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MOGENSEN, J., T. K. PEDERSEN AND S. HOLM. Effects of chronic imipramine on exploration, locomotion, and 
food~water intake in rats. PHARMACOL BIOCHEM BEHAV 47(3) 427-435, 1994.--Three groups of rats were subjected 
to 15 daily injections of imipramine (10 or 20 mg/kg) or vehicle control injections, respectively. During the treatment period, 
both imipramine groups failed to grow while the control group gained weight normally. Both dosages of imipramine sup- 
pressed food intake significantly, while water intake was only reduced by 20 mg/kg of imipramine and only during the first 5 
days of treatment. Twenty-four hours after the last imipramine injection, the animals were subjected to a test battery designed 
to demonstrate potential changes in locomotion and/or exploration. While locomotion appeared unaffected by both dosages 
of imipramine, the group receiving 20 mg/kg of imipramine demonstrated a significantly reduced exploration. The exploration 
of the group receiving imipramine in the concentration of 10 mg/kg was only marginally changed. The temporal pattern of 
exploration of the animals receiving 20 mg/kg of imipramine revealed that chronic imipramine treatment was associated with 
an initial "hyperexploration" followed by an "overhabituation," resulting in an overall reduction of exploration during a 
15-min period. 

Imipramine Food intake Water intake Body weight Exploration Locomotion Rat 
Habituation Chronic drug administration 

THE tricyclic antidepressant imipramine blocks the reuptake 
of serotonin and norepinephrine (18). Long-lasting or chronic 
administration of  imipramine has, in the rat, been found to be 
associated with decreased (1,3,4,9,15) or unchanged (7,13,14) 
locomotion if the behavioural test is performed within the 
first few hours following the last injection. Studies in which 
locomotion has been tested at least 12 h after the last imipra- 
mine injection demonstrate locomotion to be unaffected 
(12,17) or increased (15) by chronic imipramine administra- 
tion. Based on a review of the effects of chronically adminis- 
tered antidepressant drugs, Vogel et al. (19) suggested that 
while each individual dose of  tricyclic antidepressants inhibits 
motor activity for a few hours after injection, chronically ad- 
ministered antidepressants, such as imipramine, increase mo- 
tor activity 12-24 h after each administration. When tested 
immediately upon the last imipramine injection, measures be- 
lieved to reflect exploration have been found to be increased 
(13), reduced (9), or unaffected (8) by chronic administration 

of imipramine to the rat. When tested 48 h upon the last 
imipramine injection, measures of exploration appeared unaf- 
fected by chronic imipramine administration (17). 

As argued by Hughes and Pither (9), the observations that 
seem to indicate an association between chronic imipramine 
treatment and reduced exploration may be secondary to imip- 
ramine-induced reduction of locomotion and general activity. 
Consequently, to study the degree to which exploration is in- 
fluenced by chronic administration of  imipramine, it is neces- 
sary to measure the exploration of imipramine-treated rats 
using apparatuses and procedures able to reflect exploratory 
behaviour without being significantly influenced by changes 
in locomotion. Using an exploration test believed to be rather 
unaffected by changed locomotor behaviour, Hughes and 
Pitcher (9) found chronic imipramine treatment to have no 
influence on exploratory behaviour 30 min after the last imip- 
ramine injection. 

In an attempt to further clarify the effects of  chronic imip- 
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ramine treatment on the locomotion and exploration of the 
rat, we decided to subject rats that had received 15 injections 
of imipramine in the dosages of either 10 or 20 mg/kg body 
weight per day to a battery of three tests 24 h after the last 
injection. These tests are believed to provide a behavioural 
profile from which the relative contributions of locomotion 
and exploration can be estimated. The three tests selected 
were: an activity cage test that primarily is expected to reflect 
locomotion (J. Mogensen, S. Holm, J. Ulrichsen, H. Laursen, 
and R. Hemmingsen, in preparation); an analysis of open 
field behaviour, which includes measures of locomotion and 
some species-specific behaviours (e.g., grooming); and a verti- 
cal hole-board exploration test (11). The vertical hole-board 
test appears to belong to a category of exploration tests that 
are able to reflect exploratory behaviours in a manner that is 
relatively independent of changes in locomotion (J. Mogensen 
and S. Holm, in preparation). In previous experiments, the 
vertical hole-board exploration test has been found able to 
reflect the behavioural consequences of the recovery following 
a single, high dosage of reserpine (6), IP injection of reserpine 
in a dose-dependent manner (J. Mogensen and S. Holm, in 
preparation), SC injection of d-amphetamine (10,11), and IP 
injection of diazepam (J. Mogensen and S. Holm, in prepara- 
tion). Furthermore, following a 35-day period of thiamine 
deficiency, rats demonstrated normal exploration of the verti- 
cal hole-board, although the same animals appeared to have 
severely impaired locomotion as seen in both activity cage and 
open field (J. Mogensen, S. Holm, J. Ulrichsen, H. Laursen, 
and R. Hemmingsen, in preparation). 

Chronic imipramine treatment in rats has been reported to 
reduce body weight (1,8,9) and the intake of food and water 
(1). Consequently, we decided to take daily measures of body 
weight as well as food and water consumption during the 
imipramine treatment. 

METHOD 

Subjects 

The subjects were 24 experimentally naive, male Wistar 
albino rats (PAN : WIST obtained from the animal quarters 
of the Panum Institute, Copenhagen, Denmark), weighing ap- 
proximately 260 g at the beginning of the experiment (approxi- 
mate age at the beginning of the experiment: 65 days). They 
were housed individually with rat chow and water always 
available. The animals' living quarters were kept on a 12 L : 
12 D cycle (on 0600 h). The rats were divided into eight "sets," 
each made of three animals of approximately equal initial 
body weight. Within each set the rats were randomly assigned 
to one of the three treatment groups (eight animals per group). 
While one group only received vehicle (saline) control injec- 
tions, the two other groups received daily IP injections of imi- 
pramine (imipramine hydrochloride) (Tofranil, Ciba-Geigy, 
Switzerland) in the dosages of 10 and 20 mg/kg body weight 
per day, respectively. 

Apparatuses 

Activity cage. The activity cage was a wooden, gray box 
with no top. The floor, measuring 40 x 25 cm, was free to 
tilt around the midpoint of the longer axis, thereby activating 
two microswitches situated immediately below floor level. The 
pressure required to activate a microswitch (when applied at 
either end of the longer axis) was 8 g. The walls were 43 cm 
high. The cage was situated in a dark, sound-shielded cham- 

ber, and solid state equipment recorded the activity of the 
microswitches. 

Open field. The open field, measuring 100 x 100 cm, was 
surrounded by 30-cm-high metal walls. The area was divided 
into 16 23 x 23-cm fields by a grid of 3 × 3 2.6-cm-broad 
tape stripes that were glued directly to the metal floor of the 
open field apparatus. The open field sessions were videotaped 
through an overhead TV camera situated directly above the 
open field floor. The open field was placed in the middle of a 
well-lit, sound-shielded room in which no other activities took 
place during testing. 

Vertical hole-board. One semiopaque 8-ram-thick wall in a 
25.6-cm-wide, 26.5-cm-deep, and 22.5-cm-high opaque cham- 
ber had 54 1.7-cm (diameter) holes (arranged in six horizontal 
and nine vertical lines). The center-to-center distance between 
holes was horizontally and vertically 2.5 cm and diagonally 
3.5 cm. The top of the box also served as door to the chamber. 
The floor of the chamber consisted of a wire grid. The wall 
containing the holes had a grid of 3-mm-wide channels imbed- 
ded in it. Each channel had an infrared LED (light emitting 
diode) at one end and a photocell at the other end. The grid 
was arranged in such a way that each hole contained the cross- 
ing of one horizontal and one vertical line at its center. Nose 
poking would break the infrared light beams of the two chan- 
nels. The photocells were connected to an interface card 
through which the data were collected by a DIGITAL PDP 
1 l-computer. A detailed description of this apparatus has 
been published separately (11). The hole-board apparatus was 
placed in a sound-shielded enclosure and all testing was per- 
formed in complete darkness. 

Behavioural Procedures 

General procedure. On the day prior to first injection the 
animals were weighed, and predetermined but ample amounts 
of food and water were offered in the animal's home cage. 
Twenty-four hours later, body weight and remaining food and 
water were measured, the first injection was given, and pre- 
weighed amounts of food and water were offered for the next 
24-h period. The body weight at the time of first injection, 
and food and water intakes for the 24 h preceding first injec- 
tion were designated day 1 (even offering knowledge of body 
weights 24 h prior to day 1). The procedures related to body 
weight, food and water intake, and injections were repeated 
on days 2-16; on day 16, however, no injections were given. 
On day 16 all animals were subjected to the activity cage, open 
field, and vertical hole-board tests. The order in which the 
animals were exposed to the three tests was completely bal- 
anced within each group. All apparatuses were thoroughly 
cleaned between all individual test sessions. The behavioural 
testing was conducted between 0900 and 1800 h. 

During all behavioural procedures (including the analysis 
of videotapes of open field behaviour), the experimenter was 
kept ignorant about the group to which an individual rat be- 
longed. 

Food and water intake. The animals lived in cages in which 
the floor was covered with paper only. They had ad lib access 
to a known amount of water in a bottle offered in the usual 
position (protruding from the ceiling of the cage) and likewise 
ad lib access to a preweighed amount of food that was scat- 
tered around on the floor of the cage. Daily measures were 
taken of the body weight of the animal and the amount of 
water and food consumed during each 24-h period, corrected 
for all food remains, including powdered, which were col- 
lected and weighed. 
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FIG. 1. Body weights for the three dosage-defined experimental 
groups ( l :  vehicle-injected control group; A: imipramine in the con- 
centration of 10 mg/kg body weight; V: imipramine in the concentra- 
tion of 20 mg/kg body weight) during the experimental period. Day 1 
marks the measurement at the time of the first imipramine injection 
and day 16 marks the measurement 24 h after the last imipramine 
injection, which is the day on which tests of locomotion and explora- 
tion were performed. The values shown to the left of the dashed line 
(before day 1) are the body weights 24 h prior to the first injection. 
Values are given as medians with the 25°70 and 75070 fractiles. 

Activity cage. The animal was placed in the activity cage 
by the experimenter and the 15-min recording session was 
immediately started (and the door  of  the sound-shielded 
chamber  closed). The only parameter considered in this test 
was the number of  microswitch a c t i v a t i o n s - t h e  number of  
"counts ."  

Open field. At the beginning of  the session, the animal was 
placed in the middle of  the open field area and the experi- 
menter  immediately left the room, allowing the animal 10 min 
o f  undisturbed activity in the open field area. The timing 
started the moment  the experimenter let the animal go, 
thereby allowing it to move freely. After  the session, the vid- 
eotape o f  the animal's open field activities was analysed to 
obtain the following scores: latency from the start of  the ses- 
sion to the first body movement;  the number of  locomotion 
episodes; the total duration of  locomotion episodes; the num- 
ber o f  line crossings; the number of  rearing episodes; the total 
durat ion of  rearing episodes; the number of  grooming epi- 
sodes; and the total duration of  grooming episodes. Addit ion- 
ally, the following parameters were calculated: the mean dura- 
tion of  locomotion episodes; the mean duration of  rearing 
episodes; and the mean duration of  grooming episodes. 

Vertical hole-board. The animal was placed in the hole- 
board apparatus; the top of  the hole-board chamber and the 
sound-shielded enclosure were closed and the animal was al- 
lowed 15 min o f  undisturbed exploration. The apparatus auto- 
matically recorded all hole visits, storing the informat ion 
about  durat ion and position of  the visit. A hole visit would be 
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FIG. 2. Food intake of the three dosage-defined experimental groups during the experimental period (days of the experiment 
are defined as described in Fig. 1). Values are given as medians with ranges. *Significantly (p < 0.05) different from the 
vehicle-injected control group. **Significantly (p < 0.01) different from ]he vehicle-injected control group. 
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registered if the animal simultaneously broke both a horizon- 
tal and a vertical infrared line, thereby also indicating the 
position at which the visit occurred. Previous experience indi- 
cates that almost all such visits are performed by passing the 
nose and in some instances also the mouth through a hole. 
From the computer files containing the data, the following 
parameters were calculated: the latency from initiation of the 
session (defined as the closure of the door of the sound- 
shielded enclosure) to the occurrence of the first hole visit; 
the total number of individual visits; the total time spent visit- 
ing holes; the mean duration of individual visits; the number 
of different holes visited; the mean number of visits per visited 
hole; the number of visits to the sixth (lowermost) row of 
holes as percentage of the total number of visits (a parameter 
that might reflect motoric impairments via the animal's inabil- 
ity to reach to higher rows); the number of visits during the 
first, second, and third 5-min period; the number of short 
(duration < 0.5 s) visits as percentage of the total number of 
visits; and the number of clusters of individual visits (a cluster 
of visits is defined by the temporal proximity of consecutive 
visits; if the intervisit time exceeds 10.0 s, the following visit 
constitutes the first visit of the next cluster). 

RESULTS 

The results are shown in Figs. 1-6 and Tables 1-2. The 
daily measures of body weights from the individual dosage- 

defined groups were subjected to the Spearman Rank Order 
Correlation Test (16). If the body weight exhibited a gradual 
increase (as seen with normal animals) across days, this would 
be reflected in a significant "day" effect. For the vehicle- 
treated control group, the Spearman Rank Order Correlation 
Test demonstrated a significant (p < 0.01) day-to-day differ- 
ence between body weights, while no significant correlations 
between body weights and days were found for the two imip- 
ramine-treated groups. 

Kruskal-Wallis analysis of variance (ANOVA) (16) re- 
vealed that the body weights of the three groups did not differ 
significantly when first measured (on the day prior to first 
injection), while on day 16 (when last measured) the groups 
differed significantly (p < 0.01). Further analysis of the body 
weights on day 16 [using the Mann-Whitney U-test, two-tailed 
(16)] revealed that on this day both imipramine-treated groups 
differed significantly (p < 0.01) from the vehicle-treated con- 
trols, while the difference between the two imipramine-treated 
groups was nonsignificant. 

The Kruskal-Wallis ANOVA (16) demonstrated significant 
(p < 0.01) group differences on the dally food intake of the 
three studied groups on all days but day 1. As illustrated in 
Fig. 2, further analysis by the Mann-Whitney U-test (two- 
tailed), indicated that chronic treatment with both studied 
imipramine dosages was associated with significantly reduced 
food intake (while significant differences between the two 
imipramine-treated groups were never demonstrated on this 
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FIG. 4. Aspects of the performance of the three dosage-defined experimental groups in the activity cage and open field tests. The 
number of counts in the activity cage, locomotion episodes in the open field, and line crossings in the open field, as well as the 
total duration of locomotion episodes in the open field, are shown. Values are given as medians with ranges. 

parameter). Only on day 16 did the food intake of the group 
receiving 10 mg/kg imipramine not differ significantly from 
the control group. 

Significant (p < 0.01) differences between the daily water 
intake of the three groups were only found on days 2, 3, 4, 
and 5 of the experiment (Kruskal-Wallis ANOVA). As illus- 
trated in Fig. 3, further analysis by the Mann-Whitney U-test 
(two-tailed) demonstrated that only imipramine treatment at 
the dosage of 20 mg/kg caused a significant reduction in the 
daily intake of water. 

All parameters measured in the activity cage, open field, 
and vertical hole-board (see the Method section) were first 
analysed using the Kruskal-Wallis ANOVA (16), and if this 
test demonstrated significant group differences, further analy- 
ses using the Mann-Whitney U-test (16) compared individual 
groups. 

While none of the parameters of the activity cage and open 
field tests (some of which are illustrated in Fig. 4) revealed 
significant group differences, seven parameters of the vertical 
hole-board exploration test demonstrated significant differ- 
ences between groups. The seven parameters to contain signif- 
icant group differences were: the total number of visits (p < 
0.01); the total duration of visits (p < 0.05); the number of 
different holes visited (p < 0.05); the mean number of visits 
per visited hole (p < 0.01); the number of visits in the first 
5-rain period of the test (p < 0.01); the number of visits in 

the last 5-min period of the test (p < 0.05); and the number 
of clusters (p < 0.01). As illustrated in Figs. 5 and 6, the 
subsequent Mann-Whitney U-tests (16) demonstrated that on 
all seven parameters the group receiving 20 mg/kg differed 
significantly from the vehicle control group and on five of the 
seven parameters the two imipramine groups differed signifi- 
cantly. The only significant (p < 0.05) difference between the 
vehicle control group and the group receiving 10 mg/kg imip- 
famine was found on the parameter, number of clusters. 

DISCUSSION 

As clearly demonstrated by Fig. 1 and the statistical analy- 
sis described in the Results section, animals receiving either I0 
or 20 mg/kg per day of imipramine fail to grow significantly 
during the 15-day treatment period, while the vehicle control 
group demonstrated a normal growth pattern. 

Beginning 48 h after first injection (and throughout the 
experiment), both dosages of imipramine were associated with 
a significantly reduced intake of food (Fig. 2). Injections of 
imipramine in the concentration of 20 mg/kg were associated 
with a temporary reduction in water intake. The reduction of 
water intake began 24 h after the first imipramine injection 
and lasted approximately 72 h. 

The arrested growth of the two imipramine-treated groups 
appears more likely to be a consequence of the reduced intake 
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FIG. 5. Aspects of the behaviour of the three dosage-defined experimental groups in the vertical hole-board test. The number ot 
visits, total duration of visits, number of different holes visited, and mean number of visits per visited hole are shown. Values are 
given as medians with ranges. *Significantly (p < 0.05) different from the vehicle-injected control group. **Significantly (p < 
0.01) different from the vehicle-injected control group, xSignificantly (p < 0.05) different from the group receiving imipramine in 
the concentration of l0 mg/kg body weight. 

of food than a reflection of metabolic changes provoked by a 
changed level of general activity. Whether the imipramine- 
associated decrease in food consumption, as suggested by File 
and Tucker (2), is secondary to a nonspecific sedation cannot 
be evaluated on the background of the present data. Our re- 
suits are, however, in agreement with the outcome of previous 
studies (1,8,9). 

The three groups of the present study did not differ signifi- 
cantly on any measure believed primarily to reflect locomotion 
and motor abilities. All measures from the activity cage and 
open field, as well as the one "motoric" parameter from the 
hole-board (the visits to sixth row of holes as percentage of 
total number of visits), appeared unaffected by the presently 
studied levels of chronic imipramine treatment (Fig. 4 and 
Tables 1-2). Since both the rather "exploration-independent" 
activity cage test and the parameters of the open field test, 
which may be more easily influenced by both locomotion and 
exploration, appear to contain no group differences, it seems 
safe to conclude that if chronic imipramine in dosages of 10 
or 20 mg/kg influences locomotion, as presently measured, 
either tolerance had developed by the time of study or locomo- 
tion had normalized 24 h after the last injection. 

Seven of the twelve parameters from the vertical hole- 
board exploration test reveal significant effects of chronic 
imipramine treatment. One of the five parameters not to re- 

veal significant group differences was the locomotion- 
dependent var iable-  number of visits to sixth row as percent- 
age of total number of visits. While only the number of 
clusters was able to differentiate between the vehicle-treated 
control group and the group receiving imipramine in the con- 
centration of 10 mg/kg, the group receiving 20 mg/kg of imip- 
ramine demonstrated a significantly reduced number of visits, 
spent significantly less time visiting holes, visited a signifi- 
cantly lower number of different holes, had a significantly 
lower number of visits to each of the holes visited, had a lower 
number of clusters, and demonstrated a changed temporal 
pattern of visits. The change in temporal patterning of visits 
revealed itself in a significant increase in the number of visits 
during the first 5-min period of the 15-min test, while the 
number of visits during the last 5 min of the test was signifi- 
cantly lower than the corresponding value of both control 
animals and rats receiving 10 mg/kg of imipramine. In other 
words, the 20 mg/kg group overresponded in initial parts of 
the test and underresponded in the later parts of the test. Since 
the number of visits during the complete test was significantly 
reduced in this group, the initial overproduction was more 
than outweighed by later reductions in the number of visits. 
The effect of this dosage of imipramine could be interpreted 
as an initial hyperexploration followed by an overhabituation. 

From the outcome of the vertical hole-board exploration 
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T A B L E  1 

ASPECTS OF THE PERFORMANCE OF THE THREE DOSAGE-DEFINED 
EXPERIMENTAL GROUPS IN THE OPEN FIELD TEST 

Vehicle-Injected Imipramine Imipramine 
Control Group (10 mg/kg) (20 mg/kg) 

Latency to first 3.25 2.71 1.85 
body movement (s) (0.84-5.77) (1.00-8.29) (0.86-60.81) 

Mean duration of  5.10 4.85 5.54 
locomotion episodes (s) (4.05-6.88) (4.14-8.52) (4.27-9.45) 

Number of  rearing 49 55 42 
episodes (41-81) (34-62) (25-64) 

Total duration of  125.925 111.885 104.990 
rearing episodes (s) (90.69-188.51) (101.41-157.78) (53.43-130.84) 

Mean duration of  2.29 2.24 2.32 
rearing episodes (s) (2.07-2.95) (1.80-2.98) (1.74-4.09) 

Number of  grooming 8.5 9.0 7.0 
episodes ( 1 - 13 ) (5-22) ( 1 - 15 ) 

Total duration of  58.830 43.005 44.555 
grooming episodes (s) (5.77-124.32) (23.91-122.96) (3.02-206.51) 

Mean duration of  6.29 4.81 7.42 
grooming episodes (s) (2.21-9.56) (3.42-7.69) (3.02-13.77) 

Values are given as medians with ranges. Further descriptions are given in the Method section. 
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TABLE 2 

ASPECTS OF THE BEHAVIOUR OF THE THREE DOSAGE-DEFINED 
EXPERIMENTAL GROUPS IN THE VERTICAL HOLE-BOARD TEST 

Vehicle-Injected Imipramine lmipramine 
Control Group (10 mg/kg) (20 mg/kg) 

Latency to first 21.420 32.875 16.285 
hole visit (s) (0.23-33.63) ( 7 . 2 7 - 1 7 1 . 0 7 )  (5.02-36.47) 

Mean duration of 0.41 0.36 0.41 
individual visits (s) (0.20-0.57) (0.30-0.59) (0.33-0.56) 

Number of visits to 16 25 13 
sixth "row" as percentage (4-45) (9-35) (6-28) 
of total number of visits 

Number of "short" visits 72.0 74.0 69.5 
as percentage of total (60-87) (61-79) (50-82) 
number of visits 

Values are given as medians with ranges. Further descriptions are given in the Method section. 

t e s t -which  is believed to reflect exploration in a rather loco- 
motion-independent manner (J. Mogensen and S. Holm, in 
preparation) -- it may be concluded that at least certain types 
of  exploration are influenced by chronic treatment with imip- 
ramine in the concentration of 20 mg/kg, even when the ex- 
ploration is tested 24 h after the last injection. If such explor- 
atory behaviours are influenced by chronic imipramine in the 
dosage of 10 mg/kg, such effects seem to be only marginal. 
Since the animals of  the experimental group demonstrating an 
abnormal hole-board exploration had significantly lower body 
weights than the rats of the control group, it could be specu- 
lated that physical weakness might have contributed to the 
changed hole-board exploration of the animals receiving imip- 
ramine in the concentration of  20 mg/kg. Such a possibility, 
however, is contradicted by the fact that the animals receiving 
the high concentration of  imipramine demonstrated an in- 
creased rather than decreased exploration during the first 5 
min of  the test session when compared to control animals. If 
physical weakness had modified the hole-board exploration 
of imipramine-treated animals, one would have expected re- 
duced or at least normal exploration during the initial test 
phases. The fact that the temporal distribution of exploration 
activities appears to be the primary factor affected by imipra- 
mine treatment points to a central rather than peripheral 
mechanism as the most likely explanation for the phenom- 
enon. 

At least part of  the mechanism behind the imipramine- 
associated changes in exploratory behaviour seems to be 
changes in the temporal distribution of  exploratory activities 
(present data). If, at certain dosages, chronic imipramine 
treatment in the rat causes a pattern of  change like the pres- 
ently observed initial hyperexploration followed by an over- 
habituation, the outcome of exploration tests may be greatly 
influenced by the duration of the test. Had the vertical hole- 
board exploration test of  the present experiment lasted only 5 
rain, the parameter total number of  visits would have demon- 
strated that the animals receiving imipramine in the dosage 
of 20 mg/kg explored significantly more than vehicle-treated 
controls. If the question of  the temporal aspects of  explora- 
tion is considered, some of the discrepancies of the literature 
on the association between antidepressive drugs and explora- 
tion may be better understood. 

Although the question has so far never been addressed 
directly, it could be imagined that not only exploratory behav- 

iour but even locomotion would be affected by imipramine via 
an interference with the temporal distribution of  behavioural 
activities. If the locomotion and general activity of  animals 
subjected to chronic imipramine treatment is, indeed, found 
to be modified as a consequence of initial hyperactivity fol- 
lowed in later test phases by overhabituation, it could be imag- 
ined that even our activity cage and open field tests would 
have revealed the locomotion of imipramine-treated rats to 
differ from normal locomotion if the individual tests would 
have lasted shorter or longer. Direct tests of  the temporal 
distribution of locomotion and general activity upon chronic 
imipramine administration should be performed to address 
more directly the question of potential similarities between 
the ways in which chronic imipramine affects exploration and 
locomotion. Additionally, it should be studied in which ways, 
if any, the imipramine-induced modifications of habituation 
interact with the changed circadian rhythms of animals sub- 
jected to chronic administration of  imipramine (20). 

On the background of the present observations it may be 
of  interest to note the results of Gately et al. (5), who studied 
the consequences of interventricular administration of 5,7- 
dihydroxytryptamine, which causes a substantial loss of sero- 
tonin in the brain: while habituation of  both locomotion and 
exploratory responses in a test apparatus-which in some re- 
spects resembles the hole-board apparatus of  the present ex- 
pe r imen t -  appeared decreased by such a treatment when mea- 
sured 3 days after the injection, the lesioned animals appeared 
to overhabituate if measured 11 days after administration of 
5,7-dihydroxytryptamine. Both the chronic administration of 
imipramine, which blocks the reuptake of  both serotonin and 
norepinephrine (18), and the long-term compensatory changes 
induced by global damage to the serotonergic system (5) appear 
to be associated with changes within aspects of habituation. 
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