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MAYFIELD, R. D., P. K. RANDALL, W. W. SPIRDUSO AND R. E. WILCOX. Selective 1)1 and Dz dopamine re- 
ceptor antagonists produce d~fferential effects on reaction time in the rat. PHARMACOL BIOCHEM BEHAV 46(4) 759- 
768, 1993.-The purpose of this investigation was to determine whether selectively blocking DI and D2 dopamine receptors 
produces a differential effect on the characteristics (speed and success) of the reaction time response in rats. Animals were 
shaped to release a lever in response to an auditory/visual stimulus to avoid mild foot shock. The selective Dm antagonist 
SCH 23390 (0, 70, and 100/tg/kg, IP) and the selective D2 antagonists spiperone (0, 1, and 10/~g/kg, IP) and haloperidol (0, 
10, and 100/~g/kg, IP) were studied for their effects on successful avoidance and response latency. SCH 23390 impaired 
successful avoidance and increased response latencies in a dose-dependent manner. Spiperone and haloperidol also produced 
dose-related decreases in successful avoidance. In contrast to the dose-related increase in response latencies produced by SCH 
23990, 1 t~g/kg spiperone and 10/~g/kg haloperidol significantly decreased the latencies of successful responses. Spiperone 
(10 #g/kg) had little effect on response latencies, while 100/,g/kg haloperidol increased them. The results of these experiments 
demonstrate that reaction time is differentially affected by selective dopamine receptor blockade and that the speed and 
success of reaction time responses can be independently modulated by D~ vs. I)2 receptor activity. 

Dopamine Reaction time Behavior Conditioned avoidance Receptor Agonist 
Antagonist SCH 23390 Spiperone Haloperidol 

WE have used a rodent reaction time paradigm, which is anal- 
ogous to simple human reaction time, to study brain dopa- 
mine systems and their role in this discrete motor behavior. 
Reaction time has been demonstrated to be very sensitive to 
manipulations of  dopaminergic systems. Deficits in .reaction 
time can be detected when striatal dopamine stores are de- 
pleted by as little as 15-20% following 6-hydroxydopamine 
(6-OHDA) lesions of  the nigrostriatal pathway (25). In addi- 
tion, 6-OHDA lesions of  the caudate nucleus, but not the 
nucleus accumbens, have been demonstrated to impair both 
the success and speed of  reaction time responses (1). 

A link has also been established between rodent reaction 
time and striatal D2 dopamine receptor binding. In rat strains 
that differ in reaction time performance, the affinity of  [3H] 
spiperone to striatal D2 receptors was higher, while D2 receptor 
density ( B E )  was lower in the more successful rat strain. 
Conversely, within a given strain, animals exhibiting better 
reaction time performance have been shown to have a lower 
D2 binding affinity but greater D2 density, as measured by 

[3H]spiperone binding (26,32). Finally, in normal populations 
of  animals, successful avoidance and response latency can be 
predicted based on the binding characteristics of  striatal D2 
dopamine receptors (30). 

Reaction time is also sensitive to the blockade of  dopamine 
receptors by neuroleptic drugs, possibly analogous to their 
parkinson-like side effects in humans. For example, chlor- 
promazine, flupenthixol, and pimozide all produce deficits in 
both the speed and success of rodent reaction time perfor- 
mance (1,23,24). Since these compounds have nonselective ac- 
tions at dopamine receptors, the effects of  selective D~ and 
D2 receptor blockade on reaction time performance are still 
unknown. 

Prior to the introduction of  the selective D~ antagonist 
SCH 23390 (9,10), most of  the behavioral effects of  dopamine 
antagonists were attributed to actions at D2 receptors. This 
conclusion was based largely on the correlation between the 
antipsychotic potency of  neuroleptics and their D2 binding 
affinity (4). In addition, selective D2 and nonselective antago- 
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nists were almost equally effective in blocking agonist-induced 
stereotypic behavior, inhibiting conditioned avoidance and 
producing catalepsy (17). Thus, D] receptors were not thought 
to be active in a number of  behavioral settings. Although SCH 
23390 has a biochemical profile that is distinct from that of 
D 2 antagonists (10,12,28), its effects on a number of  behav- 
ioral tests are indistinguishable from the effects of  selective 
D2 and mixed D]/D2 antagonists. For example, SCH 23390, 
as well as selective D2 and nonselective dopamine antagonists, 
decreases spontaneous locomotion and rearing (3,7,8,27), pro- 
duces catalepsy (3,16), and inhibits conditioned avoidance 
(6,10). However, the effect of selective dopamine antagonists 
on discrete motor responses such as reaction time has not been 
investigated. 

The purpose of this investigation was to determine whether 
the speed and success of  reaction time performance were af- 
fected differentially by selective D~ (SCH 23390) and D2 (spip- 
crone, haloperidol) receptor blockade. We found that success- 
ful avoidance was impaired by both D] and D2 receptor 
blockade. The decrease in successful avoidance produced by 
SCH 23390 was accompanied by an increase in response 
latencies. However, D2 blockade had a biphasic effect on 
response latencies. Low doses (pg) of  spiperone and halo- 
peridol decreased, while higher doses increased, response 
latencies. 

METHOD 

Overview of  the Behavioral Paradigm 

In these experiments, reaction time was considered to be 
the speed with which rats released a lever from a depressed 
position in response to a conditioned stimulus (CS). Animals 
were shaped to hold a lever in a downward position. When 
the CS (auditory/visual) was activated, the rats released the 
lever within a given interval of  time to avoid mild foot shock 
(unconditioned stimulus; UCS). The CS-UCS interval, the 
interval of time between the presentation of  the CS and the 
onset of  the UCS, was incrementally reduced as a function of  
success until the animals were successfully avoiding the UCS 
by releasing the lever with response latencies of 180-220 ms. 
The training procedure ensured that the animals were highly 
trained; however, some trials still occurred in which they had 
not released the bar within the CS-UCS interval. Thus, the 
primary latency-dependent variable had an artificial ceiling 
that was equivalent to the upper limit of  the CS-UCS interval. 
Consequently, "response latency" as used here always refers 
to "successful" trials. An additional variable was recorded as 
"successful avoidance," which refers to the frequency of  suc- 
cessful trials. Animals may be "unsuccessful" for two different 
reasons-e i ther  they do not initiate a response at all, or they 
initiate a response that is sufficiently slow that the CS-UCS 
interval is surpassed. 

Reaction Time Measurement 

Subjects. Three-month-old, male, Sprague-Dawley rats 
(N = 30) were housed in Plexiglas cages, three per cage, in a 
colony room maintained at 25°C on a 12L : 12D cycle. Ani- 
mals had ad lib access to standard rat chow and water 
throughout the experiment. All behavioral testing was per- 
formed during the dark cycle. 

Reaction time test chamber and shaping. The reaction time 
apparatus and shaping protocol have been described in detail 
previously (14). Briefly, the animals were conditioned in a 

Plexiglas operant conditioning chamber that included a floor 
through which current could be passed, a light, and an operant 
lever. The auditory stimulus was a 16-A, 600-V maximum 
AC relay (Cutler-Hammer), which was located outside the 
chamber. A standard interval timer (Lafayette) was used to 
control the CS-UCS interval. Response latencies were re- 
corded to the nearest ms by a chronoscope (Standard Electric 
Time Corp.). 

The shaping protocol consisted of  two phases. After the 
animals had learned to hold the lever in its downward posi- 
tion, the CS and UCS were simultaneously initiated. The re- 
lease of  the lever in response to the UCS constituted an escape 
response. These trials, given to allow the animals to associate 
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FIG. 1. (A) An example of a normal distribution of reaction time 
responses (in black) and the corresponding cumulative normal fre- 
quency distribution (in grey). (B) The fit of a typical reaction time 
data set (control conditions). The individual points represent the cu- 
mulative distributions from individual animals and the smooth line 
represents the best fitting nonlinear curve predicted by ALLFIT with 
the minimum response held constant at 0. 
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FIG. 2. (A-C) Illustrate the effects of SCH 23390 [(A) 0, 70, and 100/zg/kg, IP; N = 8], spiperone [03) 0, 1, and 
10 pg/kg, IP; N = 9], and haloperidol [(C) 0, 10, and 100 #g/kg, IP; N = 10] as a function of dose and time on 
percent avoidance. Open squares represent performance under control conditions, while f'flled diamonds and filled 
squares represent performance after the low and high drug doses, respectively. Data are expressed as mean success- 
ful avoidance + SEM. 

the CS with the UCS, were provided on the first day of  con- 
ditioning only. After escaping the UCS for five consecutive 
trials with escape latencies of  less than 180 ms, the CS was 
changed so that it preceded the UCS by defined intervals of  
time: 1000, 500, 300, or 200 ms. Each shaping session was 
started with a CS-UCS interval of  1000 ms. When the animals 
successfully avoided the UCS on five consecutive trials or on 
a total of  10 trials within a block of  25, the CS-UCS interval 
was reduced to the next shorter interval. The CS-UCS interval 
was returned to the next longer interval (1000 ms maximum) 
if the animals failed to avoid the UCS on five consecutive 
trials or on 10 trials within a block of  25. 

Conditioning was continued until the animals were at least 
80°7o successful at CS-UCS intervals of  1000, 500 and 300 
msec, and at least 60070 successful at a 200 msec CS-UCS 
interval. The second phase of  shaping was started after these 
criteria were met. Each phase 2 session began with five "warm- 
up" trials at each of  the phase 1 CS-UCS intervals (1000, 500, 
300, and 200 ms), for a total of  20 consecutive trials. The 
animals were then returned to their home cage for 15 rain 
before being given seven blocks of  trials, 10 trials per block, 
at a 500-ms CS-UCS interval. The animals were returned to 

their home cage for 15 min between each block of  trials. Con- 
ditioning was continued until the animals were at least 8007o 
successful in avoiding the UCS for each block of  trials within 
a given reaction time session. The total number of  trials given 
during these sessions did not exceed 90. 

Drugs and drug testing. Spiperone (RBI) and haloperidol 
(Janssen) were dissolved in 0.01 M tartaric acid (vehicle) and 
SCH 23390 (RBI) was dissolved in isotonic saline (vehicle). 
All drugs were administered IP in a volume of  1 ml/kg and 
tested against the respective vehicle during the reaction time 
testing sessions. 

Only animals that met the behavioral testing criterion were 
used as subjects of  the experiment. These animals received 
either SCH 23390 (0, 70, and 100/~g/kg; N = 8), spiperone 
(0, 1, and 10/~g/kg; N = 9), or haloperidol (0, 10, and 100 
/~g/kg; N = 10). The drug testing sessions were identical to 
the phase 2 shaping sessions except that animals received a 
given drug or vehicle injection after the first block of  500-ms 
trials. Thus, animals received 20 warm-up trials and then one 
block of  10 trials at the 500-ms CS-UCS interval prior to 
injection. Subsequently, blocks of  trials were given at 15, 30, 
45, 60, 90, and 120 min postinjection. Drug doses or the re- 
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spective vehicle were administered IP at weekly intervals in 
counterbalanced order. 

Experimental Design and Analysis 

Successful avoidance scores (percent successful trials 
within each block of 10 trials) and response latencies (average 
of successful trials within each block of trials) were analyzed 
independently by repeated measures ANOVA. Subsequent 
comparisons were made with univariate F4ests using the resid- 
ual error term from the overall ANOVA. Bonferroni's method 
of controlling the overall error rate was used so that the nomi- 
nal type 1 error rate was not exceeded (31). 

In addition, the data were pooled across the time of peak 
drug effect and expressed as cumulative frequency distribu- 
tions with 25-ms bin widths (see Fig. 1A). The distributions 
were fitted with the general logistic function (Fig. 1B), which 
closely approximates the cumulative normal (29), and then 
analyzed using the nonlinear curve fitting routine ALLFIT 
(5). ALLFIT has been used routinely to fit and analyze dose- 
response data from a variety of pharmacological and physio- 
logical systems (5,19). An advantage of ALLFIT is that the 
statistical analysis of constrained vs. unconstrained curve fits 

is more convenient than that required by the cumulative 
normal. 

Using the terminology associated with fitting dose-re- 
sponse curves, the general form of the four-parameter logistic 
equation is given, where Y = response, a = minimum re- 
sponse, b = the logistic slope, c = EDso, d = maximum re- 
sponse and x = dose. 

a - d  
Y = - - + d  

1 +  (x) b 

The maximum response parameter, denoted as SAm~ in 
this report, is equivalent to percent successful avoidance in 
most cases. Successful avoidance and S A ~  can theoretically 
differ when the distributions of response latencies are trun- 
cated. That is, the estimated maximum of the cumulative dis- 
tribution (SAm~) falls beyond the 500 ms successful response 
window. Under these circumstances, successful avoidance 
would not accurately reflect the true mean of the population 
of successful responses that resulted from a given drug treat- 
ment. Furthermore, a discrepancy between successful avoid- 
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FIG. 3. (A-C) Illustrate the effects of SCH 23390 [(A) 0, 70, and 100 pg/kg, IP; N = 8], spiperone [(13) 0, 1, and 
10/zg/kg, IP; N = 9], and haloperidol [(C) 0, 10, and 100/zg/kg, IP; N = 10] as a function of dose and time on 
response latency. Open squares represent performance under control conditions, while filled diamonds and filled 
squares represent performance after the low and high drug doses, respectively. Data are expressed as mean response 
latency ± SEM. 
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= 9), and haloperidol (N = 10) on successful avoidance and response 
latency, respectively, as a function of dose collapsed across the time 
of peak drug effect. Data are expressed as the mean + SEM (**p < 
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ance and SAm~ would indicate that drug-induced decrements 
in the frequency of  successful responses were more related to 
slowed response speed rather than a simple failure to initiate 
responses. 

The EDso, when describing dose-response curves, is an esti- 
mate of  the drug dose that results in a half-maximal drug 
response. In this report, this parameter estimate is denoted 
SL50 and approximates the median latency of  the modelled 
population of  reaction time responses. In addition, since the 
fitted distribution of  latencies relates response success (y) as a 
function of  response latency (x), the estimated frequency of  
successful responses that occur at or below any given latency 
can be determined from the fitted curve (see Fig. IB). The 
slope (/7) of  the curve gives an indication of  the variability in 
responses across the behavioral testing session. Since negative 
response latencies would represent anticipated trials, the mini- 
mum response parameter was constrained to 0 for all fits. 

The significance of  treatment effects on different parame- 
ters of  the response was determined by comparing the residual 
variance estimates obtained from constrained vs. uncon- 
strained fits of  the data. Thus, if sharing a specific parameter 
or parameters degraded the fit of  the data, the resulting resid- 
ual sum-of-squares was significantly larger than the sum-of- 
squares of  the residuals of  the unconstrained fit and yielded a 
significant F-test (5). Overall drug treatment effects were 
tested by comparing the fit of  the data when all parameters 
were shared vs. the unconstrained fit. Sharing all SAm~ pa- 
rameter estimates or all SLso parameter estimates vs. the un- 
constrained fit o f  the data tests for overall effects on each 
parameter and is analogous to ANOVA main effects. Finally, 
sharing given pairs of  parameters vs. the unconstrained fit 
was used to test for differences between individual parameter 
estimates and is analogous to individual comparisons. 

RESULTS 

The effects of  SCH 23390, spiperone, and haloperidol on 
successful avoidance as a function of  time are shown in Fig. 

2. SCH 23390 (panel A) significantly decreased successful 
avoidance, F(2, 14) -- 11.37, p < 0.01. The response to SCH 
23390 peaked approximately 15-30 min after drug administra- 
tion and then subsided as a function of  time. This resulted in 
a significant dose × time interaction, F(10, 70) = 3.13, p < 
0.01. Spiperone (panel B) produced a small but significant 
decrease in successful avoidance, F(2, 16) = 9.79, p < 0.01. 
The effect of  spiperone was evident 15 rain after drug adminis- 
tration and did not change as a function of  time, F(10, 80) = 
0.68, p > 0.05, indicating that the treatment effect persisted 
throughout the 120-rain testing session. Successful avoidance 
was also decreased by haloperidol (panel C), F(2, 18) = 
20.54, p < 0.01. The effect of haloperidol changed as a func- 
tion of  time, as indicated by a significant treatment x time 
interaction, F(10, 90) = 2.27, p < 0.05. The peak response 
to haloperidol occurred 45 min after drug administration and 
persisted throughout the remainder of  the testing session. 

Figure 3 shows the effects of  each antagonist on response 
latency as a function of time. SCH 23390 resulted in a small, 
but significant, increase in response latency, F(2, 14) = 4.91, 
p < 0.05. The time of  peak drug effect on response latency 
was roughly the same as it was for successful avoidance 0 5 -  
30 min); however, the dose x time interaction was not signifi- 
cant, F(10, 70) = 0.73, p > 0.05. Spiperone treatment did 
not result in a significant treatment effect on response latency, 
F(2, 16) = 0.25, p > 0.05. Haloperidol significantly in- 
creased response latency, as shown in panel C, F(2, 18) = 
35.61, p < 0.01. The time-response profile roughly mirrored 
that observed for successful avoidance. 

In order to study the effects of  each drug on the speed and 
success of  the reaction time response in more detail, the data 
were collapsed across time of  peak drug response based on 
successful avoidance. The dose x time interactions were sig- 
nificant for SCH 23390 and haloperidol. Thus, the data were 
collapsed across the 15-30- and 45-120-rain trial blocks, re- 
spectively. The effects of  spiperone did not change as a func- 
tion of  time, so the data were pooled across all blocks of  trials 
(15-120 min). 

Figure 4 (panels A and B) shows the effect of  SCH 23390 
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TABLE 1 
SCH 23390: STATISTICAL ANALYSIS OF GOODNESS OF FIT 

FOR VARIOUS MODELS OF FIG. 5 

Parameters Residual Confidence 
Fit Shared SS df F-Test Level 

1 None 144.5 51 -- - 
2 All 8734 55 757.8 p < 0.01 

3 All SAm~ 677.9 53 94.1 p < 0.01 
4 SAmu*, SAm~I" 482.1 52 119.1 p < 0.01 
5 S A l t ,  S A ~ /  304.6 52 56.5 p < 0.01 

6 All SLso 277.3 53 23.4 p < 0.01 
7 SL50*, SLs0t 160.8 52 5.8 p < 0.01 
8 SLsot, SLs0~ 221.2 52 27.1 p < 0.01 

*Vehicle (isotonic saline). 
tSCH 23390 70 pg/kg. 
~/SCH 23390 100 pg/kg. 

on successful avoidance and response latency at the time of 
peak drug response. A significant decrease in successful avoid- 
ance (panel A), F(2, 14) = 13.84, p < 0.01, was accompa- 
nied by a corresponding increase in response latency (panel 
B), F(2, 14) = 7.12, p < 0.01. Planned comparisons failed 
to detect a statistical difference between control performance 
and the performance after 70 pg/kg SCH 23390 for either 
successful avoidance, F(1, 14) = 3.12, p > 0.05, or response 
latency, F(I,  14) = 0.704, p > 0.05. Reaction time perfor- 
mance was significantly worse after the 100 #g/kg dose com- 
pared to control on both successful avoidance, F(I,  14) = 
11.62, p < 0.01, and response latency, F(I ,  14 )=  9.36, 
p < 0.01. 

The effects of spiperone on successful avoidance and re- 
sponse latency at the time of peak drug effect are shown in 
Fig. 4 (panels A and B). In agreement with the results of 
the time-response analysis, successful avoidance was impaired 
significantly by spiperone (panel A), F(2, 16) = 9.79, p < 
0.01. Individual comparisons indicated that each dose of spip- 
erone produced a significant decrease in successful avoidance 
compared to control performance, F(1, 16) = 11.6, p < 0.01 
(1 #g/kg), and F(I,  16) = 17.22, p < 0.01 (10/~g/kg). How- 
ever, no differences in performance were detected between the 
1 and 10 pg/kg doses, F(I,  16) = 0.47, p > 0.05. ANOVA 
failed to detect a significant treatment effect on response la- 
tency, F(2, 16) = 1.51,p > 0.05. 

The effects of haloperidol on successful avoidance and re- 
sponse latency at the time of peak drug effect are shown in 
Fig. 4 (panels A and B). Haloperidol produced significant 
treatment effects on successful avoidance, F(2, 18) = 24.38, 
p < 0.01, and response latency, F(2, 18) = 39.97,p < 0.01. 
Planned comparisons failed to detect a statistical difference 
between control performance and the performance after 10 
pg/kg haloperidol for either successful avoidance, F(1, 18) 
= 0.20, p > 0.05, or response latency, F(I,  18) = 0.15, 
p > 0.05. Performance after 100 /~g/kg was significantly 
worse than control performance for both successful avoid- 
ance, F(I,  18) = 39.19,p < 0.01, and response latency, F(I ,  
18) = 56.88,p < 0.01. 

The cumulative distributions of data that were fit with 
ALLFIT are shown in Figs. 5-7. The plateau of each curve 
represents the SAm~ parameter estimate (analogous to success- 
ful avoidance) and the drop lines indicate the SLso parameter 

estimate (analogous to response latency). Standard errors were 
taken from the dispersion matrix. For all fits, the minimum 
response parameter was always held constant at 0 (anticipated 
trials were not included in the analysis) and the slope was 
always allowed to diverge between curves. 

For the purpose of comparison, the SCH 23390 data (see 
following paragraph) were also fit using the cumulative nor- 
mal function rather than the logistic function. This technique 
resulted in SAm~ estimates of 87.2 ± 1.3, 71.2 ± 1.1, and 
39.1 ± 1.0 after 0, 70, and 100 pg/kg SCH 23390, respec- 
tively. SLs0 estimates were 188.4 ± 3.37, 197.1 ± 4.9, and 
225.5 ± 5.8 in response to the same doses of SCH 23390, 
respectively. 

The fitted cumulative distributions of SCH 23390 data are 
shown in Fig. 5. Table 1 lists the results of the statistical 
analysis of different fits of the data. Fit 2 vs. fit 1 indicates 
that SCH 23390 produced an overall treatment effect. SAm~ 
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FIG. 6. Effects of spiperone (0, 1, and 10/zg/kg, IP; N = 9) on 
the unconstrained fits of cumulative frequency distributions of raw 
reaction time data at the time of peak drug response (15-120 rain). 
Minimum response parameters were held constant at 0. Drop lines 
illustrate SLso estimates. 
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estimates decreased significantly from 91.0 + 0 . 9 e  under 
control conditions to 73.8 + 0.9% and 41.6 :t: 1.4°70 after 70 
and 100 #g/kg SCH 23390, respectively (fit 3 vs. fit 1). The 
decrease in SAm, was accompanied by a corresponding in- 
crease in SLs0. SLs0 estimates increased from 189.1 + 1.9 ms 
under control conditions to 196.5 + 2.3 and 228.4 + 6.4 ms 
after 70 and 100 ltg/kg SCH 23390, respectively (fit 6 vs. 
fit 1). Both response parameters were significantly impaired 
(relative to 70 #g/kg) after I00/ tg/kg SCH 23390 (Table 1, 
fits 5 and 8 vs. fit 1). In contrast to the lack of effects detected 
by univariate F-tests, the nonlinear analysis revealed signifi- 
cant decrements in reaction time performance (relative to con- 
trol) after 70 t~g/kg SCH 23390 for both SAm~ (Table 1, fit 4 
vs. fit 1) and SLso (Table 1, fit 7 vs. fit 1). 

The cumulative distributions of spiperone data are shown 
in Fig. 6 and the results of the statistical analysis of different 
fits of the data are listed in Table 2. Spiperone produced an 
overall treatment effect, as indicated by fit 2 vs. fit 1. SAm~ 
estimates were significantly decreased from 94.8 + 0.7% un- 
der control conditions to 82.8 + 0.7% and 80.3 + 0.7% 
after 1 and 10/~g/kg spiperone, respectively (Table 2, fit 3 
vs. fit 1). In contrast to the results of the urdvariate F-tests, 
subsequent analysis of SAn~ indicated that spiperone pro- 
duced a significant dose-dependent decrease on this parameter 
estimate (Table 2, fits 4 and 5 vs. fit 1). The nonlinear analysis 
also revealed a significant effect of spiperone on SLs0, indicat- 
ing that spiperone did have an effect on reaction time response 
latencies (Table 2, fit 6 vs. fit 1). In contrast to the dose- 
related increase in SLs0 estimates produced by SCH 23390, 
spiperone (1/~g/kg) significantly decreased this parameter esti- 
mate from 180.6 + 1.4 ms under control conditions to 176.3 
+ 1.5 ms (Table 2, fit 7 vs. fit 1). Spiperone (10/~g/kg) pro- 
duced a small, nonsignificant increase in SLso (182.9 + 1.8 
ms) compared to control (Table 2, fit 8 vs. fit 1). 

The fitted distributions of haloperidol data are shown in 
Fig. 7 and the results of the statistical analysis of different fits 
of the data are listed in Table 3. Haloperidol produced a 
highly significant overall treatment effect (fit 2 vs. fit 1). Fit 
3 vs. fit 1 indicates that haloperidol significantly impaired 
SAma x. SAma x estimates decreased from 91.5 + 0.7% under 
control conditions to 86.6 + 0.07% and 47.2 + 2.9% after 
10 and 100/zg/kg haloperidol, respectively. Subsequent analy- 
sis of SAm~ estimates indicated that haloperidol's effect on 
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FIG. 7. Effects of haioperidol (0, 10, and 100 pg/kg, IP; N = 10) 
on the unconstrained fits of cumulative frequency distributions of 
raw reaction time data at the time of peak drug response (45-120 
rain). Minimum response parameters were held constant at 0. Drop 
lines illustrate SLso estimates. 

this parameter was dose dependent (fits 4 and 5 vs. fit 1). 
Figure 7 also illustrates that haloperidol produced a similar 
pattern of effects on SLso estimates, as did spiperone (Fig. 6). 
The low dose of haloperidol (10/~g/kg) significantly decreased 
the SLso parameter estimate from 217.2 :t: 1.5 ms under con- 
trol conditions to 204.0 + 1.4 ms (fit 7 vs. fit 1), while 100 
/tg/kg significantly increased the SLso parameter estimate to 
306.8 =t: 11.5 ms (fit 8 vs. fit 1). 

DISCUSSION 

The most important finding from this study was that selec- 
tive D l and D2 antagonists produce differential effects on reac- 
tion time performance in rats. Furthermore, it was demon- 
strated that different characteristics of the behavioral response 
(speed and success) were modulated independently by selective 
dopamine receptor blockade. Thus, impaired successful avoid- 

TABLE 2 
SPIPERONE: STATISTICAL ANALYSIS OF GOODNESS OF FIT 

FOR VARIOUS MODELS OF FIG. 6 

Parameters Residual Confidence 
Fit Shared SS df F-Test Level 

1 None 151.1 51 - - 
2 All 1124 55 82.1 p < 0.01 

3 All  S A ~  834.2 53 115.3 p < 0.01 
4 SAm~*, SAm~t 556.0 52 136.7 p < 0.01 
5 SA~xt, SAm~ 168.6 52 5.9 p < 0.05 

6 All SLso 175.8 53 4.2 p < 0.05 
7 SLso*, SLsot 163.7 52 4.3 p < 0.05 
8 SLso*, SLso~ 154.2 52 1.0 NS 

*Vehicle (0.01 M tartaric acid). 
tSpiperone 1 itg/kg. 
~Spiperone 10/~g/kg. 
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TABLE 3 
HALOPERIDOL: STATISTICAL ANALYSIS OF GOODNESS OF FIT 

FOR VARIOUS MODELS OF FIG. 7 

Parameters Residual Confidence 
Fit Shared SS df F-Test Level 

1 None 122.1 51 -- - 
2 All 10640 55 663.0 p < 0.01 

3 All SAm~ 236.6 53 11.3 p < 0.01 
4 SAm~*, SAm~t 178.4 52 7.7 /7 < 0.01 
5 SAm~t, SAm~ 176.6 52 7.5 p < 0.01 

6 All SLso 795.0 53 60.5 p < 0.01 
7 SLso*, SLsol" 214.6 52 11.7 p < 0.01 
8 SLso*, SLso~ 582.1 52 52.2 p < 0.01 

*Vehicle (0.01 M tartaric acid). 
tHaloperidol 1 ~g/kg. 
~Haloperidol 10 pg/kg. 

ance could be accompanied by increases or decreases in re- 
sponse latency. 

Successful avoidance was dose-dependently decreased by 
the D~ antagonist SCH 23390, as well as by the D2 antagonists 
spiperone and haloperidol. Successful avoidance has also been 
demonstrated to be impaired by nonselective dopamine antag- 
onists (1,23,24). These similar effects of  selective and nonse- 
lective dopamine antagonists on successful avoidance are con- 
sistent with a number of  other reports, which demonstrate 
that the effects of  D~ blockade with SCH 23390 are indistin- 
guishable from those produced by D2 or mixed D~/D2 antago- 
nists on a number of  dopamine-mediated behaviors. For ex- 
ample, the ability of  SCH 23390 to induce catalepsy (3,16), 
inhibit conditioned avoidance (6,10), and block spontaneous 
locomotion and rearing (3,7,8,27) is indistinguishable from 
that of  D 2 or mixed D~/D2 antagonists. 

There were, however, differences between the effects of D~ 
and D2 antagonists on the latencies of  the successful re- 
sponses. The dose-dependent decrease in successful avoidance 
that resulted from D~ receptor blockade was accompanied by 
a dose-dependent increase in response latencies. This finding 
suggests that D~ receptor blockade results in a slowing of re- 
sponse speed, which, in turn, results in a decrease in the num- 
ber of  trials initiated successfully within the 500-ms response 
window. In contrast, low doses ~g )  of  both spiperone and 
haioperidol significantly decreased the latencies of  successful 
responses. The decreases in response latencies occurred despite 
deficits in successful avoidance. Thus, rather than being gen- 
erally slower on all responses, animals that were treated with 
the D2 antagonists simply did not respond on all trials. At 
higher doses, spiperone and haloperidol increased response 
latencies. 

These results suggest that the speed of  reaction time re- 
sponses may be sensitive to manipulations of  D~ receptors, 
while D2 receptors may be involved in modulating the proba- 
bility of  initiating a response. The dependence of  response 
speed on D~ receptor activity is supported by two findings. 
First, blocking D~ receptor output with SCH 23390 lengthened 
response latencies. Secondly, using low doses of  spiperone and 
haloperidol to shift the balance of  D~/D2 receptor activity in 
favor of  Dj stimulation, response speed was enhanced. Similar 
roles for D~ and D2 receptors have been demonstrated in mod- 
ulating other dopamine-mediated behaviors. For  example, do- 

pamine agonist-induced oral behavior is facilitated when the 
balance of  Di/D2 receptor activation is shifted toward D~ by 
pretreating animals with selective D2 antagonists (13,20,21) or 
attenuated by selectively stimulating D2 receptors (11). This 
type of DI/D2 interaction has also been found to modulate 
some components of  apomorphine-induced stereotypic behav- 
ior (33). 

The above hypothesis depends heavily on the ability to 
detect decreases in response latencies. The animals that were 
used in these experiments were trained extensively and were 
not tested until they had met a rigid performance criterion. 
Therefore, by design, decreases in response latencies were 
small and difficult to detect. However, since the animals were 
highly practiced, it is unlikely that the decrease in response 
latencies produced by D2 blockade was due to practice effects 
or day-to-day variability in reaction time performance. 

The decrease in response latency that was reported here is 
not a unique effect of D2 receptor blockade. We have also 
demonstrated that response latencies decrease in response to 
systemically administered amphetamine, an indirect dopamine 
agonist (15). In addition, the local application of  muscimol, a 
T-aminobutyric acid-A (GABAA) agonist, into the substantia 
nigra reticulata decreases response latency (15). Intranigral 
injections of  GABAA agonists mimic the effects of  systemi- 
cally administered dopamine agonists (2,18,22). Thus, in addi- 
tion to selective D2 receptor blockade, conditions that result 
in or mimic dopamine receptor stimulation can also enhance 
response speed. 

A nonlinear data analysis technique was also introduced 
that offers some advantages over traditional ANOVA in the 
analysis of  reaction time data. Clearly, animals may be unsuc- 
cessful on some trials because they fall to respond at all or 
because they respond too slowly. The percent successful vari- 
able does not reflect this difference. Furthermore, the mean 
latency of  successful trials may also be insensitive to this dif- 
ference, or even distort the findings by systematically selecting 
the faster (more successful) trials for analysis. Significantly, 
we are unable to measure latencies greater than 500 ms be- 
cause such responses are truncated. The nonlinear analysis is 
an attempt to more clearly describe the full distribution of  
response latencies in the different treatment groups. In un- 
treated animals, there is a well-defined, bell-shaped, distribu- 
tion of successful response latencies that is contained within 
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the 500-ms CS-UCS interval (i.e., essentially 100% success) 
(see Fig. 1A). If treated animals fail to respond on some trials, 
but respond normally on others, we would simply expect the 
size of the distribution (SAm~) to decrease. The median la- 
tency (SLso) would not change. Animals receiving the low dose 
of both spiperone and haloperidol actually had shorter median 
latencies (reduced SL50) than controls, while the SAm~ was 
diminished. On the other hand, if responses are uniformly 
slower, we would expect the distribution to be truncated at 
the 500-ms CS-UCS interval, resulting in a greater median 
latency (SLs0), but not necessarily a change in the SAm~. SCH 
23390, for example, increased the median latency as well as 
decreased the S A ~ .  

In summary, the D~ antagonist SCH 23390 and the I)2 
antagonists spiperone and haloperidol produced differential 
effects on the characteristics of the reaction time response. 
Both D~ and D2 blockade dose-dependently decreased success- 

ful avoidance. The decrements in success were accompanied 
by an increase in response latency in response to D~ blockade 
and D2 blockade with nigher doses of D2 antagonists. How- 
ever, lower doses of both spiperone and haloperidol decreased 
response latency. It is suggested that the differential effects of 
DI and D2 receptor blockade on reaction time were due, in 
part, to changes in the balance of D1/D2 receptor output and 
that D~ and D2 receptors may independently modulate func- 
tions that are reflected as changes in the speed and success of 
reaction time performance. 
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