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SPIRDUSO, W. W., L. D ABRAHAM AND M. D. WOLF Effects of chlorpromazme on escape and avoidance re- 
sponses A closer look. PHARMAC. BIOCHEM. BEHAV 14(4) 433-438, 1981.--Whale a wealth of evadence has impli- 
cated the nigrostriatal dopamane system m the ruination of movement, most or all of these movements have been in a 
condmoned avoidance framework, and on the order of 3-14 seconds in latency It ~s proposed here that an elucidation of 
dopammergac involvement in movement lnitmt~on reqmres a behavioral paradagm wherein experimental ammals must 
rapidly and voluntanly respond to a stimulus to move (Le., m less than 300 msec, paralleling human reaction time). Such a 
paradigm was developed and implemented in a re-analysis of earher reports of chlorpromazine (CPZ) effects on escape 
from and avoidance of electric shock Catecholammergic or dopamlnerg~c receptor blocking by CPZ resulted m clear 
impairment of the ability to m~tmte rapid avoidance movements, but m contrast to earlier work, some impairment of escape 
responses was also seen. Results are seen as further support for dopaminergic involvement in the initiation of voluntary 
movement. 

Chlorpromazine Dopamme Movement imtiat~on Conditioned avoidance 

THE beha~ ioral effects of chlorpromazine (CPZ) have been 
described as specific disruptions of motor behavior such as 
difficulty in "initiating" learned and purposeful movements 
while not affecting flexor, placing, or righting reflexes [5] or 
escape responses [7,8]. More specifically, it has been pro- 
posed that CPZ delays voluntary movement initiation (e.g. 
avoidance latency) without affecting locomotion, initiation 
of escape responses, or movement speed [11, 17, 18]. 

These CPZ effects are central to a model suggesting that 
catecholaminergic systems such as the basal ganglia have a 
role in the initiation of learned movements. The caudate nu- 
cleus has been widely linked to the initiation of conditioned 
or learned responses [2, 3, 5, 9, 10, 11, 12, 14, 15, 20]. 

More recently, Wolf et al. [23] found significantly faster 
simple voluntary reaction times (RT) in rats with signifi- 
cantly higher caudate dopamine receptor binding affinity 
(lower KD). The mechanism involved in the behavioral effect 
was hypothesized to be a dopamine-influenced selective at- 
tention mechanism, independent of motor function, that 
acted as a filter for irrelevant stimuli [14,16] and produced 
specific deficits in the initiation of movement rather than in 
the completion of the entire response. To test this hypothesis 
one must carefully analyze the initiation of a "voluntary"  
movement. 

1Send reprint requests to W. W. Spirduso, Chmr, Dept. of Physical 
Austin, TX 78712. 

Characteristically, escape and avoidance tasks, requiring 
an animal to move from one shuttle box chamber to another, 
have been used in studies of purposeful and goal-oriented 
movements. The onset of shock has been the unconditioned 
stimulus (UCS) and the onset of a warning light or buzzer has 
been the condttioned stimulus (CS). Animals which moved 
into the safe chamber after the conditioned stimulus (CS; 
light or buzzer) but before the unconditioned stimulus (UCS; 
shock) succeeded in avoiding the shock, and those that left 
the shock chamber subsequent to the onset of the shock 
were said to escape the shock. CS-UCS intervals typically 
range from 3 to 15 seconds. The appeal of this technique has 
been that it provides 60-80% successful avoidances in a very 
short period of time (usually in one or two test sessions). 
However, whether the avoidance behavior is scored as the 
number of trials necessary to reach a criterion, or the latency 
of the avoidance from the CS to entry into the safe chamber, 
it is clear that this is a very slow behavioral response, with 
the potential interaction of many unidentified variables (e.g. 
locomotor skill, body weight, speed of movement, individual 
speed preference, exploratory tendencies, spontaneous ac- 
tivity levels, and sensitivity to shock) that primarily affect 
response completion and not movement initiation. The use 
of short one- or two-day practice sessions in these long la- 
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tency response tasks has amplified both the potential for 
unwanted variable interaction and ambiguity of response in- 
terpretation. The apparent need for a better measure of 
movement initiation was addressed recently by Wolf [19,20], 
who shaped avoidance responses to minimal latencies. Re- 
sponse latencies that reveal an animal's reactive capacity 
rather than its characteristic response style should also pro- 
vide a more sensitive measure of the effects of CPZ, and 
consequently would provide a more accurate assessment of 
catecholaminergic involvement in movement initiation. 

The purpose of this experiment, therefore, was to employ 
a response paradigm in which the animal was systematically 
shaped over a period of several days to initiate an extremely 
fast and consistent avoidance consisting only of limb move- 
ments and requiring only milliseconds to complete. By using 
such a short duration response, the effect of different levels 
of CPZ on the actual initiation of the response could be ob- 
served. Additionally, by varying the CS-UCS interval, the 
effects of CPZ on association and consistency could be as- 
certained, and interpretations wah regard to catechola- 
minergic mvolvement in movement initiation could be pro- 
posed. 

METHOD 

Subjects 

Thirty-seven male Sprague-Dawley rats (450 to 650 g) 
were subjects of the study. The animals were obtained from 
the Charles River Laboratories (Wilmington, Massachu- 
setts), and were individually housed at a constant tempera- 
ture of 78°F (25°C) with a 12/12 hour light/dark cycle, and ad 
lib access to standard rat chow and water 

lnstrumentatton and Procedures 

Behavioral testing and ~haping. Each animal was placed 
in a standard stainless steel and Plexiglas operant condition- 
ing chamber (Lafayette, Model 84021), which contained a 
stimulus light, an operant lever, and a shock grid floor. The 
animal was taught first to maintain the operant lever in a 
depressed position and then to release it as quickly as possi- 
ble to the CS (avoidance) or the UCS (escape). An auditory 
stimulus of 101 dB intensity was paired with the light 
stimulus, so that the CS was the simultaneous onset of both 
light and the sound. The UCS was scrambled, constant cur- 
rent electric shock (300 V, 3 mA), well above the animals" 
thresholds of sensitivity. 

Prior to the pre- and post-drug sessions, the animals were 
conditioned during 50 trials on each of seven days. This 
shaping schedule included two phases: phase one involved 
presentation of simultaneous CS and UCS until the animal 
learned to depress the lever, to hold it in position, and to 
release it within 180 msec following onset of the shock. The 
release of the lever opened the circuit and terminated the 
UCS. This constituted an escape, and generally occurred 
within 30-50 trials on the first day. The animals quickly 
adopted a strategy of sitting on their haunches and con- 
tinuously pressing the bar. Thus when the UCS onset oc- 
curred they were in the most efficient position to release the 
bar quickly. The release of the bar was immediately followed 
by a depression of the bar. Following five consecutive es- 
capes, phase two, which was the presentation of the four 
CS-UCS intervals of 1000, 500, 300, and 200 msec, was be- 
gun. The long (1000 msec) CS-UCS delay interval was first 
introduced to enable avoidance responses to occur. When 

the animal successfully avoided (released the lever within 
the CS-UCS interval) on 5 consecutive trials, the CS-UCS 
interval was reduced to 500 msec. Each set of five consecu- 
tive successful avoidances, (the criterion for avoidance suc- 
cess) then reduced the CS-UCS interval to the next step until 
the 200 msec interval was reached. The test session on the 
seventh day consisted of five zero-delay trials, followed by 
l0 trials of each of the four CS-UCS intervals. Inter-trial 
intervals were varied randomly from 27-32 seconds 

Expertmental Design and Analyst~ 

A 4 × 3 × 2 groups- ×-interval- ×-test session mixed facto- 
rial analysis of variance design was used, in which each of 
four groups received one treatment dose (0.0 
(saline)/2.5/3.5/4.5 mg/kg) and was presented with three 
CS-UCS intervals (500/300/200/msec; see below) in each of 
two test sessions (pre-drug/post-drug) that was, (a) within 
the rats' capability to respond, and (b) similar to those used 
in the study (Poslun [17]) most similar to the present one in 
terms of purpose. CS-UCS intervals were selected in pnor  
experimentation as being intervals neither too long nor too 
short, yet differentiating among rats' reactive capacities. Be- 
cause fewer animals reached avoidance criteria than escape 
criteria, fewer animals were available for the avoidance 
analysis 

Dependent variables were escape latency, escape latency 
variability, percentage successful avoidance, avoidance la- 
tency, and avoidance latency variability. Escape latency was 
defined as the latency between the simultaneous onset of the 
CS/UCS and a precise and immediate release of the operant 
lever. Although escapes also occurred after unsuccessful 
avoidances in each of the intervals, these were not computed 
in the analysis as they included anticipatory behaviors. Es- 
cape vartabthty was the standard deviation of the animal's 
escapes. Percent avoMance was obtained by determining the 
percent of avoidance responses in the trials provided at each 
delay interval for each day. A voldance latency was defined 
as the time between the onset of the CS and the release of the 
operant lever when it preceded and thus precluded the onset 
of the UCS. Avotdance variabihty was the standard devia- 
tion of the avoidances at each delay interval. 

Treatment 

The test day was comprised of two test sessions: a pre- 
drug and post-drug session. In the pre-drug session, consist- 
ing of 50 trials, the CS-UCS intervals were provided accord- 
ing to the phase two criteria previously described. Animals 
were then weighed and injected intraperitoneally with ap- 
propriate doses of CPZ (Thorazine). Forty minutes after the 
injection, the post-drug test session, consisting of 50 reaction 
(avoidance) trials was administered. Nine animals were also 
tested six hours following the post-drug session in a 50 trial 
delayed test session. 

RESULTS 

The saline group, which served as a control, was uninflu- 
enced on all dependent variables by injection Results and 
discussion are focussed, therefore, primarily on the statisti- 
cal results from the CPZ groups. 

E~cape Latencles 

Although each of the drug level groups' mean escape 
latencies appeared to be slower in the post-drug session, the 
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FIG. 1. Pre- and post-drug mjectton avoidance performance (expressed as percentage of trials on which shock was successfully avoided) 
The four experimental groups were SAL (saline control N=9), 2.5 (2.5 mg/kg CPZ N=8), 3 5 (3 5 mg/kg CPZ N=9). and 4 5 (4 5 mg/kg CPZ 
N= 10) 

drug level main effect from the A N O V A  only approached 
statistical significance, F(2,23)=2.7, p = < 0 . 0 9 .  (For com- 
putational details and rationale for using post hoc tests fol- 
lowing a nonsignificant overall F test, see Winer [21].) 
Newman-Keuls  post  hoc tests computed for each group re- 
vealed that the 3.5 CPZ group's  mean post injection escape 
latency of 134.9-+40.0 was significantly slower than the 
preinjection escape latency of  111.9-+28.6 (Sa-q 1-c~(2,23) 
--8.99,p<0.01).  No sagnificant differences were seen in with- 
in-animal escape variability. 

Avotdance Percentage 

The percent of  successful avoidance was dramatically af- 
fected by injections of CPZ at all levels. Inspection of  Fig. 1 
reveals that at each drug level the post-drug session percent- 
age was significantly reduced, F(1,21)=49.3,p =<0.001. It as 
also apparent  from Fig. 1 that the CS-UCS interval has a 
sagnificant impact upon the percentage of  successful 
avoidance (the shorter the interval, the smaller the percent- 
age of  avoidance; F(2,42)= 14.6,p =<0.001). No main effects 
were observed for the level of CPZ, and no significant inter- 
actions were observed. 

Mean Avotdance Latency 

The only significant mare effect for latency was the 
CS-UCS interval effect, F(2,56) = 31.6, p = <0.001, indicating 
that the shorter the CS-UCS interval, the faster the response 
(Fag. 2). Significant interactions were seen in the Test Ses- 
s ion×Interval ,  F(4,56)=4.9, p = < 0 . 0 1 ,  and the Drug 
Level×Tes t  Session×Interval ,  F(6,60)=2.7, p = < 0 . 0 5 ,  in- 
teractaons. The Drug Level×In terva l  interactions ap- 
proached significance, F(6,56) = 2.3, p = <0.08. More slowing 

was seen in the longest CS-UCS interval than m the shorter 
ones, and in the 2.5 and 4.5 CPZ dosage groups than in the 
3.5 group. 

Conststency of  Avotdance 

In all but two instances, the within-rat variability (stand- 
ard deviation of  each rat 's  performance about his own mean) 
was sagnificantly less after CPZ injection, F(1,8)=16.2, 
p=<0 .01 .  In Fig. 3 it can be seen that the shorter the 
CS-UCS interval (and hence the faster the response), the 
more consastent the animal 's  response, F(2,56)=23.9, 
p=<0 .09 .  Changes in consistency occurred more in the 3.5 
and 4.5 mg/kg groups than in the 2.5 mg/kg group, and more 
in the slowest anterval analyzed, the 500 msec interval. 

Delayed Test Session 

The nine ammals tested again six hours after the Post- 
drug Sessmn behaved very samdarly in both post-drug and 
the delayed test sessaons. No sagnificant differences were 
seen in avoidance percentage, latency, or variability, nor 
were escape latencies different. Thus, the effects of CPZ on 
movement initiation were evident at least six hours after 
treatment. 

DISCUSSION 

The results of the study, while supporting previous impli- 
cations of  catecholaminergic systems in movement initia- 
tion, clearly indicate that task parameters influence 
avoidance performance. In this study the most significant 
evadence of the effect of CPZ is found an the dramatic reduc- 
taon in avoidance percentage, while the slowing of  avoidance 
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latencies was less profound. This is interpreted as being a 
direct but unavoidable result of the restriction of information 
processing time by the shorter CS-UCS intervals: since re- 
sponses must have occurred within 200 msec of CS to be 
called "avoidances,"  it would be definitionally very difficult 
to observe any great degree of CPZ-induced avoidance re- 
sponse slowing. The maximal reactive capacity of the 
Sprague-Dawleys was approximately 120 msec. This would 
allow up to 80 msec (approximately) of drug effect on 
avoidance before the response would have to be defined as 
an escape. In contrast, since the 500 msec CS-UCS interval 
allowed more time for a successful avoidance, there was 
more "headroom" for avoidance response slowing (up to 
approximately 380 msec). It is not surprising, in light of these 
points, that successful post-drug avoidances in the 200 msec 
interval were not slower than pre-drug avoidances, though 
they were far fewer in number. 

The impact of CPZ in the shorter intervals therefore is 
best shown by the large number of animals that were not able 
to provide an avoidance in the short mtervals, and the 
smaller percentage of successful avoidances by those 
animals that provided some avoidances. The important ob- 
servation is that many responses can be made by many 
animals just  as quickly under CPZ influence as in normal 
conditions. But the frequency of these behaviors is substan- 
tially reduced. Assessment of response consistency is 
likewise affected by CS-UCS delay interval. Although the 
overall effect of CPZ was to reduce consistency, the 200 
msec delay interval was so close to the animals' reactive 
capacity that there was little chance for variability in 
avoidance latency. 

Despite the difficulties encountered by using such short 
CS-UCS delay intervals, their use provided strong support 
for catecholaminergic involvement in movement initiation, 
but refuted the suggestion by Poslun [17] that the action of 
CPZ is selective to the initiation of locomotion and does not 
affect the acquisition nor the maintenance of a conditioned 

response such as bar pressing [13]. CPZ appears to impair 
seriously the maintenance of the initiation of this extremely 
short duration (15 msec) conditioned manipulatory response. 

Response consistency was found to be very high, and 
response duration was very short. Thus, variability in re- 
sponse execution is more attributable to the internal proc- 
esses of movement initiation. Even this task, however, does 
not measure the absolute first components of the response; 
such evidence of true movement initiation would require a 
much finer-grained movement analysis. 

Analysis of escape performance in this task has yielded 
ambiguous results. Although post-drug escapes were some- 
what slower than pre-drug escapes, only one drug level (3.5) 
yielded a significant difference. Thus, the classic report of no 
CPZ effects on escape latency was somewhat supported. 
The slight evidence to the contrary, suggested by the overall 
F ratio probability of 0.09 and the significant post hoc test 
&fference in one group, may be attributable to the unique 
learning, arousal, and attention factors involved in this ex- 
perimental task. However, it is also possible that the appar- 
ent lack of an effect of CPZ on escapes represents an inabil- 
ity of response measurements m previous studies to reveal 
small changes in the actual Initiation of very fast responses. 

In summary, these results support the concept of cate- 
cholaminergic system involvement in the initiation of an 
avoidance (learned, voluntary) response. Olmstead et al. 
[15] suggested that catecholaminerglc blocking affects re- 
sponses reqmnng assocmhon of a CS to a UCS more than it 
affects simple reactions to a noxious stimulus. Wolf [22] 
argued for dopamlnergic involvement in the selective atten- 
tion process required to trigger simple avoidance responses. 
Supporting evidence of reaction time (RT) latency depend- 
ence on the basal ganglia was offered by Amato et al [1]. 
However, since all of these lines of support imphcate neural 
processes preceding movement execution, it was critical to 
assess the effect of CPZ on actual movement initmtion rather 
than on response execution. 
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