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LEVIN, E. D., D. M. GALEN AND G. D. ELLISON. Chronic haloperidol effects on oral movements and radial-arm 
ma~e peiJbrmance in rats. PHARMACOL BIOCHEM BEHAV 26(I) I-6, 1987.--Rats were examined for the devel- 
opment of adverse motor and cognitive effects during and after 24 weeks of chronic haloperidol (HAL) administration using 
an 8-arm maze and a computerized apparatus for measuring spontaneous oral movements. In the maze, HAL caused a 
significant decline in choice accuracy only during the first week of administration, whereas it caused a significant decline in 
locomotor speed throughout drug administration. There were no effects of HAL on maze behavior after withdrawal. 
Haloperidol reduced the number of mouth movements during drug administration, but after withdrawal there was a 
significant increase. This replicated a previous finding from our lab. The oral movements which did occur in the HAL- 
treated rats were slower than normal. The timing of the HAL-induced cognitive dysfunction was similar to the Parkinson- 
like disorder shown by patients given chronic neuroleptics, whereas the timing of the increase in oral movements after the 
withdrawal of HAL was more related to the appearance of tardive dyskinesia. There was evidence in both tests of a 
persisting sedation during chronic neuroleptic administration. 

Haloperidol Oral movements Radial-arm maze Rats Memory Tardive dyskinesia 

SINCE their introduction thirty years ago, neuroleptic drugs 
have proven to be quite useful for suppressing psychotic 
symptoms in schizophrenics. However,  they have also been 
found to cause a number of adverse side effects. The most 
obvious and widely studied of these, tardive dyskinesia and a 
Parkinson-like disorder, affect motor systems, but there are 
indications that adverse cognitive effects may occur as well 
[7, 10, 13-15, 25]. Cognitive effects may not be as obvious as 
motor effects because they can be masked either by concur- 
rent motor impairment or the pre-existing cognitive dys- 
function often seen in schizophrenics [1,2, 18, 23]. The pres- 
ent study examined both the motor and cognitive effects of 
long-term neuroleptic administration in rats. 

Cognitive dysfunction has been found to be related to 
tardive dyskinesia by some investigators [11, 30, 31, 33, 34], 
in that it is especially apparent in patients who also show 
signs of tardive dyskinesia. On the other hand, neuroleptic- 
induced cognitive dysfunction may be more akin to Parkin- 
sonism. As in Parkinsonism [17,19], the neuroleptic-induced 
disorder [26] seems to involve both bradykinesia (slowness 
of movement) and bradyphrenia (slowness of thought). The 
combination of these effects, usually labeled sedation, is 
probably the most common adverse side effect of neuroleptic 
drug administration [26,32]. Since the Parkinson-like disor- 
der is usually seen soon after the onset of neuroleptic admin- 
istration and disappears within weeks and tardive dyskinesia 
does not become manifest for months or years, the timing of 
any cognitive effects seen in the present study will provide 
an indication as to their relationship to the motor effects. 

The primary neuropharmacological effect of haloperidol 
is to block dopamine (DA) receptors. In animal models con- 
sequences of decreasing DA activity include sensory inat- 
tention [20,21], decreased exploratory behavior [4-6, 12] and 
impaired memory function [3, 22, 29]. Memory function was 
examined in the present study because unlike sensory atten- 
tion it is impaired by relatively mild disruptions of the DA 
system and unlike exploration it does not loose its validity 
with repeated testing. 

The memory test used in the present study was the 
radial-arm maze. Beatty and Rush [3] found that acute doses 
of haloperidol impaired spatial working memory in the 
radial-arm maze as long as the rats were under the influence 
of the drug during the recall portion of the test. The sedation 
induced by HAL did not appear to in itself be responsible for 
the deficits in choice accuracy. Doses of barbiturates which 
caused a similar degree of sedation have not been found to 
impair choice accuracy in the radial-arm maze [3,8]. 

To complement our test of cognitive function, we meas- 
ured spontaneous oral movements using a computerized 
video analysis system we have developed [9]. This sytem has 
the advantages of being objective and having the ability to 
quantify the characteristics of each movement. In a previous 
experiment using the same type of HAL administration [9], 
we found with this scoring system that, except for very tiny 
movements, oral activity was not increased during chronic 
HAL administration. However,  after withdrawal there was a 
significant increase in all sizes of movements. 

The goal of the present study was to define the relation- 
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FIG. 1. The number of errors to enter the last four arms. • Control, 
baloperidol. *p<0.05. 
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FIG. 2. Latency in seconds to enter the last four arms in the radial 
arm maze. • Control, ~ haloperidnl. *p<0.05. 

ship of  cognitive and motor effects of  long-term HAL admin- 
istration in terms of severity, time of onset and persistence. 
This will help in the characterization of possible adverse 
cognitive effects as being related more to the Parkinson-like 
disorder or to tardive dyskinesia. 

M E T H O D  

Subjects and Exposure 

Twenty adult female albino rats (Simonsen, Gilroy, CA) 
were used in this study. One rat which did not run in the 
maze was eliminated from the study and one rat died, leaving 
nine rats in each group. Half  of the rats received subcutane- 
ous implants of silastic envelopes developed in our lab for 
haloperidol (HAL) administration [9]. The implantation was 
performed under lidocaine local anesthesia. The rats in the 
HAL group were implanted with envelopes filled with 100 
mg of HAL. A release rate of approximately 0.45 mg/kg/day 
for these envelopes was determined in another set of rats 
using HPLC analysis of the amount of drug remaining in the 
explanted envelopes after 6, 12 and 24 weeks of implanta- 
tion. The average HAL release rate for a 100 mg envelope 
was 22.9 mg in 24 weeks, 12.3 mg for 12 weeks and 5.2 mg for 
6 weeks. The controls were implanted with silastic strips 
containing no HAL. After 16 weeks of exposure the old 
silastic envelopes were removed and new ones were im- 
planted. After 24 weeks these implants were removed and 
withdrawal was studied. 

8-Arrn Maze 

The rats were tested in a black wooden radial-arm maze 
patterned after the one developed by Olton and his cowork- 
ers [24]. It had a central platform 35 cm across and eight 
arms (10x80 cm) radiating outward at equal angles. The 
maze was elevated 30 cm from the floor in a room with 
abundant extramaze visual cues. Food wells were located 2 
cm from the end of  each arm. 

At the beginning of each session the maze was wiped off 
with water and 1/3 to 1/2 of a Kellogg's Froot Loop was 
placed in each food well. To start the session the rat was 
placed inside a Plexiglas ring located on the central platform. 
After 10 seconds the ring was lifted and the rat was allowed 
to enter arms (four paws passed the threshold) until either 4 
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FIG. 3. Movelets/minute: Average of all amplitude categories, the 
haloperidol group relative to controls. *p<0.05. 

different arms had been entered or 300 seconds had elapsed. 
Then the rat was lifted off of the maze and placed back in its 
home cage either for 0, 1, 10 or 100 minutes. After the delay, 
the rat was again placed into the central ring for 10 seconds 
and then allowed to retrieve the last four rewards. The sec- 
ond half of the session lasted until either all of the rewards 
had been entered or 300 seconds had elapsed. The dependent 
measures were the number of errors in finding the last four 
arms and latency in finding the last four arms. 

Prior to drug administration the rats underwent 49 ses- 
sions of training. Delays were introduced two weeks before 
the first drug administration. The rats were tested with one 
delay per day with the order of delays being given in a 
counter-balanced design. Based on their choice performance 
at the longest delay the rats were sorted into matched groups 
and a final week of pretests were given. Starting the first 
week after implant and every four weeks thereafter, the rats 
were tested on the maze at each of the four delays. For two 
days before and during each week of testing on the 8-arm 
maze the rats were put on a 22 hour food deprivation 
schedule and were fed each day following testing. The rats 
were fed ad lib between the weeks of 8-arm testing. At the 
beginning of each week the rats were tested without delays 
to reacquaint them with the maze. After the four sessions 
with delays make-up sessions were conducted for the rats 
who did not complete one of their sessions. 
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FIG. 4. a. Movelets/minute: Amplitude of 0.4-0.8 mm, the haloperi- 
dol group relative to controls, b. Movelets/minute: Amplitude of 
0.8-1.2 ram, the haloperidol group relative to controls, c. Movelets/ 
minute: Amplitude of 1.2-1.6 mm, the haloperidol group relative to 
controls, d. Movelets/minute: Amplitude of 1.6-2.8 ram, the halo- 
peridol group relative to controls, e. Movelets/minute: Amplitude of 
>2.8 mm, the haloperidol group relative to controls. *p<0.05, 
**p<O.O1. 

Oral Movements 

On the weeks after 8-arm maze testing, the rats were 
tested for the frequency and types of oral movements.  Be- 
fore testing, ultra violet-sensitive fluorescent dots ("Black- 
Ray Swimming-pool readmission ink" from UVP, Inc., P.O. 
Box 1501, San Gabriel, CA 91778) were painted on the rats' 
upper and lower jaws. They were put in a Plexiglas tube with 
their head poking out of one end toward a video camera. For 
a six-minute session their oral movements were recorded by 
a computer program which measured the distance between 
the upper and lower dots at a rate of 60 times per second. A 
closed circuit TV camera with a close-up lens was positioned 
22 cm in front of  the rat. This camera had a UV filter in front 
of the lens eliminating the background UV light so as to 
detect only the two fluorescent dots painted on the rat 's 
mouth. The output from this camera was monitored on a TV 
screen, and the output of the camera was adjusted by poten- 
tiameter so that only the two fluorescing spots were visible. 
The resulting digital signal was fed to a computer with a 
movement detection circuit (the " M M "  board from Bio- 
tronic Designs, Tarzana, CA). This circuit calculated the 
number of TV rasters from the bottom of the top spot to the 
top of the bottom spot. This distance was stored in computer 

memory 60 times each second at each vertical synch pulse 
from the TV camera. This system was designed to be maxi- 
mally sensitive to mouth movements, such that horizontal 
movements of  the head would be completely undetected and 
vertical movements of the entire head would be minimized 
relative to movements of the mouth. These data were then 
summarized by a Pascal program which classified the 
"move le t s "  (single openings or closings) by amplitude. Five 
different categories were used: 0.4-0.8 mm, 0.8-1.2 mm, 
1.2-1.6 mm, 1.6-2.8 mm and >2.8 mm. Finer-grained 
categories were used for smaller movelets because of the 
relatively greater number of movelets in this range. The 
threshold for video noise was one raster (0.3 mm). The 
smallest amplitude category was just above this threshold. 
Artifactual movelets were practically all eliminated by only 
counting movelets that started within 3/60ths of a second of a 
movelet in the opposite direction. The number of movelets in 
each amplitude category was calculated for each mintute the 
rat's mouth was in range of  the camera for more than 20% of 
the session were rerun. In addition, the slopes of individual 
movelets (amplitude/duration) were calculated and averaged 
for each amplitude category. 

In our previous study [9] there was simultaneous com- 
puter scoring and visual observation. It was found that 
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movelets larger than 1.6 mm corresponded very well to 
observer-scored chewing movements. The smaller-sized 
movelets corresponded to tremor and movements not seen 
by the human observer. 

Statistics 

The data were assessed by the analysis of variance. For 
the measures from the 8-arm maze test comparisons were 
made in terms of change from the sessions run during the 
week before the start of HAL administration. Significant in- 
teractions were followed up by post-hoc t-tests of simple 
effects. One-tailed tests were used with the movelets/min 
measure because a previous experiment from our lab [9] 
showed that there was a decreased number of movelets dur- 
ing HAL administration and an increased number of 
movelets after HAL withdrawal, except for the smallest 
amplitude category, which showed an increase in the number 
of movelets after six months of drug administration. 

RESULTS 

8-Arm Maze 

Choice accuracy was significantly impaired by HAL ad- 
ministration only during the first week after the start of drug 
administration, F(1,16) = 8.43, p <0.025. With all of the other 
test periods during and after HAL administration there were 
no significant effects (Fig. 1). After the replacement 
envelope was implanted during the 16th week, the controls 
appeared to decline in performance, however this effect was 
not significant. At the end of the study the difference be- 
tween the HAL and control groups was about the same as it 
was during the pretest. The H A L x  delay interaction was not 
significant, suggesting that performance at the different de- 
lays was not differentially affected by HAL. 

The latency measure showed a much more robust and 
long-lasting HAL effect (Fig. 2). The HAL-treated rats took 
significantly longer than the controls at each of test weeks 
during drug administration. The F-ratios ranged from 13.24 
to 22.33 and the p-values were all less than 0.005. Before 
implantation of the replacement envelope the latencies in the 
HAL group were declining although they remained signifi- 
cantly increased. After the replacement envelope was in- 
planted the original magnitude of HAL-control difference in 
latency was restored. One week after HAL withdrawal, the 
latencies in the HAL declined toward control levels and 
were no longer significantly different. 

Oral Movements 

HAL caused significant decreases in the overall number 
of movelets/min during drug administration (weeks 2, 10 and 
14) and a significant increase after withdrawal (Fig. 3). Given 
the significant three-way interaction of HAL x session x 
amplitude category, separate analyses of the simple, simple 
main effects were conducted for each amplitude category 
during each test session. As can be seen in Fig. 4a-e, in 
general there was a decrease in the number of movelets dur- 
ing drug administration and an increase after withdrawal. 
The decrease in the number of movelets was significant in 
more amplitude categories during the first run after the start 
of HAL administration. During the later sessions, more sig- 
nificant decreases were seen in the small to mid-sized 
movelets than in the large ones. After withdrawal, movelets 
of all sizes increased in number in the HAL group, but only 

the small to mid-sized categories showed significant in- 
creases over control levels. 

Of interest is the apparent rise in the number of smallest 
sized movelets in the last test session during HAL adminis- 
tration. Although this rise did not reach a level significantly 
above the controls, it did resemble a similar rise seen in our 
previous study [9]. Ifi that study the increase in small 
movelets during HAL administration also predicted a signifi- 
cant increase in oral movement after HAL withdrawal. 
However, in the present study a conclusion regarding the 
relative rise in very small movelets is tenuous not only be- 
cause of the lack of statistical significance but also because 
this relative rise was due more a decrease in the number of 
very small movelets by the control group during this test 
session rather than a rise by the HAL group. 

Analysis of the slopes of the movelets showed that the 
HAL group had significantly lower slopes, F(1,16)=4.41, 
p<0.05. Planned comparisons between the groups during 
drug administration and after withdrawal showed that during 
the period of drug administration there was a significant 
HAL-related decrease in slopes, F(I, 16)= 6.07, p <0.025, and 
that after withdrawal there was no significant HAL-related 
effect. The HAL x sessions interaction in the analysis of 
data gathered during drug administration was not significant, 
indicating that the same effect persisted throughout the 24 
weeks of exposure. 

DISCUSSION 

These data show a clear separation in the time course of 
three different behavioral effects of chronic HAL adminis- 
tration. In the 8-arm maze, HAL only caused a deficit in 
choice behavior for the first week, but it significantly in- 
creased response latency for the entire period of drug admin- 
istration. The effects on the oral movements showed differ- 
ent pattern, for throughout HAL administration there was a 
decrease in the number of movelets and in the slopes of 
movelets, and after withdrawal there were increased num- 
bers of small and mid-sized movelets and a return of slopes 
to control levels. 

The transient effect of HAL on choice behavior suggests 
that this cognitive deficit was more related to a short-term, 
neuroleptic-induced (i.e., Parkinson-like) disorder than to 
tardive dyskinesia. However, the persisting HAL-induced 
increase in response latency in the maze was unlike the 
transient bradykinesia seen in this Parkinson-like disorder in 
humans. The fact that the latency effect in the 8-arm maze 
persisted aids in the interpretation of the recovery from the 
cognitive deficit, for this long-term effect on locomotion in 
the maze demonstrates a continuing effect of the HAL ad- 
ministration. That is, the rats did not seem to develop a 
general tolerance to the effects of HAL. 

One possible explanation for the selective recovery of the 
choice behavior is that there was selective tolerance by one 
component of the DA system. The most probable site for this 
tolerance would be the nigro-striatal DA system because the 
mesolimbocortical system does not seem to become tolerant 
to chronic administration of neuroleptic drugs [27,28]. An- 
other explanation may be that the rats learned to solve the 
maze while in the drugged state. This dissociation of the 
haloperidol effects on locomotor and choice behavior in the 
maze suggested that the increased latency was probably not 
the cause of the impaired choice behavior, a result consistent 
with the findings of Beatty and Rush [3] and Eckerman eta/ .  
[8] that sedation in itself does not impair choice behavior in 
the radial-arm maze. 
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The  b iphas ic  effect  o f  ha loper ido l  admin i s t r a t i on  and  
wi thd rawa l  on  the  n u m b e r  of  move l e t s  rep l ica tes  our  previ-  
ous  f inding [9]. T h a t  s tudy  also found  tha t  dur ing  H A L  ad- 
min i s t ra t ion ,  the re  was  no  inc rease  in move l e t s  excep t  for  
poss ib ly  the  ve ry  t iny ones .  In b o t h  this  p r ev ious  s tudy  and  
the  p r e sen t  one ,  in c o n t r a s t  to the  f indings  of  G u n n e  and  
Haggs tom [16], the re  was a pers i s t ing  H A L - i n d u c e d  reduc-  
t ion in large ampl i tude  m o v e m e n t s .  The  t iming  of  the in- 
c rease  in smal le r  oral  m o v e m e n t s  in b o t h  s tudies  mir rors  the  
t iming  in ta rd ive  dysk ines ia .  

The  inc rease  in small  to mid-s ized  move le t s  bu t  no t  the  
large move l e t s  fol lowing H A L  wi thdrawal  ind ica tes  tha t  the  
inc rease  was not  due  solely to a genera l  hype rac t iv i ty  bu t  
had  some  specif ici ty  to ce r t a in  types  of  oral  m o v e m e n t s .  
This  lack of  a genera l  hype rac t iv i ty  af ter  H A L  wi thd rawa l  in 
the  oral m o v e m e n t  test  was  cons i s t en t  with the lack of  
hype rac t iv i ty  in the  8-arm maze .  

The  H A L - i n d u c e d  dec rea se  in s lope dur ing  drug adminis -  
t r a t ion  adds  to the p ic ture  of  pers i s t ing  seda t ion  induced  by  
H A L .  In addi t ion  to the re  be ing  fewer  move l e t s ,  t hose  
move le t s  which  did o c c u r  had  a s lower ,  or  sluggish 

w a v e f o r m .  Af te r  w i thd rawa l ,  the  s lopes  of  the  move l e t s  re- 
t u r n e d  to con t ro l  levels ,  bu t  did not  e x c e e d  them.  This  find- 
ing is fu r the r  ev idence  t ha t  the  w i thd rawa l - i nduced  inc rease  
in oral  m o v e m e n t s  was  specif ic  and  was not  due mere ly  to 
inc reased  levels  of  genera l  act ivi ty .  

This  s tudy s h o w e d  effects  dur ing  all phases  of  ch ron ic  
ha loper ido l  admin i s t r a t ion .  The  cogni t ive  defici t  was  only  
a p p a r e n t  dur ing  the  first week  of  admin i s t r a t ion ;  the  locomo-  
tor  seda t ion  was ev iden t  t h r o u g h o u t  drug admin i s t r a t ion  (as 
was  the  dec rea se  in la rge-ampl i tude  oral  ac t iv i ty) ,  and  the  
inc rease  in oral  ac t iv i ty  on ly  b e c a m e  a p p a r e n t  af ter  with- 
d rawal  f rom H A L .  T h e s e  resul t s  highl ight  the  complex  na- 
ture  of  chronic  ha loper ido l  effects  and  how the  na tu re  of  the  
effects  can  change  in c h a r a c t e r  ove r  t ime.  
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