
ing subjects 1V/2 hours of ICSS is to 
reduce REM rebound by at least 50 
percent in each subject. This effect was 
significant at least at the .01 level (one- 
way analysis of variance). Amounts of 
slow-wave sleep were almost identical 
in conditions A and B. 

In these two experiments, we main- 
tain that we have demonstrated that 
a waking behavior can reduce REM re- 
bound patterns, and the corollary, that 
depriving an organism of REM sleep 
can affect a waking behavior. Explicitly, 
an organism deprived of REM sleep 
will be more sensitive to and select 
more ICSS. More specifically, we have 
demonstrated a reciprocal relation be- 
tween REM sleep and ICSS. It is our 
view that the ICSS neural network is 
part of the neural network activated 
during REM sleep. From this we 
hypothesized that nuclei in the hind- 
brain that are involved in initiating 
aspects of REM sleep are ICSS sites. 
Ellman et al. (12) confirmed this hy- 
pothesis. 

Our results can be explained on at 
least one other level. Dement and his 
colleagues (9) have maintained that 
REM sleep is triggered by, and in turn 
dissipates, a neurohumoral substance. 
When subjects are deprived of REM, 
this hypothetical substance is thought 
to accumulate. Jouvet has proposed 
(13) that norepinephrine is one of the 
biogenic amines involved in triggering 
and maintaining REM sleep. Stein (14), 
on the other hand, has implicated nor- 
epinephrine as an agent involved in 
mediating ICSS. One may explain the 
changes in ICSS as being potentiated by 
the release of norepinephrine as a result 
of REM deprivation. In a similar way, 
one could explain the reduction in 
REM rebound by ICSS as a partial de- 
pletion of norepinephrine. This ex- 
planation is extremely tentative, because 
it is not absolutely clear how norepi- 
nephrine is involved in either REM 
sleep or ICSS. 
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intensity function). In this situation, one can 
determine a threshold for electrical self-stimu- 
lation as well as a rate-intensity function. 

7. Deprivation of REM was accomplished by 
placing the subject on a circular platform 
situated in the center of a vessel filled witli 
water. The REM deprivation platform was 
7 cm in diameter and protruded less ha 
1 cm above the level of the water. Loss of 
tonus from the neck muscles, which occurs 
at the onset of REM sleep, causes loss of 
balance, immersion in water, and consequent 
awakening. This procedure effectively deprives 
the subject of almost all REM sleep. Electro- 
encephalographic recordings confirmed that 
this procedure prevented the subject from 
going into REM sleep, while allowing 65 
percent of baseline slow-wave sleep to occur. 

8. Two controls were run, because the results of 
our experiment might be due to the non- 
specific stressful effects of being placed on 
the circular platform. Control subjects in both 
groups were placed on a 13-cm platform. 
Recordings demonstrated that animals on the 
large platform were not deprived of REMA 
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There are three lines of investigation 
supporting the hypothesis that some 
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mrality in serotonin metabolism (1). 
Two of these, sleep and psychotomi-- 
metic drug research, approach the prob- 
lem indirectly. Animal an human 
sleep data indicate that serotonergic 
neurons may exert their influence by 
suppressing phasic events such as rapid 
eye movements (REM's) and pontine 
geniculate occipital spiking during non- 

rapid eye movement (NREM) leep 
and perhaps during waking. These 

phasic events are thus normally forced 
to appear during REM or dreaming 
sleep (2). Some schizophrenic patients 
seem to have an abnormal frequency 
of REM's during NREM sleep (as de- 
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ined by the electroencephalogram and 
the electromyogram), few during REM 
sleep, and, as opposed to most normal 
subjects, do not have REM compensa- 
tion after REM deprivation (1). Cats 
given p-chlorophenylalanine, a drug 
that inhibits the synthesis of serotonin, 
have features of sleep and behavior 
similar to those of schizophrenic pa- 
tients (2). This also appears to be true 
of the sleep of humans given p-chloro- 
phenylalanine for medical purposes. In 
addition, a small number of such pa- 
tients have had psychotic episodes 
while on this drug (3). 

A possible endogenous substance 
that might produce these changes is 
the hallucinogen dimethyltryptamine. 
An enzyme capable of synthesizing di- 
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Behavioral Changes of Chronic Schizophrenic 
Patients Given L-5-Hydroxytryptophan 

Abstract. Oral administration of the serotoni precursor L-5-hydroxytryptophan 
with a peripheral decarboxylase inhibitor produced mild to moderate imnprove- 
ment in six of seven chronic tmdif erentiated schizophrenic patients who were 
resistant to phenothiazine treatiiment, as compared to an oral administration of a 
placebo. Two of foutr chronic paranoid schiz,ophrenic patients who were resistant 
to phenothiazine treatment became worse with 5-hydroxytryptophan, one im- 
proved. It is presttumed that these psychological changes were directly or indirectly 
produced from increases in brain serotonin. Indirect data from animnals and 
humans indicate that there may he cai abnormality in serotonin metabolism in 
somie schizophrenics. While or data are. consistent with this hypothesis, other 
explanations for our data mist be eitertained. 
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methyltryptamine has recently been 
shown to be present in the human brain 
(4). It is of considerable interest that 
dimethyltryptamine slows the firing of 
raphe neurons of the rat and that cells 
in these nuclei are the source for most 
brain serotonin (5). Based on a molec- 
ular model, Smythies has proposed that 
hallucinogens might act by intercalation 
at the putative serotonin receptor sites 
while Freedman has demonstrated that 
indoleamine hallucinogens alter brain 
serotonin metabolism (6). Further- 
more, substances that increase brain 
serotonin in both animals and humans 
have generally been shown to counter 
the effects of both dimethyltryptamine 
and LSD (lysergic acid diethylamide), 
while those which reduce brain sero- 
tonin generally enhance the hallucino- 
genic effect. 

Finally, more direct studies measur- 
ing either serotonin or the principal 
metabolite of serotonin, 5-hydroxy- 
indoleacetic acid (5-HIAA), have 
shown them to be low in the blood, 
urine, and spinal fluid of schizophrenic 
patients (1). On the other hand, 5- 
HIAA has just as frequently been 
shown to be normal or elevated, and 
low 5-HIAA concentrations seem to 
be common to many diseases of central 
nervous system origin. 

Attempts to elevate brain serotonin 
have generally, although not exclu- 
sively, failed to produce ameliorative 
effects in schizophrenics. This may be 
due to the fact that the drugs used 
(monoamine oxidase inhibitors or 
tryptophan) increase substances in ad- 
dition to serotonin. 5-Hydroxytrypto- 
phan, the immediate precursor of sero- 
tonin, has probably not been given in 
dosages that would greatly affect brain 
serotonin. 

In this study, we gave L-5-hydroxy- 
tryptophan (5-HTP) with the periph- 
eral decarboxylase inhibitor L-a-hy- 
drazino-a-methyldopa (MK-486). The 
decarboxylase inhibitor prevents the 
peripheral utilization of 5-HTP and, 
since it does not cross the blood brain 
barrier, makes more 5-HTP available 
for conversion to serotonin within the 
brain parenchyma (7). In addition, it 
was thought that the peripheral decar- 
boxylase inhibitor would decrease the 
gastrointestinal irritation produced by 
serotonin. In six of seven chronic, un- 
differentiated schizophrenic patients, 5- 
HTP produced ameliorative effects. 
Two of four chronic paranoid schizo- 
phrenics became worse with 5-HTP 
treatment, one improved. 

Eleven chronic, male schizophrenic 
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Fig. 1. Dosage of the peripherial decarboxylase inhibitor MK-486 and L-5-hydroxy- 
tryptophan (5-HTP) in a chronic schizophrenic patient (patient 1). The degree of 
psychosis was measured by the nursing staff daily; but points here are 2-day means. 

patients (Table 1) between the ages of 
21 and 36, and averaging over 8 years 
of hospitalization, were studied. The 
diagnosis of schizophrenia was made 
by three psychiatrists, as well as a re- 
ferring psychiatrist, according to Amer- 
ican Psychiatric Association criteria. 
When free from drugs, the patients 
exhibited hallucinations, delusions, 
thought disorders, unusual mannerisms, 
desocialization, and nighttime insomnia. 
Patients were diagnosed as paranoid 
when there was considerable suspi- 
ciousness present. Subgroup diagnoses 
were made during the first placebo pe- 
riod. While the behavior of the patients 
had been modified with phenothiazine 
and butyrophenones, none had been 
able to leave the hospital for prolonged 
periods or were expected to be able to 
do so within 6 months. Although the 
experimental design was modified be- 
cause of unforeseen circumstances, as 
noted below, the original plan was to 
have the patients on placebo medica- 
tion 30 days, 5-HTP and MK-486 for 
30 days, and placebo again for 30 
days. The drug period was lengthened 

to a maximum of 3 months because 
the initial two patients appeared to 
have measurable improvement during 
the last 10 days of the 30-day trial. 
For patient 2, the drug trial had to be 
terminated because of severe vomiting. 
Patient 5 withdrew from the study. The 
drug trial for patients 6 and 7 was ter- 
minated because the drug made them 
worse. 

The drugs were given in capsular 
form in constant numbers throughout 
the study by means of a code known 
only to the prescribing physician. Dur- 
ing the drug period, the patients were 
given 150 mg of MK-486 per 24 hours 
and up to 6 g of 5-HTP per 24 hours. 
When it was possible to increase the 
5-HTP slowly over a 60-day period, 
the gastrointestinal side effects could 
be completely avoided. The beginning 
of treatment for each patient was stag- 
gered by at least 2 weeks to prevent 
group effects from greatly influencing 
individual ones: In addition, while it 
was expected that the "blindness" of 
the experiment would be somewhat 
diminished because of drug side effects, 

Table 1. Effect of administration of L-5-hydroxytryptophan (5-HTP) on a rating of psychosis 
of chronic schizophrenic patients. The psychosis rating was the mean for the last 7 days for 
each period. The ratings were done by a team of four nurses each day of hospitalization of 
the patients. The rating consisted of the nonweighted means of subscales designed to measure 
hallucinatory, delusional, paranoid, and bizarre behaviors in addition to thought disorders. 
Patient 2 did not get a full therapeutic trial because he was a difficult management problem 
combined with our inability to raise the 5-HTP dosage fast enough to make his behavior 
tolerable. Patients 6 and 7 became decidedly worse and the active drug period was dis- 
continued. Patient 5 withdrew from the study before a clear change in behavior was demon- 
strated. Abbreviation: U, undifferentiated; P, paranoid; and max, maximum. 

Patient Hospital Su Maximum Psychosis ratings 
stay 5-HTP (No.) (years) (yrs group / First 5-HTP Second 5-HTP 

(years) (mg/24 hr) placebo (max) placebo change* 

1 33 14 U 6000 3.6 1.0 3.6 Improved 
2 21 7 U 1500 4.1 3.3 4.5 Improved 
3 22 7 U 6000 5.0 2.8 4.8 Improved 
4 36 15 U 4000 2.9 2.4 3.5 Improved 
5 33 9 P 800 2.8 2.3 2.3 None 
6 33 10 P 2700 2.8 3.9 2.9 Worse 
7 30 10 P 2400 3.7 5.0 4.5 Worse 
8 25 2 P 6000 2.3 1.3 2.4 Improved 
9 19 2 U 6000 2.5 1.0 0.5 None 

10 33 3 U 6000 2.2 1.4 2.6 Improved 
11 34 9 U 6000 3.0 2.5 3.7 Improved 

* For there to be a change, a two-tailed t-test had to be significant (P < .05) for both placebo and 
5-HTP comparisons. 
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there were a sufficient number of 
identifying side effects and behavioral 
changes opposite from those expected 
that the blindness did not seem com- 
promised. 

Because of the severely disorganized 
condition of the patients, standardized 
ratings that require an interview could 
not be carried out. Instead ratings 
based on inference after several hours 
of observation were made. The pa- 
tients were rated by two nurses on the 
day shift and two nurses on the eve- 
ning shift on an eight-point (0 to 7) 
behavior and mood scale shown to 
have good interrater reliability (8). 
For the purpose of this study, the mean 
psychosis scale for the last week on 
5-HTP was compared to the last week 
of the placebo periods both prior to 
and after the 5-HTP treatment. For the 
effect to be considered either positive 
or negative, the ratings during the drug 
period had to be higher or lower (two- 
tailed t-test, P < .05) than both placebo 
periods. The psychosis scores of patients 
5 and 9 during 5-HTP treatment fell 
between those of the two placebo pe- 
riods and therefore no statement can 
be made about the effectiveness of the 
drug with them. No attempt was made 
to compare 5-HTP treatment with con- 
ventional drugs. 

Six of seven chronic undifferentiated 
schizophrenic patients had positive ef- 
fects while for one no determination 
could be made (Table 1). Two of the 
four paranoid patients became worse, 
one improved, and for one no change 
could be determined. Owing to episodes 
of unpredictable violence combined 
with our inability to quickly increase 
the drug dosage because of vomiting, 
patient 2 did not get a full dosage of 
5-HTP. The dosage of patient 4 was 
not raised to 6 g because he did not 
appear to be getting progressively bet- 
ter with the dosage increases as did 
the other patients. The two patients 
who became worse had their drug dose 
discontinued when this became clini- 

cally evident. The daily psychosis rat- 
ing and 5-HTP dosage of patient 1 is 
shown in Fig. 1. It appears that 5-HTP 
takes effect only gradually (probably 
because of the slow rate at which the 
drug dosage can be increased). In ad- 
dition, with drug discontinuation the 
return of symptomatology was gen- 
erally slow, except for what appeared 
to be immediate withdrawal effects. 

Twenty-four-hour urine collections 
(9) were made during placebo and 
drug periods. Mean 5-HIAA concen- 
trations expressed in micrograms per 
milligram of creatinine excreted for five 
patients, in whom it was thought com- 
plete urine samplings were achieved, 
increased from 3.7 for placebo to 330 
for 5-HTP treatment (average 5-HTP 
dosage was 2500 mg). In two patients 
when serial measurements were made, 
the 5-HIAA excretion was linear to 
the 5-HTP dosage. 

Interpretation of these findings must 
be made with considerable caution. 5- 
Hydroxytryptophan was not compared 
with any drug other than placebo, but 
this precursor to natural serotonin 
when compared to placebo led to be- 
havioral changes in six of seven 
chronic undifferentiated and three of 
four chronic paranoid schizophrenic 
patients. Of those that improved, no 
patient at his best would have been 
able to return to the community for 
long periods of time. Further studies 
are necessary to determine if this drug 
combination has any long-term thera- 
peutic benefit. 

Although 5-HTP is probably con- 
verted to serotonin within cells that 
normally contain serotonin, it has been 
shown that other cells containing aro- 
matic decarboxylase can also convert 
5-HTP to serotonin (10). In the latter 
cells, serotonin may be acting in a non- 

physiologic manner. For example, in 
dopaminergic cells, serotonin could be 
acting in place of dopamine and since 
both the phenothiazines and butyro- 
phenones block dopamine receptors, 

its antipsychotic action could occur 
through this mechanism. On the other 
hand, none of our patients had extra- 
pyramidal signs suggestive of an anti- 
dopaminergic effect. 

We do not know the mechanism of 
5-HTP action but it does appear to be 
capable of producing changes in at 
least some chronic schizophrenic pa- 
tients. This finding may provide a tool 
for further understanding the schizo- 
phrenic syndrome and normal human 
behavior. 
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