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Abstract

The effects of haloperidol on motor versus cognitive factors were determined in mice. Haloperidol 
decreased open-fi eld activity and impaired motor coordination in suspended bar and rotorod tests. The 
drug also augmented escape latencies in swimming towards submerged or visible goals in the Morris 
water maze without increasing path length or affecting the probe test of spatial memory. These results 
indicate that the dopamine-2 receptor blocker can reduce brain activation and impair motor control at 
doses that leave spatial learning unaffected.
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Introduction

Parkinson’s disease causes motor and non-motor defi cits 
mitigated at different degrees with dopamine replacement 
therapy [1-3]. In addition to the cardinal symptoms of muscle 
rigidity, akinesia, and resting tremor, patients with Parkinson’s 
disease display postural instabilities. In particular, patients fall 
more often than controls [4]. More worrisome are the fi ndings 
that patients’ loss in postural control respond poorly to the 
primary treatment, l-dopa [5], and that l-dopa even impaired 
some aspects of it [6].

Motor and non-motor defi cits have been reproduced in 
genetic models of Parkinson’s disease [7], or after injections 
of neurotoxic agents that deplete dopamine concentrations 
in striatum [8]. Moreover, parkinsonian symptoms appear 
in schizophrenic subjects after high doses of dopamine-2 
(D2) receptor antagonists such as chlorpromazine (CPZ) and 
haloperidol, to a lesser extent the more selective D4 receptor 
antagonist, clozapine [9]. In the present study, motor and 
non-motor effects of haloperidol were examined in mice 
for exploratory activity in open-fi eld [10], elevated plus-
maze [11,12], and emergence [13] tests, motor coordination 
in stationary beam, coat-hanger, and rotorod [14] tests, and 
spatial learning in the Morris water maze [15,16].

Methods

Animals

C57BL/6JIco mice were obtained from Charles River, 
L’Arbresle, France, kept inside group cages with woodchip 
bedding under a 12/12 hr light-dark cycle, and tested in a 
separate room. The mice were controlled for age (range 11-

15 months) and gender (males only). The research protocol 
adhered to guidelines of the National Institutes of Health 
(USA), the European Council Directive (86/609/EEC), and local 
animal care regulations. 

Procedure 

Mice were injected 60 min before the test with haloperidol 
(Haldol®, 5 mg/ml, Janssen-Cilag), diluted at 0.05 (n=9) 
or 0.1 mg/kg (n=9) or else saline (n=10) used as the vehicle 
solution and placebo. One placebo-injected mouse accidently 
died in the water maze, leaving n=9. The behavioral schedule 
was presented in randomized orders for different subgroups 
on weeks 1 and 2, including the following tests: week 1: open-
fi eld, elevated plus-maze, emergence, week 2 (after 3 days off): 
stationary beam, coat-hanger, and rotorod. Week 3 included 
the Morris water maze (testing days 7-12 for all mice).

The open-fi eld (Letica model LE 8811, Bioseb, France) 
contained a 45 x 45 cm sized fl oor made of black perspex and 
36 cm high transparent perspex walls. The device distinguished 
between fast (> 10 cm/s) and slow (< 10 cm/s) ambulatory 
and stereotyped movements as well as fast and slow rears. 
Horizontal activity was recorded by infrared photocell detectors 
with a 2.5 cm intercell distance in the horizontal axis and 
placed at a height of 1 cm. Vertical activity was recorded by a 
second row of sensors situated at a height of 5 cm. The mice 
were placed in the center of the apparatus in a 5-min session. 

The elevated plus-maze (Letica model LE 840, Bioseb, 
France) consisted of 4 cross-shaped arms (length: 45 cm, 
width: 10 cm, height from fl oor: 68 cm) and a 10 cm x 10 cm 
central region with a fl oor made of black perspex. Two arms 
were enclosed on three sides by 9-cm high transparent perspex 
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walls while the other two were not. The enclosed arms and 
the open arms faced each other on opposite sides. Entries (4-
paw criterion) and time spent in enclosed and open arms were 
measured, together with open/total arm entry ratios. An entry 
occurred whenever the mice crossed from one arm to another 
with 4 paws, re-entries into the same arm from the central 
region not being counted. The mice were placed in the center, 
considered as enclosed time until an open arm was entered. 
Conversely, an entry into an open arm lasted until the mice 
entered into an enclosed arm. The mice were evaluated in a 
single 5-min session. 

In the emergence test, the mice were placed inside a small 
toy object (orange plastic shoe, length: 13 cm, width: 6 cm, 
height: 7.5 cm) perforated with 3 holes 3 cm in diameter. This 
object was situated in the middle of a 41 cm x 27 cm enclosure 
made of white plastic and surrounded by 18-cm high walls. 
The mice were not pre-exposed to either apparatus. Latencies 
before emerging with two or four paws with foot contact on 
the fl oor of the wider compartment were determined in 2 trials 
of 5-min separated by 1 hr. Irrespective of whether emergence 
occurred, the mice were allowed to explore the large enclosure 
for 10 s. In all three tests of exploratory activity, the apparatus 
was wiped clean with a damp cloth and dried before evaluating 
the next mouse. Standard room illumination with white light 
was used.

The stationary beam (length: 110 cm; diameter: 2 cm; 
height: 70 cm from a padded surface) made of wood was 
covered with adhesive tape and separated into 11 segments by 
line drawings. A piece of cardboard was inserted at each end 
to prevent any mouse from escaping. The mice were placed in 
the middle of the beam and the number of segments crossed 
(4-paw criterion), the latencies before falling, and the number 
of falls were measured in a single 4-trial session with a 1-min 
cut-off period and a 15-min intertrial interval. 

The triangular-shaped coat-hanger consisted of a 
horizontal steel wire (diameter: 2 mm, length: 41 cm, height: 
38 cm from a padded surface) fl anked by 2 diagonal side-
bars (length: 19 cm; inclination: 35° from the horizontal 
axis). The mice were placed upside-down in the middle of the 
horizontal wire and released only when all four paws gripped 
it. Movement times (MTs) before reaching (snout criterion) 
the fi rst 10 cm segment and the extremity of the horizontal 
wire were measured, as well as before climbing with 2, 3, or 4 
paws and before reaching the midway and top of the diagonal 
wire. The latencies before falling and the number of falls were 
also recorded. A trial ended whenever the mice fell or reached 
the top of the apparatus, from which it was retrieved with a 
maximal score of 1 min given for latencies before falling. The 
test was performed in a single 4-trial session with a 1-min 
cut-off period and a 15-min intertrial interval. 

The accelerating rotorod (Letica Rota-Rod/RS, Bioseb, 
France) was made of striated white perspex (diameter: 3 cm, 
width: 5 cm; height: 17 cm), providing a fi rm grip, and fl anked 
at each end by round plates to prevent any mouse from escaping. 
The mice were placed on top of the already revolving beam at 
a speed of 4 rpm and facing away from the experimenter’s 

view in the opposite orientation to beam movement in the 
longitudinal axis, so that forward locomotion was required 
for avoiding a fall. The rotorod gradually accelerated from 4 
to 40 rpm over the 2-min trial. Latencies before falling were 
measured in an 8-trial session (4 trial blocks of 2 trials) with a 
15-min intertrial interval. When the mice rotated passively for 
2 complete turns, they were retrieved and the trials considered 
as a fall. 

The Morris water maze consisted of a basin (diameter: 
86 cm, wall height: 30 cm) made of white plastic and fi lled 
with water (22°C) at a height of 21 cm. Yellow plastic beads 
were evenly spread over the water surface to camoufl age the 
escape platform (diameter: 8 cm) made of white plastic and 
covered with a yellow wire mesh grid to ensure a fi rm grip. The 
pool was contained in a room with several extramaze visual 
cues, such as light fi xtures and laboratory instruments. The 
mice were placed next to and facing the wall successively in 
north (N), east (E), south (S), and west (W) positions, with 
the escape platform hidden 1 cm beneath water level in the 
middle of the NW quadrant. The experimenter followed their 
swimming trajectories on a videomonitor, on which the image 
of the pool was separated into 4 equally spaced quadrants. 
The quadrant entries (4-paw criterion) and escape latencies 
were measured in 4-trial sessions for 5 days with a 15-min 
intertrial interval. The mice remained on the escape platform 
for at least 5 s. Whenever the mice failed to reach the platform 
within the 1 min cut-off period, they were retrieved from the 
pool and placed on it for 5 s. After their swim, the mice were 
kept dry in a plastic holding cage fi lled with paper towels. The 
day after the acquisition phase (testing day 6), a probe trial was 
conducted by removing the platform and placing the mouse 
next to and facing the N side. The time spent in the previously 
correct quadrant was measured in a single 1-min trial. One 
hour later, the visible platform version was evaluated, with the 
escape platform lifted 1 cm above water level and shifted to 
the SE quadrant. A 13-cm high pole was inserted on top of the 
escape platform as a viewing aid. In an identical manner to the 
place learning task, quadrant entries and escape latencies were 
measured for 4 trials per session, the animals stayed on the 
platform for 5 s, and a 1-min cut-off period was imposed with 
a 15-min intertrial interval, except that the test was conducted 
in a single day. 

Data analyses

The three groups were compared with analyses of variance 
(ANOVAs) with or without repeated measures followed by 
pairwise comparisons with PLSD Fisher. Data are presented 
in mean values ± SEM and statistical signifi cance level set at 
P=0.05.

Results

Exploratory activity

In the open-fi eld, haloperidol decreased all six facets 
of motor activity (F2,25>7.6, P < 0.01) except fast rears 
(F2,25=1.14, P > 0.05), refl ecting in part escape attempts. The 
0.1 mg/kg dose reduced the fi ve measures, whereas the 0.05 
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mg/kg dose reduced two of the fi ve (Table 1). In the elevated 
plus-maze (Table 1), haloperidol decreased open (F2,25=13.84, 
P < 0.001) and enclosed (F2,25=22.47, P < 0.001) arm entries 
without affecting open/total arm entries and duration. The 
groups did not differ in emergence from the small chamber 
(Table 1) despite higher latencies for haloperidol, possibly 
because of high intragroup variances. 

Motor coordination

Haloperidol exerted detrimental actions on stationary 
beam, coat-hanger, and rotorod tests (Table 2 and Figure 
1). On the stationary beam, haloperidol decreased segments 
crossed (F2,25=11.97, P < 0.001) without affecting fall latencies 
or number of falls (P > 0.05). On the coat-hanger, haloperidol 
increased all MTs (F2,25>3.89, P < 0.05) as well as number of 
falls (F2,25=4.54, P < 0.05), except MTs to the midway point or 
top of the diagonal bar (P > 0.05), probably because of a ceiling 
effect. It also diminished fall latencies (F2,25=5.83, P < 0.01). 
The haloperidol-induced decrease in fall latencies appeared 
even worse on the rotorod (F2,25=10.15, P < 0.001), the trial 
effect being also signifi cant due to rising values as a result of 
practice (F3,75=11.78, P < 0.001). All these effects were more 
prominent at the high relative to the low dose.  

Spatial learning

Haloperidol increased escape latencies (Figure 2, 
F2,24=30.4, P < 0.001) but decreased quadrant entries 
(F2,24=3.8, P < 0.05) in the submerged platform subtask. There 

was a drug x day interaction on escape latencies (F8,96=8.81, 
P < 0.001) as a result of the faster placebo group as training 
proceeded, but only a day effect on quadrant entries as a result 
of learning (F4,96=30.88, P < 0.001). There was no effect in 
the probe test (P > 0.05, maximal: 60 s, placebo: 29.7 ± 2.1 s; 
low-dose haloperidol: 30.8 ± 5.9 s; high-dose haloperidol: 26.3 
± 5.8 s). In the visible platform subtask, haloperidol augmented 
escape latencies (F2,24=22.7, P < 0.001; summed over 4 trials 
placebo: 32.0 ± 7.1 s, low-dose haloperidol: 91.3 ± 9.7 s, high-
dose haloperidol: 115.9 ± 10.1 s) without affecting quadrant 
entries (placebo: 12.9 ± 1.8, low-dose haloperidol: 13.8 ± 1.2, 
high-dose haloperidol: 15.6 ± 1.5). Higher escape latencies 
occurred at both doses. 

Discussion

Exploratory activity

Haloperidol reduced horizontal and vertical open-fi eld 
activity in C57BL/6JIco mice, for fast ambulation at 0.1 mg/kg, 
for slow ambulation with at a dose as little as 0.05 mg/kg IP. 
Likewise, at 0.3 mg/kg SC, haloperidol reduced motor activity 

Table 1: Effects of haloperidol on exploratory activity in mice (means ± SEM).

Measures placebo
haloperidol
0.05 mg/kg

haloperidol
0.1 mg/kg

Open-fi eld
Fast ambulation

1344 ± 122 1012 ± 97*** 468 ± 71***

Slow ambulation 213 ± 15 204 ± 7 123 ± 13***

Fast sterotypies 628 ± 74 682 ± 20 399 ± 47**

Slow sterotypies 108 ± 5 131 ± 4*** 95 ± 4*

Fast rears 5 ± 1 7 ± 1 4 ± 2

Slow rears 31 ± 4 26 ± 3 12 ± 2***

Plus-maze
Open

arm entries
5.4 ± 0.5 4.4 ± 0.5 1.9 ± 0.5***

Enclosed
arm entries

10.9 ± 0.9 8.6 ± 0.6*** 4.1 ± 0.7***

Open/total
 arm entries

33.1 ± 1.2 33.6 ± 2.0 28.3 ± 5.7

Open arm
duration (s)

66.3 ± 8.1 53.9 ± 7.9 52.6 ± 16.4

Enclosed
arm duration (s)

233. 7 ± 8.1 246.1 ± 7.9 247.4 ± 16.4

Open/total
 arm duration

22.1 ± 1.7 18.0 ± 2.6 17.5 ± 5.5

Emergence trial 1
2-paw/4-paw (s) 

13 ± 2
14 ± 2

18 ± 10
22 ± 11

60 ± 31
67 ± 31

Emergence trial 2
2-paw/4-paw (s)

36 ± 7
52 ± 13

31 ± 8
43 ± 14

73 ± 30
97 ± 39

*P < 0.05; **P < 0.05 ; ***P < 0.001 vs placebo.

Table 2: Effects of haloperidol on motor coordination in mice (means ± SEM).

Measures placebo
haloperidol
0.05 mg/kg

haloperidol
0.1 mg/kg

Stationary beam
Segments

81 ± 4 60 ± 9 28 ± 10***

Fall latencies (s) 237 ± 4 240 ± 0 240 ± 0

Falls 0.1 ± 0.1 0 ± 0 0 ± 0

Coat-hanger MT1 52 ± 15 71 ± 17 149 ± 22***

MT2 113 ± 23 124 ± 24 190 ± 19*

2-paw MT 162 ± 18 203 ± 12* 228 ± 9**

3-paw MT 178 ± 15 210 ± 12 233 ± 4**

4-paw MT 184 ± 14 215 ± 12 234 ± 4**

Midway MT 201 ± 14 222 ± 8 237 ± 3

Top MT 214 ± 9 229 ± 7 237 ± 3

Fall latencies (s) 223 ± 8 220 ± 8 176 ± 15**

Falls 0.6 ± 0.3 0.8 ± 0.2 1.9 ± 0.4**

*P < 0.05; **P < 0.05 ; ***P < 0.001 vs placebo.

 

Figure 1: Effects of 0.05 or 0.1 mg/kg IP haloperidol on acquisition of the rotorod 
task in s over 4-trial blocks of 2 trials each in mice (mean fall latencies in s summed 
over trials).
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in Swiss–Kunming mice [17], and at 0.1 mg/kg IP in rats [18], 
as when the drug was injected into the nucleus accumbens [19]. 
Such effects are likely mediated by the D2 receptor, perhaps also 
the D4 receptor, since a more specifi c D4 receptor antagonist, 
L-745,870, also decreased mouse open-fi eld activity [20]. 
Higher haloperidol doses are required to cause catalepsy, as for 
example 2 mg/kg IP in rats [21]. 

Motor coordination

Haloperidol at 0.1 mg/kg IP slowed down rotorod 
acquisition in C57BL/6JIco mice, the same defi cit found after 
acute haloperidol administration in Swiss [22,23], and FVB/N 
[24,25], mice as well as rats [26,27], or rats chronically 
administered with the drug over a 3-week period [28,29]. 
Effective acute doses were 0.03, 0.1, and 0.3 mg/kg IP [26], 
0.8 mg/kg IP [22], 1 mg/kg IP [23,25], but not 0.3 mg/kg IP 
in ddY mice [30]. The rotorod defi cit appeared even when 
combined with apomorphine [31]. A rotorod impairment was 
also reported in Drd2 null mutant mice defi cient for the D2 
receptor but rather linked to the genetic background [32]. The 
defi cit appears with other D2 receptor blockers such as CPZ 
[33,34], but the infl uence of D4 receptors must be considered, 
since selective antagonists, clozapine [35], and L-745,870 [20], 
also caused rotorod defi cits in mice.

In addition to the rotorod, haloperidol diminished distance 
travelled on the stationary beam, but in view of open-fi eld 
decrements, this is likely due to hypoactivity. Haloperidol 

increased latencies before crossing the stationary beam and 
footslips in rats [28]. Haloperidol-induced defects extended to 
longer MTs and shorter fall latencies in the coat-hanger test.

Spatial learning

Relative to controls, haloperidol in the 0.05-0.1 mg/kg IP 
range increased escape latencies before reaching the submerged 
platform while decreasing quadrant entries. Likewise, escape 
latencies to the submerged platform, not distance swum, 
rose after haloperidol administration at 0.15 mg/kg PO for 14 
days [36], 1.0 or 2.0 mg/kg IP for 6 weeks [37], or after being 
dissolved in drinking water for 90 days [38]. In these studies, 
haloperidol-induced slowing was not accompanied by spatial 
disorientation as would be the case if path lengths were longer. 
In our study, the probe test was unaffected, indicating accurate 
memory of platform location. As in our study, escape latencies 
before reaching the submerged platform increased with as low 
a dose as 0.1 mg/kg SC in Swiss–Kunming mice [17]. At even 
lower doses of 0.04 and 0.07 mg/kg IP, haloperidol increased 
escape latencies in the submerged platform subtask in rats 
without affecting the visible platform subtask, while 0.1 mg/
kg affected both [18], the same effect as in our study at that 
dose and mimicked when the drug was infused in the nucleus 
accumbens [19]. In addition to normal mice and rats, haloperidol 
deteriorated maze learning in rats with traumatic brain injury 
[39,40]. A different conclusion may be reached in regard to 
cognitive versus motor effects on considering that haloperidol 
at 0.04 mg/kg SC increased the number of rats unable to reach 
the submerged platform within a minute without slowing down 
swim speed, while at 0.08 mg/kg both variables were impaired 
[41]. However, path length was not measured in that study. 
Neuroleptic effects on other spatial paradigms are variable. 
On one hand, CPZ impaired delayed spatial discrimination 
performance [42], on the other, haloperidol did not affect 
recognition of familiar versus unfamiliar environments [43]. 

Non-spatial learning

Extensive experiments have shown the detrimental impact 
of neuroleptics on shock avoidance learning. In particular, CPZ 
impaired the acquisition and performance of active avoidance 
responses to a conditioned stimulus in rodents [44-46], and 
humans [47], without affecting shock escape responses. This 
defect did not extend to brightness discrimination performance 
motivated by shock [48], or the conditioned emotional response 
[49]. Yet CPZ delayed acquisition and performance of a light-
dark discrimination motivated by water escape [50,51]. The 
deleterious impact included pre- and post-trial administration, 
indicating interference with memory consolidation. 

The infl uence of cognitive factors underlying neuroleptic 
action can best be ascertained in appetitive as opposed to shock 
avoidance or water escape paradigms where negative results 
predominate when injected pre-trial [52]. CPZ had no effect 
in rats acquiring simultaneous discriminations for stimulus 
brightness [53], or shape despite longer choice latencies at two 
levels of task diffi culty [54]. Moreover, CPZ had no effect on 
the acquisition of a simultaneous light-dark discrimination 
in rat offspring when given to dams from gestation day 17 

 

Figure 2a,b: Effects of 0.05 or 0.1 mg/kg IP haloperidol on quadrant entries (A) and 
escape latencies (B) in s during acquisition of the hidden platform subtask over 5 
days in mice (summed values of 4 trials).
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to 21, though it impaired reversal training [55,56]. Another 
potent neuroleptic, pimozide, had no effect on the acquisition 
or perfomance of simultaneous light-dark discrimination 
learning in food-deprived rats [57,58], and performance in 
food-deprived pigeons [59]. However, CPZ impaired visual 
discrimination performance in pigeons trained with error-
fi lled though not errorless trials [60], and haloperidol impaired 
the performance of concurrent object discriminations with 4-hr 
[61], or 24-hr [62], intertrial intervals in monkeys, the former 
being dependent and the latter independent, respectively, 
on the limbic system. The drug-induced vulnerability in the 
monkey task is likely due to added complexity relative to those 
required in rodents. Yet the infl uence of the limbic system 
is further indicated by poorer discrimination learning after 
post-trial intrahippocampal injection of haloperidol in rats 
[63]. Moreover, post-trial IP injections of CPZ slowed down 
acquisition of a discrimination task in water-deprived rats [64]. 
Pre-trial neuroleptic administration can also impair limbic-
dependent recognition memory, as shown by deteriorated 
matching-to-sample performance between seven geometric 
symbols in monkeys [65], and two color-matching in pigeons 
[66,67], though not two color-matching [42], or clip art and 
digitized photo non-matching [62], in monkeys. 

Although neuroleptics mitigate the impact of reinforcement 
in operant paradigms requiring lever-presses, response 
accuracy is mainly unaffected. Primozide was without effect 
on successive discriminated operant responses distinguishing 
reinforced from non-reinforced trials for food reward in rats at 
doses which reduced arousal and the effects of reinforcement 
[68]. Likewise, accuracy in discriminative operant responding 
of lever choice was normal after administration of haloperidol 
or CPZ, although clozapine decreased it [69]. Pimozide also 
declined response rates without affecting choice accuracy in 
a self-stimulation discrimination paradigm [70]. Moreover, 
acquisition of a discriminated operant task requiring the 
adjustment of response rates according to changes in 
reinforcement schedule was normal in PPP1R1B null mutant 
mice defi cient in dopamine- and cAMP-regulated neuronal 
phosphoprotein (DARPP-32), though reversal training was 
impaired [71]. Thus, dopamine blockade prevents reward 
mechanisms at doses that leave cognition unaffected except 
when cognitive shifting is required. 

In a parallel manner, concept learning was intact in 
hyperactive children chronically treated with CPZ [72]. In 
normal young adult subjects, CPZ impaired the continuous 
performance task dependent on arousal more than the digit 
symbol substitution task dependent on executive control [73], 
although neuroleptics impaired the latter relative to placebo 
in young [74,75], and old [75], subjects and prevented an 
intersession practice effect in the young [76].   
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