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RUSSELL, R. W. AND D. J. JENDEN. Behavioral effects of deanol, of hemicholinium and of their interaction. PHAR-
MAC. BIOCHEM. BEHAV. 15(2) 285-288, 1981.—The present experiments were designed to study behavioral effects of
two chemicals, which have opposite influences on the cholinergic neurotransmitter system, and of their interaction. It has
been proposed that deanol is a direct precursor of acetylcholine (ACh) in brain and may enhance cholinergic transmission,
while hemicholinium-3 (HC-3) acts to decrease ACh synthesis. Rats served as subjects. Doses of the drugs were based on results
of earlier experiments; all were injected cerebroventricularly. The six treatment groups were: saline only; HC-3 (10 ug); HC-3
(10 ug) + deanol (1 ug); HC-3 (10 ug) + deanol (10 ug); deanol (1 ng); and deanol (10 ug). Behaviors measured were:
reactivity to visual and tactile stimuli; resistance to capture and handling, vocalization, muscular tension; reactivity to
non-contingent aversive stimulation; and, shock-induced defence reaction. With the exception of the defence reaction, all
behaviors showed significant effects between the various drug treatments: deanol had no significant effect on the behav-
iors; animals receiving HC-3 only clearly showed responses which were enhanced above the levels of any of the other
treatment groups; deanol had a dose-dependent effect of suppressing HC-3 enhanced behavior. The present results are
consistent with the generalization that decreased cholinergic activity is associated with hyper-reactivity, and increased
cholinergic activity with hyporeactivity. They indicate that the behavioral effects of deanol are dependent upon the state of

the cholinergic system, interacting in combination with HC-3 but not alone.
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THE clinical use of dimethylaminoethanol (deanol) for the
treatment of a variety of disorders, e.g., tardive dyskinesia,
Huntington’s chorea, has recently attracted increasing inter-
est [2,14]. It has been proposed that deanol is a direct pre-
cursor of acetylcholine (ACh) in the brain and thus may
enhance cholinergic neurotransmission {10]. With the oppo-
site effect is hemicholinium-3 (HC-3) which acts to decrease
ACh synthesis by inhibiting high affinity choline (Ch) uptake
at the cholinergic nerve terminal [3,4]. It has been reported
that interaction of the two drugs may result in the suppres-
sion by deanol of behavioral effects produced by HC-3 [5].

Earlier studies in our laboratory have shown a highly
precise inverse relation between acute changes in ACh levels
following cerebroventricular administration of HC-3 and be-
havioral hyper-reactivity, reactivity increasing in a dose de-
pendent manner as dose of HC-3 increased and ACh levels
decreased [3,12]. During the course of these experiments we
also discovered that deanol is a common impurity in HC-3
and that, when present, it is capable of antagonizing the
behavioral and other effects of HC-3 [5].

The present report describes a series of experiments in
which commercial HC-3 was recrystallized to remove deanol
in order to re-evaluate effects on behavior of deanol, of
hemicholinium and of interactions between the two.

METHOD
Animals

Male Sprague-Dawley rats (200-250 g; Simonsen, Gilroy,
CA) were used in all experiments. They were housed in in-
dividual cages in temperature and humidity controlled rooms
with continuous light and were maintained on ad lib labora-
tory chow and a constant water supply. They were randomly
assigned to six treatment groups, with six animals per group.

Stainless steel cerebroventricular cannulae were prepared
and implanted as described by Russell and Macri [12].
Animals were maintained postoperatively for 5-6 days be-
fore experimental treatments began.

Measures of Behavior

Multiple stimulus rating scale. One of the three measures
of behavior consisted of a standardized rating scale designed
to evaluate the relative reactivity of animals during exposure
to a variety of test conditions [3,7]. The exact procedure has
been described in earlier reports from our laboratory [5,12].
Basically, six-point rating scales were used for each of five
test conditions involving reactions to visual and tactile stim-
uli, resistance to capture and handling, vocalization and
muscular tension. Total scores could range from 5 (hypo-
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reactive) to 30 (most hyper-reactive). All ratings were made
by a trained experimenter who was not aware of the treat-
ment to which an animal had been exposed. Checks were
made of the consistency of ratings by different experi-
menters; no significant differences were found.

Reactivity. Animals were also exposed to a situation in-
volving non-contingent aversive stimulation, i.e., uncon-
ditioned reactions (UR) to inescapable electric foot-shock. It
is well established that low shock intensities produce a
flinching response, followed at higher intensities by skeletal
activity which is intensity dependent [8]. All shock inten-
sities in the present experiments were above the threshold
for the flinching reaction. Observations were made with the
animals in a test chamber 30.5x30.5x30.5 cm, the top and
sides of which were made of transparent plastic. Shock in-
tensities were controlled by a Grason-Stadler shock
generator and delivered to the stainless steel rods constitut-
ing the floor of the chamber through a scrambler which
changed the polarity of the grid automatically. The duration
of each shock pulse was 0.5 sec and shocks were delivered at
a frequency of 20 per min. Shocks of different intensities
were given in groups of 10 pulses in a counterbalanced order:
1.0, 2.0, 0.5, 4.0, 0.5, 4.0, 1.0, 2.0, 4.0, 2.0, 0.5, and 1.0 mA.
Thus each test session involved reactions to 120 shock
pulses, 30 at each of the four intensities. Records were kept
as to whether or not each shock pulse stimulated a UR, i.e.,
jumping, prancing or running [8]. All trials were carried out
in a room darkened except for a 60 W electric bulb directly
over the test chamber. Extraneous sounds were masked by a
continuous white noise background.

Shock-induced ‘“defense reaction’’ syndrome. Responses
other than hyper-reactivity are induced by foot-shock stimu-
lation. One class of these, variously referred to as ‘‘defense
reactions’’ [1], “‘reflexive fighting’’ [15], ‘‘aggression’ [9]
and ‘‘defensive threat’’ [16], is elicited in the presence of
another animal and is evidenced by the assumption of a
face-to-face ‘‘boxing posture’’. The syndrome has been de-
scribed as ‘“. . . stereotyped .threat behaviors which fre-
quently occur as precursors to more overt aggression and
which are controlled by similar stimuli’’ [16]. It was decided
to include the syndrome in the present experiments as a
means of studying behavior which differed very obviously
from reactivity as described above, yet could be produced
under identical conditions of non-contingent aversive stimu-
lation. Would the experimental treatments affect the two be-
haviors differentially?

Conditions for eliciting the defense reaction syndrome
have been specified in detail [15]. The specifications were
satisfied by the same apparatus and procedure used for
studying reactivity as described above. However, the meas-
ure of behavior in this instance was the number of times the
defense posture was assumed during each shock pulse. The
same shock intensities were administered in the same coun-
terbalanced order. Animals in each treatment group were
paired randomly, providing three pairs for study under the
test procedure.

Procedure

The basic research design was modelled after our earlier
study of the antagonism by deanol of some behavioral effects
of hemicholinium [5]. Animals were assigned randomly to
one of six treatment groups: saline only, HC-3 (10 ug); HC-3
(10 pg) + deanol (1 ug); HC-3 (10 ug) + deanol (10 ug);
deanol (1 ug); and deanol (10 ug). The various behaviors
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TABLE 1

BEHAVIORAL EFFECTS OF DEANOL, HC-3 AND THEIR INTER-
ACTIONS: PERCENT OF PRETREATMENT BASELINE

Treatment Multiple-Stimulus Reactivity
Rating
Mean S.E.M Mean S.E.M
Saline 88.8 + 5.59 84.7 + 14.07
HC-3 (10)* 436.3 = 33.79 192.0 = 21.29
Deanol (1) 93.8 + 392 103.7 = 1.05
Deanol (10) 90.5 + 4.27 99.3 + 7.35
HC-3 (10) +
Deanol (10) 140.0 = 17.13 141.0 = 13.43
HC-3 (10) +
Deanol (1) 275.7 = 41.08 175.7 = 23.00

*Numbers in parentheses indicate ug.

were measured on three consecutive days in the following
order: multiple stimulus rating scale, reactivity, defense re-
action. Day 1 measures established pretreatment baselines
and Day 3 measures provided means of assessing recovery
and possible carry-over effect. On Day 2 each animal re-
ceived his respective treatment and 2 hr later underwent the
behavioral assays.

All drugs were injected cerebroventricularly in a total
volume of 2 ul. The particular doses used were selected on
the basis of earlier research results as being within the effec-
tive dose ranges for at least some behavioral measures. HC-3
and deanol used in the present experiments were purchased
from Eastman (Rochester, NY). HC-3 was recrystallized
from hot ethanol/methanol (1:1) and dried in vacuo at room
temperature before being used in the treatment phase of the
experiments [S].

Analyses of the results were carried out using parametric
statistics: ANOVAs when significant were followed by
t-tests. Behavioral data were examined in terms of total re-
sponses during each assay period and of responses at each
shock intensity for the measures of hyper-reactivity and de-
fense reaction.

RESULTS
General Effects

One-way ANOVAs for treatment effects (Day 2) show
statistically significant between-group differences for two of
the behavioral parameters: multiple stimulus rating, F(5,30)=
37.61, p<0.01, and reactivity, F(5,30)=8.22, p<0.025. There
was no significant treatment-effect relation for the defense
reaction, F(5,12)=1.97, p>0.05. Further analyses concen-
trated on the former two behavioral measures.

Effects of the various treatments are summarized in Table
1. Gross examination of the table suggests that the injection
procedure itself tended to decrease responding in the saline
groups. HC-3 appears to have enhanced responding and
deanol seems to have had little effect.

Duration of Effects

Observations were repeated once on each of three days,
the various experimental drug treatments being introduced
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on Day 2. Had there been carry-over effects of a treatment or
of repeated exposures to the behavioral assays, such effects
would be expected to appear as differences between Day 1
and Day 3 measures. With but three exceptions among the 12
sets, 1-tests established that such differences were not statis-
tically significant: the behaviors had returned to pretreat-
ment baselines within 24 hr after treatment. The exceptions
were in measures of reactivity for the two groups receiving
deanol only and for the HC-3 (10 ug) + deanol (10 ug) group:
deanol (1 ug), 1(5)=3.83, p<0.01; deanol (10 ug), £(5)=3.59,
p<0.01; HC-3 (10 ug) + deanol (10 ug), #(5)=2.85, p<0.025.
In all three cases responses were less on post than on pre-
treatment trials.

Effects of Deanol

The gross observation (Table 1) that deanol appeared to
have little or no effect on the behaviors studied was con-
firmed by statistical analyses. ANOVAs showed no signifi-
cant differences among measures for the two deanol groups
and the saline control group: behavioral ratings, F(2,15)=
0.30, p>0.05; reactivity, F(2,15)=1.18, p>0.05.

Effects of HC-3

Significant effects reflected in the overall ANOVAs were
found among the treatment groups receiving HC-3. The rank
order of mean levels of responding for the six groups was the
same for measures of behavioral ratings and hyper-
reactivity: (from low to high) saline; deanol (10 ug); deanol (1
1g); HC-3 (10 ng) + deanol (10 ug); HC-3 (10 ug) + deanol (1
1g); HC-3 (10 ug). The probability of random congruence of
a rank order of six treatments is 0.0014. Student’s ¢-tests of
differences between the HC-3 (10 ug) and the two other high
groups were significant for the comparisons with the HC-3
(10 pg) + deano! (10 ug) group (ratings, #(5)=8.03, p<0.01;
reactivity, 1(5)=>5.40, p<0.01), but not for comparisons with
the HC-3 (10 ug) + deanol (1 ug) group (ratings, #(5)=2.86,
p>0.05; reactivity, #(5)=0.37, p>0.05). Animals receiving
HC-3 only clearly showed responses which were enhanced
above levels characteristic of any of the other treatment
groups.

Interactive Effects

These analyses also provide evidence for the occurrence
of interactive effects between HC-3 and deanol. Both dose
levels of deanol produced some suppression of HC-3 en-
hanced behavior. The magnitude of suppression was dose-
dependent for the behavioral ratings, deanol (10 xg) having a
significantly greater effect than deanol (1 ug), 1(5)=4.54,
p<0.01. The trend for hyper-reactivity, although present,
was not statistically significant, 1(5)=0.95, p>0.05.

Relations to Shock Intensity

Analyses were carried out to examine possible relations
between behavioral effects of the various experimental
treatments and foot-shock intensities applied in measuring
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the reactivity and defence reaction behaviors. In all but one
instance strong positive relations were found, i.c., response
magnitudes increased as shock intensity increased. Trends
were indicated by Spearman rank order correlation coeffi-
cients which ranged between +0.80 and +1.00. The only
exception was in the saline group, whose level of defence
reaction was low at all shock intensities.

DISCUSSION

The present experiments expand our earlier observations
of behavioral consequences of pharmacological manipula-
tion of cholinergic events in the central nervous system [11].
The present results are consistent with the generalization
that changes in cholinergic activity are related to changes in
behavioral reactivity. They corroborate the fact that de-
creased cholinergic activity is associated with hyper-
reactivity [12] and increased cholinergic activity, with hypo-
reactivity [13].

Present results also clearly illustrate differential effects of
changes in cholinergic function on behavior, some behaviors
being affected and others not. Two quite different behavioral
patterns, i.e., reactivity and defence reaction, were elicited
under identical stimulus conditions, the only environmental
difference being the presence of a second animal during
assay of the defence reaction. As other investigators have
reported [1,15], the magnitudes of both these behaviors were
positively correlated with shock intensity. Despite these
similarities, decrease in cholinergic activity by HC-3 resulted
in highly significant hyper-reactivity, while no differential
effects of the drugs were observable in the defense reaction.
In a manner of speaking, the former appears to be ‘‘cholin-
ergically coded’’ and the latter, not.

Present results indicate that behavioral effects of deanol
at the doses used were dependent upon the state of the
cholinergic system. Administered by itself in otherwise un-
treated animals deanol produced no changes in any of the
three behaviors which differed from injections of saline.
However, when injected cerebroventricularly in combina-
tion with HC-3 deanol at the two dose levels suppressed
HC-3 induced hyper-reactivity as measured both by the be-
havioral rating scale and in the non-contingent aversive
situation.

Possible neurochemical mechanisms underlying the se-
lective effects of deanol on behavior have been considered
[5,6]. The most likely explanation appears to be an elevation
of choline levels in the brain following deanol, perhaps as a
result of competition for an exit pathway; Ch is well known
to compete with hemicholinium [17)], and has been reported
to have agonist properties of its own [18].
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