between these two treatment groups.

Microfilaments are a second major
class of cytoskeletal components pres-
ent in these neurites. Their essential
roles have been shown to be at the
level of growth-cone activity, micro-
spike formation, and collateral neurite
development (7). The possibility that
cytochalasin B might act specifically on
these microfilaments (7) prompted us
to attempt a similar reversal of its de-
structive action with dibutyryl cyclic
AMP. In these experiments growth-
cone activity was not restored in cul-
tures treated with a maintenance dose
of cytochalasin B (4 ug/ml, Imperial
Chemical Industries), nor was neurite
elongation stimulated significantly.

It is suggested that one action of di-
butyryl cyclic AMP on the cytoskeletal
elements of developing axons is at the
level of the microtubules. Since the
initial stages of nerve cell elongation
have been reported to be independent
of protein synthesis (8) it may be that
dibutyryl cyclic AMP acts by stimu-
lating microtubule assembly from a
subunit pool, rather than by derepress-
ing microtubular protein synthesis; this
possibility is currently under investiga-
tion.

Our previous speculation that nerve
growth factor (NGF), an agent known
to stimulate axonal development, might
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Fig. 2. The effects of Colcemid (0.05
ug/ml) and 5 mM dibutyryl cyclic AMP
and of both together on axonal matura-
tion are summarized in these normalized
frequency distribution histograms based
on a minimum of 60 cultures per group:
(A) axonal length; (B) axonal number.
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in some way act through a second mes-
senger system (3) led to similar experi-
ments in which NGF was applied to
Colcemid treated cultures. Nerve growth
factor has in every case significantly
(P < .01) reversed Colcemid’s inhibitory
effects (9). Therefore, in accordance
with our hypothesis, one way NGF
stimulates axonal maturation is appar-
ently via a cyclic AMP intermediary
which stimulates the assembly of mi-
crotubules from a preexisting subunit
pool.
FRED J. ROISEN, RICHARD A. MURPHY
WaNDA G. BRADEN
Department of Anatomy, College of
Medicine and Dentistry of New Jersey,
Rutgers Medical School,
New Brunswick 08903
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Behavioral Maintenance of High Concentrations of
Blood Ethanol and Physical Dependence in the Rat

Abstract. Rats maintained on an intermittent food schedule with an available
ethanol solution drink to excess (13.1 grams of ethanol per kilogram of body
weight, daily). Removal of ethanol produces symptoms of physical dependence
including death from tonic-clonic seizures. Overindulgence in oral self-adminis-
tration of an aqueous ethanol solution, resulting in unequivocal physical depend-
ence, approximates a model of human alcoholism.

The study of alcoholism would be
facilitated if an animal model, possess-
ing the major behavioral and physio-
logical features of the human alcoholic,
was developed. Recent reviews indicate
(1) that presently available experimen-
tal arrangements fall short of providing
such a model. One problem has been
that the salient behavioral requirements
of the model are quite demanding: (i)
animals should orally ingest ethanol
solutions excessively and chronically in
a pattern that increases the concentra-
tion of blood ethanol analogous to that
in the alcoholic; (ii) unequivocal physi-
cal dependence on ethanol must be dem-
onstrated; (iii) food and ethanol should
be available from sources physically
separate so that the factors determin-
ing ethanol intake are not inextricably
bound to those primarily concerned
with meeting nutritional requirements;
(iv) the experimental arrangement
should retain an elective aspect to
the ethanol ingestion by not program-
ming extrinsic reinforcing events (for
example, shock avoidance, food pellet
delivery) contingent upon drinking eth-
anol. The technique we now describe
satisfies all the above criteria.

Previously, one of us (2) found that
volumes of water three to four times
the normal 24-hour amounts were in-

gested when small food pellets were
delivered intermittently to rats on a
limited-food regimen. Because there is
no increased fluid requirement in this
method, polydipsia induced by a food
schedule has been the subject of further
research - and theoretical speculation
(see 3).

Using the schedule-induced polydip-
sia technique, several investigators (4)

. have presented an ethanol solution as the

available fluid instead of water. This
research yielded no evidence of phys-
ical dependence on ethanol, perhaps
because only single daily sessions, us-
ually between 1 and 3 hours in length,
were administered. Two studies, how-
ever, utilized longer sessions. Lester
(5) maintained a rat on an excessive
level of ethanol ingestion for a single
65-hour period. Ogata et al. (6) main-
tained mice on schedule-induced poly-
dipsia for ethanol solutions during a
1- to 2-week period, but found no in-
dications of physical dependence upon
withdrawal of ethanol. :

Eight male Holtzman rats, with a
mean free-feeding body weight of
315.9 g, were reduced to 80 percent of
their weights by limiting food rations
(Purina Laboratory Chow, pelleted).
They were housed in individual cham-
bers under constant illumination. Each
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Fig. 1. Mean daily
amounts of ethanol
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chamber provided a source of fluid,
accessible from a stainless steel drink-
ing tube. A Noyes (7) animal food
pellet (45 mg) was delivered automat-
ically every 2 minutes during 1-hour
feeding periods that were separated by
3-hour intervals. Thus, there were six
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feeding periods in each 24-hour cycle,
delivering a total of 180 pellets.
In the first phase of the experiment,

~ water was the available fluid. Each day,

at 10:30 a.m., the fluid intakes were
recorded, and the animals were weighed,
and given any additional food necessary
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Fig. 2. Concentrations of ethanol in the blood of rats drinking 5 percent ethanol (by
volume). During the indicated 1-hour feeding periods, a food pellet (45 mg) was

delivered every 2 minutes.
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to maintain their weights at the 80 per-
cent level. After the establishment of
schedule-induced polydipsia, increasing
concentrations of ethanol were substi-
tuted for water. Starting with ethanol
1 percent (by volume), the concentra-
tion was increased in 1 percent incre-
ments every 6 to 8 days until the drink-
ing fluid was 6 percent ethanol. One
animal (No. 4) was given a maximum
concentration of only 5 percent ethanol.

The mean daily water intake at the
end of the initial phase of the experi-
ment was 64.0 ml (standard error of
the mean, = 12.3 ml). Figure 1 shows
the results of the incremental-alcohol
phase in terms of the mean daily self-
administered dose of ethanol. One ani-
mal (No. 6) failed to develop polydipsia
as strongly as the others whose daily
intakes at 6 percent ethanol were be-
tween 11 and 15 g of ethanol per kilo-
gram of body weight. Because the in-
take of ethanol (in grams) did not in-
crease when the concentration was
changed from 5 to 6 percent, the fluid
concentration was returned to 5 per-
cent for the next 3 months, after which
time the experiment was terminated.
When the animals began drinking al-
cohol, additional food supplements were
omitted for the remainder of the ex-
periment as the animal weights were
increasing.

During the early phases of ethanol
drinking, the animals appeared to be
intoxicated when handled at 10:30
a.m.; they were docile and somewhat
ataxic. Later, presumably as tolerance
developed, gross observation failed to
reveal these or other signs of unusual
behavior. ‘

During their second month on 5 per-
cent ethanol, the concentrations of eth-
anol in the blood of all rats was mea-
sured (8). Blood samples (50 pl) from
the tail were taken 1 hour before and
1 hour after each of the 1-hour feeding
periods. Serial samples were taken first
between 8 a.m. and 7 p.m.; 2 weeks
later, the samples between 8 p.m. and
7 a.m. were gathered. Figure 2 shows
that for most animals, the concentra-
tion of ethanol in the blood fell below
100 mg/100 ml only in the late morn-
ing and afternoon. From 6 p.m. through
11 a.m., the concentration was greater
than 100 mg/100 ml for most of the
animals, and was often between 150
and 300 mg/100 ml

Daily intake of ethanol remained
quite constant during the 3-month pe-
riod on 5 percent ethanol. For the last
10 days of the experiment, the mean
daily intake for the eight animals was
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13.1 g of ethanol per kilogram of body
weight, with a standard deviation of
1.29. The percentage of the total ca-
loric intake which was ingested as eth-
anol was 44.8 percent. The mean body
weight of the group was 308.2 g, which
was not significantly different from the
free-feeding starting weight of 315.9 g.

Three to four weeks from the end of
the experiment, we selected four ani-
mals for observation during alcohol
withdrawal. They were removed from
the experimental cages at 7 a.m., and
were placed in individual observation
cages with water, but no alcohol, avail-
able. Food rations, in amounts equiv-
alent to those defined by the experi-
ment, were given at the appropriate
times. Within 3 to 4 hours after the
last feeding period (5 to 6 a.m.), when
most of their last draughts of ethanol
presumably occurred, the animals be-
came hyperactive. A shaking of keys
near the top of the cage for 1 to 2
seconds resulted in a tonic-clonic con-
vulsion in rat No. 8. For the next hour,
tremors, spasticity, and clonic head
movements occurred, and finally, a sec-
ond seizure ended in death. When keys
were shaken (2 to 5 seconds) for the
first time after 9%% hours of withdrawal,
a clonic running episode was produced
in rat No. 2, followed shortly by death
from a tonic-clonic seizure. Rat No. 7
showed all the preconvulsive symptoms,
but keys shaken (up to 20 seconds) after
15 hours of withdrawal had no effect.
Rat No. 1 was similar, but no attempt
was made to trigger a convulsion by
shaking keys. Attempts to produce con-
vulsions in normal Holtzman rats by
_prolonged key shaking were unsuccess-
ful, and no preconvulsive, hyperactive
behavior was observed.

We are unaware of any previous re-
port demonstrating physical dependence
on ethanol in the rat as indicated by
withdrawal convulsions, although this
has been obtained in other species, as
well as in man (9). We could also find
no previous report of the development
of physical dependence by self-admin-
istration in animals other than man
when ethanol in water was available as
the sole drinking solution.

Other methods for the production of
ethanol dependence in animals have in-
volved administration by intravenous
and intragastric routes, by liquid diets,
and by inhalation (9, 10). While useful,
these methods have certain disadvan-
tages; they are more removed from a
model of alcoholism involving oral self-
administration of an aqueous ethanol
solution than is the method . reported
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here. In animals consuming liquid diets
in which 35 to 36 percent of the cal-
ories are derived from alcohol, the con-
centrations of ethanol in the blood ap-
pear to be rather low (/0) unless the
animals suffer considerable concomitant
weight loss with presumed changes in
their capacity to metabolize ethanol (6).
The present method maintains high
concentrations in the blood without sig-
nificant body weight loss.

The percentage of total caloric intake
derived from ethanol is low in most
experiments utilizing ethanol in the
drinking water. One study reports a
caloric intake from ethanol as high as
30 percent (/1). Attempts to incorpo-
rate 45 percent of the calories as eth-
anol into a liquid diet resulted in death
of the animals (12). The 44.8 percent
caloric intake in the present experiment
compares favorably with this picture,
and with the amount selected by human
alcoholics (13).

Joun L. FaLk
HerMAN H. SaMsoN
GAIL WINGER
Department of Psychology,
Rutgers University, New Brunswick,
New Jersey 08903
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Chromatic Specificity of the Visual Evoked Response

Abstract. The temporal alternation of red and green stripes in a structured field
produces successive contrast, which can elicit cortical potentials recorded from the
scalp. Amplitudes of the major frequency components of the potentials correspond
to the relative intensities of red and green producing the contrast. The amplitude
variations are color-specific, since total luminance and structure are held constant.

In studies of cortical processing of
color in man, the stimulus procedure
used to elicit the visual evoked response
(VER) has been the spatial and tem-
poral alternation of two colors pre-
sented in a striped or checkerboard field
(1, 2). The major advantage of the al-
ternation procedure is that chromaticity
¢an be varied independently of lumi-
nance, which remains constant. An as-
sumption has been that contribution of
the two colors to the response is equal
or constant. For example, red and
green alternated 180° out of phase
(that is, the colors exchanging places
at a given frequency) produce a pre-
sumably comparable response to each
alternation regardless of direction of
color change. Thus, the response is a
difference measure between the two
colors, and a response to a given color
per se is not available.

Our purpose here is to demonstrate
that with temporal alternation alone

(successive contrast) in a structured
field, responses to red-to-green alterna-
tions are different from those to green-
to-red alternations. This previously un-
reported effect (2, 3) represents a
fundamental difference between the red
and the green processing channels. This
difference is apparent because their re-
spective contributions to the response
are not equal, and thus a degree of
chromatic specificity is obtained. We
also show that VER differences be-
tween the red and green channels are
independent of luminance.

Color stimuli were produced by nar-
row-band interference filters (Baird-
Atomic) in a Maxwellian view system.
For monocular stimulation, two chan-
nels presented a field of 20° to the
subject’s right eye, with central fixation
aided by a bite bar. Two identical chan-
nels for the left eye were available for
binocular stimulation. Within the field,
subjects with normal color vision saw
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