alone (16). The fish were Killed 48 or 72
hours later, and the brains were removed
and fixed in 2.5 percent glutaraldehyde
in Karlsson and Schultz’s phosphate
buffer (17) (36 hours at 4°C). The injected
tectum was bisected sagittally, with one-
half processed for light microscopy and
one-half for electron microscopy. For
light microscopy, serial sagittal sections
(10 pm) were stained by a modification
(7) of the silver impregnation method of
Holmes (/8). Neurofibrillary rings, ap-
proximately 1 wm in diameter, that ap-
peared to be identical to those occurring
in fish kept at 5°C for prolonged periods
were observed in the fish receiving leu-
peptin but not in the controls (Fig. 1).
Moreover, electron microscopy revealed
neurofilaments in the synaptic terminals
of the leupeptin-treated fish but not of
the control fish (Fig. 2). Thus, the injec-
tion of leupeptin into the optic tectum
does result in the accumulation of neuro-
filaments. These observations not only
support the hypothesis that the rings
appearing in fish after long periods at 5°C
are the result of the inhibition of a prote-
ase, but provide evidence in vivo in
support of the Lasek-Hoffman hypothe-
sis. Neurotubules were also observed in
the terminals of leupeptin-treated fish.
They occur also in some terminals of fish
exposed to 5°C for long periods. There is
evidence from studies in vitro that under
some conditions the calcium-activated
protease found in the peripheral nerve of
rats may degrade microtubule as well as
neurofilament protein (/4). Hence the
disaggregation of microtubules in axon
terminals may be brought about by both
a higher calcium ion concentration, as
postulated by Lasek and Hoffman (2),
and the action of a calcium-activated
protease as indicated by the present ex-
periments.

The regulation of neurofilament degra-
dation has many implications for neuro-
pathology (/9). Studies in which leupep-
tin is used in vivo may help to answer
questions about how accumulations of
neurofilaments affect axoplasmic trans-
port and synaptic transmission. The loss
of plasticity in the nervous system during
development and aging has been related
to changes in cytoskeletal elements (20);
the use of leupeptin in vivo and in tissue
culture should facilitate the elucidation
of the regulatory mechanisms involved.
Regeneration, another expression of
neural plasticity, could be studied by
observing the effects of leupeptin on the
reestablishment of optic axon connec-
tions in the optic tectum during regenera-
tion of the optic nerve of goldfish. Thus,
the demonstration that leupeptin inhibits
endogeneous calcium-activated prote-
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ases in vivo provides a pharmacological
tool that may be used to answer ques-
tions on the control of the growth of
axons in normal and pathological condi-
tions and on the plasticity of the nervous
system (21).

BeTTY 1. ROOTS
Department of Zoology and Erindale
College, University of Toronto,
Mississauga, Ontario, Canada L5L 1C6
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Regional Brain Concentrations of Neuropeptides in

Huntington’s Chorea and Schizophrenia

Abstract. To ascertain whether Huntington’s chorea and schizophrenia are
associated with specific regional alterations in neurotensin, somatostatin, and
thyrotropin-releasing hormone, the concentrations of these putative neurotransmit-
ters were measured by radioimmunoassay in postmortem brain samples from
patients with Huntington’s chorea or schizophrenia. Compared to 50 patients
without psychiatric or neurological disease, the patients with Huntington’s chorea
showed significantly elevated concentrations of all three neuropeptides in the
nucleus caudatus. In the nucleus accumbens somatostatin levels were increased
threefold, while in the amygdala thyrotropin-releasing hormone levels were elevated.
In contrast, the schizophrenics exhibited reduced levels of thyrotropin-releasing
hormone in two frontal cortical regions, reduced somatostatin levels in one frontal
cortical area, and increased neurotensin levels in one frontal cortical area. None of
the differences between the diseased brains and the controls could be accounted for
by differences in age, sex, or time between death and autopsy.

Anticipating that the etiology of Hun-
tington’s chorea and schizophrenia
might be elucidated, as was Parkinson’s
disease (1), by detailed biochemical anal-
ysis of postmortem brain samples, re-
searchers have sought for biochemical
abnormalities in the brains of patients
with these disorders. Abnormal concen-
trations of some neurotransmitters have
been observed, but the pathophysiolog-
ical significance of this is not known.
Huntington’s chorea is inherited as an

autosomal dominant trait (2) and is char-
acterized by major motor abnormalities
(hypertonicity and chorea) and by men-
tal disturbances (dementia and affective
disorder). Neuropathological and radio-
logical observations indicate significant
neuronal loss in the caudate nucleus (2).
Schizophrenia, a major behavioral disor-
der that affects approximately 0.6 per-
cent of the population (3), may be associ-
ated with neuropathological alterations

_of the limbic forebrain. Its active phase
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is characterized by hallucinations, delu-
sions, and disturbances in thought.

Recent anatomical studies (4, 5) have
revealed the presence of large quantities
of neurotensin (NT), somatostatin (SS),
and thyrotropin-releasing  hormone
(TRH) in the striatum and limbic fore-
brain, and physiological studies suggest
a neurotransmitter or neuromodulatory
role for these three central nervous sys-
tem peptides in the control of movement
and behavior (6). Interaction of these
peptides with brain monoamine systems
has been reported (6). We therefore at-
tempted to determine whether there are
specific regional excesses or deficiencies
of any of these peptides in the brains of
patients with Huntington’s chorea or
schizophrenia.

Human postmortem brain samples
that had been dissected, rapidly frozen,
and stored at the Medical Research
Council Brain Bank in Cambridge, En-
gland (7), were provided to us by M. N.
Rossor and L. L. Iversen. Psychiatric
and neurological diagnoses were deter-
mined after chart review by two indepen-
dent attending physicians. Samples were
obtained from 50 control subjects with-
out neurological or psychiatric disease,
46 schizophrenics, and 24 Huntington’s
chorea patients. The mean age and age
range of the three populations did not
differ significantly from each other: con-
trols, 71 years and 27 to 103 years;
schizophrenics, 58 years and 20 to 86
years; and Huntington’s chorea patients,
54 years and 26 to 78 years. The sex
distributions of the groups were also not
significantly different from each other:
controls, 66 percent male and 34 percent
female; schizophrenics, 59 percent male
and 41 percent female; and Huntington’s
chorea patients, 54 percent male and 46
percent female. Data were obtained on
the time between death and freezing of
brain samples, duration of illness, and
cause of death.

Samples of amygdala, nucleus accum-
bens, and caudate nucleus were avail-
able from patients in all three groups.
Cerebral cortical regions [Brodmann’s
areas (BA) 12, 24, and 32] and hypothala-
mus were available only in normal sub-
jects and schizophrenics. The frozen
brain samples were weighed, thawed,
and homogenized in 20 volumes (weight
to volume) of 1N HCI, and a portion of
the homogenate was taken for protein
determination with the Folin reagent (8).
The samples were centrifuged at 12,000g
for 30 minutes and the supernatant was
lyophilized. The lyophilized samples
were reconstituted in radioimmunoassay
buffer and assayed for NT by the method
of Manberg et al. (5), TRH by our modi-
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fication (9) of the method of Bassiri and
Utiger (10), and SS by our modification
(9) of the method of Arimura et al. (11).
The sensitivity of the assays was 10 pg
per tube for NT, 1 pg per tube for SS,
and S pg per tube for TRH. All samples
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Fig. 1. Regional brain concentrations of (A) SS-like, (B) TRH-like, and (C) NT-like immunore-
activity in normal controls (C), schizophrenics (S), and Huntington’s chorea patients (H).
Values are means * standard errors; numbers in parentheses refer to the number of samples
per group. Huntington’s chorea patients had significantly higher concentrations of SS, TRH,

and NT in the caudate nucleus, SS in nucleus

accumbens, and TRH in the amygdala. The

schizophrenics had significantly lower concentrations of SS and TRH in one frontal cortical
region (BA12) and reduced levels of TRH in another frontal cortical region (BA32) as well. In
the latter region the concentration of NT was elevated. P values were derived from analysis of

variance.
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used to evaluate the possible effects of
age, sex, and time from death to freezing
of tissue on peptide concentrations.

In control subjects the distribution of
the three neuropeptides was similar to
that reported previously (Fig. 1) (4, 5,
12). In the Huntington’s chorea group
the concentrations of all three peptides
were significantly increased in the cau-
date nucleus, confirming previous find-
ings (/3). The concentration of SS but
not TRH or NT was markedly increased
in the nucleus accumbens of the Hun-
tington’s chorea patients (Fig. 1A), who
also showed increased TRH in the amyg-
dala (Fig. 1B).

In schizophrenics no alterations in the
three peptides were observed in any of
the subcortical brain regions studied.
However, the concentration of SS was
significantly reduced in BA12 (Fig. 1A).
Similarly, the concentration of TRH was
reduced in BA12 and BA32 (Fig. 1B).
Finally, the concentration of NT was
significantly elevated in BA32 (Fig. 1C).

Covariate analysis did not show any
significant between-group differences
with respect to age, sex, or time from
death to autopsy.

Postmortem studies of brains from
Huntington’s chorea patients have
shown a variety of neurochemical
changes (2). These include decreased
activity of glutamic acid decarboxylase,
choline acetyltransferase, cysteic acid
decarboxylase, and cysteinsulfinic acid
decarboxylase and decreases in the con-
centration of +y-aminobutyric acid
(GABA). Furthermore, in Huntington’s
chorea there appear to be reduced num-
bers of brain membrane receptors for
cholecystokinin (CCK), quinuclidinyl
benzilate, benzodiazepine, haloperidol,
dopamine, GABA, and kainic acid.

Our results confirm the findings of two
previous studies (/3) in which increased
concentrations of TRH and SS were ob-
served in the caudate nucleus of patients
with Huntington’s chorea. The concen-
trations of NT and of other neurotrans-
mitters and related enzymes, including
dopamine, norepinephrine, vy-hydroxy-
butyric acid, and monoamine oxidase are
also increased in the caudate nucleus of
these patients (/4). Histological and ra-
diological studies, however, have repeat-
edly demonstrated loss of volume in the
caudate nucleus in Huntington’s disease
patients (2), suggesting that the in-
creased neuropeptide and neurotrans-
mitter concentrations in this region re-
sult from sparing of the neuropil contain-
ing these substances. It is also possible,
however, that an increase in the density
of the nerve terminals containing these
substances occurs in the caudate nucle-
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us. The concentration of SS in the nucle-
us accumbens, an area reported to exhib-
it neuropathological changes in this dis-
ease (/5), was three times higher than in
controls, but there was no difference in
the concentration of TRH or NT. These
findings and those of studies (/6) in
which no alteration was observed in the
levels of CCK octapeptide, Met-enkeph-
alin, substance P, vasoactive intestinal
peptide, or serotonin in this brain region
imply a disease-specific process leading
to an elevation of SS in the nucleus
accumbens. Similarly, the concentration
of TRH in the amygdala was significantly
elevated while the concentrations of the
other two neuropeptides were un-
changed.

In the postmorten brain samples from
schizophrenics an entirely different pat-
tern of neuropeptide alteration was ob-
served. There were no changes in the
concentrations of SS, NT, or TRH in any
of the subcortical brain regions. Howev-
er, in BA12 the levels of SS and TRH but
not NT were significantly reduced. Fur-
thermore, in BA32 the concentration of
TRH was reduced and that of NT in-
creased. The concentrations of the three
peptides were unaltered in an area of
cingulate cortex (BA24). The relevance
of these findings to those of other studies
is uncertain. Gillin et al. (17) found no
difference in the levels of immunoreac-
tive NT between schizophrenics and
normal controls, although they did not
assay cortical areas as we did; Adrian et
al. (18) reported increased NT in the
lateral thalamus of schizophrenics rela-
tive to a normal patient population.

Previously documented neurochemi-
cal alterations in schizophrenia include
increases in brain dopamine and reduc-
tions in the activity of glutamic acid
decarboxylase and choline acetyltrans-
ferase (19). Increases in dopamine recep-
tor binding have also been observed in
the brain tissue of schizophrenics (20).

Although we do not know the patho-
physiological significance of these alter-
ations in SS, NT, and TRH in Hunting-
ton’s chorea and schizophrenia, they do
appear to be disease-associated. The pat-
terns of alteration in the two disease
states were dissimilar, and no between-
group differences with respect to age,
sex, or time from death to autopsy could
be discerned by covariate analysis. Fi-
nally, the patient populations were suffi-
ciently large to render the possibility of
our observations being random occur-
rences extremely low.

Peptides are rapidly degraded by brain
peptidases, and the delay in obtaining
the tissue and freezing it might have
resulted in peptide degradation. Howev-

er, many peptides are remarkably stable
in brain tissue for as long as 3 days after
death when kept at a room temperature
of 22°C (21). As to the effect of age on
neuropeptide concentrations in brain tis-
sue, Buck et al. (22) reported that sub-
stance P, NT, and SS are stable with
aging, although they noted a significant
age-related reduction in NT concentra-
tion in the substantia nigra but not in the
frontal cortex, caudate, putamen, or glo-
bus palladus. There was no correlation
between peptide concentration and pa-
tient age in our study.
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Opiate Antagonists Improve Spatial Memory

Abstract. Rats trained on an eight-arm radial maze were challenged by placing the
maze in new spatial environments. Administration of opiate antagonists, either
naloxone or diprenorphine, after exposure to the new environments significantly
improved subsequent performance. The effect of naloxone on spatial memory was
attenuated when drug administration occurred 2 hours after maze exposure.

Russell and Nathan’s clinical descrip-
tion of retrograde amnesia in humans (/)
was soon followed by reports that treat-
ment after training could impair later
retention of a recently learned response
in laboratory animals. The effects of
treatments such as electroconvulsive
shock and protein synthesis inhibition in
laboratory animals depend on time—the
sooner the agent is administered after
training, the greater the amnesic effect
(2). In the past few years, many studies
have reported that opiates and opioid
peptides alter time-dependent memory
processes in laboratory animals (3). In
general, administering opiates and opioid
peptides at low doses produces amnesia
for events before treatment, and this
effect can be blocked by concurrent ad-
ministration of the opiate antagonist nal-
oxone (4). The complementary finding is
that administering an opiate antagonist
(for example, naloxone) by itself en-
hances retention (5).

Almost all the studies that have exam-
ined the effects of opiates on memory
have used aversive training procedures.

Table 1. Effects of opiate antagonist adminis-
tration on maze performance (/7). Values are
means * standard errors.

Errors to
criterion

Trials to

Treatment Lo
criterion

Experiment 1 (N = 8)

Saline 538 +0.71 12.0 = 2.89
Naloxone 3.25 £ 0.63* 4.4 = 2.74*
Experiment 2 (N = 10)

Saline 490 +0.70 12.2 = 3.03
Diprenorphine 3.60 + 0.49* 5.8 + 2.89*
*Significantly different from saline treatment

(P < 0.005) (12).
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Since opioid peptide systems seem to be
activated by noxious stimuli (6), it has
been proposed that perhaps only those
memories involving painful or fear-pro-
ducing events will be influenced by
opioids and their antagonists (7). We
now report, however, that administering
opiate antagonists enhances memory of a
nonaversive spatial learning task.

Rats can be readily trained to visit
each arm of an elevated eight-arm radial
maze only once during a session when a
food pellet is placed at the end of each
arm (8). Accurate performance of this
task normally depends on information
provided by spatial cues in the environ-
ment outside the maze (9). We studied
possible enhancing effects of posttrain-
ing opiate antagonist administration on
spatial memory using a procedure in
which the performance of normal ani-
mals on the eight-arm maze was less than
optimal. A 6-hour delay was inserted
between the fourth and fifth choices;
animals were then challenged by placing
the maze in new spatial environments.
The effects of experimental treatments
on the development of criterion perform-
ance were assessed.

Male Sprague-Dawley rats (Charles
River Laboratories) (10) were originally
trained on the eight-arm maze until they
reached criterion performance by visit-
ing each arm with no more than two
errors (that is, an entry into an already-
visited arm) on three consecutive days.
Subsequently, increasing delays (1 min-
ute, 30 minutes, 6 hours) were intro-
duced between the fourth and fifth
choices, and the animals were trained to
criterion at each delay. After completing
this training, animals were tested on the

same maze placed in two novel environ-
ments. The two new rooms were compa-
rable in size to the original room used for
training; a number of prominent cues
outside the maze (lighting fixtures, ob-
jects on the walls and floor) differed from
room to room. In one of the novel envi-
ronments, an opiate antagonist was ad-
ministered; in the other, the same ani-
mals were injected with physiological
saline. In order to ensure that the results
would reflect neither specific differences
in the two rooms nor order effects, treat-
ments were counterbalanced. Animals
were trained to criterion under the 6-
hour delay in each of the novel environ-
ments. All injections were administered
intraperitoneally immediately after the
first four correct choices at the beginning
of the delay period on each day of testing
until the criterion was reached. Two
separate experiments were done: the
opiate antagonist used in experiment 1
was naloxone (2 mg/kg), and that in
experiment 2 was diprenorphine (1
mg/kg).

The mean trials to criterion and errors
to criterion for each opiate antagonist
treatment group, summed over both nov-
el environments, are presented in Table
1 (11). In both experiments, administer-
ing an opiate antagonist led to acquisi-
tion in significantly fewer trials and with
fewer errors than were required with
saline treatment (/2). In fact, every ani-
mal in experiment 1 required fewer trials
to reach criterion with naloxone than
with saline.

The spatial nature of the memory in
this task was evaluated for both experi-
ments. When the maze was rotated (/3),
accurate performance was based on in-
formation provided by spatial cues in the
room surrounding the test apparatus.
This result indicates that new spatial
information was acquired during expo-
sure to each novel environment.

Another experiment was conducted to
assess further the reliability of the nalox-
one effect on spatial memory and to
evaluate whether this effect is time-de-
pendent. Ten rats were initially trained

Table 2. Time-dependent effects of adminis-
tration on maze performance. Values are
means * standard errors.

Treatment Tr‘ials~ to Er;org to
criterion criterion

Control

No treatment 4.7 *+ 0.64 11.2 = 3.12

Saline 4.8 £0.75 10.6 = 3.29
Naloxone

No delay 3.5+ 0.67% 3.7 £ 1.27*

2-hour delay 4.0 + 0.89 7.0 £ 293

*Significantly different from control treatments
(P < 0.001) (14).
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