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ALLIOT, J. Effects of vasopressin on spontaneous black-white choices in a T-maze. PHARMACOL BIOCHEM BEHAYV 35(4)
981-987. 1990. — The effects of subcutaneous administration of vasopressin on spontaneous black-white choice were investigated to
determine whether they could account for modifications of performances during learning. First, pretrial injections of 0.2 pg of
lysine-vasopressin (LVP) were given to rats fed ad lib submitted after the last injection 1o ten consecutive choices in the T-maze. Rats
received one or five injections and were tested after either 30 minutes or 24 hours. Treatment with LVP reduced natural photophobia
and modified the activity. A more striking effect was observed after one injection and with an injection-test interval of 30 min. Second,
the influence of repeated injections of LVP on free choices was studied in food-motivated rats. The effect of repeated injections was
marked, suggesting greater sensitivity to treatment in such rats. Third, we compared the action of posttrial administration of the peptide
on the behavior of food-restricted rats submitted to appetitive learning in the T-maze, or to free choices. The treatment slightly
disturbed the leaming of the white arm and altered the preference for black in free choices condition. The two actions were different,
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showing that the effect on spontaneous behavior cannot account for the effect on learning.

Vasopressin Spontaneous behavior

Learning and memory

NUMEROUS studies have demonstrated that vasopressin may
have an effect on learned behavior. The most consistent effects
have been found in aversively motivated tasks [see (16) and (37)].
The data obtained with positively reinforced tasks are more
ambiguous. Studies using pretrial administration of vasopressin or
fragments showed either a lack of effect in a runway (23) and in a
radial maze ($), or an impairment in a bar-pressing task (6) or a
facilitation of performance during a visual discrimination (1, 25,
34), in a bar pressing task (29) and in a spatial one (36).
Disruptive effects have often been shown after peripheral
posttrial administration of this neurohypophyseal hormone (24,
8, 10, 32, 39). However, since the initial study of Ettenberg et al.
who showed that vasopressin enhanced performance in a water-
finding task (19), three workers have recently reported facilitatory
effects of posttrial administration of either arginine-vasopressin
(AVP) on memory for a juvenile conspecific for male rats (14), or
lysine-vasopressin (LVP) on memory on brightness discrimination
(39), or fragment AVP 4-9 on spatial memory in a radial maze
(36). Several methodological differences (nature and dose of the
peptide injected, strain and age of the animals, and experimental
procedure) might account for the discrepancy between the results.
It is also possible that memory processes were not directly
affected, as several authors suggested. In a previous experiment
using a DRL paradigm, we showed that the deleterious effect
induced by posttrial LVP injections was due to impairment of
some aspects of the animal’s abilities to perform the task rather
than of learning (4). In addition, poststimulus administration of
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vasopressin was shown to impair performance in a delayed
matching to sample task (DMS) and. in the same apparatus, to
modify spontaneous choice of control rats (2). Other experiments
which attempted to assess the effects of vasopressin on spontane-
ous behavior have produced conflicting findings. Thus, in the
open-field, Ettenberg e al. (19) and Andrews et al. (6) observed
a reduction of locomotion, whereas Schulz et al. (35) and Krejci
et al. (26) did not find any effect of LVP injections. Messing and
Sparber (29) found an increase in the number of nose-poke
responses after DGAVP. Other modifications of behavior have
been noted: reduction of grooming and scratching, increased
freezing (28), decreased agoraphobia (12), and decreased photo-
phobia (20). While such results do not point to any consistent
pattern of effects, due doubtlessly to varying doses and experi-
mental procedures, they strongly support the notion that LVP does
actually modify spontaneous behavior.

This paper reports about a series of experiments investigating
the effects of subcutaneous administration of vasopressin on
spontaneous behavior in systematically controlled paradigms.
Furthermore, it was aimed at determining whether such modifica-
tions of unlearned behavior could explain the modifications of
performances during learning.

GENERAL METHOD
Animals

In all, 173 Sprague-Dawley male rats were used. Rats were 7
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weeks old at the start of each experiment (250 g). After their
arrival in the laboratory (at 5 weeks), the rats were housed in
groups of three and they were handled and weighed daily.

In Experiments 2 and 3. rats were food deprived for 23 hours:
they had | hr of free-feeding between 1800 and 1900 hr. Water
was available ad lib.

Apparatus

Animals were tested in a T-maze. 10 cm wide and 15 ¢m high,
consisting of a 80 cm straight alley, two 55 cm arms and two 20
¢m goal boxes. The maze was lit by a 75-W bulb placed 1 m above
it. The arms and the goal-boxes differed visually: one was black
and the other white. The latency to enter one of the arms was
recorded. All the observations were made between 1300 and
1700 hr.

Drugs

Sixty-two international milliunits of LVP [0.2 wg of lysine-
vasopressin (LVP). Sandoz, biological activity =270 Ul/mg| were
dissolved in 0.25 ml of standard buffered solution (pH =4).
Injections were administered subcutaneously. Control rats were
given 0.25 ml of standard solution.

This dose of LVP was chosen because it was the effective dose
in our previous experiments using appetitive learning procedure.
The same dose was also effective in defensive tasks (16) and on
spontaneous behavior of yoked controls in DMS task.

EXPERIMENT 1

Experiment 1 investigated the effect of pretrial LVP adminis-
tration on the black-white free choice of rats. The effects of a
single injection were compared with those of repeated injections of
0.2 pg of LVP. The time interval between the injection and the
test was also varied.

PROCEDURE
Treatment

Sixty-one male rats were split into seven groups. Rats in groups
1 (n=7) and 4 (n=7) were controls. For five days, they received
0.25 ml of standard buffered solution. Groups 2 (n=10) and §
(n=10) were injected for four days with the standard solution and
were given one injection of 0.2 pg of LVP on the fifth day.
Groups 3 (n=10) and 6 (n=10) were injected for the five days
with 0.2 ug of LVP. Group 7 (n=7) was put in the T-maze
without any injection.

Test

Rats of groups 1, 2 and 3 were tested in the T-maze 30 minutes
after the last injection. while rats of the other groups (groups 4. 5
and 6) were tested on the sixth day, 24 hours after the last
injection. Animals underwent ten successive trials in the T-maze.
For each trial. the arm chosen and the latency to enter it were
recorded. The rat was then taken out and placed immediately (20
sec) at the entrance to the maze for a new trial. If the rat did not
enter either arm within 180 sec. the trial was stopped, the animal
was taken from the apparatus and replaced for a new trial.

Statistical Analysis

The distribution of first choices was compared by chi-square
analysis.
A two-way analysis of variance [factor I: treatment (0. 1 or §
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FIG. 1. Percent of choice of the black arm (black columns), the white arm
(open columns), or refusal to choose (dotted columns) in the first trial.
Pretrial injection of LVP decreases the preference for the black arm.
*p<0.05 relative to controls of group 1. Group 1: five injections of
vehicle. Test 30 min after the last injection. Group 2: one injection of LVP.
Test 30 min after the injection. Group 3: five injections of LVP. Test 30
min after the last injection. Group 4: five injections of vehicle. Test 24 hr
after the last injection. Group 5: onc injection of LVP. Test 24 hr after the
injection. Group 6: five injections of LVP. Test 24 hr after the last
injection. Group 7: noninjected.

injections), factor 2: interval injection-test (30 minutes or 24
hours)] was used for the total number of choices (white. black.
neither) and for the response latencies.

RESULTS
Study of the First Choice

Control rats showed a clear-cut preference (71%) for the dark
arm of the T-maze (photophobia). Treatment with LVP decreased
this natural preference (x>=2.9, 0.10>p>0.05). A more marked
effect was seen in group 2 (one injection of LVP, interval 30 min)
where the natural free-choice was inverted (x*=5.14, p<(.05)
(Fig. 1). The choice latencies on the first choice were not modified
by the LVP injections.

Study of the Ten Successive Choices (Table 1)

The tendency (because of the absence of any reinforcement) to
choose neither arm increased as trials proceeded. Analysis of
variance performed on the data showed an overall effect of the
interval between the test and the last injection on the number of
trials with no choice, F(1.54)=4.8. p<0.05. and on the total
number of white arm choices, F(1.54)=4.1, p<0.05. A pair
comparison showed that it was only significant for control groups
(t=2.7, p<0.05). As the behavior of rats was identical in groups
4 and 7. the difference between the animals tested at 24 hours and
those tested at 30 minutes could perhaps be attributed to the lack
of injection on the sixth day.

There was no main effect of treatment., but an interaction
between treatment and interval, F(2.54)=3.73, p<<0.05. on the
refusal to choose was found. When animals were tested after 30
min, the administration of LVP increased the number of no
choices, whereas a decrease was noted after an interval of 24
hours. For paired comparisons, the effect was significant only in
single-injected groups (7= 3.67. p<<0.05)
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TABLE !
ANALYSIS OF THE TEN TRIALS: PERCENT OF CHOICES AND TOTAL RUNNING TIME (IN SEC)

Choice Total
Running
Groups Injections Interval % Black % White % Neither Time
1 Vehicle (5) 37 x 148 315 = 99 31,5 = 17 311 = 106
2 Vehicle (4) 30 minutes 28 = 17 280 = 19 44t = 29 380 = 135
+ LVP (1)
3 LVP (5) 39 + 24 25 = 143 36 = 31 351 = 156
Vehicle (5) 22 + 195 13* = 74 65* = 24 433 = 105
5 Vehicle (4) 24 hours 37 = 26 29 = 64 34t = 29 354 = 127
~ LVP (1)
6 LVP (5) 27 =13 19 = 14 54 = 235 445 = 141
7 — - 21 = 14.6 20 = 119 59 + 236 472 = 91
Mean * S.D.

*p<0.05 relative to group 1.

+p<<0.05 relative to vehicle group in the same condition.

CONCLLUSION

Vasopression decreased the spontaneous photophobia when it
appeared in the controls in the first trial. Over the ten consecutive
trials, only the choice/no choice number ratio was modified, which
might be interpreted as a modification of activity. A more striking
effect was observed after one injection of LVP. This observation
suggests a tolerance to LVP.

EXPERIMENT 2

Experiment | showed that pretest administration of LVP was
able to modify spontaneous black-white choices, even when the
injection to test interval was of 24 hours. However, the effect was
reduced with daily injections which were the usual conditions of
administration of the peptide during our previous learning tests.
However, in these previous experiments, the rats were food-
deprived. Accordingly. the aim of the next experiment was to
study the influence of repeated injections of LVP on free-choice
test in food-motivated rats.

PROCEDURE

This experiment proceeded in two stages:

Experiment 2a: Twenty-seven food-deprived rats were divided
into 3 groups: one (group 1, n=7) without any injection served as
control for the effect of the injections, another control group
(group 2, n=10) was injected daily with 0.25 ml of vehicle, and
an experimental group (group 3. n= 10) injected daily with 0.2 pg
of LVP for five days. All the rats were tested in the T-maze in the
same conditions as in the first experiment. The test was given 30
minutes after the last injection for the animals in groups 2 and 3.

Experiment 2b: Using the same procedure, 21 food-restricted
rats were divided into two groups: a control group (n = 10) injected
with 0.25 ml of vehicle, and a treated group (n=11) injected with
0.2 pg of LVP. The test in the T-maze was performed 24 hours
after the last injection.

RESULTS

Experiment a (30 Minutes)

Vehicle-injected rats showed greater activity (96% of choices)
compared with noninjected rats and had no marked preference for
the black arm of the T-maze. Injection of LVP did not modify the

relative number of the black and white choices. However, the
treatment decreased the total number of choices (1=2.8, p<<0.05).
Activity and choices became analogous to those of noninjected rats
(Table 2).

Experiment b (24 Hours)

Control rats showed a preference for black on the first choice
(60—40%) and a weaker overall activity (decrease of the total
number of choices) than control rats in Experiment a (61% of
choices versus 98%).

A decrease of a) the total number of choices and b) black
choices (1=2.6, p<0.05) was observed after LVP. In the first
choice, the preference for black also decreased, but it was not
significant (x*=1.7, ns) (Table 3).

CONCLUSION

Experiment | suggested a tolerance to treatment with LVP.
Nevertheless. repeated injections of LVP induced modifications of
black-white free choices in Experiment 2. This result suggests a
greater sensitivity of food-restricted rats to LVP.

Photophobia is less marked in food-motivated rats. In these
conditions, LVP did not modify the black-white choice frequency
on the first choice.

EXPERIMENT 3

In Experiment 2b described above, an influence of vasopressin

TABLE 2

EFFECT OF PRETRIAL INJECTION OF LVP ON FREE-CHOICE BEHAVIOR
IN FOOD-MOTIVATED RATS WHEN THE TEST WAS PERFORMED 30
MINUTES AFTER THE LAST INJECTION

All Choices Total
Running

Groups Black White Neither Time
Vehicle 569 40% 4% 187 = 84
LVP 55% 2% 239* 268 = 141
Controls 53% 24% 23%* 282 * 195

*p<0.05 relative to vehicle-injected group.
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TABLE 3

EFFECT OF PRETRIAL INJECTION OF LVP ON FREE-CHOICE BEHAVIOR
IN FOOD-MOTIVATED RATS WHEN THE TEST WAS PERFORMED 24
HOURS AFTER THE LAST INJECTION

All Choices Total

Running

Groups Black White Neither Time
Vehicle 41% 20% 39% 390 = 145
LVP 18%* 23% 59%* 441 * 111

*p<0.05 relative to vehicle injected group.

on free-choice was observed for an injection to test interval of 24
hours. In Experiment 3, we set out to determine if this effect of
vasopressin on spontaneous behavior could account for the effect
of posttrial injections of LVP on performance during learning.

Choice of the white arm

9-12 Blocks

-
1-4 5-8
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Thus, we compared the action of posttrial administration of
vasopressin on behavior of rats submitted either to appetitive
learning or to free choices. In addition. in the DMS experiment
(2), a differential effect related to the color (white or black) of the
boxes has been seen in DMS group, not in yoked controls. Hence,
in the free-choice group. we administered vasopressin either after
white choice or after black choice. Finally, this experiment was
designed 1o assess reinforcing properties of vasopressin.

PROCEDURE

Sixty food-restricted rats were used. During the habituation to
the apparatus, natural preference for black or white was noted.
Sixty percent of the animals preferred the black arm and 40%
preferred the white one. Animals were split onto five groups. They
were submitted to one daily trial for twelve days in the following
conditions:

a) Groups 1 (n=12) and 2 (n = 12) learned to choose the white
arm of the T-maze (a pellet of food was placed in the white
goal-box).

Mean run time (sec)

501
45 E
401
351 o——-®
304 ’
254
201
15
101 A
5-
~—y
1Y.4 5-‘8 9'12 Blocks of 4 trials
v & Controls
LEARNING
oo 6 Treated LVP(after white)
o——=@ Controls
FREE-CHOICE O— -- -O LVP after white

— @ LVP after black

FIG. 2. Effect of LVP on the performances of rats submitted to one daily trial for twelve days in leaming or free-choice
conditions in the T-maze. Vasopressin perturbs learning, decreasing total number of correct choices and increasing running
time. The effect on the number of alternations and the number of white choices was at opposite sign in learning and
free-choice conditions. C p<<0.05 relative to the treated group in learning condition. *p<t0.05 relative to the control group
in free-choice condition. **Significant decrease (p<<0.01) of running time during trials. ns: not significant.



VASOPRESSIN AND SPONTANEOUS BEHAVIOR

b) Groups 3 (n=12), 4 (n=12) and 5 (n=12) were given
free-choice trials: no food was put in either white goal-box or the
black one. We note the latency to enter one arm, the running time
and the number of alternated responses (alternations).

Treatment

Injections were given immediately after each trial. before the
rat was put back to its home-cage. Groups 1 and 3 received vehicle
whatever arm was chosen (Contro! groups). Groups 2 and 4 were
injected with vehicle after the black choices and with 0.2 pg of
LVP after white ones. Group 5 was injected with vehicle after the
white choices and with LVP after black ones.

RESULTS

The Effect of Vasopressin on Learning Versus Spontaneous
Choice

The effect of reinforcement and of treatment on the data
presented in Fig. 2 was evaluated using a two-factor analysis of
variance on repeated measures. The presence of reinforcement
induced a rapid increase of white arm choices which reached 98%
at the end of training, a simultaneous decrease of alternations and
a shortening of the running time, whereas in the nonreinforced
group, the percentage of white arm choices increased. but was
stabilized at around 50%. The number of alternations remained
high and the running time was markedly increased.

There was no overall effect of treatment but an interaction was
shown by statistical analysis, F(2,49)=2.5,0.10>p>0.05. Whereas
the correct choices were not significantly changed by treatment in
learning group, vasopressin injections increased white choices in
nonreinforced group. A clear preference for the white arm was
seen in group 4 compared to group 3 (72%/50%, t=2.6, p<<0.05).
The same result was observed when alternations were studied,
F(2,49) =6.6, p<<0.01. No significant effect of vasopressin on
running time was found. There were wide intragroup variations.
However, it is noteworthy that during learning the treated group
did not show a significant enhancement of the running time
(13.2-10.6 sec, t=0.55, ns). whereas the control group showed a
clear-cut improvement (13.8-3.7 sec, r=3.4, p<0.01).

The Effect of Vasopressin on Free-Choice According to the
Brighness of the Arm

The treatment did not modify the behavior of rats injected after
the black arm choice (Fig. 2), but further analysis of the data (Fig.
3) revealed that the natural preference for the dark arm observed in
the controls disappeared in the two treated groups. However,
whereas white-injected rats preferred the white arm, black-injected
animals showed no preference.

CONCLUSION

Treatment with vasopressin slightly disturbed T-maze learning.
This deleterious action mainly affects choice latencies and may
reflect a nonspecific action of LVP such as, e.g.. an altered
incentive value of the reinforced stimulus. This confirmed the
results which we had obtained in other food-reinforced tasks, such
as lever pressing and delayed matching-to-sample tasks.

Posttrial administration of the peptide also modified white-
black free-choices as pretrial injections in Experiments 1 and 2.
However, this effect cannot explain the effect of LVP on learning:
effects on the number of alternations, on the number of white
choices and on the latencies appeared to be different in learning
and free-choice conditions. In addition, the behavior of injected
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FIG. 3. Percent of animals trained in free-choice conditions showing on the
12 trials a preference for the black arm (black columns), a preference for
the white arm (open columns) or showing no preference (checkered
columns). LVP decreases the natural preference for the black whatever the
arm associated with the injection. *p<<0.05 relative to the vehicle group.

rats did not reflect a conditioned aversion. as suggested by
Ettenberg et al. (19). A conditioned aversion would be seen as a
reduction of the choice of the arm paired with injection. which was
never seen in this work. According to the present data, Ebenezer
(18) has recently shown that only high doses of vasopressin could
act as an aversive stimulus.

A role of positive reinforcement by vasopressin (13) can also
be rejected since. although a preference for the white arm was seen
after pairing white and LVP administration, no preference for
black was observed after pairing black and LVP. As in Experi-
ments 1 and 2, vasopressin reduced photophobia and this effect
was stronger when the injection was paired with white. This last
result shows that the potentiation of the action of vasopressin by
association with white appears also in spontaneous behavior.

GENERAL DISCUSSION

These results are evidence that pretest subcutaneous adminis-
tration of 0.2 wg of lysine vasopressin specifically modifies
black-white free-choice behavior. Qur findings suggest that the
food-motivated rats showed a greater sensitivity to treatment. This
result had also been found in a study of spontaneous behavior in a
hole-board (5). As Carrol et al. have suggested (11), **feeding
conditions or deprivational state appears to represent a major class
of variables controlling drug-reinforced behavior in laboratory
animals."”’

It was found also that one injection was more effective than
five which may suggest a gradual tolerance to the treatment.
Although the effects on behavior were greater after an interval of
an hour, modifications were found when an injection-test interval
of 24 hours was introduced. Thus. a proactive action of vaso-
pressin on behavior for long injection-test intervals can be ob-
served.

It is noteworthy that the most constant effect of vasopressin
was a reduction of the natural photophobia. There are other reports
of vasopressin altered species-specific phobia. In the previous
experiment of DMS (2). vasopressin reduced the spontaneous
avoidance for white in the yoked control rats. Frucht-Celaru and
Sterescu-Volanschi (20) found an increase in the preference for
light after treatment with LVP. Crine (12) and Gaffori and De
Wied (21) observed a reduction of centrophobia. The same result
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was found in the hole-board apparatus (5).

It may be that the action of vasopressin on phobia is linked to
an enhancement of arousal, as postulated by Sahgal (33). In
Experiments 1 and 2, events known to enhance arousal such as
food-deprivation or a vehicle injection reduced phobia. However,
food-deprivation or injection increase activity, resulting here in a
greater frequency of choice. Injection of vasopressin generally
reduced the activity except in Experiment 1 for the group tested
after an injection-test interval of 24 hr. Hence, enhanced arousal
apparently does not account for all the effects of vasopressin for
which other mechanisms are responsible.

Vasopressin has a positive effect on the number of choices
made by the groups tested after an interval of 24 hr (Experiment
1). It is noteworthy that this group differs significantly from the
other groups as the number of choices made (35%) by the control
rats was particularly low. Thus, it was suggested that LVP has a
differential effect according to the natural behavior (of nontreated
animals). Such an observation had already been made in a
brightness discrimination (3) where vasopressin injection in-
creased the bar pressing rate in *‘good learners’’ that have a low
basal response rate and decreased bar pressing rate in ‘‘bad
learners’’ that have a high basal response rate. Sahgal (33) noted
also that vasopressin decreased the activity of Brattleboro rats
when the responding rate was high and increased the activity when
this level was low. This differential action of vasopressin depend-
ing on the basal behavior was also reported by Strupp (36) in
learning.

In Experiment 3, LVP administration associated with the
choice of one arm (without reinforcement) also showed the
alteration of natural photophobia. The action was greater when
injection was paired with white, as in DMS task (when reward was
contingent upon matching). The association with white generally
potentiated the effect of the peptide on behavior.

The present findings also demonstrate that behavioral changes
induced by low doses of LVP do not reflect an aversive effect.
However, an increase in the level of arousal certainly occurs,
which accounts for some of the results, particularly the modifica-
tion of phobia. As in the delayed matching-to-sample task, the
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modifications of behavior in free-choice conditions cannot account
for impaired performance in appetitive learning. No reduction of
photophobia ever occurs in learning conditions. for which reduc-
tion of white box or reduction of white arm choice is generally
observed. It may be that in certain tasks the effect of vasopressin
on nonreinforced behavior counteracts the effect on performance
during learning.

Concerning the behavioral effect of vasopressin. three main
theoretical viewpoints have been held to date: specific central
theory (17), arousal theory (33) and aversive theory (19). The
major result of this series of experiments was to clearly show that
the effect of vasporessin on behavior is both general and subtle.
Indeed, it depends on the testing situation, the motivational state
and the baseline behavior. It can be assumed that the mechanism
by which vasopressin acts on behavior is probably subtle also. It
may explain why it has so far proved difficult to account for the
various effects on behavior obtained after injection of vasopressin
in terms of a single mechanism. Thus, the action of peripheral and
central injections may not be mediated by similar mechanisms and
through the same site of action as shown by Alescio-Lautier et al.
(1) and suggested by Le Moal et al. (27).

As regards the peripheral administration of the natural peptide
(AVP or LVP), it is probable that the behavioral action is linked.
at least in part, to peripheral endocrine modifications. Although
the results reported here cannot be ascribed to an aversive action.
other mechanisms may be involved. We have shown in the
laboratory that the injection of 0.2 pg of LVP significantly
increased the blood level of corticosteroids. This specific internal
state could consequently modify the performance during testing.
besides any central specific effect.

The use of fragments. virtually devoid of AVP's endocrine
properties [as, e.g., in the studies of Strupp (36) and De Wied et al.
(16)] is, therefore, crucial for determining if the behavioral effect
that has been observed in learning tasks should be interpreted as an
effect on memory function. The problem that remains is that the
endocrine effects of vasopressin are manifold and that it is very
difficult to be certain that the fragments studied have none.
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