
rimotor integration. The movement dis- 
turbances of Parkinson's disease, for ex- 
ample, are attributable to a loss of 
dopamine-containing neurons that in- 
nervate forebrain structures, particularly 
the neostriatum (11). Damage to these 
neurons of young adult animals results in 
sensorimotor disturbances similar to 
parkinsonism (12). The symptoms of this 
clinical disorder (13) and its analog in an- 
imals (14) are frequently controlled by 
administration of L-dopa, apomorphine, 
or similar compounds: Our findings sug- 
gest that advanced age may represent an- 
other link between movement distur- 
bances and the deterioration of dopami- 
nergic neurotransmission. This conclu- 
sion is supported by recent clinical in- 
vestigations that have noted similarities 
between the movement disturbances of 
parkinsonism and those of nondiseased 
elderly individuals (15). 

The swimming behavior of aged rats is 
a powerful indicant of age-related distur- 
bances of movement. The impairment 
observed in aged animals is likely to be 
symptomatic of a wide-ranging deterio- 
ration of sensorimotor integration. The 
findings offer the opportunity to illumi- 
nate the neurological basis for some 
movement disorders of elderly humans. 
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chronic schizophrenics. 

Monoamine oxidase (MAO) (E.C. 
1.4.3.4) plays a major role in the degra- 
dation of monoamines (1). Platelet MAO 
activity is reduced in some people with a 
variety of clinical disorders (2) including 
some patients with chronic schizophre- 
nia (3). Whether platelet MAO activity 
reflects monoaminergic activity in the 
brain or elsewhere has yet to be estab- 
lished. 

The release of prolactin from the ante- 
rior pituitary is inhibited by the mono- 
amine, dopamine (DA) (4). Although in- 
creased DA activity has been postulated 
in chronic schizophrenia, plasma pro- 
lactin concentrations, an indirect mea- 
sure of this activity, are nfot decreased in 
schizophrenics (5). The three experi- 
ments described here suggest that the 
regulation of prolactin secretion is re- 
lated to monoaminergic activity as re- 
flected in platelet MAO activity in some 
normal subjects and schizophrenics. 

The first experiment consisted of a ret- 
rospective analysis of the effects of a- 
methyl-p-tyrosine (AMPT), a catechol- 
amine synthesis inhibitor, on plasma 
prolactin concentrations in two studies 
of chronic schizophrenics maintained on 
stable doses of conventional neurolep- 
tics (6). Increases in plasma prolactin 
concentrations produced by AMPT (7) 
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were found to vary inversely with plate- 
let MAO activity (8) (Spearman, p = 

.85, P < .001, N = 12). 
This correlation suggested that platelet 

MAO activity might reflect MAO activi- 
ty in the tubero-infundibular system. If 
so, low platelet MAO activity should be 
associated with high DA concentrations 
in the tubero-infundibular system. In 
subjects with high platelet MAO activity 
(that is, already low DA concentrations) 
further decreases in DA concentrations 
with AMPT could lead to only small in- 
creases in plasma prolactin concentra- 
tions. Fundamental to this interpretation 
is the assumption that low platelet MAO 
activity should be associated with low 
plasma prolactin concentrations in un- 
medicated subjects. This hypothesis was 
tested in two further experiments. 

Blood was drawn from 39 normal vol- 
unteers (9) between 8 and 9 a.m. and pro- 
cessed as described previously (7, 8). 
Twenty-three of the subjects were cho- 
sen specifically from among subjects 
with platelet MAO activity in the lowest 
decile (10) of 375 previously studied nor- 
mal subjects (11). Sixteen subjects were 
chosen specifically from the highest dec- 
ile of this group of normal subjects (12). 
It was hypothesized that the group with 
low MAO a:ctivity would have lower 
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monoamine oxidase activity in 12 patients with chronic schizophrenia. In normal 
volunteers with low monoamine oxidase activity ind in unmedicated patients with 
chronic schizophrenia, plasma prolactin concentrations varied directly with platelet 
monoamine oxidase activity. No such relationship was fbund in normal subjects with 
high platelet monoamine oxidase activity. These data suggest that platelet mono- 
amine oxidase activity reflects monoaminergic activity in the tubero-infundibular 
system, which in turn aff ects plasma prolactin concentrations. This relationship may 
be important in patients with low platelet monoamine oxidase activity, such as some 
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plasma prolactin concentrations than the 
group with high MAO activity. No such 
difference was found. Nevertheless, 
plasma prolactin concentrations corre- 
lated directly with platelet MAO activity 
in the group with low platelet MAO ac- 
tivity (p = .54, P < .01, N = 23), where- 
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as no such relationship was found in the 
group with high platelet MAO activity 
group (p = .05, P < .84, N = 16) (Fig. 
1). For the last experiment we used 19 
unmedicated patients satisfying Re- 
search Diagnostic Criteria (13) for chron- 
ic schizophrenia (14). Three to seven 

h 

Fig. 1. A direct correlation is 
shown between platelet MAO 
activity and plasma prolactin 
concentration in normal sub- 
jects with low platelet MAO 
activity (p = .54, P < .01, N 

A = 23). There is no such rela- 
tionship in normal subjects 
with high platelet MAO activi- 
ty (p = .05,P < .84, N = 16). 
Platelet MAO activity was de- 
termined as nanomoles of 
benzaldehyde produced per 
108 platelets per hour. 

21 

Fig. 2. A direct correlation is 
shown between platelet MAO 
activity and plasma prolactin 
concentrations in unmedicated 
chronic schizophrenics (p= 
.46, P < .05, N = 19). 

samples of blood per patient were ana- 
lyzed for plasma prolactin concentra- 
tions during drug-free intervals ranging 
from 6 to 46 days (15). Median prolactin 
concentrations varied directly with me- 
dian platelet MAO activity (p = .46, 
P < .05, N= 19) (Fig. 2). 

The data from these three experiments 
strongly suggest a correlation between 
platelet MAO activity and plasma pro- 
lactin concentration in normal subjects 
and chronic schizophrenics with low 
MAO activity. Exactly how this relation- 
ship is mediated is a point of interest. 
Some monoamines that are substrates 
for MAO include DA, norepinephrine, 
serotonin, and phenethylamine (16). Al- 
though it cannot be said with certainty 
that one of these monoamines is respon- 
sible for mediating this effect, there is no 
monoamine with a more clear-cut inhib- 
itory effect on prolactin release than DA 
(4). Exactly how DA is metabolized by 
MAO is unclear. There appear to be at 
least two different types of MAO (MAO- 
A and MAO-B) as distinguished by sub- 
strate and inhibitor characteristics (16, 
17). Both types have been reported to 
metabolize DA (18). Platelet MAO has 
the characteristics of MAO-B (19). Al- 
though in the brain of some species 
MAO-A predominates (20), there is rela- 
tively high MAO-B activity in the pitui- 
tary (20, 21). 

It is interesting that in normal volun- 
teers with high platelet MAO activity 
we found no correlation between plasma 
prolactin concentration and platelet 
MAO activity. The absence of this corre- 
lation does not appear to result merely 
from a restriction of platelet MAO activi- 
ty, since the range was actually larger in 
the high MAO group than in the low 
MAO group (10, 12). It appears that 
there is a threshold beneath which plate- 
let MAO activity is associated with plas- 
ma prolactin concentrations in this nor- 
mal population. This does not appear to 
be the case in the schizophrenic popu- 
lation where two patients with platelet 
MAO activity in the highest decile had 
corresponding high plasma prolactin 
concentrations. Nevertheless, the data 
suggest a physiological difference be- 
tween normal subjects with low and high 
platelet MAO activity. In normal sub- 

jects with high platelet MAO activity and 
presumably low DA concentrations plas- 
ma prolactin concentrations appear to be 
controlled by another mechanism. 

Since platelet MAO activity is de- 
creased in some chronic schizophrenics 
and some normal subjects, such subjects 
appear to have increased DA activity in 
the tubero-infundibular system. These 
findings support the hypothesis that 
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platelet MAO activity reflects mono- 
aminergic activity in the tubero-in- 
fundibular system. 
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tic vesicles in primary afferent terminals 
(2) and has been observed within neu- 
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in the dorsal horn (6). In addition, sys- 
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been reported to alter the response of pe- 
ripheral nerves to chemical stimuli ap- 
plied to the skin and to block the ani- 
mal's thermoregulatory response (7). 

These observations led us to investi- 
gate whether animals treated with cap- 
saicin might display analgesia. To re- 
strict the actions of capsaicin to the spi- 
nal cord, we administered the drug 
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directly into the subarachnoid space. In 
rats under ether anesthesia we implanted 
a polyethylene catheter by inserting it 
through the cisterna magna to the rostral 
edge of the lumbar enlargement in the 
spinal subarachnoid space (8). The rats 
were allowed to recover for 7 days, after 
which time they each received an intra- 
thecal injection of 3 or 30 /g of capsaicin 
in a volume of 15/tl (9) and then an injec- 
tion of 10 /xl of saline. 

Intrathecal injection of capsaicin pro- 
duced a striking biphasic response. Dur- 
ing the first 1 to 3 minutes, the animal 
showed a strong contracture of the cau- 
dal portions of the body; after this period 
the animals regained coordinated motor 
control and immediately began biting 
and scratching at the caudal portion of 
the body in the dermatomes correspond- 
ing to those levels of the spinal cord af- 
fected by the intrathecal injection. This 
severe agitation lasted 5 to 10 minutes, 
after which the animal sat quietly showing 
occasional grooming behavior. 

Twenty-four hours after the injection 
of capsaicin, we tested the nociceptive 
threshold by using the spinally mediated 
tail-flick response to heat and by measur- 
ing the withdrawal latency on a 55?C hot 
plate. In animals tested before injection 
of capsaicin, the mean latency on the 
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Abstract. A single intrathecal injection of capsaicin depletes substance P from 
primary sensory neurons and causes a prolonged increase in the thermal and chem- 
ical pain thresholds of the rat but no apparent change in responses to noxious me- 
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