
Philadelphia, Detroit, Boston, San Fran- 
cisco-Oakland, Pittsburgh, St. Louis, 
Cleveland, Washington, Baltimore, Min- 
neapolis-St. Paul, and Buffalo, plus 15 
million persons more. 

For me, these are sobering if not stag- 
gering figures. When against this back- 
drop one reviews the problem, implica- 
tions that I have tried to outline as 
well as others, both economic and non- 
economic in character, that might be 
added, and considers how ill prepared 
we in this predominantly urban nation 
are to deal with them intelligently and 
in time, he may be pardoned if he con- 
cludes that this country has a few things 
to worry about besides the Sputniks. The 
metropolitan outlook is grave, in my 
opinion, not because its problems are 
impregnable, but because our poor 
preparation for dealing with them is 
found on so many fronts-in basic un- 
derstanding of the problems themselves, 
in governmental and private institu- 
tional means for deciding on policies 
and pressing forward with them, and 
in public appreciation of the scale and 
seriousness of the issues. 

In the lifetimes of most of us, not 
only the face but also the physique of 
urban America is going to be changed 
-radically changed. In my opinion 
we simply cannot afford to muddle 
along as we are now doing-building 
a parking garage here or there, trans- 
ferring a bankrupt transit company to 
public ownership, tearing down a few 
blocks of old houses, hiring another 
junior planner or two when we can find 
them, nursing our petty, parochial preju- 
dices, whether in central city or suburb, 
trying to decide if we should not raise 
the dog license fee a dollar to keep our 
local government out of the clutches of 
that evil foreign octopus that is head- 
quartered in Washington, and tentatively 
suggesting that maybe it is about time 
to begin to think about setting up a 
metropolitan planning body or a special 
authority responsible for both water sup- 
ply and sewage disposal. If we continue 
in this vein, well before 1975 we will 
have lost one of the finest opportunities 
any generation of Americans ever had: 
the opportunity to make our rapidly 
growing urban localities into things of 

economy, beauty, and livability, appro- 
priate settings for metropolitan commu- 
nities that we and our children can live 
in and take part in with pride. 
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Biochemical Theories 

of Schizophrenia 
Part II of a two-part critical review of current 

theories and of the evidence used to support them. 

Seymour S. Kety 

In part I of this article [Science, 129, 
1528 (1959) ], an attempt wasmade to dis- 
cuss the possible sources of error peculiar 
to biological research in schizophrenia, 
including the possible heterogeneity of 
that symptom complex and the presence 
of certain biological features-such as 
adventitious disease, nutritional deficien- 
cies, disturbances associated with abnor- 
mal motor or emotional states, and 
changes brought about by treatment, all 
of which may be said to result from the 
disease or from its current management 

rather than to Ibe factors in its genesis. 
The difficulty of avoiding subjective bias 
was emphasized. Some of the hypotheses 
relating to oxygen, carbohydrate, and 
energy metabolism, to amino acid me- 
tabolism, and to epinephrine were pre- 
sented, and the existing evidence rele- 
vant to them was discussed. Among the 
recent or current concepts there remain 
to be discussed those concerned with 
ceruloplasmin, with serotonin, and with 
the general genetic aspects of schizo- 
phrenic disorders. 

Ceruloplasmin and Taraxein 

The rise and fall of interest in cerulo- 
plasmin as a biochemical factor signifi- 
cantly related to schizophrenia is one of 
the briefest, if not one of the most en- 
lightening, chapters in the history of bio- 
logical psychiatry. The upsurge of inter- 
est can be ascribed to a report that a 
young Swedish biochemist had discov- 
ered a new test for schizophrenia. The 
test depended upon the oxidation of 
N,N-dimethyl-p-phenylenediamine by 
ceruloplasmin (1, 2). It is difficult to 
understand the exaggerated interest 
which this report aroused, since Holm- 
berg and Laurell (3) had demonstrated 
previously that ceruloplasmin was capa- 
ble of oxidizing a number of substances, 
including phenylenediamine and epi- 
nephrine, and Leach and Heath (4) had 
already published a procedure based on 
epinephrine oxidation which was equally 
valid as a means of distinguishing schizo- 
phrenics from normal subjects and had 
identified the oxidizing substance as 
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ceruloplasmin (5). All of these obser- 
vations were compatible with earlier re- 
ports in the German literature (6) of an 
increase in serum copper in schizophre- 
nia and with the demonstration that 
practically all of the serum copper was 
in the form of ceruloplasmin and that 
the levels of this compound in blood 
were elevated during pregnancy and in 
a large number of diseases (7, 8). There 
had even been preliminary observations 
of an increase in blood ceruloplasmin in 
schizophrenia (8). Following the an- 
nouncement of the Akerfeldt test, how- 
ever, interest in copper and ceruloplas- 
min rose, and very soon a number of 
investigators reported this reaction, or 
some modification of it, to be positive 
in a high percentage of schizophrenics 
(2, 9), although as a diagnostic test the 
Akerfeldt procedure was discredited be- 
cause of the large number of diseases, 
besides schizophrenia, in which the re- 
sults were positive. Both Akerfeldt and 
Heath recognized that ascorbic acid 
could inhibit the oxidation of phenyl- 
enediamine and of epinephrine, respec- 
tively, but neither felt that this was cru- 
cial to his findings, since each had 
satisfied himself that the feeding of large 
doses of ascorbic acid to the patients had 
not influenced the respective reactions 
(2). In addition, Abood (9), who used a 
modification of the Akerfeldt procedure 
which was not affected by ascorbic acid, 
was able to obtain a positive reaction in- 
dicating abnormally high ceruloplasmin 
levels in two-thirds of the more than 250 
schizophrenics he had examined. 

In the past 18 months there has been 
a remarkable decline in the interest in, 
and the reported levels of, ceruloplasmin 
in schizophrenia. In May of 1957, 
McDonald (10) reported his findings on 
three groups of schizophrenics, one group 
from the wards of the National Institute 
of Mental Health, where the patients 
had been maintained on a more than 
adequate diet, and two groups from state 
hospitals. He performed the Akerfeldt 
test and the Abood modification of it, 
as well as independent tests to measure 
ascorbic acid and copper, on these groups 
and on three groups of controls. In none 
of the schizophrenic groups was there an 
increase in serum copper or other evi- 
dence of increase in ceruloplasmin. In 
the state-hospital patients and one group 
of controls, however, ascorbic acid levels 
were low and the results of Akerfeldt 
tests were positive, whereas in schizo- 
phrenic patients from the National In- 
stitute of Mental Health, levels of as- 
corbic acid were normal and the results 

of Akerfeldt tests were negative. It was 
clear that a high ceruloplasmin level 
was not characteristic of schizophrenia 
and that a positive response to the Aker- 
feldt test, where it occurred, could be 
completely explained by a dietary in- 
sufficiency of ascorbic acid. 

In findings of the Tulane group, the 
mean values for serum copper in schizo- 
phrenia have decreased from a high of 
216 micrograms per 100 milliliters in 
1956 (5) to 145 micrograms per 100 
milliliters at the end of 1957 (4), mean 
normal values having remained at 122 
and 124 micrograms per 100 milliliters 
during the same period. Other groups 
have found slight differences or no dif- 
ferences at all with respect to blood lev- 
els of ceruloplasmin or copper between 
schizophrenic and normal subjects (11) 
and no support for the theory that the 
Akerfeldt test is a means of distinguish- 
ing between schizophrenic and non- 
schizophrenic patients (12). It is not 
clear why some schizophrenics appar- 
ently show an elevated level of cerulo- 
plasmin in the blood; among suggested 
explanations are dietary factors, hepatic 
damage, chronic infection, or the possi- 
bility that excitement tends to raise the 
level of ceruloplasmin in the blood, as 
preliminary experiments appear to in- 
dicate (13). 

Quite early in their studies, members 
of the Tulane group recognized that the 
potent oxidant effects of the serum of 
schizophrenics on epinephrine in vitro 
could not be satisfactorily explained by 
the ceruloplasmin levels alone (5). Be- 
fore they recognized the importance to 
this reaction of ascorbic acid deficiency 
(14), they had postulated the presence 
in the blood of schizophrenics of a quali- 
tatively different form of ceruloplasmin 
(5), which they proceeded to isolate 
and to test in monkey and man, and to 
which they have given the name taraxein 
(from the Greek root tarassein, meaning 
"to disturb"). They have reported that 
when certain batches of this material 
were tested in monkeys, marked be- 
havioral and electroencephalographic 
changes occurred. When samples of these 
active batches were injected intrave- 
nously at a rapid rate into carefully se- 
lected prisoner volunteers, all of the sub- 
jects developed symptoms which have 
been described as characteristic of schiz- 
ophrenia-disorganization and fragmen- 
tation of thought, autism, feelings of 
depersonalization, paranoid ideas, audi- 
tory hallucinations, and catatonic be- 
havior ( 15-17) . 

Demonstration of toxic materials in 

the blood and in the body fluids of 
schizophrenic patients is not new. The 
voluminous and inconclusive work of 
earlier investigators was well reviewed 
by Keup in 1954 (6). Since that time, 
many new reports have appeared, al- 
though there has been no extensive sub- 
stantiation of any of them. The results 
of one, on the toxicity of serum and 
urine of schizophrenic patients for the 
larvae of Xenopus laevis (18), were dis- 
puted by the laboratory in which the 
work was done (19). Edisen (20) was 
unable to demonstrate toxicity of such 
serum for the species of tadpole previ- 
ously used, or for other species and other 
genera. A report that serum from schizo- 
phrenic patients is toxic to cells in tissue 
culture (21) lost some of its significance 
when 1 year later the same laboratory 
reported that the sera of surgical pa- 
tients (22) was of comparable toxicity. 
Reports that injection of certain extracts 
of the urine of schizophrenic patients in- 
duces electroencephalographic and be- 
havioral changes in rats (23) or disturb- 
ances in web construction in spiders 
(24) have not yet received confirma- 
tion in the scientific literature. Such 
urine, however, has been reported to 
have no effect on the Siamese fighting 
fish, which is remarkably sensitive to 
certain hallucinogens (25). Contrary to 
earlier findings, a recent attempt to dem- 
onstrate behavioral changes in rats fol- 
lowing the injection of cerebrospinal 
fluid from catatonic patients was unsuc- 
cessful (26). A highly significant de- 
crease in rope-climbing speed in rats in- 
jected with sera from psychotic patients 
as opposed to sera from nonpsychotic 
controls has been reported by Winter 
and Flataker (27). Their later finding 
(28) that the phenomenon occurs with 
sera of patients with a wide variety of 
mental disorders, including mental re- 
tardation and alcoholism, and that there 
is a considerable variation in this index 
between similar groups at different hos- 
pitals, coupled with the inability of at 
least one other investigator (29) to dem- 
onstrate this phenomenon in the small 
group of schizophrenic patients under in- 
vestigation in this laboratory, suggests 
that the quite real and statistically sig- 
nificant phenomenon originally observed 
may be related to variables other than 
those specific for, or fundamental to, 
schizophrenia. More recently, Ghent and 
Freedman (29) have reported their in- 
ability to confirm the observations of 
Winter and Flataker. 

It has been reported that rabbits pre- 
treated with serum from schizophrenics 
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do not exhibit a pressor response follow- 
ing the local application of an epineph- 
rine solution to the cerebral cortex (30). 
No difference between the action of 
sera from normal subjects and that from 
schizophrenics was demonstrated by 
means of this procedure in tests of sera 
from a small number of individuals on 
our wards. 

The significance of all of these studies 
in animals, whether the studies are suc- 
cessful or unsuccessfuill in demonstrating 
a toxic factor in schizophrenia, is quite 
irrelevant to, and considerably dwarfed 
by, the implications of the taraxein 
studies. It is because of the tremendous 
implications which these results could 
have in the etiology and rational ther- 
apy of this important disorder that a 
reviewer must evaluate them with even 
more than the usual care. 

In the first place, the important bio- 
chemical phomena originally reported 
in schizophrenia-lowered blood levels 
of glutathione and rapid oxidation of 
epinephrine in vitro-which prompted 
the search for taraxein and directed work 
on its isolation toward the ceruloplas- 
min fraction of serum (15, 16, 17), have 
since been controverted by data reported 
by the same group, as well as by others 
and have been regarded by most work- 
ers as spurious or at least unrelated in 
any direct way to the schizophrenic proc- 
ess (14, 31). This, in itself, does not pre- 
clude the possible validity of the taraxein 
phenomenon, since bona fide discoveries 
have occasionally been made on the 
basis of erroneous leads; it does, how- 
ever, reduce the probability of its occur- 
rence from that involved in a logical in- 
terrelationship of sequential proven 
steps to the extremely small chance of 
selecting this particular and heretofore 
unknown substance from the thousands 
of substances which occur in blood and 
which might have been chosen. 

One attempt by Robins, Smith, and 
Lowe (32) to confirm the Tulane find- 
ings, in tests in which they used com- 
parable numbers and types of subjects 
and at least equally rigorous controls, 
was quite unsuccessful. -In 20 subjects 
who at different times received saline or 
extracts of blood from normal or schizo- 
phrenic donors, prepared according to 
the method for preparing taraxein, there 
were only five instances of mental or be- 
havioral disturbance' resembling those 
cited in the original report on taraxein, 
and these ocAcurred with equal frequency 
followVing the administration of saline, 
extracts of: normal plasma, or taraxein. 
It is easy to dismiss the negative findings 

with taraxein on the basis of the diffi- 
culty of reproducing exactly the 29 steps 
described in its preparation; it is con- 
siderabty moVre difficult to dismiss the 
observation that a few subjects who re- 
ceived only saline or normal blood ex- 
tract developed psychotic manifestations 
similar to those reported with taraxein. 

During the preliminary investigations 
it was stated, on the basis of unpublished 
studies (5), that taraxein was, qualita- 
tively different from ceruloplasmin. A 
physicochemical or other objective char- 
acterization of taraxein would do much 
to dispel some of the confusion regard- 
ing its nature. Is it possible, for exam- 
ple, that taraxein is, in fact, ceruloplas- 
min but ceruloplasmin that derives its 
special properties from the psychosocial 
characteristics of the situation in which 
it has been tested? This question was 
raised more than a year ago (33), and 
since then additional evidence has be- 
come available which tends to support 
it. This is a detailed report from a psy- 
choanalyst at Tulane of the experience 
of one of his patients who received 
taraxein (34). Even though a "double 
blind" procedure was said to have been 
used, there are enough possibilities for 
the operation of unconscious bias in this 
one case, if it is at all typical of the 
means used to demonstrate the psycho- 
tomimetic properties of taraxein, to 
raise some doubts concerning the valid- 
ity of these properties. The subject, a 
psychiatric resident, knew before the in- 
jection that he was to get either saline 
or a potent sample of taraxein which had 
made a monkey catatonic fdr several 
hours. Immediately following the injec- 
tion he noted venous distension, tachy- 
cardia, a swollen feeling of the head, 
and flushing of the head and face, which, 
a footnote explains, was probably a re- 
action to the ammonium sulfate in the 
taraxein solution. Following these symp- 
toms, which the subject could hardly 
have attributed to saline, there ensued a 
period of introspective cogitation, with 
occasional mild mental disturbances 
quite compatible with the anxiety-pro- 
ducing nature of the situation, with the 
preparation and cues which the subject 
had received, and with his anticipation 
of marked psychotic reactiongs and not 
necessarily symptomatic of a chemical 
toxin at all. The changes were not quali- 
tatively dissimilar to those which Robins 
and his associates had on a few occa- 
sions obtained with their control solu- 
tions (32). The report of the observer 
who injected the material was longer 
and mentioned more numerous and 

more bizarre subjective feelings than 
the subject himself reported. The ob- 
server's summary of the subject's reac- 
tions as bldcking of thought processes, 
autism, bodily estrangement, and suspi- 
ciousness seems incompletely supported 
by the subject's retrospective report. 

The possibility, remote as it may be, 
that the reported effects of taraxein are 
the result of a combination of sugges- 
tion, nonspecific toxic reactions from 
ammonium sulfate or other contami- 
nants, and reinforcement of these cues 
by the unconscious biases of subject and 
observer through the device of an un- 
structured interview, is one which has 
not been ruled out. Hypotheses related 
to the mechanism of action of this ma- 
terial have moved from concern with 
abnormalities in the blood to concern 
with abnormalities in the blood-brain 
bar'rier; but; the question of whether 
taraxein' acts as, a biological cause or as 
a mediator of some of the' symptoms of 
schizophrenia is by no means resolved. 
I have already mentioned the only at- 
tempt of which I am aware on the part 
of an independent group to confirm the 
original results in a controlled series of 
significant size, and that attempt was 
unsuccessful. 

Serotonin 

Serotonin, an important derivative of 
tryptophan, was first shown to exist in 
the brain in high concentration by Amin, 
Crawford, and Gaddum (35). Interest 
in its possible function in the central 
nervous system and speculation that it 
might even be related to schizophrenia 
were inspired by the finding that certain 
hallucinogens, notably lysergic acid di- 
ethylamide, could, in extremely low con- 
centration, block the effects of serotonin 
on smooth muscle. Thus, Woolley and 
Shaw in 1954 (36) wrote: "The demon- 
strated ability of such agents to antago- 
nize the action of serotonin in smooth 
muscle and the finding of serotonin in 
the brain suggest that the mental changes 
caused by the drugs are the result of a 
serotonin-deficiency which they induce 
in the brain. If this be true, then the 
naturally occurring mental disorders- 
for example, schizophrenia-which are 
mimicked by these drugs, may be pic- 
tured as being the result of a cerebral 
serotonin deficiency arising from a met- 
abolic failure. . .." Simultaneously, in 
England, Gaddum (37 ) was specula- 
ting, "it is possible that the HT in our 
brains plays an essential part in keeping 
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us sane and that the effect of LSD is 
due to its inhibitory action on the HT 
in the brain." Since that time additional 
evidence has appeared to strengthen 
these hypotheses. 

Levels of serotonin have been found 
to be considerably higher in the limbic 
system and other areas of the brain 
which appear to be associated with emo- 
tional states (38) than elsewhere. Bufo- 
tenin, or dimethyl serotonin, extracted 
from a hallucinogenic snuff of West In- 
dian tribes, was found to have some 
properties similar to those of lysergic 
acid dietliylamide (39). A major dis- 
covery was the finding that the ataractic 
agent, reserpine, causes a profound and 
persistent fall in the level of serotonin 
in the brain (40), a process which more 
closely parallels the mental effects of re- 
serpine than does its own concentration 
in the brain. By administration of the pre- 
cursor, 5-hydroxytryptophan, the levels 
of serotonin can be markedly elevated 
in the brain, with behavioral effects de- 
scribed as resembling those of lysergic 
acid diethylamide (41 ) -a finding quite 
at odds with the original hypothe- 
ses. On the other hand, administration 
of this precursor to mental patients, 
along with a benzyl analog of serotonin 
to block the peripheral effects of the 
amine, has been reported, in prelimi- 
nary trials, to suppress the disease (42), 
while confusion is compounded by the 
report that the benzyl analog alone is 
an effective tranquilizing drug in chron- 
ically psychotic patients (43). 

Still another bit of evidence support- 
ing the hypotheses of a central function 
for serotonin was the accidental discov- 
ery of toxic psychoses in a certain frac- 
tion of tuberculous patients treated with 
iproniazid (44, 45), which has led to the 
therapeutic use of this drug in psychic 
depression. It is known that iproniazid 
inhibits the action of monoamine oxi- 
dase, an enzyme which destroys sero- 
tonin, and it has been shown that ipro- 
niazid increases the levels of this amine 
in the brain (41). 

There are certain inconsistencies in 
the data cited above to support the sero- 
tonin hypotheses, and no single theory 
has been found to explain all of the 
findings, even though full use is made 
of the concept of "free" and "bound" 
forms and of the common pharmaco- 
logical principle of stimulant and de- 
pressant effects from the same drug un- 
der different circumstances. Moreover, 
certain weaknesses have appeared in 
each of the main supporting hypotheses, 
and these should be noted. 

Although the ability of the hallucino- 
gen lysergic acid diethylamide to block 
effects of serotonin on smooth muscle 
prompted the development of the hy- 
potheses relating serotonin to mental 
function or disease, a number of lysergic 
acid derivatives have since been studied, 
and the correlation between mental ef- 
fects and antiserotonin activity in the 
series as a whole is quite poor (46). One 
of these compounds is 2-bromo-lysergic 
acid diethylamide; this has 1.5 times the 
antiserotonin activity of lysergic acid di- 
ethylamide, and through this property, 
its presence in the brain, after systemic 
administration, can be demonstrated, but 
in doses more than 15 times as great it 
produces none of the mental effects of 
lysergic acid diethylamide (46). A re- 
cent report that, at least in one prepara- 
tion, lysergic acid diethylamide in low 
concentration behaves like serotonin and 
does iiot antagonize it (47) seems to 
reconcile some of the empirical incon- 
sistencies in the field, although it is 
quite at odds with the original hypothe- 
ses based on the antagonistic action of 
lysergic acid diethylamide. 

Levels of norepinephrine as well as sero- 
tonin are markedly lowered in the brain 
following administration of reserpine 
(48). In fact, the brain concentrations 
of these two amines follow each other 
so closely in their response to reserpine 
as to suggest some mechanism common 
to both and perhaps obtaining as well 
for other active amines in the brain. In 
one study, 3,4-dihydroxyphenylalanine, a 
precursor of norepinephrine, was capable 
of counteracting the behavioral effects 
of reserpine, whereas the precursor of 
serotonin was ineffective (49). More- 
over, the effects of iproniazid are not 
limited to brain serotonin; a comparable 
effect on norepinephrine has been re- 
ported (50), and it is possible that other 
amines or substances still to be discov- 
ered in the brain may be affected by 
what may be a nonspecific inhibitor of 
a relatively nonspecific enzyme. Of great 
interest in this connection are recent 
studies of Olds and Olds (51) indicating 
a positive behavioral response for ipro- 
niazid injected into the hypothalamus 
but not for serotonin or norepinephrine. 

Chlorpromazine, which has the same 
therapeutic efficacy as reserpine in dis- 
turbed behavior, is apparently able to 
achieve this action without any known 
effect on serotonin. In addition, the 
provocative observation that iproniazid, 
which elevates serotonin levels in the 
brain, can cause a toxic psychosis loses 
some of its impact when one realizes 

that isoniazid, which does not inhibit 
monoamine oxidase and can hardly raise 
the brain serotonin concentration, pro- 
duces a similar psychosis (45, 52). 

It seems reasonable to conclude that 
the serotonin as well as the norepi- 
nephrine in the brain have some im- 
portant functions there, and the evi- 
dence in general supports this thesis, 
even though it also suggests that their 
roles still remain to be defined. 

If the picture of the role which sero- 
tonin plays in central nervous function 
is blurred, the direct evidence to sup- 
port the early speculations that it is in- 
volved in mental illness is meager and 
contradictory. From all of the evidence 
cited above, one could find a basis for 
predicting that in schizophrenia the sero- 
tonin levels in the brain, if they are 
altered at all, should be quite low or 
quite high. Results confirming both pre- 
dictions have been reported. 

The urinary excretion of 5-hydroxyin- 
doleacetic acid has been used as an in- 
dicator of the portion of ingested tryp- 
tophan which is metabolized through 
serotonin to form that end product. Al- 
though excretion of 5-hydroxyindoleace- 
tic acid is normal in schizophrenic pa- 
tients under ordinary circumstances (53), 
it may be altered by challenging the met- 
abolic systems with large doses of tryp- 
tophan. Zeller and his associates have 
reported a failure on the part of schizo- 
phrenics, under these circumstances, to 
increase their output of 5-hydroxyindole- 
acetic acid, while nonpsychotic controls 
double theirs (54). Banerjee and Agar- 
wal, on the other hand, have reported 
exactly the opposite results; in their 
study it was the schizophrenics who 
doubled their output of the serotonin 
end product, while the output of the 
controls remained unchanged (55). 

Kopin, of our laboratory, has had the 
opportunity to perform a similar study 
on schizophrenics and normal controls 
maintained on a good and reasonably 
controlled diet and given no drugs. In 
each group there was a slightly greater 
than twofold increase in output of 5-by- 
droxyindoleacetic acid following a tryp- 
tophan load, and there was no signifi- 
cant deviation from this pattern in any 
single case (56). 

That the heuristic speculations of 
Woolley and Shaw, and of Gaddum, 
have not yet been established does not 
mean that they are invalid. The wide- 
spread experimental activity which they 
stimulated has broadened and deepened 
our knowledge of the metabolism and 
pharmacology of serotonin and of its ef- 
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fects on behavior and may lead the way 
to definitive evaluation of its possible 
role in normal and pathological states. 

Genetics and Schizophrenic Disorders 

Many of the current hypotheses con- 
cerning the schizophrenia complex are 
original and attractive even though, up 
to this time, evidence directly impli- 
cating any one of them in the disease 
itself is hardly compelling. There is, 
nevertheless, cogent evidence that is re- 
sponsible to a large extent for the pres- 
ent reawakening of the long dormant 
biochemical thinking in this area and 
sufficiently convincing to promote its 
continued development. Genetic studies 
have recently assumed such a role, and 
it appears worth while briefly to review 
them in the present context. 

In earlier studies on large popula- 
tions, a remarkable correlation was re- 
ported between the incidence of schizo- 
phrenia and the degree of consanguinity 
in relatives of known schizophrenics 
(57). These findings were not conclu- 
sive, however, since the influence of 
socioenvironmental factors was not con- 
trolled. Better evidence is obtained from 
the examination of the co-twins and sib- 
lings of schizophrenics; a number of such 
studies have been completed and are 
summarized in Table 1 (57-59). The 
concordance rate for schizophrenia is ex- 
tremely high for monozygotic twins in 
all the studies, while that for dizygotic 
twins is low and not significantly differ- 
ent from that in siblings, to which, of 
course, dizygotic twins are quite com- 
parable genetically. Even these studies, 
however, are not completely free from 
possible sources of error, and this makes 
it difficult to arrive at a definitive con- 
clusion regarding the role of genetic fac- 
tors in this disease. One cannot assume 
that environmental similarities and mu- 
tual interactions in identical twins, who 
are always of the same sex and whose 
striking physical congruence is often ac- 
centuated by parental attitudes, play an 
insignificant role in the high concord- 
ance rate of schizophrenia in this group. 
This factor could be controlled by a 
study of twins separated at birth (of 
such twins no statistically valid series has 
yet been compiled) or by a comparison 
of the concordance rates in monozygotic 
twins and in dizygotic twins whose zy- 
gosity had been mistakenly evaluated by 
the twins themselves and by their par- 
ents and associates. Another possible 
means of better controlling the environ- 
mental variables would be to make a 

careful study of schizophrenia in adopted 
children, with comparison of the inci- 
dence in blood relatives and in foster 
relatives. Perhaps only a survey on a 
national scale would provide the requi- 
site numbers of cases for any of these 
studies. 

A less satisfactory resolution of this 
problem can be obtained by an appraisal 
of environmental similarities in normal 
fraternal and identical twins. Such a 
study, on over 100 specific aspects of 
the environment, has been made (60), 
and I have assembled the results into a 
rough index of environmental similarity 
(Table 2). Although a difference is ap- 
parent, in the crude measurement of en- 
vironmental congruence, between iden- 
tical and fraternal twins of like sex, it 
is not statistically significant and can 
account for only a small fraction of the 
large difference in concordance with re- 
spect to schizophrenia between these 
types of twins. On the other hand, there 
is a highly significant difference in en- 

vironmental similarity between fraternal 
twins of like and unlike sex which is 
sufficient to account for the difference 
in concordance with respect to schizo- 
phrenic psychosis between them, for 
which, of course, there is no tenable ge- 
netic explanation. 

Two recent reports have been used, 
but by no means conclusively, in sup- 
port of the position that too much sig- 
nificance has been attached to environ- 
mental factors as determining causes in 

this disease group. Chapman (61), re- 

porting a case of concordant early in- 

fantile autism in identical twins, points 
out that this disorder has never been re- 

ported as concordant in fraternal twins, 
whereas it has been described in three 
sets of identical twins. Since fraternal 
twins occur nearly three times as fre- 

quently as identical twins, the evidence 

cited is suggestive, in spite of the small 

numbers involved; furthermore, the dis- 
ease may develop before the personal 
identifications and interactions peculiar 
to monozygotic twins have had much 

chance to operate. Another interesting 
finding in over 150 families with a single 
schizophrenic member is that no ordinal 

position in the family appears to carry 
specific vulnerability to schizophrenia 
(62) -a finding completely compatible 
with genetic theory but more difficult 
to reconcile with theories of environ- 
mental etiology if the assumption is cor- 
rect that different-positions within the 

family are subject to varying degrees of 
stress. Of course one may argue quite 
properly that schizophrenogenic stress 
exists and can be evaluated only in 

terms of the reaction between each in- 
dividual and his own environment, so 
that any position on a social, economic, 
occupational, or birth-order scale may 
be associated with greatly different de- 
grees of stress for different individuals. 

Another possible source of error in 
the twin studies which have been re- 
ported is the personal bias of the in- 
vestigators who made the judgment of 
zygosity and the diagnosis of schizo- 
phrenia in the co-twins. Until a more 
definitive study is carried out in which 
these judgments are made independ- 
ently, a rough evaluation is possible, at 
least for the diagnosis of schizophrenia, 
if not for zygosity, on the basis of diag- 
noses arrived at in the various hospitals 
to which the co-twins may have been 
admitted before or irrespective of their 
involvement in the study-diagnoses 
which are not likely to have been con- 
taminated by knowledge about their zy- 
gosity. Kallmann has been kind enough 
to review the material collected in his 
1946-49 survey from that point of view. 
Of 174 monozygotic co-twins of schizo- 
phrenic index cases, 103, or 59 percent, 
had been diagnosed schizophrenic by 
Kallmann, while 87, or 50 percent, had 
received a psychiatric hospital diagnosis 
of schizophrenia prior to any examina- 
tion made by him. On the other hand, 
he had made the diagnosis of schizo- 
phrenia in 47, or 9.1 percent, of 517 
dizygotic co-twins as compared to a hos- 

pital diagnosis in 31, or 6 percent. Al- 
though the concordance rates based only 
on hospital diagnoses are lower in both 
types of twins, for obvious reasons, the 
striking difference between the two con- 
cordance rates remains. Slater (59) has 

published individual protocols of his 
cases from which I have made judg- 
ments of zygosity and schizophrenia. Of 
21 pairs of twins who could be con- 
sidered definitely uniovular, 15, or 75 

percent, were concordant with respect 
to the simple criterion of admission to 
a mental hospital, whereas in only 12, 
or 10.3 percent, of 116 binovular or 

questionably binovular pairs was there 
a history of the co-twin's having been 
admitted to a mental hospital for any 
psychosis. On the basis of this analysis 
of the two most recent series, it seems 
that only a small component of the 

great difference in concordance rates re- 

ported for schizophrenia between uni- 
ovular and binovular twins can be at- 
tributed to the operation of personal 
bias in the diagnosis of the disease in 
the co-twin. 

Even the most uncritical acceptance 
of all the genetic data, however, cannot 
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lead to the conclusion that the schizo- 
phrenic illnesses are the result of genetic 
factors alone. In 14 to 30 percent of the 
cases in which schizophrenia occurs in 
one of a pair of monozygotic twins, the 
genetically identical partner is found to 
be free of the disorder (Table 1). At- 
tention has already been called (Table 
2) to the higher concordance with 're- 
spect to schizophrenia and the greater 
environmental similarities in like-sexed 
fraternal twins or siblings than in those 
of unlike sex, and from the same source 
(57) a difference in concordance is re- 
ported between monozygotic twins sepa- 
rated some years before the study (77.6 
percent) as opposed to those not sepa- 
rated (91.5 percent). Neither of these 
observations is compatible with a purely 
genetic etiology of the disease, and both 
suggest the operation of environmental 
factors. Rosenthal (63) and Jackson 
(64) have pointed out the striking pre- 
ponderance of female over male pairs 
concordant for schizophrenia in all of 
the reported series, whether they be 
monozygotic or dizygotic twins, siblings, 
or parent-child pairs. If sampling errors 
resulting from the greater mobility of 
males are excluded and the observations 
are taken as a reflection of the true 
incidcence of this phenomenon, several 
explanations for it on the basis of social 
interaction can be given, but none based 
on purely genetic grounds, unless sex 
linkage is invoked, for which there is no 
other evidence. 

Clausen has critically reviewed the 
extensive literature supporting the im- 
portance of environmental factors in 
the etiology of schizophrenic disorders 
(65). The evidence there seems quite as 
suggestive as the genetic evidence but 
by no means more conclusive, since few 
studies in either field have been com- 
pletely objective or adequately con- 
trolled. 

It is both interesting and important 
to note that even if the conclusions of 
both the genetic and the environmental 

approaches to the etiology of schizo- 
phrenic psychoses are accepted uncriti- 

cally, they are not mutually exclusive. 
Both are compatible with the hypothesis 
that this group of diseases results from 
the operation of socioenvironmental fac- 
tors on some hereditary predisposition, 
or from an interaction of the two, each 
being necessary but neither alone suffi- 
cient. An excellent example of such a 
relationship is seen in tuberculosis, 
where the importance of the environ- 
mental microbial factor is undisputed 
and where, as Lurie ( 66 ) has shown, 
genetic susceptibility is likewise impor- 

Table 1. Concordance rates for schizophrenia found in studies of twins. 

Number of pairs Concordance rate* (% ) 
Investigator--- 

Dizygotic Monozygotic Dizygotic Monozygotic 

Luxenburger (1928) 48 17 2 59 (67) 
Rosanoff et al. (1934) 101 41 10 61 
Kallmann (1946) 517 174 10 (15) 69 (86) 
Slater (1953) 115 41 11 (14) 68 (76) 

* Figures in parentheses indicate rate after correction for the chance that a co-twin, normal at the time 
of observation, may develop the disease later. 

tant; a population sufficiently heteroge- 
neous with respect to susceptibility and 
exposure to tuberculosis yields results in 
contingency and twin studies (67) 
which, before the discovery of the tu- 
bercle bacillus, could easily have been 
used to prove a primary genetic cause- 
almost as convincingly as the results of 
similar studies have been used to prove 
such a cause in schizophrenia. Interest- 
ingly enough, studies of tuberculosis 
made from the. socioenvironmental point 
of view would obviously provide data 
offering equally convincing proof that 
exogenous, social, and economic factors 
play a part. One hypothesis with respect 
to the schizophrenic psychoses which re- 
mains compatible with all the evidence 
from the genetic as well as the psycho- 
social disciplines is that these disorders, 
like tuberculosis, require the operation 
of environmental factors upon a geneti- 
cally determined predisposition. 

Resume 

Although the evidence for genetic and 
therefore biological factors as important 
and necessary components in the etiol- 
ogy of many or all of the schizophrenias 
is quite compelling, the sign-posts point- 
ing the way to their discovery are at 
present quite blurred and, to me at 
least, illegible. 

Genetic factors may operate through 

some ubiquitous enzyme system to effect 
general changes in one or another met- 
abolic pathway-changes detectable 
through studies of blood or urine-and, 
it is to be hoped that the currently active 
search in these areas will continue. 

It is at least equally possible, however, 
that these genetic factors may operate 
only through enzymes or metabolic 
processes peculiar to or confined within 
the brain, or even within extremely lo- 
calized areas of the brain. We are in 
need of new hypotheses such as those 
of Elkes (68) and many already dis- 
cussed. In this connection, gamma- 
amino-butyric acid appears to be just as 
interesting a substance about which to 
construct working hypotheses as are the 
catechols or the indoles. It has been iso- 
lated only from nervous tissue, and its 
metabolism in such tissue has been in- 
vestigated in some detail (69), while 
its neurophysiological properties -appear 
to be better defined than are those of 
the other two groups (70); in addition, 
its inhibitory properties may have special 
relevance to diseases where a failure in 
central inhibition seems to be involved. 

Amphetamine possesses remarkable 
psychotomimetic properties which should 
not be overlooked. Its ability to pro- 
duce a clinical syndrome often indis- 
tinguishable from schizophrenia (71) 
and the possible relation of amphet- 
amine to the naturally occurring cate- 
chol amines make it at least as inter- 

Table 2. Environmental factors in studies of schizophrenia in twins. 

Environmental Concordance 
similarity Number with respect to Number 

Sex in normal of pairs schizophreniat of pairs 

twins* (%) (%) 

Identical twins 
Same 61 70 86 174 

Fraternal twins 
Same 53 69 18 296 
Different 26 55 10 221 

Siblings 
Same 16 
Different 12 

* Estimated from data of P. T. Wilson (1934). 

t From data of F. J. Kallmann (1946). 
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esting as lysergic acid diethylamide. 
In addition to techniques at present 

available in neurochemistry, neurophysi­
ology, and behavioral pharmacology, 
the development of new methods de­
signed to yield information on processes 
occurring within the psychotic brain will 
be needed before our explorations in this 
field have been exhausted. 

But the biochemist must not lose sight 
of the possibility, which is certainly as 
great as any of the others, that the ge­
netic factors in schizophrenia operate to 
determine inappropriate interconnections 
or interaction between chemically nor­
mal components of the brain; if that 
should prove to be the case, the physio­
logical psychologist, the neurophysiolo-
gist, or the anatomist is likely to find 
meaningful information long before the 
biochemist does. I t would take many bio­
chemists a long time to find a noisy cir­
cuit in a radio receiver if they restricted 
themselves to chemical techniques. 

These possibilities are mentioned only 
to indicate how large is the haystack in 
which we are searching for the needle; 
one cannot avoid a feeling of humility 
when one realizes how slight the chance 
is that any one of us has already found 
it, or will find it in a relatively short 
time. 

Tha t is no cause for discouragement, 
however. I t is not necessary that one be 
convinced of the truth of a particular 
hypothesis to justify devoting one's ener­
gies to testing it. I t is enough that one 
regard it as worth testing, and that the 
tools be adequate. Modern biochemistry, 
with its wealth of new knowledge of in­
termediary metabolism and its array of 
new techniques for the separation and 
identification of compounds and the 
tracing of their metabolic pathways, has 
provided the biologist interested in men­
tal illness with an armamentarium which 
his predecessor of only a generation ago 
could hardly have envisioned. If he 
chooses from among the approaches 
which may lead to a definition of the 
biological factors in schizophrenia those 
which will in any case lead to a better 
understanding of the nervous system 
and of thought processes and behavior, 
the present surge of enthusiasm will not 
have been misdirected. 
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