
These data clearly demonstrate that (i) 
repeated TP stress can induce a sensi- 
tization to a later injection of ampheta- 
mine and (ii) a single injection of am- 
phetamine can, conversely, induce a 
long-lasting sensitization of TP behavior, 
as reflected by a decreased response to 
haloperiodol. Collectively, these find- 
ings support the hypothesis that TP and 
amphetamine may be interchangeable in 
their capacity to induce sensitization. 
The potential importance of these find- 
ings depends on the extent to whjch they 
can be generalized to other stressors. In 
this regard, it has been demonstrated 
that other, more traditional stressors, 
such as foot shock and food deprivation, 
can also induce sensitization to ampheta- 
mine (9, 10). Since amphetamine and 
stress can each induce a sensitization to 
the other, the question arises of whether 
the progressive influence of repeated 
stimulant administration may ~ due, in 
part, to the ability of these agents to sim- 
ulate the effects of stress on the orga- 
nism. Such a possibility would be greatly 
enhanced if it could be shown that re- 
peated stress can sensitize an organism 
to a subsequent stress. Data from our 
laboratory are in accord with this possi- 
bility. For instance, we have shown that 
food deprivation for 72 hours can dimin- 
ish the ability of haloperidol to antago- 
nize TP behavior 15 days later (10) and 
that self-stimulation [another known 
stressor (11)] can induce ingestive be- 
haviors that show progressive enhance- 
ment upon repetition of this stimulus 
(12). 

Our findings might be clinically rele- 
vant in several respects. (i) They suggest 
that even a single administration of a rel- 
atively small dose of amphetamine can 
produce enduring behavioral conse- 
quences. Thus, even if individuals pre- 
viously exposed to amphetamine never 
develop a psychotic syndrome, they 
may, nonetheless, display abnormal be- 
havioral responses during stressful situa- 
tions lpng after that exposure. (ii) If, as 
our data suggest, both amphetamine and 
stress pan induce sensitization and may 
be interchangeable in this regard, it 
might be predicted that individuals with 
a vulnerability to stress (such as may oc- 
cur in certain types of schizophrenia) (4) 
would show an enhanced response to 
amphetamine. Indeed, a number of stud- 
ies have shown that schizophrenics ap- 
pear to be especially sensitive to the psy- 
chotogenic effects of amphetamine as 
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standing the enigta of the extreme vari- 
ability in amphetamine dosage required 
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to induce psychotic reactions in individ- 
uals with no record of schizophrenia 
(14). Thus, those with a history of stress 
may be much more sensitive to the influ- 
ence of amphetamine. The last two 
points are not intended to imply that oth- 
er environmental, physiological, or psy- 
chological factors are not involved, but 
that stress may be one of many variables 
which predispose an individual to devel- 
op drug-related or naturally occurring 
psychoses (15). 

Finally, it should be noted that since 
amphetamine-induced stereotypy is be- 
lieved to be mediated by dopamine (16), 
TP sensitization of this response could 
suggest that repeated stress may sensi- 
tize brain dopamine mechanisms. Our 
recent report that TP and other activat- 
ing stimuli alter the firing rates of mid- 
brain dopamine-containing neurons is 
consistent with this possibility (8). 
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Schizophrenia: Elevated Cerebrospinal Fluid Norepinephrine 
Abstract. Concentrations of norepinephrine in cerebrospinal fluid are higher in 

schizophrenic patients, particularly in those with paranoidfeatures, than in normal 
volunteer subjects of the same age. This observation supports recent reports of ele- 
vated concentrations of norepinephrine in specific brain areas adjacent to the cere- 
bral ventricles of paranoid schizophrenic patients. Overflow of the amine from peri- 
ventricular regions into the cerebrospinal fluid may reflect abnormally high release 
or diminished enzymatic destruction of norepinephrine in patients with schizophre- 
nia. 
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Table 1. Comparison of schizophrenic subgroups and control subjects. Values are means ? 
standard errors, and comparisons are by two-tailed t-tests. 

Pulse Bunney- 
Group N Age NE Blod (beats Hamburg Group N (years) CSF pressure per psychosis 

(pg/ml) (mm-Hg) minute) rating 

Control 29 29 + 2.4 91 ? 6* 121 + 2.6/ 80 + 1.9t 
75 ? 2.2T 

All schizo- 35 25 ? 1.2 125 ? 11 123 ? 2.2/ 95 ? 1.8 6.2 + 0.4 
phrenics 80 ? 1.0 

Paranoid 14 26 ? 1.5 144 ? 20 122 ? 2.4/ 92 ? 2.6 5.7 ? 0.8 
80 + 1.3 

Undiffer- 10 27 ? 3.7 101 ? 11 126 + 6.8/ 100 ? 4.5 7.4 + 0.7 
entiated 80 ? 2.4 

Schizo- 11 25 ? 1.5 122 + 21 120 ? 2.1/ 95 ? 2.4 5.6 ? 0.7 
affective 80 ? 1.8 

*Less than all schizophrenics, P < .01; less than paranoids, P < .02. 
P < .001. 1Less than all schizophrenics, P < .05. 

of schizophrenia (4). The dopamine hy- 
pothesis of schizophrenia, however, is 
not accepted universally (5). In recent 
preliminary studies (6, 7), elevated con- 
centrations of norepinephrine (NE) were 
found in specific areas of the brains of 
schizophrenic patients studied at autop- 
sy. The limbic system, which controls 
emotional and cognitive behaviors simi- 
lar to those disrupted in schizophrenia, is 
richly innervated by noradrenergic and 
dopaminergic neurons. Evidence sug- 
gests limbic system dysfunction in at 
least some cases of schizophrenia (8). 
Since the structures that compose the 
limbic system are adjacent to the cere- 
bral ventricles, NE released in these 
areas may reach the cerebrospinal fluid 
(CSF) and thus reflect the activity of the 
limbic noradrenergic neurons (9). 

We measured NE concentrations in 
the CSF of 35 schizophrenic patients and 
29 healthy volunteers who were admitted 
to the clinical center at the National In- 
stitutes of Health (NIH). All gave writ- 
ten informed consent for their participa- 
tion in the research procedures. Using 
Spitzer's research diagnostic criteria 
(10), two psychiatrists evaluated the 
schizophrenic patients before admission 
and during hospitalization to confirm the 
diagnostic categories-paranoid (N == 14), 
undifferentiated (N= 10), and schizo- 
affective (N = 11). The specially trained 
nursing staff completed the 15-point 
Bunney-Hamburg rating scale for psy- 
chosis twice daily for each patient. Con- 
trol subjects (who had no personal or 
family history of psychotic illness) were 
admitted to the same wards as the pa- 
tients and placed on the same diet (low in 
monoamines, alcohol-free, and caffeine- 
restricted) as that of the schizophrenic 
patients. Subjects received no medica- 
tion for at least 2 weeks before we ob- 
tained CSF by lumbar puncture (at 9:00 
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tLess than all schizophrenics, 

a.m., after 9 hours of strict bed rest and 
no food or drink) (11). The nursing staff 
recorded blood pressure (by ausculta- 
tion) and pulse rate (by radial palpation) 
four times a day for each subject. 

The clinicians collected, processed, 
and preserved the CSF of patients and 
controls identically but in a manner dif- 
ferent from that used in our previous 
studies, in which different concentra- 
tions of NE were found in normal sub- 
jects (9). Previously, the 4 ml of CSF re- 
quired for NE analysis was collected into 
tubes containing 10 mg of ascorbic acid 
and frozen immediately on dry ice. In the 
present study, CSF was collected into 
tubes without ascorbic acid and was 
placed immediately on wet ice, 10 mg of 
ascorbic acid was added to 4 ml of this 
CSF within 30 minutes, and the samples 
were frozen at -70?C. We have dis- 
cussed the methodological variations in 
greater detail elsewhere (12). The inves- 
tigators who assayed the samples were 
blind to the diagnoses. 

Mean concentrations of NE in CSF for 
all the schizophrenic patients and for 
those with paranoid schizophrenia were 
higher than those of control subjects 
[P < .01 and .02, respectively (two-tailed 
t-test; see Table 1)]. The NE concentra- 
tions in paranoid patients tended to be 
higher than in those with undif- 
ferentiated schizophrenia (P < .1), al- 
though one-way analysis of variance re- 
vealed no significant differences in the 
mean concentrations of NE in CSF, 
pulse rates, or blood pressures among 
the three schizophrenic subgroups. One- 
way analysis of variance of the control 
group and the three schizophrenic sub- 
groups showed intergroup differences 
for NE concentration [F(3, 60) = 3.8, 
P < .02] and pulse rate [F(3, 60) = 7.9, 
P < .001]. The Newman-Keuls and 
Duncan tests were then used to contrast 

these intergroup differences. These tests 
indicated that for NE concentrations, the 
control group was significantly different 
from the paranoid subgroup only, and 
that for pulse rates, the control group 
was different from each of the three 
schizophrenic subgroups. The entire 
group of schizophrenic patients had 
higher mean diastolic blood pressure and 
pulse rate than the controls [P < .05 and 
.001, respectively (two-tailed t-test; see 
Table 1)]. One paranoid patient's NE 
concentration was 320 pg/ml (greater 
than 2 standard deviations from the 
mean), but even when this patient was 
omitted, the mean NE concentration for 
the paranoid patients (130 + 16 pg/ml) 
remained significantly higher than for the 
controls (P < .025). The cardiovascular 
status of this patient was unremarkable; 
the pulse rate was 84 beats per minute 
and the blood pressure 120/81 mm-Hg. 
Of the three patient subgroups, those 
with undifferentiated schizophrenia had 
the highest mean pulse rate and psycho- 
sis score and the lowest mean NE con- 
centration. Paranoid schizophrenic pa- 
tients had the highest mean NE concen- 
tration and were the only subgroup to be 
significantly higher in this parameter 
than the controls; they also had the low- 
est mean pulse rate of the schizophrenic 
subgroups. Psychosis ratings, NE con- 
centrations in CSF, pulse rates, and 
blood pressures were not correlated with 
each other or with any of the other pa- 
rameters measured when evaluated with 
the Spearman rank-order correlation sta- 
tistic. 

The elevated pulse rates and diastolic 
blood pressures in the patients may re- 
flect increased sympathetic or diminish- 
ed parasympathetic nervous system ac- 
tivity. Although the patients reported 
less discomfort than the control subjects 
(13), the lumbar puncture (or the antici- 
pation of the procedure) may cause 
greater anxiety in patients than in normal 
subjects. In spite of efforts to adequately 
inform the subjects about the proce- 
dures, some of the patients, particularly 
those with paranoia, may not have un- 
derstood or fully believed the ex- 
planation for the lumbar puncture proce- 
dure. The elevated concentrations of NE 
in CSF in the paranoid patients do not 
seem to be directly related to anxiety, 
since they had the lowest mean pulse 
rate (a good index of anxiety level) and 
the highest mean NE concentration of 
the three schizophrenic subgroups. 

These data are consistent with several 
recent reports (6, 7) of elevated concen- 
trations of NE in specific brain areas 
of schizophrenic subjects, particularly 
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paranoid schizophrenics (6). Although 
schizophrenia may be a group of dis- 
orders characterized by similar symp- 
toms but biochemically heterogeneous, 
paranoid schizophrenia may represent a 
more homogeneous population (14, 15). 
Evidence for this idea (other than studies 
reporting NE levels noted above) derives 
from reports that platelet monoamine 
oxidase (MAO) activity is reduced (14) 
and that urinary excretion of phenyleth- 
ylamine (PEA) is increased (15) in the 
paranoid subgroup of schizophrenic pa- 
tients. Phenylethylamine is an endoge- 
nous amine that is structurally and 
pharmacologically related to NE and 
amphetamine (15). 

The major metabolite of NE in human 
brain tissue is 3-methoxy-4-hydroxy- 
phenylglycol (MHPG). Most studies of 
MHPG in CSF find no significant dif- 
ferences between schizophrenic patients 
and normal subjects (16). However, ac- 
tivity of MAO, an enzyme involved in 
the conversion of NE to MHPG, tends to 
be low in schizophrenics (14). Patients 
with paranoid schizophrenia may have 
the lowest MAO activity, and the activi- 
ties of other schizophrenic subtypes ap- 
pear to lie intermediate between those of 
paranoid schizophrenics and those of 
normal subjects (14). Release of NE in 
the brain could be normal in schizo- 
phrenics, but if degradation of NE by 
MAO is retarded, then schizophrenic pa- 
tients could have elevated concentra- 
tions of free NE that could reach the 
CSF and normal concentrations of the 
metabolite MHPG. Note that patients 
with paranoid schizophrenia have the 
highest concentrations of free NE in 
CSF; this is the same subgroup that Pot- 
kin et al. (14) report to have the lowest 
MAO activity. If these data are sub- 
stantiated, one might hypothesize that 
the excess NE may induce a psychosis, 
similar to that produced by chronic in- 
gestion of catecholamine-releasing drugs 
such as amphetamine, in which paranoid 
features are prominent (3). 

If the elevated excretion rate of PEA 
in the paranoid patients (15) could be 
taken to indicate increased PEA metabo- 
lism in brain or even in the limbic sys- 
tem, where levels are high in normal sub- 
jects compared to other brain areas, 
what might these data imply with respect 
to the paranoid schizophrenic process? 
First, these data suggest that the para- 

noid subgroup may be more homoge- 
neous. Second, PEA may be an endoge- 
nous psychotomimetic itself, a precursor 
of dopamine and NE (nonspecific hy- 
droxylases are present in the brain), a 
modulator of catecholamine release and 
metabolism, or an insignificant by-prod- 
uct. If there is a physiologic role for 
PEA, the present trend toward evoking 
elevated NE activity in schizophrenia 
would implicate PEA as a releaser or 
precursor that increases NE levels. 

The elevated concentrations of NE in 
the CSF of schizophrenic patients should 
be interpreted with caution, especially 
with respect to the paranoid subgroup, 
because of the considerable overlap be- 
tween patients and controls and because 
our diagnostic abilities with regard to 
subgrouping schizophrenic patients re- 
main tentative since most schizophrenic 
patients demonstrate paranoid delusions 
at some time in their clinical history.iFor 
example, one patient diagnosed as schizo- 
affective also had marked paranoid fea- 
tures and a NE concentration of 309 
pg/ml. The results, however, are con- 
sistent with the view that in schizo- 
phrenics (6, 7)-particularly in some 
paranoid patients (6)-there are increased 
concentrations of NE in CSF, which 
implies enhanced release or diminished 
metabolism of the free amine in areas 
of the brain that are adjacent to the cere- 
bral ventricles. However, the relation of 
the pathophysiology of schizophrenia to 
a defect in central noradrenergic neuro- 
transmission remains to be elucidated. 
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