholism in families of
alcoholics does not prove that the disease 1s in-
herited, it would be a necessary requirement if other

evidence did in fact prove alcoholism to be inherited.

An investigation of the family history of 500

alcoholics, 200 non-alcoholic psychiatric patients,
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and 22 "normal" controls showed that alcoholism was
four times as frequent in the families of alcoholics
than i1t was in the general population. Psychiatric
patients gave a family history of alcoholism twice as
often as normal drinkers. According to this study
there was a tendency for alcoholism to be trans-
mitted down the male line, the inheritance being one
of an abnormal reaction to alcohol and taking the

form of an increased attractiveness of the beverage

(58).

In another study of 100 alcoholics it was found
in 30 cases alcoholism had been a problem in the male
ancestry, in 17 cases it had been a problem in the
female ancestry, and in 8 cases there had been an
alcoholism problem in the combined ancestry; this was

a total of 55 out of the 100 cases studied (8).

Amark (5) made a comprehensive study of the
family history of alcoholics with respect to inci-
dence of alcoholism as well as other "character de-
viations." He found that the siblings of alcoholics
consumed from three to eight times as much alcohol as
the general population. Amark points out that a

genetic analysis 1s difficult because:
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1. The environmental effects of a parent's
alcoholism upon the children is marked.

2. Alcoholism is common in those groups where
there 1s a large amount of alcohol con=
sumption.

3+ There is a close connection between the
constitution and the environment.

He showed that the frequency of alcoholism in families
of alcoholics was considerably higher than in a con=-
trol group. In addition, Amark noted that the mor-
bidity risk for alcoholism among brothers is greater
when the parent matings are unaffected X alcoholic,
unaffected X compulsive drinker, and unaffected X
periodic alcoholism than when the mating is unaffected
X unaffected. These results were statistically sig-
nificant, indicating, according to Amark, the impor-

tance of genetic factors.,

In addition to the preceeding studies several
investigations have been reported with similar
findings (13, 34, 46, 49, 54, 65, 94, 96). There
seems to be 1little argument that alcoholism occurs
more frequently in families of alcoholics than in
the general population. The debate centers on the
meaning of these findings, j.g., 1s 1t the environment

or the genotype which determines familial alcoholism?
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Analysis of Family Structure

The principal factors considered in family
analyses include the family size, birth order, sex
of sibling, parental age at birth, age of father in
relation to mother, and other elements of this type.
There are two ways of interpreting such data. One
can say that i1f the genotype is of prime importance
then there should be a random distribution of the
disease in the family regardless of the above fac-
tors. Or, on the other hand, one can explain certain
genetic traits in terms of family structure. The
classic example of this latter point of view occurs
in mongolism where the maternal age appears to play
an important role (98). It is also possible, and
perhaps even more Justifiable, to explain differences
in family structure as affecting the sociological
aspects of development. Such interpretations
attribute different susceptibilities among members of
a family to the first, or in some cases, the last

born.

Although the results on the subjJect of structure
of the family of the alcoholic remain diverse and un-

clear, the fact that much work has been done in this



area suggests that their implications be considered.

In Prout's (80) study of 100 alcoholics there
were 12 only children, 12 only male children, and in
only 36 cases were there more than two siblings. On
the baslis of this study it was concluded that small

families were characteristic of the alcoholic.

In another study of 109 alcoholics it was
observed that 25 per cent of the alcoholics were
ordinal children, 21 per cent ultimate, 13 per cent
preultimate, 13 per cent only children, and all other
possibilities accounted for 27 per cent of the cases.
In 49 per cent of the families there were 4 or more
children. Thus, although there was no conspicuous
cluster with respect to place in the sibling hierarchy,
the data strongly suggests that alcoholism occurs
more frequently in large families (103).

Bakan (8) found that the probability of contri-
buting to the alcoholic population increased as the
number of older siblings increased. In addition he
found that the oldest children contribute least
while the youngest children contributed most to the

alcoholic population sampled.
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Navatril (73) studied 720 male alcoholics.
Excluding 14 only children, 32 per cent were last
born whereas the expected number was only 22 per cent.
He claims the difference 1is statistically signifi-
cant and could be due to the mother-child relation-
ship with the last born as well as to the constitu-
tional defects which occur with lateborn children.
Three years later the same experimenter (74) studied
a group of 600 alcoholics. He found that 29.9 per
cent of them, a statistically significant number,
were first born. He claims that this could be due
to the fact that first born children are overly
protected and often are "mother's favorite.,"
Navatril goes on to discuss the importance of over

dependence in the development of alcoholism.

Another study was designed to determine a syste-
matic family constellation which might favor the
onset of alcoholism (65). Among 518 male alcoholics
50 were found to be only children, 99 had no brothers,
and 139 were last born. This last figure was 25 per
cent greater than was to be expected on the basis of
a chance occurence. The analysis is carried on to

maternal and paternal grandparents, the conclusion
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being that by careful analysis of the family structure
it is possible to determine alcoholism-prone indivi-

duals.

Gregory (34) observed that there was a statisti-
cally significant number of only chiidren among the
group of alcoholics that he studied. He noted that
there was an apparent vulnerability to alcoholism
in the youngest child. On the basis of his observa-
tions Gregory concluded that the susceptibility to
the disease was not determined solely by genetic fac-
tors and that more research was necessary to elucidate
the role of the various factors in the etiology of

alcoholism.

Association of Alcoholism
with Other Diseases

In this section of the literature review, atten-
tion will first be directed to a number of different
diseases which are found to occur frequently in
assoclation with alcoholism. Following this, the
literature relevant to two particular diseases will be
considered: namely, schizophrenia and epilepsy. It
should be pointed out that the purpoge of this analy-
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sis of diseases, many of which are or seem to be
genetic in nature, occuring with alcoholism, is to
propose a hypothesis which suggests a common basis

for one or more of these diseases and alcoholism.

Investigators noted some time égo that certain
diseases, particularly mental ailments, seemed to
occur more frequently in alcoholics and their families,
Bourrat (15) noted that among the factors which pre-
dispose to alcoholism were such diseases as infantile
encephalopathy (a constitutional nervous fragility) and
mental debility. He stated that if it were possible
to observe hereditary factors in the parents of al-
coholics 1t would be in the form of dipsomania and
epilepsy. Bourrat went as far as to say that alco-
holism was a familial disease, the alcoholic inheriting
a particular craving in some cases, and in others, the
alcoholism of the parents belng responsible for neuro-

psychiatric disabilities in the descendents.

In an even earlier study it was concluded that
dipsomania, in one Dutch family, was a sex=-linked
condition expressed in hemizygous males or else
recessive in females (55). In a study of luxatio-

coxae (congenital dislocation of the hip) in 29
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pedigrees and 189 individual cases, Roch (88)
claimed that the anomaly seemed to be recessive and
occurred most frequently in families whose ancestors

contained drinkers and eplleptics.

An Interesting assoclation was noted by Hyde
and Chisholm (43). They found the Chinese to be
free from alcoholism and also characterized by a low
rate of psychopathy. The Irish, Negroes, and Italians

were highest i1n both psychopathy and alcoholism.

Jager and King (45) studied 24 members of a
family with hereditary tremor over a period of four
generations. Ten of these were aware of the fact
that a small amount of alcohol lessened the shaking.
Only four of the entire family were considered to
drink to excess. One member was considered an alco-
holic but he had no tremor. The writers point out
that alcoholism is frequently observed in persons
with hereditary tremor and they postulated that an
emotional instability may be inherited. The relief
of the tremor due to the alcohol could then lead to
alcoholism. It was also pointed out that in this
particular family the incidence of alcohollism was

lower than 1is usually found in association with the
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disease,

In a study of 50 alcoholics and their 1,313
relatives various factors were compared with those
of the general population. It was found that the
incidence of mental disease among the relatives was
no greater than in the control group. On the basis
of this study 1t was concluded that there was no
evidence that alcohollism causes epllepsy or oligo-
phrenia in the offspring, and that the genetics of
alcoholism was closely related to the genetics of

abnormal personality development (13).

Alvarez (4) studied the family history of
patients complaining of mild psychosis and found a
host of anomalies from eccentricity to alcoholism.
He stated that a genetic tralt was operating in many
of these instances and was expressing itself in
different ways. Among the relatives of 99 eplleptic
patients Alvarez found 15 per cent were alcoholics
as compared with 7 per cent of the relatives of

psychotics and alcoholics.

A recent investigation of 130 alcoholics re-
vealed that 18.5 per cent of them had peptic ulcer
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or had had it as compared with 8.1 per cent in the
general population. In addition it is pointed out
that in most cases the ulcer had preceeded the alco-
holism, thus invalidating the assertion that the
alcohol had precipitated the ulcer. Alcoholism
and peptic ulcer are regarded by the investigators

as manifestations of a common basic disturbance (35).

As a final note in the consideration of diseases
in general assoclated with alcoholism, mention should
be made of tuberculosis. Brown and Campbell (16)
noted a relationship between the inclidence of tuber=-
culosis and heavy consumption of alcohollic beverages.
The incidence of tuberculosis was observed to increase

with the amount of alcohol consumed.

Having looked at some general findings with
respect to diseases assoclated with alcoholism,
attention will now be focused specifically on
schizophrenia and epilepsy.

Heath and Leach (38) consider schizophrenia to
be an inborn error in metabolism, the defect belng
basically a genetic one. This defect in turn is

manifest as an alteration in the molecular conflgu=~-
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ration of one of the proteins in the serum. The
investi gators demonstrated that this defect is one
of amine metabolism by virtue of a comparison of the
serum and urine of schizophrenics with controls. It
is also pointed out that the electroencephalogram
results suggest that schizophrenla, as well as other
forms of psychoses;, arise from a common metabolic

disorder.

In a study of 100 children of alcoholic parents,
Heuyer, et al. (41), found 10 cases of epilepsy,
30 instances of retarded children with respect to
psychomotor development, and 60 cases where behavioral
problems existed. The experimenters have eliminated
the possibility of "genetic heredity" and suggest
that parental alcoholism "produces damage by killing
or weakening the fetus." Bourrat (15), Alvarez (4),
and Berry (11), also noted an association between

alcoholism and epllepsy.

A study of families of schizophrenics in which a
second person besides the proband had been hospitalized
for ollgophreny, psychopathy, sulclde, toximania, or
chronic alcoholism was undertaken by Vazire (101).

Among all the traits mentioned only alcoholism was
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found to be more prevalent in the families of schizo-
phrenics than in the general population. Alcoholism
affects 26.2 per cent of the parents (46 per cent of
the fathers!), 11.5 per cent of the grandparents,
12.7 per cent of the uncles and aunts, 6.2 per cent
of the brothers and sisters, and 8.2 per cent of the
children of the proband. On the basis of these
results Vazire suggests four hypotheses3

1. There is a genetic relationship between
schizophrenia and alcoholism.

2. Alcoholism could be a larval manifestation
of schizophrenia.

3. The family environment, having been disturbed
by alcoholism would be favorable for the
onset of schizophrenla.

4, The alcoholism would foster a deterlorating
environment which would provide ideal
conditions for the precipitation of schizo=
phrenia in genetically predisposed individuals.

Vazire thinks that the first hypothesis is

unlikely since 1t has been found that alcoholism is a
symptom common to many psychiatric maladies. He
believes that the last hypothesis, suggesting that
alcoholism serves to manifest the genetically predis-

posed schizophrenics, is most likely.

There is considerable evidence suggesting a
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genetic basis for schizophrenia and epilepsy and

attention will be directed to these areas.

Heath (39) considers schizophrenia to be a
"genetically determined metabolic disease, or, more
specifically, a disease characterized by alterations
in the metabolic pathway for the breakdown of certain
(as yet unidentified) endogenously occurriné compounds."
He suggests that the genetic defect is manifest by the
presence of taraxein, a protein found in the blood
stream of schizophrenics which may alter the physio-
logy of the activity of the brain. It has further
been shown that the administration of taraxein to
normal sub Jects results 1n symptoms of catatonic
stupor, hebephrenia, delusions of persecution and
grandiosity, all characteristic of schizophrenic
behavior (40).

Studies of the incidence of schizophrenia in
families of schizophrenics show that where both
parents are affected the risk for the children 1is
forty per cent. In the general population the mor-
bidity risk for the disease 1s about 1 per cent; for
siblings of schizophrenics, 7-15 per cent are affected.

Twin studies show a concordance rate of 76-91 per
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cent for monozygotic and 10-17 per cent for dizygotic
pairs. The mode of inheritance seems to be one of
reduced penetrance for the heterozygotes. There also
seems to be a correlation between schizophrenla and

tuberculosis (14).

According to Stern (98), on the basis of results
of six authors, there is a concordance of 80 per cent
with respect to schizophrenia in identical twins as
compared with 13 per cent in fraternal twins. He
points out that the fact there i1s discordance in
20 per cent of the identical twins shows that non-
genetic factors are also important. It is postulated
that schizophrenia 1s inherited as a single recessive
gene with a 1limited amount of penetrance in homo-
zygotes. Stern refers to one study investigating
twins who were separated before the onset of the
disease., When not separated the morbidity risk for
the other identical twin was 85.8 per cent, whereas
if separated the risk is only 77.6 per cent. This

again shows the role of environment in the disease.

In a review of the literature dealing with the
genetic basis of schizophrenia, Altshuler (3)

presents the following statistics:
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Relationship to schizo= Incidence

phrenjc proband, in per cent
General population 0.85
Half-sibs 7,00 = 8,00
Full=-sibs 500 = 15,00
Parents 5.00 = 10.00
Children (of one index case) 8.00 = 16,00
Children (of two index cases) : 53,00 = 68,00
Dizygotic twins (one index case) 3.30 = 16.70
Monozygotic twins (one index case) 66.60 = 86.20

Rosenthal (93) has suggested that perhaps there
are two broad types of schizophrenia. In one type
the genetic contribution is absent or minimal, while

in the other the contribution is significant.

The genetic interpretation of the etiology of
schizophrenia is not universally accepted. Jackson
(44) states that since in only two cases have twins
been reared apart, the environmental factors have not
been truly eliminated. He also notes that in many of
the studies reported there is a question of mono=
zygosity. Jackson further suggests that monozygotic
twins inhablit a unique environment as compared to
dizygotic twins. Monozygotio twins may also respond
with symptoms of schizophrenia out of "biological
sympathy." It is also mentioned that investigators
tend to record concordancy in monozygotic twins due

to a nature of sameness.
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Lennox (60) investigated the hereditary nature of

epllepsy. He noted a history of selzures in 3.2 per
cent of the relatives of 4,231 epileptic patients.
This was 3.6 per cent if evidence of brain damage
prior to the first seizure is lacking and 1.8 per
cent 1f there 1s such evidence., These figures are
respectively 7 and 3.5 times those found in controls.
In 122 pairs of twins without brain damage, both
were epileptic in 84 per ecent of the monozygotic
and 10 per cent of the dizygotic twins. In monozy-
gotic twins there was concordance as to the type of
seizure and the electroencephalograph pattern. On
the basis of these findings Lennox concluded that
genetic factors were important in the etiology of
epilepsy.

In a later account Lennox (61) reported that
epllepsy occurs in 0.5 per cent of the population of
the United States. The onset of the disease is
usually in childhood and although the number of affec-
ted males 1s approximately equal to the number of
affected females, the onset is generally earlier in
the females., The size of the family as well as the

birth order have been shown to be unimportant. As to
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the etlology, 1t seems that there is a genetic and
also an acquired form of the disease, but the genetic
etiology is the more frequent of the two. Of 2,500
patients, 35 per cent had a family history of
epllepsy, 11 per cent had both genetic and acquired
history, and in 38 per cent there was no definite
etiology. Epilepsy, according to this study, is
three times more prevalent in the relatives of

epileptics than in the general population.

Correlation of Alcoholism
with Blood Groups

In a study of patients at Colorado State Hos=
pital, 5,637 patients were classified according to
diagnosis, age, sex, and both ABO blood group and
Bhy(D) type. There was no relationship between the
blood groups and schizophrenia or mental deficiency.
There was, however, a correlation between alcoholism
(939 patients) and blood group A (p = 0.004). It is
pointed out by the investigator that many pitfalls
are encountered in an analysis of blood groups. For
instance variations in ethnic and racial composition
may account for differences of 20 per cent. In

addition errors are introduced by mistyping and the use
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of small samples, In this study 1t 1s suggested that
the sampling error was minimized due to the large
sample used and technical errors due to mistyping were
negligible. Although the male alcoholics in this
study outnumbered the females six to one, there was
no difference between the sexes with respect to
type A blood. Twenty-five per cent of the patients
were Mexican, but since this group is characterized
by an increase in type O, this should not affect the
nature of the results (75).

Achté (1) appears to be the only other investi=
gator to look at the question of alcoholism and
blood groups. The results of his study are presented

in Table 1 below.

Table Association of Alcoholism and Blood Groups
Type coholies Controls
EO. go.

A 89 42,0 591 42,7
0 66 31.2 463 3345
B 39 18.3 232 16.8
AB A8 8.0 97 y o)

Totals 212 100.0 1383 100,0
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Alcoholism and Twin Studiles

In order to show clearly that alcoholism 1is
inherited 1t would be desirable to have several
studies investigating the frequency of the disesse
in monozygotic and dizygotic twins. Kalj (47, 48)
was the only investigator to undertake this experi-
ment. In a preliminary report (47) Kalj presented
only a brief tabulation of hls results and the comment
that monozygotic twins were more concordant than
dizygotlic twins with respect to drinking habits.

Three years later a book was published contalning

the final results along wilith discussion and inter-
pretation of the data (48). In the study 174

twin palrs, 48 monozygotic (M2) and 126 dizygotic

(DZ) pairs were investigated. The results with
respect to concordance and discordance of drinking
habits are shown in Filgure 1, which presents samplings
at all levels; including the average and above average

consumers as well as the alcoholicse.
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O = Abstainers or below average consumers
1 - Average consumers

2 = Weekend drinkers - above average consumers
3.= Addlcts and heavy drinkers

4 - Chronic alcoholies
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Flg. 1. Oomparison of drinking habits of monozygotliec and

dizygotic twins,

in order of inereasing discordance.
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When these data are broken down into classes of
drinking behavior the results are even more signifi-
cant, Table 2 shows the concordance rate among MZ
and DZ pairs, the samples being taken at different
levels of drinking behavior,

Table 2. Oonoordance Rate among Monozygotic and - -

Uonoor&’ance % “Tlasses _Elaﬂs_es_ﬁasg
Rates Olasses 20 3, 4 2 and 4
W-M
Monozygotic 53¢5 55.6 63,0 Tl.4
pairs
Dizygotic pairs 28.3 20.0 26.7 32,3

Difference between 25.2 35466 3603 39.1
DZ and MZ palrs :

The above data show that the differences between mono-
zygotic and dizygotic twins become more pronounced as
the amount of drinking increases. It can be seen that
class 4, representing chronic alcoholies, shows the

greatest differences between the two types of twins.

According to Kailj the findings imply that not
only "drinking habits but also the social manifestations
of alcohol abuse are determined by genetic factors."

The high concordance of MZ twins with respect to D2
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twins and also of DZ twins as compared with that in
the general pppulation suggests the exlstence of
genetic factors. It is not necessary to assume that
a slngle gene or even a number of genes 1s dlrectly
responsible for the results of thls study. It is
possible that unspeclific factors relating to overall
personality are basic to drinking behavior. The
fact, however, that there 1s increasing concordance
with an lncrease 1n aleohol abuse suggests the
specificity assoclated wlth genetlec influence.
Observing that 54.2 per cent of the MZ probands and
31,5 per cent of the DZ probands had partners who
were also probands, Kal) concluded "that the develop-
ment of alcohol abuse and chronlec alcohollsm...1s

greatly influenced by genetic factors."

Of the monozygotlic twins there was positive
information of alcohol abuse or chronic alcoholism
in the fathers of elghteen palrs. In 7 palrs there
was no evlidence and 1n the remalning 23 palrs the
fathers were elther abstalners or moderate drinkers.
Itlwas clear, Kal) claiméd, that twins having ad-
vanced drinking hablts were more llkely to have a

father who was an abuser than were twins with moderate
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drinking habits.

Only three pailrs of monozygotic twins were studied
who were reared apart. In one pair both twins were
in class 2 (weekend drinkers). In a second pair,
both twins being brought up in an environment where
there was alcohol abuse, the twins were both classified
as chronic alcoholies. The third pair, in which there
was some question of monozygosity, one twin was a
chronic alcoholic while the other one was a class 1
(average) drinker. Kalj claims that no conclusions
can be drawn from these results because of the small

sample.

Miscellaneous Studies Relating to
the Genetics of Alooholism

One of the earliest writings on the subject of
genetics and alcoholism was a book by Keeley entitled
The Non-Heredity of Imebrity (50). Keeley believed
that alcohol was the cause of alcoholism. He be=
lieved that a person would begin to drink and this
would poison the body cells. The craving which
results is one of polsoned cells for more poiscn.

Keeley realized that many of the relatives of alcoholics
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were alcohollc, but he polnts out that many relatives
suffered from other diseases and many were normal.
Keeley observed that alcohollism did not follow any
of the lnherltance patterns known at that time,

Most of the reports from the Years around the
1940's and early 1950's, aespeclally those papers
appearing 1n non=sclentiflc or lay publications, refer
to the 1nterplay which exlsts between genetlcs and
environment, Jellinek (46) noted that i1t is diffi-
cult to distingulsh the effects of heredlty and en-
vironment in alcoholism, He reported that 52 per
cent of all alcoholics were born of lnebrlate
parents, With regard to psychopathological devia-
tlons among the parents of alcoholles, delllnek
stated that about 35 per cent showed a "hereditary
taint." Roe (89) attempted to look at the occurrence
of alcohollism in chlldren of alcohollc parents
ralsed 1n foster homes. The results showed no
slgnificant dlfferences between the experimental and
the control group, suggesting that heredlitary factors
were unlmportant. However, as Roe polnts out, there
were large dlifferences between the experimental and
control groups wlth respect to age and also as to

whether the foster home was 1n the clty or in a rural
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area.

Rice and Harger (85) also state that one must
not Jjump to conclusions regarding the genetic nature
of alcoholism, They claim that excessive drinking
by the female prior to birth may lead to congenital
defects but these are not genetic in nature. 1In
conclusion Rice and Harger state that it is "pretty
well established that aleoholism is not inherited"
but rather of acquired etiologye.

Similar conclusions were reached by Christiaens,
et al. (18), in a study of 100 children of alcoholic
parents, They noted that premature births and con-
genital debility were most frequent in cases where
both parents were alcoholics., The fact that inferior
size and weight are characteristic of the offspring
of alcoholic females is attributed to congenital
and postnatal effects of alcohol rather than genetics,

Greenberg (32) emphatically states that there is

no genetic basis for alcoholism, claiming:

"There is no evidence that the use of alcohol
has any effect on the human gene. The high
mortality rate among children of alcoholle
parents 1s due primarily to environmental
conditions, The fact that children of alco-
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holics are more likely to become alcoholic
than children of temperate families is due
to poor home environment, poor parental
example and the fact that in some families
a predisposition to various forms of abnor-
malities, which may lead to alcoholism, is
inherited. Abnormal drinking and craving
for alcohol are acquired tralts which cannot
be transmitted genetically."

The preceeding references, largely from workers
at the Yale School of Alcohol Studies, tended to
refute the genetic hypotheses of alcoholism. The
following studies concern investigations which
tended to substantiate the role of heredity in the

etiology of alcoholism.

Williams (105), prior to the formulation of the
genetotrophic concept, suspected that the inheritance
predisposing to alcoholism was not based on a single
gene but was rather one of multiple factors with a
gradient rather than a discontinuous pattern of in-
heritance. This, he stated, is evidenced by the fact
that some individuals seem to crave more aleohol

than others.

In another report (6) alcoholism was considered
to be a concomlitant of other mental disorders, a
genetic factor operating in nonsymptomatic cases such

that alcohol is more tempting to the alecoholiec than to
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the moderate drinker.

In a study relating physique and alcohol consump-
tion, Parnell (77) noted certain significant trends.
Healthy students, mental patients, and young delin-
quents were studled wlith respect to'body bulld and
alcoholism. Consistent relationships were noted
whereby the greatest alcohol consumption was in the
endomorph group and the least consumption was by
linear ectomorphs, whlle mesomorphs of a more mwscular

make-~up comprised the middle groupe.

Roussel (94) points out that the most serious
consequences of alcohollism to man 1nvolves heredltary
transmission. Alcohollc males and females produce
more alcoholics, and 1n addition one finds degenera-
tlon, epllepsy, predisposition to tuberculosis, and

moral degeneratlion in the famllles of alcoholics.

The following studles concern nutritional and
physiologlical aspects of alcoholism and are thus
related to the genetotrophlc concepte.

Richter (86) referred to several earlier studies
in which 1t was demonstrated that rats preferred

certaln concentrations of glucose, maltose, sucrose,
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galactose, sodiwm chloride, and dibasic sodium
phosphate. All these compounds were considered to be
important in nutrition. Richter found that when given
a choice between water and alcohol solutions of various
concentrations, rats chose the alcohol solution up to

a concentration of 4.8 per cent.

In a later experiment, Richter (87) attempted
to force rats to become addicted to alcohol by forecing
them to drink an alcohol solution. He found that
addiction could not be produced in this manner. The
rats did, however, reduce their intake of the stock
diet in direct proportion to the calories received

from the alcohol.

In one study investigating alcohol consumption
in rats it was claimed that the intake of alcohol
could be related either to psychological or to physio-
logical causes, If i1t is true that an organism
selects those substances which are good for it, then
those organisms which are observed to consume alcohol
should be extracting some benefit from this source.
Since alcohol and fats are metabolized in the Krebs
cycle, it would seem logical to look at the different
enzymes and hormones controlling this system. In

this experiment it was shown that alcohol consumption
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could be changed by altering the balance of hormones.
Whereas an untreated rat was found to consume only
small amounts of alcohol, a rat which had been given
insulin was observed to consume large quantitlies of
ethyl alcohol. Insulin then seemed to alter the
metabolism which in some manner then induced the
alcohol consumption, It was further observed that
alloxan-treated animals showed a distaste for alco-
hol. This was explalned by assuming that alloxan
blocks the utilization of acetate, and since in the
oxldation of alcohol, acetate 1s one of the substances
produced, the animal tends to avold the intake of
alcohol which would be stored in the body, and after
accumulation, would induce various physiological
disturbances (24), Although only a hypothesis, this
interpretation offers a possible explamation for the

mechanism of the genetotrophic concept.

Zarrow, et al.(120), also investigated the role
of hormones in preference for alcohol by rats. They
found that castration, adrenalectomy, and alloxan
diabetes would not induce an increase in the con-
'sumption of alcohol in free=choice situations. Rats

treated with cortisone, formaldehyde, or exposed to
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low temperatures were found to show an increase in
thelr preference for solutions containing alcohol,
but thlis was decreased when dextrose was provided as
a third cholce. It was concluded from this study that
the hormones from the testis, ovary, and adrenal
gland were ineffectual in the production of increased

alcohol consumption.

Olson, et al. (76), have found evidence for a
defect in tryptophan metabolism in chronic alcoho-
lics. Tryptophan is metabolized to nicotinic acid
and serotonin, and S5-hydroxyindolacetic acid (5-HIAA)
is one of the major urinary metabolites of these
two compounds. Sixteen healthy soclial drinkers
experienced euphoria and lightheadedness after the
administration of 10 grams of tryptophan whereas
34 aleoholics showed no such effects. In addition,
the patients with chronic alcoholism excreted signi-
ficantly less 5-HIAA than the controls, the average
being 40 per cent less. It was also noted that
abstinence of up to four months (on a hospital diet)
did not change the low excretion rate thus ruling out
poor nutrition as an explanation. The investigators
report that the amount of 5-HIAA excreted does not

appear to be related to the duration of the disease.
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As possible explanations for the results observed,
the experimenters suggested depression of enzyme acti-
vity due to long standing alcoholism or else that
thlis was a somatlec tralt assoclated with chronilc
alcoholism. The fact that the low level of 5=-HIAA
excretion does not rise after 6 months abstinence
tended to favor the latter possibllity. Since a
decreased rate of 5-HIAA excretion was also noted in
patients suffering from phenylketonuria, the subjects
were tested for a defect 1n phenylalanine metabolism.
The results of this test were negative, 1ndlcating
that thls same amino acid was not affected in

alcoholism,

Genetlc Basls of Smoking

The literature suggesting a genetlc predisposition
to smoking may be consldered 1n two general categorles:
the assoclation of smokling wlth the ablillty to taste
phenylthiocarbamide (PTC), and the smoking habits of

monozygotic twlns as compared to dizygotic twins.

There has been a great deal written concerning
the relationshlp, 1f any, between smoking and the
taste sensitivity for PTC. As Mala (63) points out,
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there are two polnts to conslder with regard to smoking
and PTC. First, the changes in taste sensitivity
followilng the smoking of a clgarette, and second, the
taste sensitivity of smokers as compared to non-
smokers., In general, no correlation has been found
between smoking and PTC taste semnsitivity (25, 56,
57, 78, 95)s It has been reported that the non-
smokers among the PTC tasters were more sensitive
than the smokers (56) and also that a systematically
higher frequency of non=tasters occurs among the
smokers as compared to the non-smokers (25), but in
both cases the differences were not statistically

significant.,

Only two studles have demonstrated a relationship
between smoking and PTC sensitivity. Hall and Blakes-
lee (36) tested 60 subjects, then allowed them to
smoke and repeated the PTC tests immedlately and at
15 minute intervals. They found that there was a
marked effect, 73.3 per cent of the subjects requiring
stronger solutions followlng the cligarette. The
results were explained 1n terms of a direct dulling

of the taste buds.
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Thomas and Cohen (99) looked at the frequency of
tasters among smokers as compared to non-smokers.
Using filter paper impregnated with a Number 2 solu-
tion of PTO (650 mg/liter), subjects were tested and
a questionnalire relevant to smoking hablts was filled
oute In both 597 white and 232 Negro male subjects
there were significant differences in the ability to
taste PTO between smokers and non-smokers, Of the
white males, 52.6 per cent of the tasters were heavy
smokers in contrast to 29.7 per cent of the non=-
tasters. Among heavy smokers, 65.9 per cent were
tasters as compared to 42.7 per cent of the non-
smokers. These differences were statistically signil-
ficant. The investigators point out that the former,
occaslonal, and light smokers resembled the non-
smokers as to proportion of tasters. The following
table shows the approximate per cent of tasters in
each group of subjects, results being taken from a

graph by Thomas and Cohen (99).

Ta atio A 0

Classification Per cent PTC Tasters
Non-smokers 42

Former smokers 41

Occaslonal smokers 43
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Table 3, (continued)

Light smokers 41
Moderate smokers 50
Heavy smokers 67
Cigarette, pipe, cigar - 68
Pipe 68
Cigar 40

In another study (19) the same investigators refer to
unpublished findings on 408 white males in which the

same trends appeared.

Several investigators have looked at the smoking
habits of twins in an attempt to discover if heredity
i1s a factor in the predisposition to smoking. Fisher
(21) cites the followlng data of E. Slater with

respect to smoking:

Like Unlike
Monozygotic pairs 44 9
Dizygotic pairs 9 9

Fisher goes on to show that the effects are not
solely due to similar environment by looking at the
monozygotic pailrs which were separated at birth as

compared with those who were brought up together:



Like
Separated 23
Not separated 21

Unlike

4
B
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Friberg, et al.(28), studled 59 palrs of mono-

zygotic and 59 palrs of dlzygotic twins wlith respect

to smoking hablts. The flgure below shows thelr

resultse.

Monozygotic Palrs

Dizygotic Palrs

Twin II
A B C D
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Classes
A - regular smokers
B - sporadic smokers
C - former smokers
D - other non-smokers

Fig. 2. Comparlison of Smoking
and Dizygotic Twins.

Habits of Monozygotic
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The results showed that monozygotlic twins belonged
to the same group in 45 cases whereas dizygotic twins
had the same habits in only 34 cases. These results
were statistically significant.

In another study (81), 984 pairs of twilns were
studlied. It was shown that there was a greater con-
cordance among monozygotlic twins both for amount
smoked as well as for type (cigar, cigarette, or
pipe). The investigator also cites a personal
communication from Juel=Nlelsen on a study of 12
palrs of monozygotie twlns reared apart in which the
same rate of concordance was found as in the twins

who were ralsed together.

Before concluding the review of the literature
dealing with the genetlic basis of smoking the

followlng two studles are worthy of cltation.

Oohen and Thomas (19) investigated the blood
groups of 1,398 healthy males and then attempted to
correlate thelr findings wlith smoking hablits. The
smokers were grouped into five categorlies: none-
smokers, occasional smokers, heavy clgarette smokers,

other smokers (pipe and cigar), and former smokers.
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When the results of the white occasional and non=-
smokers were pooled and compared with the heavy
cigarette smokers, a significant difference was found.
There was a deficiency of group B among the heavy
smokers and an excess of group B among the non-
smokers and occasional smokers. In addition, among
the whlte males, a high frequency of Rh negative
individuals was found in the occaslional smoker groupe.
Although no significant differences were observed
in the Negro group, the investigators state that it
was noteworthy that the same trends were observed

in this group.

In another study (97) an association was noted
between the smoking of mentholated cigarettes and
alcoholisme. In order to demonstrate this relationship
the investigators cited the following data for four
populations.

Table 4. Cigarette Consumption; Mentholated versus
Non-Mentholated, i

Weniholated clgarettes

Group as_per _cent of total
Normal population 5
Drug dependent patients 5
State hospital with 3% alcoholiecs 14
State hospital with 12% alcoholics 21
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It 1s suggested that the most llkely hypothesls
explaining the above assoclation 1s a synerglstic
effect between mentholated clgarettes and alcoholism.
Although 1t 1s not clear exactly what such a relation-
ship indicates, 1t was belleved to be sufficiently
important to be 1ncluded in the present study
dealing with the genetics of smokling and alcoholism.

Discussion of the Findings
in the ILiterature
The genetotrophic concept as proposed by
Willlams and his co=workers 1s an appealing hypo=
thesls and seems to be regarded by most investigators
as a possible explanation. It 1s clted by many of
the new textbooks on nutrition, metabollic diseases,
and human genetlics as a plauslible hypotheslis. The
lack of adequate evidence for the mechanlism whereby
the genetotrophlic concept functions, leaves the
proposal in the realm of speculation. One question
which can and has been proposed i1s why the nutrlitional
deflcliency should lead to a speciflc craving for
alcohol when alcohol i1s not the deflcient substance.

It 18 concelvable that somewhere 1n the serlies of
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chemical reactions in the metabolism of some as yet
unidentified substance, there is a compound formed
which is elther identical with, or closely resembles,
ethyl alcohol or one of the substances of 1ts break=
down (e.g. acetaldehyde). Another possibility might
be that ethyl alcohol or one of the products of its
metabolism is needed as a catalyst, co=-factor, or
inhibitor in a series of reactions concerned with
the metabolism of the deficlent substance. These
suggestions, while purely hypothetical, serve to
demonstrate that a specific craving for alcohol as
the result of a nutritional deficliency is not an
impossibility. The fact that no mechanism has as
yet been proposed to explain the functioning of the
genetotrophic concept does not invalidate the hypo=-
thesls or make 1t any less valid. It simply suggests
that more research 1s necessary in order to clarify

the concept as propwused by Williams,.

The studies which show that alcoholism is more
common in families of alcoholics than in the general
population do not prove that there is a genetic
basls for alcoholism. As has been pointed out, the

environment created by alcoholic parents will have a
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marked effect on the lives of thelr offspring. There
may be some debate as to whether this effect would be
one of fostering alcoholism or discouraging it, but
it cannot be denied that environmental influence is
marked. It should be pointed out, however, that in
the event that alcoholism was shown to be affected
by genetic predispositions, the finding that there are
an increased number of alcoholics in the family of
the alcoholic would be a necessary one. These inves-
tigations then, along with other relevant information,
suggest a genetic factor 1s operating. If it is
shown that alcoholism does in fact have some genetic
basls, these studies may be useful in investigating

the nature of the inheritance.

The literature dealing with the family structure
is extremely ambiguous. Some studies show that
alcoholism is more prevalent in small families and
others that there is a preponderance of the disease
in large families. Two investigators maintaln that the
youngest child is most susceptible (8, 65) and a third
claims that there 1s no consplcuous difference between
youngest and oldest children.(103). One worker re-

ported that younger children were more often affected
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and three years later claimed that the first born
has the greatest chance of becoming an alcoholic
(73, T4). The results of these studies do not sug-

gest any meaningful conclusions,

The literature dealing with the occurtence: of
other diseases in assoéiation with alcoholism suggests
several interpretations. ZEmphasis was placed on
diseases of known or suspected genetic origin, and
in particular, schizophrenia and epileﬁsy. Although
there 1s considerable evidence for a genetic basis
for these latter diseases, many investigators tend
to overlook the importance of heredity. The single
fact that schizophrenia dnd epilepsy, as well as the
other conditions referred to, are found to be associa-
ted with alcoholism does not prove that there is a
genetic basis for alcoholism. Such an observation
does suggest that there may bg a common form of in-
heritance, but this is by no means the only possible
explanation., Most investigators'are inclined to dis-
regard the genetic interpretation in favor of the

psychological or soclological one.

The studies which are most strongly suggestive

of a genetic basis for alcoholism are the twin studiles
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carried out by Kaij (27, 28). The only type of data
which are still lacking consist of information on
separated twins. Although monozygotle=dizygotic
twin comparisons are by no means infallible, this
remains one of the most reliable tools avallable for
research in human genetics. More research is needed
in order to establish whether or not there is a
relationship between alcoholism and blood groups.

The two studles presented, the only ones found in the
literature, seem to be valid, both based on large
experimental groups. It should be noted that Nore
dimo's (75) study was performed with a considerably
larger group of alcoholics. He falled, however, to
show a tabulation of his results, merely claiming
that there was a correlation between alcoholism and

blood group A with p = 0.004.

With respect to the literature dealing with a
genetic bredisposition to smoking, it is believed
that no correlation has been demonstrated between
smoking and PTC taste sensitivity. The findings of
Hall and Blakeslee (36) have been seriously questioned
by the findings of a later study by Maja {63) in
which 1t was shown that varlations in the taste
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threshold occur over 15 minute intervals regardless
of whether or not a cigarette is smoked during the
interval. The writer also questions the study by
Thomas and Cohen (99) in which only one concentra-
tion of PTC was used. It should be noted that other
investigators have used only one solution, but this
1s either solution Number 5 or 6 (8l1.25 mg/liter and
40,63 mg/liter respectively). In the study by
Thomas and Cohen the solution used was an extremely
concentrated one (solution Number 2, 650 mg/liter)
which does not accurately differentiate between

tasters and non-tasters.

The results of the twln studles, however, seem
to be quite conclusives In every study reported the
concordance among monozygotic twins was significantly
higher as compared with the concordance among dizy=
gotic twins. In addition, the fact that the concor=
dance 1s not affected by separation of monozygotic
twins supports the hypotheslis of genetic factors
predlisposing to smoking.

The validity of the findings by Cohen and Thomas
(19) regarding a relationship between blood groups
and smoking 1s questioned by the writer. It should
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be noted that these are the same investigators who
studied smoking and PTC taste sensitivity using only
one solution. It should also be noted that both
studies were supported by grants from the Tobacco
Industry Research Committee. The writer feels that
the study dealing with smoking and blood groups 1is
questionable, since the investigators indulged in
considerable manipulation of the data. When an
analysis of the five groups of smokers showed no
significant trends with respect to blood growps,
the investigators proceeded to pool the data from
two of the groups and compare this with another
selected group. They also showed a statistically
significant relationship between the Rh blood groups
and white male occasional smokers. This does not
seem to be a meaningful result unless the investi-
gators are suggesting a genetic basis for occasional

smoking.



MATERIALS AND METHODS

In order to obtaln information from experimental
and control subjects, questionnaires (see appendix II)
were fillled out by the investigator during an inter-

view,

Questions 4 through 9 were designed to assess
the smoking habits of the subjects. Question 8 was
included in an attempt to determine the subject's
dependency upon smoking. In the interviewlng session
this was usually phrased as: "Have you ever tried
to stop smoking?" If the answer was affirmative
the next question was, "Was it difficult to give it up?"
If the person had never tried to stop smoking he
was then asked, "Do you think it would be difficult
to stop smoking if you wanted to?" The writer
realizes the subjective nature of these questions and
the difficulty in obtaining a clear-cut response;
however it was felt that this was the best way of
determining whether or not the subject was a compul=

sive smoker.

In order to test the results of an earlier study

(97) with respect to a correlation between alcoholism

75



T6
and mentholated cilgarettes, question 9 was included.
The questions designed to assess the drinking habits
(10 through 14) were included in the experimental
group questionnalre, but were eliminated from that
glven the control group due to the, personal nature of
the inquiries. The final questions, relevant to the
regular use of vitamin pllls, were an attempt to
relate the study to Williams' genetotrophic concept.
In other words, 1t was thought possible that some
individuals might be found who were genetically pre=
disposed to alcoholism but had avolded the disease
due to vitamin supplements. At the bottom of the
questionnalre a notation was made of the hand=-
clasping type, the sensitivity to PTC, and for the
experimental group a record of the color perception

test.

The experimental group consisted of alcoholic
in-patients at Detrolt Recelving Hospltal. The
patients were first interviewed and told of the nature
of the study. If they desired, and were physically
able to be tested, they were taken to a room in a
remote part of the ward for the test session. The
control group, as indicated below, consisted of stue

dents and faculty at Western Michigan Unilversity.
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Phenylthiocarbamide (PTC)

Since 1t was first noted that some indilviduals
can taste PTC while others cannot, a vast number of
studles have been undertaken with respect to the
abllity to taste this substance. It was shown (12)
that the abllity to taste PTC 1s genetlcally deter-
mined, and follows a bimodal distribution, approxi-
mately 70 per cent of the individuals tested belng
classifled as tasters and 30 per cent as non=tasters.
In a review of research studies involving PTC (42)
1t was polnted out that many diverse technlques have
been employed 1n order to test PTC taste sensitivity.
These methods include direct applicatlion of the
erystals to the subject's tongue, the placing of
drops of solution on the tongue with varlous types of
droppers, the use of PTC impregnated filter paper,
and the sipping of PTC solutions from paper cupse.

Harris and Kalmus (37), in an attempt to stan-
dardlze PTO taste tests, devised the following
procedure., A stock solution of 0.l1l3 per cent PTO
was prepared in bolled tap water, From this, four-
teen serlal solutions were prepared, each one belng

one=half as concentrated as the preceeding one, In
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the testing sesslon the subject was presented with
paper cups contalning the solutlons, the test being
started with the most dilute solution (#1l4). The
subject was then given the more concentrated solutions
in serial order until he claimed to percelve a taste.
This was the approximate threshold. The subject was
then given 8 cups, 4 containing water and 4 with the
PTC just determined. If the subject was able to
separate the cups correctly, then the test was re-
peated with the next most dilute solution until he
was no longer able to differentiate between the two.
This then represented the actual taste threshold.
Since the introduction of this standard method most
investigators have adopted the procedure either

entirely or in part.

Prior to the beginning of the present study the
writer attempted to assess the method of Harrlis and
Kalmus as well as the use of filter paper soaked in
the various concentrations of PTC. The latter method
was found to be entirely unsatisfactory due to the
taste lmpaxted by the paper itself. TIwo difficulties
were encountered with the method designed by Harris and

Kalmus. The first, a practical consideration, was
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that thlis technique required that too much equipment
be transported from one test site to the next. In
situations where the subjects come to a central
location for testing it would be feasible to use the
set=up of Harris and Kalmus, but when the investi-
gator must call on the subjects individually it be-
comes difficult to carry fourteen bottles and sets
of paper cups. PFurthermore, without the use of a
sink, the problem of disposing of the groups of eight
cups becomes bothersome. The second difficulty
encountered with the taste test concerns the odor
assoclated with the PTO solutions. Phenylthiocar-
bdmide, being a urea compound, has a rather unpleasant
odor, particularly at the higher concentrations.

When the subjJect 1s presented with a cup contalning the
solution it is possible that olfaction rather than
taste 1s the basis for differentiation.

After several fallures, the following method was
devised for the testing of taste sensitivity to PTC.
The solutions were prepared according to the method of
Harris and Kalmus (37), autoclaved distilled water
being used in place of tap water. In addition, a
reagent blank (boiled distilled water) and a sucrose
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solution (25 gm sucrose/liter distilled water) were
prepared. The three most dilute solutions (solutions
#12, 13, and 14) were eliminated in order to reduce
the amount of apparatus and time required for testinge.
Since the taste area sensitive to bitter is localized
at the base of the tongue i1t was felt that any method
of application which centered on the tip of the tongue
(as with sipping) was questionable. In order to
apply the solution to all parts of the tongue, as
well as eliminate olfaction as much as possible,

atomizers were used.

For the present study the DeVillbiss economy
atomizer No. 82 was selected. This device had the
advantage of belng compact as well as providing a
heavy and reasonably constant spray. Several diffi-
culties were encountered with this atomizer. It was
not adapted for heat sterilization which necessitated
the longer process of washing in 95 per cent ethyl
alcohol. Furthermore, the atomizer bulbs did not
hold up under prolonged use and it was necessary to
replace several of the sprayers. The advantages of
the technique, however, outweighed the faults. It

was possible to transport thirteen bottles in a small
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valise and 1t was only necessary to refill the bottles

once daily.

The reagent blank and sucrose solution were used
to ald in the discrimination. It was noted, as
previously reported (37), that many subjects perceive
a sweet taste in the solutions below the threshold,
but this taste was readily distinguishable from that
of the sucrose solution. Before the subject's
actual threshold was determined he was required to
distinguish between that solution and the one pre-
ceeding it as well as between the threshold solution
and the distilled water blank. Thus in the testing
procedure the subject was presented with the solutions
beginning with distilled water and then the most dilute
solution (#11). If he perceived a sweet taste this
was differentiated from the sucrose solution. When
the subject reported a bitter taste he was asked to
compare 1t with the preceeding solution, if this one
also tasted bitter, the next most dilute solution
was offered for comparison and this process was
repeated until he could distingulish the two solutions.
Finally the subject was asked to differentiate the
PTC solution from distilled water. It 1s believed
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that this method eliminated most errors since the
subject was:required to ldentify the PTC solution three
times. In cases of inconsistency or apparently
confuseq reports the results were omitted. This was
found to occur only twice durilng the entire experi-
ment. Occasionally, after reaching the taste threshold
the subject retalned a foul taste. In these instances
the interview was continued, the subject belng offered
a drink of water, and the trlials were completed

after a lapse of several minutes.

Ordinarily it would not be necessary to run a
control group since the literature contains adequate
results with respect to taste sensitivity which can
be compared with any experimental results obtained.
Since a new method was being used, however, it was
felt desirable to test a control group and see if
the present method yielded results comparable to
those in the literature. For thls purpose a group
coﬁposed of students and faculty at Western Michigan

University was tested..
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Color Vision

In order to test for color blindness the Dyorine
Color Perception Testing Charts (20) were used. The
book containing the charts was held in front of the
subject who was instructed to call off the numbers.
The responses were recorded on a mimeographed sheet
according to the form suggested by Dvorine (20). An
analysis of the scored sheet enabled the writer to
classify the subjects as normal, protanoid, or deuter=-
anoid. Due to the large amount of data relevant to
the incidence of color blindness in the general
population, and also to the length of time required
for the test, it was not bellieved necessary to adminis-

ter this test to the control group.

Hand Clasping

The subject was asked to clasp his hands in
front of him and a notation was made as to whether
the right thumb (type R) or the left thumb (type L)
was placed uppermost. Following the initial hand
clasp the subjJect was told that some people place the

fingers of the other hand on top and he was asked to
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try this. In every case the subject responded by
claiming that the second method felt "uncomfortable,”

"funny," or some other such reply.

In addition to the hand clasping data obtained
from the experimental and control groups, one genera-
tion pedigree data was obtained in order to determine
the importance of genetic factors in hand clasping

(see Appendix I).



RESULTS

Table 5 contains the information obtained from
thirteen alcoholic male subjects, It will be noted
that 9 were classified as smokers, 2 as former smokers,
and 1 each as non-smoker and cigar smoker, That would
mean that 69 per cent of the present sample were
cigarette smokers, a figure which would not seem sig-
nificantly different from the figure of 75 per cent
reported in the literature (17).

The PTC taste sensitivity of the control group is
shown in Figure 3. As pointed out previously, it was
felt necessary to include a control group for this part
of the experiment because a new technique was being used.
The results compare favorably with those in the litera-
ture (25, 26, 37, 98), the antimode in the present
study falling between solutions 4 and 5. Figure 4 de~
plcts the taste sensitivity for the alcohollic subjects.
There i1s a greater percentage of non-tasters among the
alcoholics (X2 = .0083, p<.95), and the mean taste
threshold is lower (t = .99, p>.30). Neither of these

differences is significant.

In order to determine the relationship, if any,
between smoking and PTC taste sensitivity Figures 5

85



86
and 6 were prepared, representing a breakdown of the
control group with respect to smoking. The smokers
are those subjects currently smoking ten or more
cigarettes per day. Light smokers (under 10 ciga=-
rettes per day), former smokers, and other smokers
(cigar or pipe) have not been 1ncluded in these figures.
The smoking group have a smaller percentage of tasters
and a lower mean taste threshold, however the dif=-
ferences between smokers and non-smokers are not
significant (t = 1.7, p = .10) and the percentage of
tasters as compared to non=tasters do not differ
significantly from those expected®* (X2 = .92,

P>e30;3 X2 = el4, p = +70 for smokers and non-smokers
respectively). The finding of less sensitive tasters
among smokers, but not significantly less, has been
reported in the literature (25). It was thought that
this might be due to some small effect upon taste
sensitivity which might arise followlng prolonged
smoking., To test this hypothesis the smokers were
divided into two groups based on the number of years
that they had been smoking. The results are shown

in Table 6.

#For PTC the expected values were 70 per cent
tasterstt 30 per cent non-tasters. For hand clasping
the expected values were 50 per cent R ¢ 50 per cent L.



Table 5.

Results of Experimental Findings.

ﬁﬁﬁﬂg%t Age Category §¥g§é?§) Durdtigﬁcopgéference Duration PTC Ggéggn E?ggg
101 47 former- -------- 10-15 .Beer 24 yrs. 8 normal L
heavy yrs
102 54 heavy  ---==--- 42 yrs Beer 17 yrs. 5 deuter- L
anoid
103 57 non-  --—-=-=== eccccaa- Beer 25 yrs. -1 normal R
smoker
104 46 heavy  -=-====-- 29 yrs. Beer & 27 yrs. 2 deuter- R
Wine anold
105 58 heavy Camels 45 yrs. Distilled 15 yrs. 6 deuter- R
Pall Mall anoid ?
106 43 moderate Pall Mall 16 yrs. Beer 16 yrs. 11 normal R
107 35 heavy Winston 20 yrs. Distilled 15 yrs. 6 normal R
Pall Mall
108 36 heavy 0ld Gold 20 yrs. Beer 20 yrs, 6 normal R
109 51 cigars  ---=—--- 25 yrs. Distilled 37 yrs. normal R
110 54 heavy Pall Mall 30 yrs. Distilled 35 yrs. =il normal L
Kools 1
111 68° former- - -------- Beer ? 3 ? ?
heavy
112 33 heavy Pall Mall 19 yrs. Beer 10 yrs. normal R
113 47 heavy yrs. - Distilled 25 yrs. normal R

Pall Mall 27

48
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No. of Individuals
>

-1 1 2 3 4 5 6 ;4 8 g 10 13
PTC Threshold =-- Solutlon numbers according to Harrls and Kalmus,

Fig. 3. PTC Thresholds in Control Group. 71% Tasters : 29%
Bon-Tasters.

No. of Individuals

-1 1 2 3 4 5 6 T 8 9 10 i1
PTC Threshold =- Solutlon numbers according to Harrls and Kalmus.

- Flg. 4. PTC Thresholds in Alcohollc Group. 62% Tasters : 38%

NoNne Tacstars.
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No. of Individuals

-1 H | 2 3 4 8 6 T 8 9 10 i |
PTC Threshold == Solution numbers according to Harrls and Kalmus.

Fig. 5. PTC Thresholds in Non-Smoking Group. 75% Tasters :
25% Non-Tasters.

No. of Individuals

-1 1l 2 3 4 5 6 T 8 9 10 L
PTC Threshold == Solution numbers according to Harris and Kalmus.

Pig. 6. PTC Thresholds in Smokers. 50% Tasters § 50% Non-Tasters,
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Table 6. PTC Thresholds Related to Duration of Smoking

< _Habit,

verage Number ¢ > Mean

Years Smoking Tasters ¢ Non-Tasters Taste
2.3 37.5 ¢ 62.5% 4,12
20,0 75.0 ¢ 25.0% 512

Of the smokers among the alcoholiecs, 77.7 per
cent were tasters and 22.2 per cent were non-tasters.
These results do not differ significantly from the
expected values (X2 = .26, p<.50). The mean taste
threshold of this group (5.2) does not differ signi-
ficantly from the smokers in the control group (t = .802,
P = «40). The mean taste threshold was lower among
the non-alcohollic smokers than among the alcoholic
smokers, an unexpected result which suggests that
"abuse" to the taste buds is not the only factor in=-

volved affecting the taste sensitivity to PTC.

Three subj)ects in the control group indicated
that they preferred mentholated cigarettes while only
one subject (subject 110) in the alcoholic group
listed a mentholated cigarette among the brands pre-
ferreds No evidence was obtained to substantiate the
claim (97) that there was an association between

alcoholism and the smoking of mentholated cigarettes,
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It was noted that the brands preferred by the alcoho-
lics were generally in the classification of strong
clgarettes, six of the nine current smokers indicating

Pall Mall as their brand.

Among the controls 55 per cent were of hand
clasping type R and 45 per cent were of type L. The
results were not significantly different from those
expected (X2 = .40, p = .50). Among the alcoholies
75 per cent were of type R as compared to only 25 per
cent of type L; however these values were not signifi-
cantly different from the expected (X2 = 3.0, p<esl0)e
When the control group was divided into smokers and
non-smokers and hand claspling types analyzed, the
smokers were found to consist of 50 per cent type R
and 50 per cent type L (as theoretically expected)
while the non-smokers were comprised of 63 per cent
type R and 37 per cent type L. The latter results do
not differ significantly from 50 - 50 (X2 = 1.0,

P = «30). The hand clasping types for the smokers
among the alcoholics were found to be the same as

for the total alcoholic group (75 per cent R and

25 per cent L), the differences still being insigni-
ficant (X2 = 3.0, p<.10). The non-smoking alcoholies
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did not constitute a sufficlently large group to be
statistically analyzed.

The only statistically significant results
obtalned became apparent when the results for several
of the traits were combined. Among the non-alcoholic
smokers the ratio of PIC tasters to non-tasters was
50 : 50, the mean taste threshold being 4.1l. When
this group was analyzed according to hand clasping
types 1t was found that among type R individuals
75 per cent were tasters as compared to 25 per cent
who were non-tasters. The mean taste threshold was
5.1. Among the type I individuals 14 per cent were
tasters and 86 per cent were non-tasters (X2 = 11.1,
p<.001),‘the mean taste threshold being only 2.0
(t = 1.89, p.05)s The results are highly significant.

Pigs. 7-8 .show the pooled data (alcoholics and
non-alcoholics) for smokers analyzed with respect to
hand clasping type and PTC taste sensitivity. It
will be seen that among smokers type L individuals
were significantly less sensitive .PTC tasters than
type R individuals (X2 = 9,7, p>,001; t = 2.83,

P = «01)s If the criterion for selecting smokers is
changed so that only individuals smoking in excess of
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-1 1 2 3 4 5 6 i 8 9 16 11
PTC Threshold == Solution numbers according to Harris and Kalmus,

Fig. 7« PTC Thresholds in Type L Smokers. 22.2% Tasters
77.7% Non-Tasters.

=1 1 2 5 4 5 6 7 8 9 10 1l
PTC Threshold == Solutlon numbers according to Marris and Kalmus,

Fig. 8. PTC Thresholds in Type R Smokers. B80% Tasters :
20% Non-Tasters.
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20 clgarettes per day are classified as heavy smokers,
the mean taste threshold, as well as the per cent of
tasters, 1s increased in the type R group, thus in-
creasing the differences between type L and type R
individuals. A comparison of the means in this case
shows the results to be statistically significant
(t = 3.1, p<.0l).

When the alcoholiecs were tested it was also
possible to examine -their medical records. The only
common affliction was avitaminosis. The only condi-
tion with a known or suspected genetic basis was
von Recklinghausen's disease which occurred in sub-
Ject 106, All of the sub)ects had been taking thoras
zine and were placed on a vitamin regimen., It was
also possible to obtain plasma glucose and white blood
cell values. These values, as obtained from 16 alco-
holic patients, 11 of whom were sublects for the
remainder of this study, are presented in Table 7.

In addition the control averages and alcoholic
averages as obtained by Williams, et al. (116), are

included for comparison.
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Table 7. Blood Values in Control and Alcoholic

§Bbi§£§§iliams_ Pre ]
1 Willjams®  Present Study

Blood Control Alcoholic Alcoholic
Average Average Average
Total 1eukog te 6,450 8,420 7,644
count (mm g :
Plasma glucose 96 106 115
mg/100 ml

The final consideration in this sectlion concerns
the incidence of red-green color blindness. Of the
thirteen alcoholics tested, two were classified as
deuteranoid, one as a possible deuteranoid, and one
who apparently had some defect of color vision but
could not be clearly placed in any particular cate=
gory. Subjlect 102 was classified as a deuteranoid
because he replied incorrectly to plates 2, 4, and
10 of the Dvorine charts (20). Subject 104 missed
plates 2, 3, 4, and 24, Individuals having difficulty
with green will fail to see the "5" on plate 2 and
will report a "3" instead of "8" on plate four. Both
of the above subj)ects failed to see the "5" and reported
the "3" as described above., Subject 105 missed plates
4 and 24, reporting a "3" on plate four. Subject 111
failed to see any number on plates 2, 3, 8, 9, 10, 14,
and 18. No consistent pattern of errors was noted.
Due to the small sgmple size no statistical analysis

of these data has been undertaken.



DISCUSSION

The foremost problem encountered in the present
study stemmed from the stigma assocliated with the
problem itself. Few people are reédy to accept the
disease concept of alcohollism, let alone a genetic
interpretation. The alcoholic becomes disturbed
when 1t 1s suggested that his condition is inherited,
probably because he does not like to think of passing
the disease on to his children. Most investigators
are content to explaln alcoholism in terms of persona-=
lity factors. A few are willing to attribute some
importance to physiology. Only a handful have attached
serlous consideration to the genetic factors. This
was the basic problem encountered because i1t resulted
in a lack of enthusiasm and consequently a small
experimental group. The members of Alcoholics
Anonymous were hesltant to cooperate in a blological
experiment although they were more than willing to
submit to a personality evaluation. One doctor,
with access to a large number of alcoholies, refused
to cooperate because the 1dea of a genetic basis of

alcoholism was "absurd."
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The results of the PTC taste sensitivity test
on the control group demonstrated the validity of
the method used. It 1s felt that the spraylng of
solutions directly into the mouth yields more accu-=
rate results since the effects of olfaction have

been essentially removed.

The finding that there was no significant
difference between alcoholics and controls with
respect to PTC tasting ability suggests that these

tralts are not linked genetically.

It was not possible to determine if a relation-
ship exists between smoking and alcoholism. It is
the writer's belief that any association which exists
is one between smoking and drinking. This was indi-
cated by the observation that there was not an ex-
cessive amount of smoking among the alcoholics tested
or other alcoholics observed in the hospital ward. It
will be noted that only 9 of the 13 subjects were
current cigarette smokers. During the course of the
interviews it was noted that most of the subjects
claimed to smoke more while they were drinking. The
large amount of smoking observed at Alcoholics

Anonymous meetings could most likely be attributed
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to substitution of smoking for drinking, the extent of
the former increasing after alcohol withdrawal. This
latter hypothesis would have to be tested by inter=
viewing alcoholics who have stopped drinking.

The results wlth respect to smoking and PTC are
as reported in the literature, namely a deecrease in
taste sensitivity among smokers. In a review of the
literature (25) it was found that several studies
had ylelded the same results, but in each case the
differences had been insignificant. As noted in the
results of the present study, the data on smokers
were divided into two groups on the basis of number
of years smoking. It was found that the group which
had been smoking for an average of 2.3 years were
less sensitive tasters than the group which had been
smoking for an average of 20 years. This suggests
that prolonged effects of smoking are not an important

factor in diminishing taste sensitivity.

The results with respect to brand of cigarettes
smoked did not substantiate the association between
alcoholism and the smoking of mentholated cligarettes.
It was not possible to disprove this relationship

due to the small sample size.
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Differences were noted with respect to hand
clasping among alcoholies as compared to non=alco=
holics. There was an excess of type R; however the

differences were not statistically significant,

The association between PTC non=tasting and type
L hand clasping in smokers is statistically signifi-
cant and suggestive of linkage. The wrliter is hesitant
to claim that linkage does in fact exist; since as
pointed out previously, the chances of selecting two
traits and finding linkage between them is improbable.
It 1s possible that this finding is merely an artifact
due to the small size of the sample. Furthermore,
it is not certain that handfclasping is under genetic
control, although there is some evidence for this
hypothesis (85, 86, Appendix I)., It is possible,
however, that the above finding is indicative of
linkage between genes predisposing to smoking, PTC
taste sensitivity, and hand clasping. PFurther studies
will be necessary to determine the implication of
these results. The fact remains that the results

are highly significant.

It will be noted that in all the data dealing
with smoking the writer has eliminated the subjects
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who smoke less than ten clgarettes per day and also
the former smokers regardless of how long they had
smoked and the extent of their habits. It would be
desirable to have a separate group for light smokers
and another one for former smokers;.however the number
of subjects in these categories was too small to be
analyzed., While it 1s not known for certain that
there are differences between smokers and former
smokers the possiblility exists that one who has
stopped smoking i1s not as dependent on cigarettes

as one who has not. Of course there is no way of
determining how many of the current smokers will have
stopped smoking by next year, and this infroduces
another varlable into the data. However the investi-
gator believed that whereas it was impossible to
determine "future-former-smokers" it was simple to
eliminate former smokers. Furthermore there were
only four of these former smokers in the entire

Study.

Another consideration with respect to the
association between smoking, PTC non-tasting, and
type L hand clasp exists and should be mentioned.
It will be noted (Fig. 8) that three individuals

among the type R smokers have been classified as
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non-tasters. In the literature on hand clasping,
Puliki (30) has suggested that a small number of the
type L genotype manifest the R situation by virtue of
a phenocopy. This means that some of the individuals
classified as type R might be genotypically type L
and this might increase the significance of the
findings. This is merely a thought but it would be
interesting to test type R offspring from two type L

parents.

The significance of the findings of blood values
as compared with Williams' data is questionable.
It was noted that these blood values varied widely
among the alcoholics from high levels at admittance
to lower levels after abstinance. It is likely that
the differences observed in blood values were the
result of the temporary condition of the individual

and not inherently characteristic,

The results with respect to color blindmess
might prove to be the mpst significant., As stated
previously the reason for selectiqg this tralt was
to test the hypothesis that the predisposition to
alcoholism was sex=-linked. Two difficulties in the

present study make any conclusions with respect to
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color blindness impossible. First, and most impor=-
tant, 1s the size of the sample. It is possible to
deal with PTC tasting due to the gradient of results
obtained. With color blindness no such analysis is
possible. The second difficulty resides in the method
used to test color blindness. The Dvorine charts are
useful in obtaining some idea of an individual's color
perception, but for a research investigation more ac-=
curate methods are necessary. Thus, on the basls of
this study, it can only be stated that further work 1s
required in order to determine the relationship, 1if

any, between color blindness and alcoholism.

In conclusion, no evidence has been found sup-
porting the hypothesis of a genetlc basls for alco-
holism. No significant relationship has been found be=
tween alcoholism and PTC taste sensitivity or between
alcohollism and hand clasping. A relationship between
alcoholism and red-green color blindness has been
suggested. A significant relationship between PTC
non-tasting and type L hand clasping has been found
among individuals smoking ten cigarettes per day or

more. The possibility of linkage is thus suggested.
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SUMMARY

A review of the literature consisting of the
followlng toples has been presented:
a) The genetotrophlec concept.
b) PFrequency of alcoholism in families of
alcoholics.
og Analysis of famlly structure.
Assoclation of alcoholism with other dlseases,

¢ Twin studles on alcoholism,
; Alcoholism and blood groups

Miscellaneous studles relating to genetles
)

of alcoholism.
The genetlic basls of smoking.

d
£
g
h
The present study has investigated the relation=-
ships among smoking, alcohollsm, red-=green color-
blindness, phenylthiocarbamide (PTC) taste sensial
tivity, and hand clasping. The purpose was an
attempt to define linkage between any one or more
of the above tralts thus providing evidence for
the genetlc basls of alcohollsm.

A new method has been devised to test PIC taste
sensitivity. The technlgue, using a serles of
atomlzers, has been found successful.,

No significant relatlonship has been found between
PTC taste sensltivity and alcoholisme.

No significant relationship has been found between
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hand clasping and alcoholism.
A relationship between red-green color blindness
and alcoholism has been suggested, but further
study with a larger experimental group will be
necessary, |
The PTC taste sensitivity of smokers was found to
be lower, but not significantly lower, than non-
smokers.
A highly significant relationship has been shown
between PTC non=tasting and type I hand clasping
among smokers.
Family date on hand clasping is included (Appendix
I) which suggests that genetic factors are impor=
tant in determining this traite.



2.

3e

5.

6.

Te

9

10.

LITERATURE CITED

Achté, K. 1958. Korreloituvatko ABO=veriryhmit
Ja alkoholismi. Duodecim, Helsinki 74:20-=22,

Alcoholism Research Foundation of Ontario. 1960.
Reference notes on alcohol problems. Toronto,
Canada. 47 ppe.

Altshuler, K. Z2. 1957. Genetic elements in
schizophrenia. Eugenics Quart. 4:92=8,

Alvarez, W. C. 1956. The medical complaints of
the relatives of the psychotic, the alcoholic,
and the epileptic. Eugenics Quart. 3:143=7.

Amark, C. 1951, A study 1n alcoholism. Clinical,
soclal=psychlatric and genetic lnvestigations.
Acta psychiat. 1951 suppl. 70.

Anonymous, 1958. Aetiology of chronic alcoholism
(Any Questions?). Brit. Med. J. 131015.

Arvola, A and Forsander, 0. 1961. Comparison
between water and alcohol consumption in six
animal species 1n free cholce experiments.
Nature 191:819=20.

Bakan, D. 1949, The relationship between alco-
holism and birth rank. Quart. J. Stud. Alc.
103434=40,

Barlow, G. and Wooten, R. L. 1959. Electrolyte
alterations in human plasma and erythrocytes
assoclated with chronic alcoholism. Proc. Soce.
Exp. Biol. 101344<6,

Beerstecher, E., Reed, J. G., Brown, W. D.,

Berry, L. Je¢ 1951, XII. The effects of single
vitamin defliciencies on the consumption of
alcohol by white rats, W¥. Texas Pub. 5109.
Biochem. Institute Studies IV, Individual meta=
bolic patterns and human disease: An explora=
tory study utilizing predominantly chromato-
graphic methods.

105



106

ll. Berry, Re Go 1952. The role of alcohol in con=-
vulsive seizures., Epllepsia, Third series,
1l:21.

12. Blakeslee, A, F. 1932, Genetics of sensory
thresholdss:' Taste for Phenyl Thio Carbamide.
Proc. Nat. Acad. Sci. 183120=30.

13, Bleuler, M. 1955, Familial and personal back=
ground of chronic alcoholies. Ins Diethelm, O,
Etiology of chronic alcoholism. pp. 110=166.
Springfield Ill. Thomas, 1955. In: Classified
Abstract Archives of the Alcohol Literature
(cAAAT).

14, Book, Je. A. 1960. Genetical aspects of schizo-
phrenic psychoses. JIng The etlology of schizo=-
phrenia., ed. D. D. Jackson. Basic Books Ince.,
1960. 456 ppe.

15. Bourrat, M. L. 1941. Les accés/delirants chez les
alcooliques de la seconda génération. Lyon Med.
166:729-32., In: Bio. Abstracts 17:1359.

l16. Brown, K. E. and Campbell, A. H, 1961. Tobacco,
alcohol, and tuberculosis. Brit. J. Dis.
Chest 55:150-8.

17. Cartwright, A., Martin, F. M., and Thomson, J. G.
1959. Distribution and development of smoking
habits. ILancet 2:725=27.

18. Christiaens, L., Mizon, J. P., and Delmarleg, G.
1960, Sur la desendance des alcooliques. Ann,
Pediat. (Sem. Hosp.) 36:37-42. In: Quart. J.
Stud. Ale. 22:675 (abstract).

19. Cohen, B. H., and Thomas, C. B. 1962. Comparison
of smokers and non=smokers. II., The distri-
bution of ABO and Rh(D) blood groups. Bull.
Johns Hopkins Hosp. 110:1=7.

20, Dvorine, I. 1944. Dvorine color perception testing
charts. Waverly Press, Baltimore, Maryland.

2l. PFisher, R. A. 1958, Cancer and Smoking. Nature
182:596.



22,

23.

24,

25.

26,

27«

28,

29.

30.

31.

107

Fischer, R., Griffin, F., England, S. and
Pasamanick. 196la. Blochemlical-genetic factors
of taste-polymorphism and thelr reiation to
salivary thyroid metabollism in health and

mental retardation. Med. Exp. 43356<66.

Pischer, R. and Griffin, F. 1961b. "Taste=
blindness" and variations in taste=threshold
in relation to thyroid metabolism. J. Neuro=-
psychiat. 3:98-104,

Forsander, 0., Kohnen, J., and Suomalainen, H,
1958, Physiological alcohol consumption.
Quart. J. Stud. Alc. 19:379-387.

Freire-Maia, A. and Quelce-Salgado, A. 1960.
Taste sensitivity to PTC in samples from three
Brazilian populations., Ann, Hum. Genet.
24:97-101.

Preire-Maia, A., Freire-Maia, N., and Quelce=-

Salgado, A. 1960. Genetic analysis in Russian
immigrants: PTC sensitivity, finger prints,
color vision, hand clasping, and arm folding.
Am. Jo Phys. Anthro. 18:235-400

Freire-Mala, A, 1961. Twin data on hand clas=-
ping: A reanalysis. Acta Geneticae Medicae
et Gemellologiae 10:207-11l.

Priverg, L., Kaij, L., and Dencker, S. J. 1959.
Smoking habits of monozygotic and dizygotic
twins. Brit. Med. J. 5129:1090=2,

Pruton, J. S. and Simmonds, S. 1960, General
biochemistry. John Wiley & Sons, Inc., N. Y.
2nd edition. vi + 1077 ppe.

FPujiki, Ko 1960, (The genetical mechanism of
hand clasping). Japanese Journal of Genetics
25:238=46, In: Bio. Abstracts 36:9537.

Gibbens, R. Jo 1954, Alcoholism in Ontario : A
survey of an Ontario county. Quart. J. Stud.
Alc. 15:47-620



108

32. Greenberg, L. Ae¢ 1957. Is alcoholism inherited?-
Inventory, N. C. (No. 2):13-17. In: Quart. J.
Stud. Alc. 19:346 (abstract).

33. Greenberg, L. A. and Lester, D. 1957. Vitamin
deficiency and the etiology of alcoholism.
Ins: Alcoholism: Basic aspects and treatment.
AAAS, Washington, D. C. ed. He E. Himwich.
viii-212pp.

34, Gregory, I. 1960. PFamily data concerning the
hypothesls of hereditary predisposition toward—
alcoholism. J. Mental Sci. 10631068=73.

35. Hagnell, O, and Wretmark, G. 1957. J. Psychosom.
Res., 2:35. In: Bowman, K. M. 1958, Alco=-
holism and geriatrics., Am. J. Psychiat.

14 H 621-3 °

36, Hall, A. R. and Blakeslee, A. F. 1945. Effect
of smoking on taste thresholds for phenyl-
thio-carbamide (PTC). Proc. Nat. Acad. Sci.
31:390=6.

37 Harris, H. and Kalmus, He 1949, The measurement
of taste sensitivity to Phenylthiourea (PTC).
Ann, Eugen. 15:24-31.

38, Heath, R. G. and Leach, B. E. 1957. Pharmacolo=
gilcal and biological therapy in schizophrenia,
A paper presented at the 118th annual meeting
of the American Psychiatric Association.
Chicago, May 13-17, -1957.

39. Heath, R. Ge 1960. 5. A biochemical hypothesis
on the etiology of schizophrenia., In: The
etiology of Schizophrenia., Basic Books, Inc.
ed. D. D, Jackson.,

40. Heath, R. G., Martens, S., Leach, B. E., Cohen, M.,
and Feigley, Co A. 1958. Behavioral changes in
nonpsychotic volunteers followlng the adminis=
tration of taraxein, the substance obtalined
from the serum of schizophrenic patients.
Am. J. Psychiat. 114:917-19.

41, Heuyer, Go., Mises, Re., and Dereux, J. F. 1957,
La decendance des alcooliques. Pr. Med. 653657=8.
In: Quart. J. Stud. Alc. 193530 (abstract).



109

42, Hoyme, L. E. 1955. Genetics, physiology, and
PTC. J. Hertdity 36:167=T75.

43, Hyde, Re W. and Chisholdm R. M. 1944. The
relation of mental disorders to race and
nationality. N. Engl. J. Med. 231:612-18,
In: Gates, R, R. 1946. Human Genetics.
Mecmillan Co., No Y.

44, Jackson, D. D. 1960. A critique of the litera-
ture on the genetics of schizophrenia., Ins
The etiology of schizophrenia. ed. D. D.
Jackson., Basic Books Ince.

45, Jager, B. V. and King, T. 1955. Hereditary
tremor. AMA Arch., Intern. Med. 95:788-93,
In: CAAATL,

46, Jellinek, E. M. 1946, Heredity of the alcoholic.
In: Alcohol, science, and socliety. Yale U,
Lab. of Appl. Physiol.

47, Kaij, L. 1957. Drinking habits in twins. Acta
Genetica et Statistica Medica 7:437-41,

48, Kai), L. 1960. Alcoholism in twins: Studies
on the etlology and sequels of abuse of alco=~
hol. Stockholm, Almqvist and Wiksell. 144 ppe.

49, Kastler=Maitron and Burckard, E. 1955. Quelques
considerations sur 1'alcoolisime chronique
chez la femme (Some considerations on chronic
alcoholism in women). Cah, Psychiat. 10:31=44,
In: Quart. J. Stud. Alc. 18:515-6 (abstract).

50. Keeley, L. E. 1896. The non-heredity of inebrity.
Se Ce Griggs and Co., Chicago.

51. Keller, M, and Efron, V. 1955. The prevalence of
alcoholism. Quart. J. Stud. Alc. 16:619-44,

52. Keller, M. and Efron, ¥. 1958. The rate of
alcoholism in the U. S, A. : 1954-1956.
Quart. J. Stud. Alc. 18:316-19,

53. Keller, M. 1960. Definition of alcoholism. ‘Quarte.
Je Stud. Alc. 21:125-34,



110

54. Kelly, N. L. 1954. Alcoholism and social ex-
perience: An exploratory analysis of the soclal
histories of 250 alcoholics. Institute for
Research in Social Science. The U, North
Oarolina, Chapel Hill. 64 pp.

55¢ Kroon, He He 1924, Die erblichkeit der trunk-
sucht in der familie X, Genetica 6:391-400.
In: Gates, Re R. 1946, Human genetics.
Macmillan Co., N. Y.

56. Krut, L. H., Perrin, M. J., and Bronte-Stewart, B.
1961, Taste perception in smokers and non=-
smokers. Brit. Med. J. 5223:384=7.

57. Leguebe, A, 1960, A Phenylthio=-carbamide test.
Nature 186:970.

58, Lemere, F.,, Voegtlin, W. L., Broz, W. R.,
O0'Hallaren, P., and Tupper, W. B. 1943, Heredity —
as an etlologic factor in chronic alcoholism.
In: Alcoholism..e.Collected papers of the
Shadel Sanitarium. Vole. 1, 1943, Reprinted
from Northwest Medicine. Seattle, Vol. %2,
p. 110, 1943,

59. Lemere, F.,, O'Hollaren, P. and Maxwell, M., 1955.
Sex ratio of alcoholic patients treated over a
20-year period. Quart. J. Stud. Alc. 16:437=42,

60. Lennox, We Ge 1951« The heredity of epilepsy
as told by the relatives and twins. JAMA
146:529-36,

6l. Lennox, We Go¢ 1959, Epilepsy. In: A textbook
of medicine, ed, He L. Cecil and R. F. Loeb.
W. B. Saunders Co., London, 10th ed. 1959.

62. Lester, D. and Greenberg, L. A. 1952, Nutrition
and the etiology of alecoholism. The effects
of sucrose, saccarin, and fat on the self=-
selection of ethyl alcohol by rats. Quart.

Jo Stud. Alc. 13:553-600

63 Maia, A, F, 1960. Smoking and PTC sensitivitye.
Ann. Hum. Geneto 24:333-410



64.

65.

66.

67

68.

69.

T0.

T1l.

T2

T3

T4

-

L1

Mardones, J. 1954, Metabolic and nutritional
patterns in alcoholism. N. Yo Acade. Sci.’
Ann, 57:788=93.

Martensen-Larsen, O, 1957. The family constella-
tion analysis and alcoholism., Acta Genetica
et Statistica Medica T3441-4,

Maxwell, M. A., Lemere, F., and 0'Hollaren, P.
1958. Ohanging characteristics of private=
hospital alcoholic patients: A twenty=year
time-trend analysis. Quart. J. Stud. Alc.
19:309-15,

McArthur, C., Waldron, E., and Dickinson, Je.
1958, The psychology of smoking. J. Abnorm.
Psychol. 56:267=75.

McClearn, G. E. and Rogers, D. A. 1959. Differ-
ence in alcohol preference among inbred strains
of mice. Quart. J. Stud. Alc. 20:691=5.

McClearn, G. E. and :Rogers, D. A. 1961l. Genetic
factors in alcohol preference of laboratory
mice. J. Comp. Physiol. Psych. 54:116=9.

McCord, We, McCord, J., and Gudeman, J.-1959.
Some current theories of alcoholism: A longl-
tudinal evaluation., Quart. J. Stud. Alec,

20 H 727"49 °

McCord, We, McCord, Je, and Gudeman, J. 1960,
Some current theorles of alcoholism. Ohapter 2,
Pp. 22-44, Stanford, Calif., Stanford U.

Press, 1960. Ing CAAATL,

Mickelsen, 0. 1955. Nutrition and alcoholism:
A review. J. Amer., Dietetic Assoc. 313570=5.

Navratil, L. 1956. Alkoholismus und gerburten-
nummer. 2Zur frage der "konstitution des
letzen kindes.," Wien. klin. wschr. 68:158=60.
In: CAAAL.

Navratil, L. 1959. On the etiology of alcoholism.
Quarto Jo Studo Alco 203236-440



5.

76.

T

78.

79.

80.

81.

82,

83.

84.

85.

Nordmo, S. H. 1959,

112

Blood groups in schizo-=
phrenia, alcoholism, and mental deficiency.
Am. Jo PSYChiat. 1163460‘*’1.

Olson, R. E., Gursey, D. and Vester, J. W. 1960,
Evidence for a defect in tryptophan metabolism

in chronic alcoholism.

263 3 1169-74 °

Parnell, R. W. 1955.
alcohol consumption,

Physique and

New England J. Med.

individual

International J. on
Alcohol and Alcoholish 13127=33.

Pons, J . 1955. Taste sensitivity to phenyl-

thiourea in Spaniards.

Hum. Biol., 273153,

Popham, R. E. 1953. A critique of the geneto-
trophic theory of the etiology of alcoholism,

Quart. J. Stud. Alc.

145228-37,

Proust, C. T., Strongin, E. I., and White, M. A.
1950, A study of results in hospital treat=
ment of alcoholism in males. Am.

107314=19.

Raaschou-=Nielsen, E. 1960.

twins. Danish Med.

Reed, J. G. 1951. XV. A study of alcohol consump=

Bull [ 7382"’80

J. Psychiat.

Smoking habits in

tion and amino acid excretion patterns of rats

of different inbred

strains. U,

Texas Pub.

5109, Biochemical Institute Studies IV,

Individual metabolic patterns and human disease:

An exploratory study involving predominantly
chromatographic methods.

Reed J. M., Felsing, B., Lansford, E. M., Trubey, R.

and Shive, W. 1955. Reversal of alcohol toxicity

by glutamine. J. Biol. Chem. 214:497=501.

Reed, Lester, J. 1957.

The chemistry and function

of lipoic acid. In: Advances in enzymology.
XVIII. Ed. F. F. Nord. pp. 319=347.

Rice, T. B. and Harger,

R. N. 1952,

Alcohol and

heredity. Ins Effects of alcoholic drinks,
tobacco, sedatives, and marcotics. Wheeler

Pub. Co., Chicago.

viii + 312,



86,

87.

88.

89,

90.

91.

92.

93.

94.

95.

13D

Richter, C. and Campbell, K. H. 1940. Alcohol
taste thresholds and concentration of solu-
tions preferred by rats. Science 91:507-8.

Richter, C. P. 1957. Loss of appetite for alco-
hol and alcoholic beverages produced in rats
by treatment with thyroid preparations. In:
Alcoholism: Basic aspects.and treatment.
AAAS, Washington, D. C. Ed. H. E. Himwich.
212 pp.

Roch, G, 1925. Die verebung der sogenannten
angebornenen huftverrenkung. Arch. F. Russ.
U. Ges, Biol, 173241-55. Iu: Gates, R. R,
1946, Human genetics. Macmillan Co., N. Y,

Roe, A. 1946, Children of alcoholic parents
raised 1n foster homes. In: Alcohol, science,
and soclety. Yale U. Lab., Appl. Physiol.

Rogers, L. L., Pelton, R. B., and Williams, R. J.
1955. Voluntary alcohol consumption by rats
following administration of glutamine. J.
Biol. Chem. 214:503

Rogers, L. L. and Pelton, R. B. 1957. Glutamine
in the treatment of alcoholism. Quart. J.
Stud. Alc. 18:581=-7.

Rogers, D. A, and McClearn, G. E. 1962. Mouse
strain differences in preference for various
concentrations of alcohol. Quart. J. Stud.
Alc ° 23 : 26-330

Rosenthal, D. 1959. Some factors associated
with concordance and discordance with respect
to schizophrenia. J. Nerv. Ment. Dis.
129:1-10.

Roussel, J. M. 1960. Alcoholism, the tobacco
habit and drug addiction. Union medicale du
Canada 89:489-92,

Salmon, T. N. and Blakeslee, A. F. 1935.
Genetics of sensory thresholds: Variations
within single individuals in taste sensitivity
for PIC. Proc. Nat., Acad. Sci. 21:78«83.



96.

97.

98.

99.

100.

101.

102,

103.

104,

105.

106.

114

Sherfey, M. J. 1955. Psychopathology and charac=
ter structure in chronic alcoholism. In:
Diethelm, O. (ed.) Etiology of chronic alco=
holiem. pp. 16=42, Ins Quart. J., Stud. Alc.
172521 (abstract).

Simon, W. and Lucero, R. J. 1960. Consumption
of mentholated cigarettes .by alcoholics.
Diseases of the Nervous System 213213=14.

Stern, C. 1960. Principles of human genetics.
Freeman and Co., San Francisco. 2nd Edition.

pr. x + 753.

Thomas, C. B. and Cohen, B. H. 1960. Comparison
of smokers and non-=smokers. I. A preliminary
report on the ability to taste PTC. Bull.
Johns Hopkins Hosp. 1063205<14.

Trulson, M. F., Fleming, R., and Stare, F. Jo
1954, Vitamin medication in alcoholism.,.
JAMA 155:114<9,

Vazire, Ho 1961. The incidence of oligophrenia,
psychopathia, and alcoholism in 79 families of
schizophrenics. Schwelz., Arch. Neurol.
Psychiat. 87:160=TT.

Wagner, R. P. and Mitchell, H. K. 1955. Genetics
and metabolism. John Wiley and Sons, Inc.,
N. Y. 444 pp.

Wahl, C. We 1956. Some antecedent factors in
the family historlies of 109 alcoholics. Quart.
Je. Stud. Alc. 17:643=54,

Wexberg, L. E. 1950. A critique of physio=
pathological theories of the etlology of
alcoholism. Quart. J. Stud. Alc. 113113=8.

Williams, R. J. 1947. The etiology of alcoholism.
A working hypothesis involving the interplay
of heredity and environment. Quart. J.
Studo Alc. 73 567“‘87.

_» Berry, L. J., and Beerstecher, E.

1949a., Individual metabolic patterns, .alco-
holism, genetotrophic diseases. Proc. Nat,
Acado SCio 353265"71.



115
107.

and
i§§§b4__BinchemIcal individuality 111. _aenetoa
trophic factors in the etiology of alcoholisme.

Arch., Biochem., 23:275«90,

108. . 1950a. Nutrition and alcoholism. -~
U. of Oklahoma Press, Norman. x + 82 pp.

109. - _» Beerstecher, E., and Berry, L. J.
1950b. The concept of genetotrophic disease.
Lancet 258:286-9.

1l10. e 1951, I. Introduction, general
discussion and tentative conclusions. U,
Texas Pube. 5109. Bilochemical Institute
Studies IV. Individual metabolic patterns and
human disease: An exploratory study utilizing
predominantly paper chromatographic methods,

il ; e 1954, The genetotrophic concepts
Nutritional deficiencies and alcoholism. N. Y.
Acad. Sci. Ann. 57:794-811.

112, ; _», Beerstecher, E.,, and Berry, L. J.
1955a. The concept of genetotrophic disease,
Chapter IV. In: Managements of addictionms.
Ed., E. Podolsky. Philosophical Library Inc.,
N. Y.

1135, - _y Pelton, R. B. and Rogers, L. L.
1955b. Dietary deficiencies in. animals in
relation to voluntary alcohol and sugar
consumption. Quart. J. Stud. Alc. 16$234=43,

114, e 1956. Biochemical individualitys
The basis for the genetotrophic concept.
John Wiley & Sons Inc., Ne Yo, 1956,

115, b s and

3 . "1957. TdentiTieation of blood
characteristics common to alcoholic males.
Science 126:1257.

1160 4 — Pelto 9 R. Bo’ Hakkinen’ H. Moqg and
ﬁogers, L. L. 1958, Identification of blood
characteristics common to alcoholic males.,
Proc. Nate. Acad. Sci. 44:216-22,




117.

118,

119.

120.

116
.. 1959a, Individuality of amino

acid needs. In: Protein and amino acid nutri-

tion. Ed. A, A. Albanese, Academic Press,
N. Y.

e 1959b, Alcoholism¢ The nutritional

approach. University of Texas Press, Austin.

Wortis, J. B. 1959. Addictions. In: Cecil, R. L.
and Loeb, R. F. (ed.) A textbook of medicine.
W. B. Saunders Co., Philadelphia. 10th edition.

P. 1620,

Zarrow, M. X., Aduss, H., and Denison, M. E. 1960,
Failure of the endocrine system to influence
alcohol choice in rats. Quart. J. Stud.

Alc. 213400=-=12,



APPENDIX I

Genetic Data on Hand Clasping

The following data were collected in order to
determine if hand clasping is under genetic control.
Two possibilities exist with respect to clasping the
hands; the fingers of the right hand may be placed
over the fingers of the left hand with the right
thumb uppermost (type R); or the reverse situation
with the left thumb on top (type L).

The results were obtained from college students
at Western Michigan University. The students were
requested to report their hand clasping types and
those of thelr families., The analysis is based on
a total of 90 individuals, the 47 offspring of

22 matings.

The four possible mating types (2 X &) along with
the number of each type in the present sample were
6(R X R), 8(RX L), 3(L X R), and 5(L X L). There
were no significant differences among the four
mating types (X2 = 2,36, p = .70) and for this reason
types R X L and L X R can be considered together as

comprising the heterogeneous mating type.

%y
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The breakdown of results with respect to hand

clasping type as well as to sex is shown in Table 8.

Table 8, Hand_ clasping Types,

Number  Number “Total
Type Male Fepale No,
Type R 22 25 47 52,22
Type L 23 20 43 47,78

Analysis showed no statistically significant differences
between males and females with respect to hand clas-
ping type (X2 = .10, p = 703 X2 = .21, p = .70 for

types R and L respectively).

The pooled data (52.22 per cent R, 47.78 per cent
L) do not differ significantly from the data reported
by Freire-Maia, et al. (26), (X2 = 2.09, p = o15).

The genetic nature of the tralt is suggested by
the results shown in the table belowe.

Table 9. Frequency of Type L Individuals Resulting
from the Three Mati Type

Number of Per cent of
e g L Offspring' L Offsprin
RXR 2 18.2
RXL 9 52.9
LXL 10 83.3
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The foregolng results are highly significant (X2 =
11.33, p>.005).

Fujiki (30) has suggested that the "homozygous
dominants, heterozygotes, and a par@ of the homozygous
recessives (the genotype of the L-situation) manifest
the R-situation by a phenocopy." The present results
are consistent with Fujiki's proposal as well as
with the suggestion by Freire=Maia, et al.(27),
whereby RR would be expressed as type R, rr as type L,
and the heterozygotes would clasp thelr hands indif-
ferently. Regardless of the type of inheritance,
the present results suggest the existence of genetic

factors in the control of hand clasping.
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APPENDIX II

QUESTIONNAIRE (Control group)

l. Code No. .
2. Age .
3¢ Check: Male. _Female.
4, If you have never smoked check here and skip
to question 10.
5. Check appropriate statement:
I now smoke .
I used to smoke but no longer do _e
6. I smoke (smoked):
5 cigarettes a day or less .
10 cigarettes a day or less °
20 cigarettes a day or less .
30 cigarettes a day or less .
over 30 gigarettes a day o
If you smoke (smoked) a pipe or cigar, please
estimate daily usage °
7. I have been smoking (had smoked) for _ Years,
8. Check: Are you a "compulsive" smoker or a
"easual® smoker .
9. If you smoke (smoked) one or two particular brands
of cigarettes please indicate which brand{s).
10, If you do not take vitamin pills regularly check
here .
11. I have been taking (indicate brand
name or type) for years.
tt : e Clasp o« misce.




1.

3e
4.

5e

6o

Te
8e

9.

10.

11.

12.

13.
14,

tt

121
QUESTIONNAIRE (Experimental group)

Code Noe. .

Age °

Check: Male, Female,

If you have never smoked check here _ and sklp
to question 11. )

Check appropriate statement:
I now smoke o I used to smoke but no
longer do ;-

I smoke (smoked):

5 cigarettes
10 cigarettes
20 cigarettes day or less
30 clgarettes day or less
more than 30 clgarettes a day —
If you smoke (smoked) a pipe or ecigar please
estimate dally usage o

day or less
day or less

o oE

I have been smoking (had smoked) for yearse.

Check: Are you a "compulsive" smoker _ora
"easual" smoker #

If you smoke (smoked) one or two particular brands
of eclgarettes please indicate which brand(s).

If you started smoking before drinking became a
problem, or at about the same time you started
drinking check here e If you have only been
smoking since you®ve stopped drinking check here °

My preference was:

Beer, Wine. Distilled
spirits
I drank for _____ years, I have not had a drink for

(please specify time).

If you do not take vitamin pills regularly check ______.

I have been taking (indicate brand
or type) for _____ Jears,

. CB/+ o Clasp __ o Misc.
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