
linked recessive lethal gene (6, 8). The 
only kind of affected animals available 
are the hemizygous males, jpY. The 
tremor is very similar in jimpy and 

quaking mice, and appears at about 
the same age. Jimpy mice have a more 
severe disease. Some have weak hind 
limbs by weaning age, and a few de- 
velop complete paralysis of hind limbs. 
Most jimpy mice respond to sound 
and swim well. By the 4th week of 
life they have generalized tonic-clonic 
seizures without focal onset. The head 
is arched back, while the extremities 
are extended and abducted at the 
distal joints. Most seizures last less 
than 1 minute, and are followed by 
total cessation of activity and then by 
resumption of prior behavior. The ani- 
mals usually die by 30 days of age, 
commonly after a seizure. 

Brains of jimpy mice have been ex- 
amined at 12 to 39 days of age. As 
with quaking, far less myelin was 
found in any given region of the cen- 
tral nervous system at any age than in 
the littermate controls. Again the pe- 
ripheral nervous system was myelin- 
ated. The general architecture of gray 
and white matter was normal. Cell 
bodies and axons were normal or were 
affected to a slight degree compared 
with the myelin sheaths. 

The pathology differs in jimpy and 
quaking in one major respect. In jimpy, 
cells of certain white matter tracts, par- 
ticularly the basis pedunculi, optic 
tract, and white matter of cerebellum 
and spinal cord, contained nonpolar 
lipids in the form of strongly sudano- 
philic cytoplasmic droplets of various 
sizes. Most of these cells appear to be 
fatty macrophages. Some were present 
in the 12-day-old brain, when myelina- 
tion in the controls was still at an early 
stage, and later the number of sudan- 
ophilic cells in the white matter in- 
creased. 

Initial chemical analyses (9) con- 
firmed the histological findings. Brains 
of adult quaking and jimpy mice were 
homogenized in chloroform-methanol. 
After washing, the lower phase was 
partitioned by differential elution from 
a Florisil column and each fraction 
was analyzed further by thin-layer 
chromatography. The brains of the 
mutant mice contained markedly re- 
duced amounts of cerebroside and 
sulfatide, which are lipid constituents 
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traces of cholesterol ester, less than 1 
percent of the total cholesterol. 

These two mutants have several ad- 
vantages for further study of myelin 
formation and its disorders. Both mu- 
tants can be propagated readily in num- 
bers suitable for experimentation. The 
uniform distribution of the failure to 
form myelin throughout the central 
nervous system reduces the sampling 
problem which so often limits neuro- 
chemical studies. The apparent dispari- 
ty between the relatively good neuro- 
logical function, especially in quaking 
mice, and the paucity of myelin merits 
further attention. 

The disease in quaking mice seems 
different from known human diseases 
and appears to be expressed almost 
purely as a severe (though not com- 
plete) failure of myelination in the 
central nervous system. Jimpy mice 
have a more complex disease, involving 
both impaired myelination and destruc- 
tion of myelin. In terms of the onset 
early in life and the presence of sudan- 
ophilic breakdown products of myelin, 
the disease in jimpy mice resembles 
some of the human inherited sudan- 
ophilic leucodystrophies, and is the 
first readily available experimental 
model. 
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Neuropathology, Harvard Medical 
School, Boston, Massachusetts 
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Endogenous Metabolic Factor in 

Schizophrenic Behavior 

Abstract. Exacerbations of schizo- 
phrenic behavior are associated with 
elevations of urinary tryptophan metab- 
olites. Free tryptophan and methio- 
nine possibly arising from the break- 
down of muscle protein may act like 
an endogenous metabolic factor which 
enhances behavioral worsening. Some 
of the apparently spontaneous activa- 
tions of psychotic symptoms may be 
intensified by the endogenous liberation 
of these two compounds. 

Pollin, Cardon, and Kety (1) have 
shown that the administration of either 
one of two essential amino acids, tryp- 
tophan and methionine, in the presence 
of a monoamine-oxidase inhibitor drug, 
evoked activations of psychotic behav- 
ior in some schizophrenic patients; 
these observations have been confirmed 
(2, 3). Unlike these studies on the 
effects of increased amounts of amino 
acids, ours was undertaken to deter- 
mine whether or not reductions of the 
amino acids tryptophan and methionine 
in the diet could improve behavior and 
ameliorate psychotic symptoms. Other 
work from our laboratory (4, 5), based 
on an entirely different viewpoint, was 
concerned with urinary indole metabo- 
lism both during periods of spontaneous 
worsening of behavior and during the 
administration of drugs. In those stud- 
ies the average outputs of urinary in- 
dole metabolites in patients with schizo- 
phrenia did not differ significantly from 
normal values when all data were con- 
sidered. But a striking correlation was 
observed in some patients between in- 
creases in the urinary excretions of 
tryptophan derivatives, particularly 
tryptamine, and the exacerbations of 
schizophrenic activity in terms of aggra- 
vations of hallucinatory and delusional 
experiences as well as aggressiveness 
and hostility. This report concerns only 
those results from the current investiga- 
tion which are directly applicable to a 
further analysis of the relationship be- 
tween increases of urinary indoles and 
worsening of behavior. 

Our observations were made under 
strictly controlled conditions including 
those of diet, nitrogen equilibrium, and 
intake of tryptophan and methionine. 

Urine (24-hour and 5-day collections) 
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nine (9). Total nitrogen content was 
determined (10) on portions of urine, 
food, and feces, all of which were col- 
lected for 7-day periods. 

Observations on behavior were made 
by a team of four physicians on nine 
chronic schizophrenic male patients 
ranging in age from 39 to 59 years 
(mean 53) and having hospitalization 
periods from 6 to 28 years (mean 19). 
These patients had active symptoms 
such as hallucinations or delusions 
which they discussed. They were man- 
aged without tranquilizing drugs for a 
period commencing 2 to 4 months be- 
fore the studies and continuing through- 
out the period of the present observa- 
tions. The patients were interviewed 
weekly and rated for attitude during 
the interview, motor behavior, affectiv- 
ity, thought content, stream of thought, 
sensorium, and ward adjustment. In 
addition, daily observations were made 
by the medical staff and the trained 
psychiatric aides of the wards in which 
these patients lived. 

The study started with a control pe- 
riod of 6 weeks during which the daily 
diet offered contained between 80 to 
85 g of protein, 1.0 to 1.5 g of trypto- 
phan, and 4.5 to 5.0 g of methionine. 
In the second phase, tryptophan was 
reduced to 0.25 to 0.30 g/day, the 
minimal daily requirement for the main- 
tenance of nitrogen equilibrium (11). 
Methionine was similarly diminished 
to the minimal requirement of 1.1 to 
1.2 g/day for the first 4 weeks and for 
the last 8 weeks to 0.35 to 0.40 g/day. 
In order to accomplish these reductions 
the protein content of the diet was low- 
ered to 35 g/day. Nonprotein nitrogen 

, SCHIZOPHRENIC REACTION 

E EXACERBATION OF PSYCHOTIC SYMPTOMS-- 

LOSS OF APPETITZ INCREASED FORMATION OF 
(TR Y C Y *I?PSYCHOTOGENIC INDOLEAMINE 

RELEASZ EOr ENDOGENOUS AMINO ACIDS 
FROM MUSCLE PROTEIN 

( TRYPTOPHAN AND METHIONENE ? ) 

Fig. 1. A hypothetical chain of events in 
behavioral exacerbations of schizophrenic 
patients. 

in the form of glycine was added so 
that the total nitrogen content of the 
diet offered was 4 g/day. Finally came 
a second control period of 8 weeks 
when the original control dietary condi- 
tions were restored. All food ingredi- 
ents known to contain preformed in- 
doles were excluded from the diet. 

We were not able to establish a clear- 
cut relationship between the intensity 
of the psychotic symptoms and the type 
of diet. However two of our nine pa- 
tients exhibited marked behavioral ac- 
tivations, thus permitting correlations 
between behavioral and biochemical 
changes as indicated by urinary analy- 
ses. Table 1 reveals rises of the three 
tryptophan metabolites in most in- 
stances, that of tryptamine being the 
most marked in 24-hour urinary sam- 
ples during four episodic outbursts of 
increased schizophrenic activity in pa- 
tients J. F. and E.S. This confirmation 
of our previous observations (4, 5) is 
especially significant because the in- 
creases occurred on an actual trypto- 
phan intake which was practically con- 
stant. In addition, for each of these 
patients the episode with the higher 
elevation of tryptamine was accom- 

Table 1. Urinary indole and creatinine excretion in correlation with tryptophan intake by 
schizophrenic patients on a normal diet during two episodes of worsening behavior. Values 
are given in percentage deviation from the values during usual behavior and are computed 
as averages of several 5-day urinary excretions obtained during periods of usual behavior and 
with controlled tryptophan intake. The usual range is defined as the highest and lowest 
deviations in single observations from the control. The dietary tryptophan intake presents the 
range within which the daily intake varied during a particular collection period, and it was 
calculated on the basis of the nitrogen content of the actual food intake. The behavioral 
worsening with increased psychotic and motor activity is marked by a scale ranging from 
0 to -4; when a range is given, it denotes day-to-day variations within an observation period. 

Tryptophan Trypta- 3-IAA 5-HIAA Creatinine Variations of 
Item intake mine (% (%) (%) behavioral 

(g/day) (%) ' exacerbations 

Patient J.F. 
Usual range* 1.0-1.5 +5 to -4 +21 to -14 +35 to -33 +5 to -4 
Period I 0.90-0.97 +98 +34 +43 +35 -2 to -4 

(daily) 
Period II 0.53-0.69 +192 +43 -2 +40 -4 

(daily) 
Patient E.S. 

Usual range* 1.0-1.5 +3 to -2 +20 to -17 +21 to -23 +1 to -1 
Period I 0.83-0.92 +261 +169 +79 +92 -2 to -4 

(daily) 
Period II 0.80-1.03 +111 -7 +37 +12 -2 to -3 

(5 days) 
* The range during usual behavior. 
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panied by the greater creatininuria. The 
first of these behavioral exacerbations 
in E.S. was by far the most severe of 
any for either patient and occurred 
during the first control dietary period. 
We see that the largest rises of the three 
indole compounds occurred in this in- 
stance. This patient also exhibited a 
mean daily nitrogen balance of -1.0 
g for this 7-day period. This value may 
be compared with a positive balance of 
+2.1 g in a previous 7-day period 
while the patient was also on a control 
diet, but did not show any intensifica- 
tion of the psychotic symptoms. On 
two other occasions, however, one for 
each of the patients, during which 
there were relatively mild behavioral 
changes, the total nitrogen balance re- 
mained positive. 

The increases of the three tryptophan 
derivatives in the urine probably re- 
flect similar elevations of their concen- 
tration in the blood. It would seem 
probable, therefore, that these increases 
were the result of release of free tryp- 
tophan in the body. Because the in- 
creases occurred only during behavioral 
worsening, it would seem that trypto- 
phan acts like an endogenous metabolic 
factor in intensifying the psychotic 
symptoms. In the first episode of E.S. 
(Table 1), the peak excretions of the 
three tryptophan derivatives occurred 
before the day of most severe behav- 
ioral worsening and receded before 
improvement began. In another in- 
stance, however, the rises of the urinary 
constituents accompanied rather than 
preceded the behavioral worsening. 
Brune and Himwich (4) and Sprince et 
al. (3) have reported similar urinary in- 
creases before the activation of the psy- 
chotic symptoms; but in those studies, 
unlike the present ones, the patients 
were receiving various medications. 

In seeking an explanation for the in- 
creased amounts of tryptophan metabo- 
lites in the urine during spontaneous 
behavioral worsening, we may turn to 
the observation that the urinary excre- 
tion of creatinine is related closely to 
the active muscle mass of the body 
(12). In fact, the urinary creatinine 
output is constant over long periods 
and under the most varied circum- 
stances including exercise and large 
variations of urinary volumes. On the 
other hand, it is also true that in addi- 
tion to muscle mass, other factors, 
known and unknown, produce changes 
in creatinine excretion (13). It is 

known, for example, that the ingestion 
of a diet devoid of creatine and creati- 
nine but adequate in protein lowers 
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creatinine excretion as much as 30 per- 
-cent -(14-)-. -- We- have '--observed--in- the----- 
creatinine excretion as much as 30 per- 

-cent -(14-)-. -- We- have '--observed--in- the----- 
present study that during the period of 
reduced protein intake the excretion of 
creatinine was diminished. The chief 
ingredient for diminishing or increasing 
the creatinine output is meat, which of 
course is formed of muscle and con- 
tains large amounts of preformed crea- 
tine. 

Our clinical observations suggest that 
the variations of the three tryptophan 
derivatives in the urine are associated 
with changes of appetite; in general our 
patients ate less for 3 or 4 days before 
the exacerbations of behavior, with re- 
sulting loss of weight in some instances, 
whereas with improvement in behav- 
ior, appetite and weight were restored. 
Additional evidence for the effects of 
an impaired appetite is the negative 
nitrogen balance in the first observation 
of E.S. for the period of 7 days includ- 
ing those immediately preceding the 
peak behavioral disturbance. In all in- 
stances of behavioral worsening, more- 
over, motor restlessness occurred. The 
latter increased the caloric demands at 
a time when food intake was dimin- 
ished. In any event, a possible mecha- 
nism for activation of the psychotic 
symptoms consists of a change of mus- 
cle metabolism as indicated by the 
greater elimination of creatinine, a 
process involving a shift of caloric sup- 
plies from exogenous to endogenous 
sources. The body consumes its own 
substance as a source of calories, and 
amino acids-including tryptophan and 
methionine-are released from muscle 
protein. 

As a working hypothesis, the chain 
of events shown in Fig. 1 could be con- 
sidered to occur. First comes the initi- 
ating cause, of unknown origin, which 
evoked the behavioral worsening, and 
an early sign of the increased behav- 
ioral disturbance is the loss of appetite. 
When the initiating cause ceases opera- 
tion, both appetite and behavior are 
restored to their usual states. For the 
second step we propose an endogenous 
metabolic factor, the release of trypto- 
phan and perhaps methionine. The con- 
comitant increase of creatinine suggests 
changes in muscle metabolism with 
muscle protein as a source of amino 
acids as the food intake decreases and 
the body must utilize its own substance 
to supply caloric demands. The two 
amino acids tryptophan and methionine 
act like a positive feedback to intensify 
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act like a positive feedback to intensify 
the behavioral disturbance evoked by 
the initiating factor. The effect of ex- 
perimental administration of tryptophan 
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or methionine (1) may be regarded as 
introducing into the body- an exogenous 
metabolic factor which, however, re- 
quires the presence of monoamine- 
oxidase to activate the psychotic symp- 
toms. In regard to this difference 
induced by drugs, Brune and Himwich 
(4) reported both similarities and dis- 
similarities in the symptoms occurring 
spontaneously in schizophrenic patients 
and those provoked by the administra- 
tion of a monoamine oxidase inhibitor 
and methionine to such patients. Third 
is the production of a psychotogenic 
indole which is enhanced by the ma- 
terials furnished by the metabolic fac- 
tors, whether endogenous or exogenous. 
In view of the experiments of Pollin, 
Cardon, and Kety (1) showing that 
amino acids other than tryptophan and 
methionine fail to call forth behavioral 
changes, it seemed to Brune and Him- 
wich (2) that tryptophan and methio- 
nine may together be involved in a 
common mechanism in which in- 
creases of indoles derived from trypto- 
phan and an elevated concentration of 
methyl groups donated by methionine 
might facilitate the formation of meth- 
ylated indole amines with psychoto- 
genic properties. Such a possibility may 
apply not only to the exogenous but 
also to the endogenous metabolic fac- 
tor. Though we do not know the na- 
ture of the psychotogenic substance, we 
suggest a methylated indole such as 
N,N-dimethyltryptamine (15). The final 
link in this hypothetical chain is the 
action of a psychotogenic indole to 
cause behavioral exacerbations in psy- 
chotic patients (16). 
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Habituation of Responses to 

Novel Stimuli in Monkeys with 

Selective Frontal Lesions 

Abstract. Monkeys with surgically 
produced lesions of the orbital frontal 
cortex, monkeys with lesions of the 
lateral frontal cortex, and normal con- 
trols were tested for the effects of re- 
peated presentation of novel stimuli on 
lever-pressing for food rewards. The 
results support the conclusion that the 
habituation of responses to novel stim- 
uli was more impaired in monkeys with 
orbital frontal lesions than in monkeys 
with lateral frontal lesions. 

The withholding of responses in a 
successive discrimination task (1) and 
in extinction (2) is more impaired in 
monkeys with surgically produced le- 
sions of the orbital frontal cortex than 
in monkeys with lesions of the lateral 
frontal cortex. These findings suggest 
that orbital frontal lesions may disturb 
the suppression of strong response 
tendencies to a greater extent than 
lateral frontal lesions do (3). If this 
view is correct, then one might expect 
the suppression of responses other than 
those usually measured in instrumental 
learning situations to be more impaired 
in monkeys with orbital frontal lesions 
than in those with lateral frontal le- 
sions. More specifically, it was pre- 
dicted that monkeys with orbital frontal 
lesions would show slower habituation 
of responses to repeatedly presented 
novel stimuli than monkeys with lateral 
frontal lesions would. 

The subjects of our study were 11 
monkeys (Macaca mulatta); three had 
surgically produced bilateral lesions of 
the orbital frontal cortex, four had bi- 
lateral lesions of the lateral frontal cor- 
tex, and four were unoperated con- 
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