or other sensory stimulation. Moreover,
the units with clearly demonstrable re-
sponses to kinesthetic inputs observed
in these studies showed changes in
activity during both ramp and ballistic
movements.

These findings on the preferential
relation of neural activity in the puta-
men to slow movements may have
relevance to the pathophysiology of
movement disorders involving the basal
ganglia in man. Considerable evidence
points to a selective disturbance in
slow movements in many of these dis-
orders. Generally speaking, the involun-
tary movements associated with basal
ganglia dysfunction (for example, cho-
rea, athetosis, dystonia) are “slow” in
character. Also, in the akinetic syn-
drome of Parkinsonism the major dif-
ficulty appears to be in the initiation
of slow movements, such as rising from
a chair or bed, turning, walking, and
so forth. The initiation of simple rapid
movements in Parkinsonism patients ap-
pears to be less impaired than one
would predict (7). Kornhuber (2) has
suggested that akinesia might result
from loss of the ramp-generating mech-
anisms of the basal ganglia, whereas
rigidity, chorea, athetosis, and dystonia

might result from various forms of
“release” of these same neural mech-
anisms. The present experiment, indi-
cating that the activity of a large por-
tion of the striatum is preferentially
involved in the control of slow move-
ments, is consistent with this view as
well as the evidence for involvement
of the striatum in the pathogenesis of
akinesia as well as rigidity, chorea,
athetosis, and dystonia (7).

M. R. Delong
Laboratory of Neurophysiology,
National Institute of Mental Health,
Bethesda, Maryland 20014
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Preference Enhancement for Alcohol by Passive Exposure

Abstract. A large and lasting enhancement of alcohol consumption over con-
trol levels is reported after direct infusion of 10 percent alcohol into the stomach

of rats for 6 days.

While it has seemed probable that
addiction to alcohol is at least in part
due to the development of physiologi-
cal tolerance to the drug, there have
to date been no clear demonstrations
that alterations in the blood level of
alcohol alone (without concomitant ex-
periential factors of taste and ingestion)
were sufficient to produce a lasting en-
hancement of alcohol preference subse-
quent to treatment (/). Here we report
a method capable of producing a last-
ing enhancement of alcohol preference
without concomitant oral stimulation.
Not only has the method succeeded in
separating out the experiential from
the more purely physiological factors
in alcohol preference in rats, but it also
provides a very fast and convenient
way of producing an animal prepara-
tion of use in the study of alcohol ad-
diction.

This enhancement of preference has
been achieved by prolonged passive in-
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fusion of alcohol into the stomach of
rats. After recovery from surgical prep-
aration (2), the rats were placed in a
Bowman restrainer cage (3) to adapt
for 24 hours. After this initial period
each rat was connected to a pump
(4). Seven rats (Sprague-Dawley, 6
months old) were infused with an alco-
hol solution (10 percent by volume)
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at the mean rate of about 45 ml per
24 hours. This infusion continued for
6 days. -

All rats were released for 30 min-
utes per day to enable them to groom
themselves and to exercise. Rats were
also released if they lost consciousness.
They were then allowed to recover out-
side the apparatus. The rate of infusion
was 2.17 ml/hour. Seven control ani-
mals were treated similarly except that
water was infused instead of the alcohol
solution. As these rats never lost con-
sciousness, the amount of water in-
fused averaged about 51 ml. Because
of the sedating effect of the alcohol,
we believe the stress of the restraint
was actually less in the rats infused
with alcohol. In contrast with the
water-infused controls, it was difficult
to elicit a startle reflex in them. Alco-
hol was never presented to the rats
before or during the period of the in-
fusion. At the end of 6 days the infu-
sion was stopped; the animals were
then kept in the restraining cage for
another 3 days, where they were pre-
sented continuously with two nozzles,
one providing water and the other a
solution of 10 percent alcohol by vol-
ume. After 3 days, the rats were placed
in ordinary Plexiglas enclosures, still
with a continuous choice between the
alcohol solution and water. They were
maintained in this condition for 14
days. The position of the alcohol tube
was randomly changed each day. The
rats were given unlimited food through-
out the experiment, even during the
period of infusion, so that it is difficult
to ascribe increases in alcohol con-
sumption to a simple enhancement of
caloric need.

The food was Simonsen’s White
Diet, and enriched nutriment used in
breeding. Further, while both alcohol-
infused and water-infused rats lost
weight during their confinement in the
restraining cage, the difference in
weight loss between them is not signifi-
cant (F=1.32, P>.25). Water infu-
sion leads to an 8.1 percent weight loss

Fig. 1. During the period marked “Pump-
ing” the rats were subjected to a passive
infusion of fluid into the stomach; the con-
trol rats were pumped with water while
the experimental animals were pumped
with an alcohol solution (10 percent by
volume). Pumping was then stopped and
both groups were given a choice between
water and the alcohol solution while on
unlimited food. The points above “Water”
indicate the average intake of water for
each group over the whole period.
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(initial mean weight 409 g), and alco-
hol infusion to a weight loss of 11.9
percent (initial mean weight 390 g).

The mean amount of alcohol solu-
tion drunk over the 14 days by the
two groups shows a very large differ-
ence (Fig. 1). The group treated with
alcohol drank an average 22.22 ml,
whereas the group infused with water
drank 0.78 ml (F=9.24, P<.02 in a
repeated measures analysis of vari-
ance). When specific comparisons are
made within the design of the repeated
measures analysis of variance (5) be-
tween the alcohol rats and the largest
drinker in the control group, five rats
are significantly different from the
largest control (P<.01) and two are
not significantly different (P >.05).
There was no significant change in al-
cohol consumption during the 14 days
of observation (repeated measures
analysis of variance, F = 1.19, P > .05).
Two of the alcohol drinkers drank
45.9 ml of 10 percent alcohol per day
(averaged over 14 days). They had
been infused with 45.9 ml per day of
the same solution initially.

There is large individual variation
among rats in susceptibility to our
treatment, which may be related to the
difference in the rate at which toler-
ance to alcohol develops in various
individuals. That tolerance to alcohol
is apparent on gross observation. While
the infusion of 50 ml of 10 percent
alcohol initially produces ataxia and
sluggishness, with an occasional lapse
into unconsciousness, the rats that
drink this amount volitionally after
they have been treated cannot be dis-
tinguished from normal rats in terms
of their gait and alertness. We have
observed two rats for 11 weeks and,
while their daily alcohol intake has
averaged 29.8 and 32 ml, respectively,
without any sign of diminution, their
general health continues to be excellent
and their appearance is quite normal.
We have also attempted to see if alco-
hol intake can be diminished by with-
holding alcohol for a number of days.
Five rats, whose average 5-day intake
was 31.1 ml before a “drying-out”
period of 5 days, averaged 29.9 ml for
5 days after alcohol was again pre-
sented. This diminution is not signifi-
cant (F =0.24, P > .05 in a repeated
measures analysis of variance). Marked
restlessness (increased motor activity)
was observed during the period of alco-
hol withdrawal.

The experiment described here, be-
sides showing that alcohol ‘“‘addiction”
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(at least in the psychological sense)

can be produced without orosensory

exposure to the drug, demonstrates a

convenient and speedy method for the

study of alcohol addiction with a view

to its possible pharmacological control.

J. A. DEUTSCH

H. S. KooPMANS

Department of Psychology,

University of California, San Diego.
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Conditioned Avoidance in the Goldfish

Abstract. Intracranial injection of 10 to 75 micrograms of camptothecin, a
plant alkaloid that blocks RNA synthesis in eucaryotic cells, blocks incorporation
of tritiated uridine into RNA in the goldfish brain. Injection of 10 to 50 micro-
grams of the drug within 1.5 hours of training results in greatly diminished
memory, tested 1 week later. Injection of the drug 5 or 24 hours after training
produces no measurable effect on retention of the learned response.

When actinomycin D, an inhibitor
of RNA synthesis, is injected intra-
cranially into the pericranial fluid of
goldfish immediately after training, re-
tention of a ‘conditioned response is
diminished (1). While an amnestic ef-
fect of intracerebrally injected actino-
mycin has since been claimed in rodents
(2) and in chicks (3), such injections
of the drug into the brain substance
can produce morphological (4) and
physiological (5) changes. It also has
been reported that actinomycin pro-
duces behavioral effects not attributable
to a block of memory (6). Although
the goldfish experiments indicate that
intracranially injected actinomycin spe-
cifically affected memory formation, the
recent availability of a less toxic and
more reversible inhibitor of RNA syn-
thesis prompted this further investiga-
tion on the putative relation of RNA
synthesis and memory in the fish. Camp-
tothecin is a plant alkaloid (7) known
to possess anticancer activity (8) and
to inhibit synthesis of high molecular
weight nucleic acids (9, 10). In HelLa
cell cultures, it inhibits nonmitochon-

drial nucleic acid synthesis: synthesis
of heterogeneous nuclear RNA and
of 45§ nucleolar RNA is blocked as
is the appearance of 28§ and 18S
ribosomal RNA in the cytoplasm. While
the inhibition of synthesis includes
messenger-like RNA and DNA, syn-
thesis of 58§ RNA is not affected by
the drug. The DNA isolated from
camptothecin-treated cells is of signifi-
cantly lower molecular weight than
control DNA (10), but direct addition
of the drug to isolated DNA has no
effect. Whatever the mode of action
of the drug, its effects are rapidly re-
versed within minutes after removal of
camptothecin from a cell culture me-
dium.

We measured the labeling of brain
RNA in common goldfish (Carassius
auratus, 8.5 to 12 g body weight, ob-
tained in weekly shipments from Ozark
Fisheries) at various times after the
intracranial injection of 50 pug of
sodium camptothecin (1) dissolved
in 10 ul of 0.15M NaCl, followed
after various intervals by a similar
intracranial injection of 15 pc of [5-

1243



