distinguished from patients who are not
responsive to neuroleptic treatment and
who may have different or additional
pathophysiology (26). Because DBH is
found only in noradrenergic neurons and
not in dopaminergic neurons, these find-
ings emphasize the need to include cen-
tral noradrenergic systems in the study
of schizophrenia (27).
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Reduced Leucine-Enkephalin—-Like Immunoreactive Substance

in Hamster Basal Ganglia After Long-Term Ethanol Exposure

Abstract. Golden Syrian hamsters were placed individually in cages with three
drinking bottles—one empty, one containing water, and the third containing water
and ethanol. Control hamsters received water only. After 1 year the experimental
hamsters showed a significantly lower concentration of leucine-enkephalin-like
immunoreactive substance in the basal ganglia than the control hamsters. This
finding indicates that the action of ethanol involves endogenous peptidyl opiates.

The effect of ethanol has been linked
with opioids (/), and ethanol has been
shown to alter neuronal functions, such
as the synthesis, release, and degrada-
tion of certain neurotransmitters (2).
Furthermore, ethanol has been de-
scribed as effectively interfering with the
synthesis of brain peptides (3). Concen-
trations of the peptidyl opiates B-endor-
phin and enkephalins, which are putative
neurotransmitters, neuromodulators, or
hormones (4), have been altered by
short- and long-term treatments with
various drugs (5). Evidence from animal
and human studies indicates that ethanol
and narcotic drugs interact at similar
endogenous peptidyl opiate sites (6) and
that these drugs could induce euphoria
via the endorphinergic system (7). We
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Fig. 1. Consumption of ethanol and water by
the eight surviving experimental hamsters
over the l-year period. Values are means
+ standard errors.
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now report that long-term ethanol con-
sumption in hamsters significantly re-
duces the concentration of an enkepha-
lin-like immunoreactive substance in the
basal ganglia. This finding further sup-
ports the involvement of peptidyl opiates
in the action of ethanol.

In our experiment we used the alco-
hol-preferring Syrian hamster (Mesocri-
cetus auratus) (8). Experimental animals
(N = 10) were placed individually in
cages with three drinking bottles. One
bottle was empty, the second contained
water, and the third contained a solution
of water and 5 percent ethanol (9). Con-
trol animals (N = 10) were placed indi-
vidually in cages in which they had ac-
cess to water only. After 1 month the
concentration of ethanol was increased
to 10 percent and kept there for the
remaining 11 months of the experiment.
The animals were maintained on a photo-
period with 12 hours of light and room
temperature (23° to 25°C) throughout the
experiment. Consumption of water and
ethanol was measured daily.

At the end of the 12-month period,
eight experimental and five control ham-
sters (10) were anesthetized with ether
and killed by perfusing the brain through
the left cardiac ventricle with a 2.5 per-
cent paraformaldehyde Sorensen-buffer
(pH 7.4) for approximately 10 minutes or
until the liver color turned a grayish
white.
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Fig. 2. Brain sections showing relative densi-
ties of leucine-enkephalin immunoreactive
substance in basal ganglia of hamsters that
consumed ethanol (left) and control hamsters
(right). Each picture represents a different
animal. The circled areas are recommended
for comparison.

After perfusion the brains were dis-
sected out and immersed in the same
fixative overnight at 4°C. After several
washes in 0.1M phosphate buffer, the
forebrains were dehydrated in ascending
grades of alcohol and xylene and embed-
ded in paraffin. Serial frontal sections 5
mm thick were cut, mounted on glass
slides, and placed in an incubator at 37°C
overnight.

We then used an immunoperoxidase
staining procedure (/) with antiserum to
leucine-enkephalin (/2). The preparation
and specificity of the primary antiserums
have been described by Miller et al. (13).
Dilution at 1:100 gave optimal specific
staining. After primary incubation, the
slides were washed in phosphate-buff-
ered saline (PBS) for 3 minutes, incubat-
ed for 10 minutes with antiserum to
rabbit gamma globulin (1:100), washed
as before with PBS, and incubated for 20
minutes with peroxidase-antiperoxidase
(PAP) (1:50). After being washed in
PBS, the sections were immersed in 200
ml of 0.05M tris (pH 7.6) containing 150
mg of diaminobenzidine tetrahydrochlo-
ride and 15 pl of 3 percent hydrogen
peroxide. The sections were then
washed with tris and PBS, counter-
stained with methyl green, and mounted
with Permount. Specificity of the immu-
noreactivity was established by incubat-
ing serial sections with primary antise-
rums absorbed with leucine-enkephalin
or with unabsorbed antiserums.

Figure 1 shows the monthly mean
preference ratios for the experimental
hamsters (average fluid consumption,
8.52 g/kg per day). As expected, these
animals preferred ethanol over water
across the 12-month period [F(13,
143) = 18.23, P < .001]. Although con-
trol-group water consumption is not
shown in Fig. 1, it ranged from
35.23 = 1.25 ml per month at the begin-
ning of the experiment to 50.22 + 3.51
ml per month, at maturity (N = 5).

Examples of stained basal ganglia
from the hamsters are shown in Fig. 2.
Qualitatively, the density of leucine-en-
kephalin immunoreactivity is much high-
er in the control ganglia than in the
experimental ganglia. All 13 animals ex-
hibited this difference.

Past studies demonstrated that long-
term treatment with opiates significantly
reduces endogenous peptidyl opiates
(14) and that long-term ethanol treatment
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decreases enkephalin activity (/5) and
depresses either methionine-enkephalin
in striatum, medulla, pons, and midbrain
or B-endorphin in the intermediate and
posterior lobes of the rat pituitary (16).
Although other studies did not show that
morphine (17) or ethanol (18) alters the
level of methionine or leucine-enkepha-
lin in brain tissue, our finding of a
marked reduction in basal ganglia leu-
cine-enkephalin in hamsters drinking
ethanol for a 12-month period is in full
agreement with the former studies (5,
16) and also suggests occupancy of opi-
ate receptors by ethanol or a metabolite.
Interpretation of these results tend to
support in part the negative feedback
theory for agonist (opiate-like)-induced
inhibition of neuronal enkephalin synthe-
sis (/9). Alternatively, the ethanol-in-
duced reduction of enkephalin-like mate-
rial may simply be due to the neurotoxic
effects of ethanol (20).

These results are evidence for the pu-
tative role of the peptidyl opiate system
in mediating the long-term effects of eth-
anol (21). Additional research along
these lines may provide important infor-
mation concerning the mechanisms un-
derlying alcohol-seeking behavior (22).
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Central Regulation of Intestinal Motility by

Somatostatin and Cholecystokinin Octapeptide

Abstract. When injected continuously into the lateral ventricles of the rat,
somatostatin increased the frequency of the migrating myoelectric complexes of the
small intestine in a dose-related manner. A significant increase was obtained at a
dose as low as 0.066 picomole per minute. In contrast, cholecystokinin octapeptide
decreased the frequency of the migrating myoelectric complex of the small intestine
or disrupted this pattern when injected into the lateral ventricle at rates of 0.073 to
0.23 picomole per minute. These findings support the hypothesis that somatostatin
and cholecystokinin octapeptide act on central nervous system structures that are
involved in the control of intestinal motility.

Many peptides in the brain also occur
in the gut. Biologically active peptides
such as somatostatin and cholecystoki-
nin octapeptide (CCK-OP), which are
secreted from endocrine cells of the gas-
trointestinal tract, have also been identi-
fied in afferent fibers of the vagus nerves
(1). There is evidence that CCK-OP is a
satiety factor in the rat (2) and sheep (3);
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CCK-OP has been shown to both origi-
nate and act in the brain (3, 4). Somato-
statin has been found in the cerebrospi-
nal fluid (CSF) and in several areas of the
brain in larger amounts than in peripher-
al blood (5), but no experiments have
been performed on its role in feeding
behavior.

These two neuropeptides modify the

pattern of intestinal motility when they
are injected intravenously. The motility
of the small intestine is organized in
many species in cyclical sequences of
contractions occurring regularly in the
duodenum and propagated through the
entire small intestine. Each contraction
is associated with a burst of potentials,
and the recording of the electrical ac-
tivity shows the presence of migrating
myoelectric complexes (MMC) consist-
ing of irregular spiking activity followed
by a short period of intense activity
sometimes called regular spiking activity
(6, 7). This motor sequence progressive-
ly migrates to the ileum propelling the
digestive contents at a mean rate of 15
cm/min. Successive MMC are separated
by periods of quiescence. In fasted rats
these MMC last 12 to 15 minutes and
occur in the duodenum at about 20-

" minute intervals (7).

Systemic infusion of somatostatin in-
creases the frequency of the MMC in the
dog and reduces gastric activity (8, 9); in
contrast, CCK-OP stimulates antroduo-
denal motility and disrupts the MMC
pattern in the dog (10). Intracerebroven-
tricular administration of somatostatin
can stimulate gastric secretion (volume,
titrable acidity, and pepsin), and it has
been proposed that this peptide acts ini-
tially within the brain, stimulating affer-
ent vagal fibers to cause the increase in
gastric secretion via a cholinergic mech-
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complex (MMC) of the small intestine in a fasted rat. (A) Integrated
record of electrical activity of the duodenum obtained by continuous
20-second summation of spikes collected from intramuscular elec-
trodes. The period of somatostatin infusion (0.2 pmole/min) is indicat-
ed by the vertical arrows. The interval between two consecutive
MMC shortened after somatostatin infusion. (B) Frequency of duode-
nal MMC (mean * standard error, N = 12) measured during con-
secutive 30-minute periods. Somatostatin infusion (0.2 pmole/min)
significantly increased the frequency of MMC. Fig. 2 (right).
Comparative effects of two doses of CCK-OP administered intracere-
broventricularly on the pattern of MMC of the small intestine in a
fasted rat. The duration of the MMC cycle increased at the lower rate
of infusion while at the higher rate (0.73 pmole/min) the MMC was
disrupted in a manner similar to that seen after a meal.
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