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Considerable attention has been di- 
rected to possible albnormalities of bio- 
genic amine metabolism in both depres- 
sion and mania (1). The concentrations 
of amines and their metabolites in 
patients' urine have been studied but 
interpretation is difficult because only 
a small percentage of urinary amine 
metabolites originate in the brain. 
For example, it has been calculated 
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that less than 1 percent of urinary 3- 
methoxy-4-hydroxymandelic acid in the 
dog originates in its brain. Urinary 3- 
methoxy-4-hydroxyphenyl glycol may be 
an exception to this (2). 

Consequently, several investigators 
have examined amine metabolites in 
cerebrospinal fluid (CSF). A significant 
decrease in the concentration of CSF 
5-hydroxyindoleacetic acid (5HIAA) 
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Table 1. Concentration of 5HIAA and HVA in CSF; before and after treatment. 

5HIAA (ng/ml) HVA (ng/ml) 
Patient 

Before After Before After 

Manic-depressed, depressed 
1 16.9* 84.9* 
2 21.8 6.8 
3 19.8 17.5 7.6 48.5 
4 20.9 15.7 23.6 
5 8.2 29.6t 10.6 58.6t 
6 < 7.0 25.6 

Mean 15.8t 20.9$ 26.5 53.6 

Manic-depressed, manic 
7 < 7.0 9.6 
1 < 7.0* 19.4*? 16.7*? 
8 12.411 < 7.01111 35.711 58.111l1 
8 42.111 20.61111 52.711 98.51111 

Mean 17.1t 14.2t 44.2 57.8 

Unipolar depressives 
9 < 7.0 19.9 

10 < 7.0 57.2 
11 < 7.0 26.7 
12 14.7 21.6# 20.7 68.2# 
13 17.8 33.8 
14 < 7.0 8.1 

Mean 10.1* 27.7 

* These concentrations are found in the same patient (No. 1) at different clinical stages of his 
illness. t Recovered from depression-moderate anxiety. $ These means were calculated with the 
value of < 7 ng being regarded as 7. The actual values were probably lower and the true means 
would therefore be lower. ? Receiving lithium carbonate. 11 These concentrations are found in 
the same patient (No. 8) at different clinical stages of his illness. t Mania remitted; mild depres- 
sion. # Little change in clinical condition; had received large doses of L-dopamine for 5 weeks. 
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has been reported in depressed patients 
(3); in addition, the increase in 5HIAA 
in CSF, usually observed after large 
doses of probenecid are given, was 
lower than that in control subjects. 
This suggests a decrease in .the turn- 
over of brain serotonin in depressed 
patients (4). Other studies suggest that 
5HIAA concentrations in CSF return 
to normal after patients recover from 
depression and that values are normal 
in hypomanic patients (3). Unfortu- 
nately, the interpretation of much of 
this data is made difficult by the un- 
certain description of the patients stud- 
ied and the large range of concentra- 
tions found. 

We studied severely ill patients with 
affective disorders who were hospitalized 
on a special research ward. A period of 
7 to 21 days lapsed before drug ther- 
apy was started. During this period no 
drugs were given, and a detailed clin- 
ical, psychological, and biological eval- 
uation was made. The patients received 
a diet designed for the study of the 
metabolism of biogenic amines. Patients 
were diagnosed as manic-depressive if 
there was a history of previous hos- 
pitalization for both manic and de- 
pressive episodes and if two psychia- 
trists agreed on the current clinical state 
of the patient. Unipolar, or primary de- 
pressive, illness was diagnosed if there 
was no history of previous manic epi- 
sodes, and if there was no other sig- 
nificant psychiatric abnormality or or- 
ganic brain syndrome. A daily clinical 
evaluation of each patient's behavior 
was made by a trained research nursing 
staff (5) and recorded on a specially 
designed form containing symptoms of 
both mania and depression. These forms 
were developed for the systematic rat- 
ing of manic patients (6). The ratings 
can be considered reliable, in view of 
the fact that there was little variation 
between the ratings of individuals mak- 

ing the determinations. 
Lumbar punctures were performed 

between 9:00 a.m. and 11:00 a.m. 
while the patient was in a recumbant 
position, before he was allowed to rise, 
and before he had eaten. The first 
puncture was performed before treat- 
ment, and, in most instances, the sec- 
ond was done after clinical recovery 
and before the patient was discharged 
from the hospital. Several of the pa- 
tients had been receiving drugs the see- 
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and Bowers (7). Four milliliters of 
CSF were used, and a recovery tube 
was assayed with each determination. 

Recovery of the substances averaged 
74 percent for 20 determinations. The 
method of Korf and Valkenburgh- 
Sikkema (8) was used to estimate con- 
centrations of 5HIAA. Tubes were in- 
cubated with o-phthalaldehyde for 3 
minutes rather than for 10 minutes. 

Recovery of the 5HIAA that had been 

present in 2 ml of CSF averaged 96 

percent for 24 analyses. The results 

presented are corrected for recoveries. 
The minimum amount of 5HIAA, in 
cuvettes, which gave reproducible fluo- 
rescent readings was 2.5 ng. Therefore, 
because of dilution during the extrac- 

tion, those CSF samples which, after 

extraction, gave less than 2.5 ng of 
5HIAA in the cuvette are recorded as 
<7 ng/ml (9). 

Twenty-four separate CSF specimens 
were obtained from 14 patients (Table 
1). Other results obtained by the same 

assays have been reported as follows: 
HVA in CSF in neurological patients, 
42 (?+ 19) ng/ml; and 5HIAA in CSF 
in unspecified "non-depressed" con- 
trols, 40 (4 to 81) ng/ml (4). A small 
number of control specimens (from 
various neurological patients) studied 

by us showed the following concentra- 
tions: HVA in CSF, 14.5 to 77.1 ng/ 
ml (4 patients); and 5HIAA in CSF, 
4.1 to 49.1 ng/ml (5 patients). These 
values do not represent normal control 

subjects. The individuals are neurologi- 
cal patients (as are most subjects on 
whom CSF studies are done and re- 

ported by others) who often have a 
central nervous system disease and, in 

many instances, are receiving medica- 
tion. Thus, considerable caution must 
be exercised in extrapolating from this 
data. Certainly, the range noted by us 
as well as others (4, 19) is so wide that 
it limits the value of using a mean 
concentration. 

It can be seen (Table 1) that the 
5HIAA values were somewhat low in 
all three groups of patients, and HVA 
was low in the two groups of depressed 
patients, but apparently normal for the 

patients in the manic state. There was 
a small increase in 5HIAA in the speci- 
mens taken after treatment from the 

manic-depressed, depressed patients 
and a slight drop in 5HIAA in the 
manic patients. The number of HVA 

assays is smaller, but they indicate a 
considerable increase in concentration 
after treatment. 

Analysis of the data showed no dif- 
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Table 2. 5HIAA and HVA in CSF. Psychotic 
and neurotic patients; before treatment. 

5HIAA (ng/ml) HVA (ng/ml 

Psychotic 
< 7.0 19.9 
< 7.0 26.7 

12.4 35.7 
42.1 52.7 

< 7.0 8.1 
< 7.0 
< 7.0 

Mean 12.8 28.6 

Neurotic 
16.9 84.9 
14.7 20.7 
8.2 10.6 

20.9 23.6 
19.8 7.6 

< 7.0 25.6 
17.8 38.8 
21.8 6.8 

Mean 15.9 27.3 

ference in CSF concentrations in de- 
pressed patients based on severity of 
the depression and no difference be- 
tween those who were retarded and 
those who were agitated. The latter dis- 
tinction was somewhat arbitrary in that 
the same patients may show features 
of agitation and retardation at different 
times. Also, motor retardation does not 
exclude the possibility of psychic agita- 
tion. 

Table 2 shows the results of the pa- 
tients being divided into psychotic and 
neurotic groups based on the presence 
or absence of delusions, respectively 
(10). The 5HIAA concentrations were 
lower in the psychotic than they were 
in the neurotic group. The mean CSF 
concentration of 5HIAA for the psy- 
chotic patients was 12.7 ng/ml while 
the mean for the neurotic group was 
15.9 ng/ml. There was, however, a 
value of 42.1 ng/ml for one psychotic 
patient. The other six psychotic pa- 
tients had amounts with a mean of less 
than 8 ng/ml, about half the mean for 
the neurotic group. (This division of 

patients, as with the other classifica- 
tions made concerning patients, was in- 

dependent of any knowledge of the 
CSF concentrations.) 

While it has been reported that 
5HIAA in CSF reflects changes in brain 
serotonin metabolism (11), more recent 
observations suggest that this com- 

pound in lumbar fluid is derived pri- 
marily from the spinal cord (12). This 
raises doublt as to whether the amount 
of 5HIAA in the lumbar fluid can be 
used as an index of brain serotonin 
metabolism. However, if the abnormal 

findings noted here do arise as a result 
of an alteration in serotonin metabo- 

lism in the spinal cord, then it would 
prompt consideration of whether there 
may be an important disturbance in 
amine metabolism in depression and 
mania in areas other than the brain. 

The observation of a relative reduc- 
tion in 5HIAA in CSF in both de- 
pressed and manic patients contributes 
to suggestions that depression and mania 
are not necessarily bipolar in nature 
(13). Other supporting observations in- 
clude reports of similar changes in 
sleep patterns (14), in electrolyte 
changes in both manics and depressives 
(15), and in the response to lithium in 
both manic and selected depressed pa- 
tients (16). 

The failure of 5HIAA in CSF to 
change after clinical recovery in all of 
the patients may indicate that the con- 
centrations are normal for these people. 

The initial reduction of HVA in CSF 
in three depressed patients was followed 
by a relative increase after treatment. 
However, the number of subjects is 
small and the concentration of HVA 
decreased in one patient. It is generally 
presumed that HVA is primarily de- 
rived from dopamine, and there is little 
evidence of a significant disturbance of 
dopamine in depression. It has been 
suggested that HVA in CSF is derived 
primarily from brain capillaries (17). 
Our findings cannot be accounted for 
by differences in the physical activity 
of the patients in that there was no dif- 
ference in HVA in the groups of re- 
tarded and the agitated patients. Changes 
in urinary HVA have been noted in 
patients receiving lithium (18). 
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R. G. FITZGERALD, T. A. RAMSEY 

J. W. STOKES 

Department of Psychiatry and 
Pharmacology, University of 
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the vibrated muscle had been stretched. 

The mechanisms underlying kines- 
thesia or "position sense" have long 
been debated. Sherrington (1) attrib- 
uted position sense solely to the central 
perception of the discharges from the 
appropriate proprioceptive end organs. 
Others (2), following Helmholtz, have 
argued that the sensory centers are in- 
formed by recurrent pathways of the 
dispatch of commands from the high- 
er motor centers, and that this of itself 
can lead to changes in the perception of 
position. Both mechanisms are now 
usually accepted as being capable of 
paying a part. Sherrington (1) pro- 
duced the first evidence that muscle 
spindles are sensory end organs and 
suggested that they should be included 
among the mechanoreceptors that con- 
tribute to kinesthesia. Since the ar- 
rival of the electronic era it has been 
shown that the muscle spindle affer- 
ents do indeed signal the mechanical 
state of the muscle, but there has been 
a parallel accumulation of evidence 
against the spindle discharges having 
any access to conscious sensation. In- 
stead, the spindle has been seen as re- 
served for the subconscious control of 
movement, notably by the cerebellum. 
The various receptors in joints have 
accordingly been allocated the sole re- 
sponsibility for providing the peripheral 
contribution to kinesthesia. 
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The evidence for this view has been 
firmly based on human studies. First, 
the regional anesthetization of a finger 
joint produces a gross loss of aware- 
ness of the position of the finger when 
it is moved passively, even though the 
muscle spindles in the relevant mus- 
cles may be presumed to be behaving 
normally (2, 3). Second, the passive 
stretching of a muscle in the conscious 
subject by pulling upon the exposed 
tendon fails to produce any clear pro- 
prioceptive sensation (4). Thus the 
muscle spindle has appeared to be ex- 
cluded from contributing to sensation. 
Until recently, this view was supported 
by the inability of electrophysiologists 
to discover a cortical representation of 
spindle afferents by the recording of an 
evoked potential in response to stimu- 
lation of a muscle nerve at an appro- 
priate strength. However, with refine- 
ments in technique such projections 
have now been amply demonstrated in 
both cat and monkey (5). The follow- 
ing proprioceptive illusion, which may 
be produced in the normal human sub- 
ject, suggests that under suitable cir- 
cumstances spindle afferent discharges 
can contribute to perception. 

The illusion has been produced as 
follows. The blindfolded subject sat 
with his upper arms lying parallel and 
horizontal on a support. His forearms 
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were free to move in the vertical plane. 
A light wooden splint was tied to each 
forearm and connected via a string to 
a potentiometer to allow recording of 
the angle at the elbow. The recording 
arrangement was nonlinear, but gave a 
reproducible reading that was accurate 
to within 2?; this was adequate for the 
present experiments. One arm was des- 
ignated as the experimental arm. The 
spindles in either its biceps or its tri- 
ceps muscle were then excited by man- 
ually applying a physiotherapy vibra- 
tor to the appropriate tendon (Pifco 
vibrator; frequency of vibration, 100 
hz; amplitude of movement, of the 
order of 0.5 mm when loaded). The 
other arm was designated as the track- 
ing arm, and the subject was asked to 
keep it aligned with the vibrated arm. 
The tracking arm thus was an objective 
indication of the subject's estimate of 
the position of the vibrated arm. The 
subject was told to maintain the posi- 
tion of the vibrated arm against gravity, 
but was asked not to oppose any move- 
ment which tended to take place when 
the arm was vibrated or moved by the 
experimenter. Essentially similar re- 
sults were found when the arm com- 
menced moving reflexly from a posi- 
tion of complete rest against a stop. 

Figure 1 shows the typical effect of 
vibrating the biceps muscle. Shortly 
after the vibration began, the vibrated 
arm started to move into flexion under 
the influence of the tonic vibration re- 
flex. This phenomena is now well 
known and is attributed to the excita- 
tion of the spindle primary endings by 
the vibration; this excitation is believed 
to lead to a stretch reflex type of re- 
sponse, although there may well also be 
contributions from higher centers (6). 
The initial part of the reflex move- 
ment was not perceived by the subject, 
but when movement of some 10? had 
occurred the subject became aware of 
the motion and began to move his 
tracking arm also. But the tracking 
arm moved more slowly than the vi- 
brated arm so that the misalignment 
between them increased progressively. 

After the vibrated arm had moved 
through about 40?, its movement was 

gently arrested without the subject's 
knowledge. As a result of the reflex 
movement itself, a long string was 
gently pulled tight; one end of the 
string was attached to the splint and 
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the other was fixed. The subject then 
had a strong sensation that his arm 
was being moved in the opposite di- 
rection to that in which it had just been 
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Proprioceptive Illusions Induced by Muscle Vibration: 

Contribution by Muscle Spindles to Perception? 

Abstract. When vibration of 100 hertz was applied to the tendon of the biceps or 
the triceps muscle, the subject made a systematic misjudgment of the angle at 
the elbow. During contraction the error could be as much as 40 degrees. The 
subject thought that the elbow was in the position that it would have assumed if 
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