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LEATON, R. N AND J V. CASSELLA. lhe  effects o f  ~ IonMme, prazoam and propranolol on short-term and hmg-term 
habmtatum of  the a~ ouLsttc startle Jesponse m tat~ PHARMACOL BIOCHEM BEHAV 20(6)935-942, 1984 --The umque 
effect ofclonldme m facdltatmg habltuatmn of the acoustic startle response [10] was replicated However, clomdme had no 
effect on between-session habltuatmn, showing a pharmacological dlssocmtmn between short- and long-term habituation 
Systematic manlpulatmn of ISI showed clonldlne's habituatlon-faclhtatmg effect to be most striking with longer wRhm- 
sessmn ISis where habltuatmn was relattvely weak in controls Comparing clomdlne's effect to that of two other hypoten- 
slve agents, prazosm and propranolol, showed that the habltuatlon-faclhtatmg effect was not due to blood pressure effects 
Prazosln, an alpha~-adrenerglc blocker, faclhtated short-term habituation, but slgmficantly less so than d~d clonldlne, an 
alpha,2-agonlst Propranolol, a beta-adrenerglc blocker, had no effect on short-term habituation Both prazosm and pro- 
pranolol impaired long-term habituation, but propranolol did so without suppressing initial response levels. The data 
suggest that a synapse with both alpha-~- and alph~-adrenoceptors may be critically revolved m habituation of the acoustic 
startle response A beta-adrenerglc involvement m long-term habltuatmn is tentatively suggested. 
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THE acoustic startle response in the rat is one of  the most 
commonly used response systems in theoretical and 
parametric studies of habituation. The pharmacology of  the 
response has received considerable recent attention (for a 
review see [8]). A variety of drugs modulate startle respon- 
siveness, but there is no concensus concerning the critical 
underlying transmitter system or systems. Habituation in 
this response system has been particularly resistant to phar- 
macological manipulation. In a series of studies Overstreet 
[24] reported only negative effects on within-session habitu- 
ation following manipulations of cholinerglc, noradrenerglc, 
dopaminergic, or serotonergic systems. Two papers are fre- 
quently cited as indicating that depletion of  serotonin by 
injections of  parachlorophenylalanine (PCPA) impairs 
within-session habituation [4,5]. However ,  neither of these 
studies showed unambiguous effects on habituation, and the 
results overall suggest that PCPA produced a hyper- 
responsiveness or sensitization-like effect rather than an ef- 
fect on habituation per se. The cholinergic blocking agent 
scopolamine may impair the transfer of  habituation from the 
drugged to the non-drugged state [38,39] but it does not di- 
rectly affect habituation of the startle response [24]. 

Remarkable within this sea of  negative and ambiguous 
results is the report by Davis et al. [10]. They found that the 
presumed adrenergic agonist and hypotensive agent, 
clonidine, significantly accelerated the rate of within-session 
habituation of  the acoustic startle response, while having 
little or no effect on the initial responsiveness of the animals. 
This unique drug effect may be of  critical importance for 
understanding the pharmacology of  habituation, and the 
primary purpose of  the present experiments was to study 
further the effects of clonidine on habituation of  the acoustic 
startle response. It was intended to replicate over a range of  
doses the effect of  clonidine on within-session habituation 
and to explore the effect of  the drug following a systematic 
manipulation of  the interstlmulus interval (ISI). In addition, 
the effect of  clonidine on between-session or long-term 
habituation was investigated. Habituation of  the acoustic 
startle response has been shown to have a significant long- 
term component [7,22] making It an appropriate response 
system for the study of  the pharmacology of  both short- and 
long-term processes. Finally, the effects of  clonldine were 
compared with the effects of two other hypotensive drugs, 
prazosin and propranolol. 

1The research was supported m part by a Faculty Research Grant from Dartmouth College. 
2Present address Yale Umverslty School of Medicine, Connecticut Mental Health Center, 34 Park Street, New Haven, CT 06508. 
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FIG. 1 Mean startle amphtude for the three clonldlne-dosage gloups 
(m mg/kg) and the sahne groups on a 24-hr ISI 

E X P E R I M E N T  1 

Method 

Subject,s. SubJects were 48 exper imental ly  naive male al- 
bino rats (Holtzman).  They were approximate ly  110 days old 
and weighed be tween  420 and 480 g when testing began. 
They were individually housed,  maintained on a 14:10 light- 
dark cycle,  and allowed free access  to food and water  
throughout  the exper iment .  

Apparatu.~. The startle apparatus has been described 
previously [22]. Briefly, animals were tested in one of  two 
20×12×14  cm startle chambers  enclosed within separate 
dimly illuminated, sound-at tenuating boxes  Startle amph- 
rude was measured  as the difference be tween  the digitized 
and integrated output  of  the t ransducer  for the 200-msec 
epochs before and after stimulus onset.  

A 9-cm plezo-electr ic  tweeter  (Herald Electronics)  cen- 
tered 12 cm from the long wall of  each startle chamber  deliv- 
ered the test  stimuli which were 4-kHz pure tones,  118 dB 
SPL intensity, 100 msec in durat ion with a 5-msec rise/fall 
t~me Cont inuous  white noise (61 dB SPL) from a 9-cm 
speaker located directly above the tweeter  helped mask ex- 
t raneous auditory st~muh. Intensity of  the auditory stimuli 
was measured  with a General  Radio sound-level  meter  
(Model 1551-C, 20 kHz  setting) with the m~crophone cen- 
tered inside the startle chamber  

Procedure. Animals were  divided randomly into four  
groups of  12 rats each,  one group to receive  0.01 mg/kg, one 
0 03 mg/kg, and one 0.08 mg/kg of  c lonidme hydrochlorlde,  
based on the weight  of  the salt The fourth group rece ived  
injections of  normal  saline A l l  injecuons were given intra- 
peri toneally in a volume of  1 cc/kg. (The clonldlne was 
generously supplied by Boehnnger  Ingleheim, Ltd.) 

Each rat was g~ven a 3-mm adaptat ion session in the test 
chamber  on each of  3 consecut ive  days and was injected with 
normal sahne just  prior to each session. Fol lowing these 
sessions drug testing began. Each animal was given one test 
sessmn on each of  8 consecut ive  days. The appropriate drug 
was inJected just  prior to each session which consis ted of  one 
presentat ion of  the test stimulus presented 20 rain after the 
rat was placed m the startle chamber  The rat was removed 
from the chamber  1 rain after st imulus presentat ion (This 
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FIG 2 Mean startle amplitude for the three clomdme-dosage groups 
and the saline group for the two sessions on a 20-sec ISI 

inJection procedure  and the t iming of  the first tone presenta-  
tion of  a session remained constant  throughout  Exper iment  
1 ) Fol lowing these eight one-real  test sessions ammals were  
given two sessions on consecut ive  days,  each consist ing of  
24 tone presentat ions on a 20-sec ISI. On the following day a 
third session was given consist ing of  16 tones on a 40-sec IS1 

Fol lowing these sessions animals were  tested on two con- 
secut~ve days to evaluate  responsiveness  over  a range o f  
ISis  Each ammal received 14 tone presentat ions during each 
session, providing a total of  five tests at each of  the fol lowing 
ISis  5, 10, 30, 60 and 120 sec. Order  of  presentat ion was 
balanced so that each ISI fol lowed itself and every  other  ISI 
an approximate ly  equal number  of  times. The first stimulus 
presentat ion on each of  these days,  along with the first pre- 
sentation on each of  the three preceding test days,  was used 
to assess an antmal 's  long-term response asymptote  (The 
response to the second tone in the second session was dis- 
carded from data analysis because It replicated the last ISI of  
the previous session ) 

Re~'ull,~ 

Figure 1 shows the startle response for the four  groups 
over  the initial 24-hr ISI. Analysis  of  var iance showed that 
the decrease  over  trials was signLficant, F(7,308)=10 00, 
p<0.0001.  Nei ther  the difference among the groups,  
F(3,44)=1 67, p > 0 . 1 0  nor  the Groups × Trials interaction 
( F <  1) was significant 

Figure 2 shows the startle response for the two sessions 
on the 20-sec ISI.  Analysis of  the first session yielded a 
significant Groups  effect,  F(3,441=6.59, p < 0  001, Trials ef- 
fect, F(23,1012)=17.9, p~0.0001,  and Groups  × Trials in- 
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TABLE 1 

M E D I A N  S T A R T L E  R E S P O N S I V E N E S S  ON T R I A L  1 A N D  AT 
ASYMPTOTE AND % DECREASE FROM TRIAL 1 TO ASYMPTOTE 

FOR THE TWO 20-SEC ISI SESSIONS AND THE 40-SEC ISI SESSION 

Group Tnal 1 Asymptote % Decrease 

20-sec ISI 

Na 45 2 15.4 64.0 
0 01 26.5 6.4 74.0 
0 03 25 5 3.9 84.4 
0 08 13 8 1 8 84.5 

H=9 92* H=17.01t H=8 59* 

40-sec ISI 

Na 33 0 18.4 52 8 
0 01 36.5 8 6 79.4 
0 03 20 0 1 6 88.0 
0 08 17 0 0 3 98.7 

H=5 40 H= 19 42t H= 12.89t 

*p<0 05 
tr,<O.Ol 

teractlon, F(69,1012)= 1.5, p <0.005. Analysis of the second 
session revealed significant Groups, F(3,44)=8.2, p<0.001, 
and Trials, F(23,1012)=14.1, p<0.0001, effects, but the in- 
teraction was no longer significant, F <  1. The differences in 
first-trial responsiveness were significant in Session I, 
H(3)=15.07, p<0.01, but not in Session 2, H(3)=4.70, 
p>0.15. (The non-parametric Kruskal-Wallis one-way 
analysis of variance [29] was used whenever possible be- 
cause of variance differences.) Because of these first-trial 
differences a clearer view of the effects of the drug was 
obtained by comparing the percentage of decrease in re- 
sponsiveness from Trial 1 to asymptote. Asymptote was de- 
fined as the mean responsiveness over the last I0 trials of a 
session. These comparisons are shown in Table 1 for the two 
20-sec ISI sessions combined. The groups differed signifi- 
cantly on Trial 1 responsiveness, asymptotic responsiveness 
and, importantly, on the percentage of decrease from Trial 1 
to the asymptote 

The data for the 40-sec ISI session were similar to that for 
the previous sessions except that the drug-control differ- 
ences were more pronounced because the controls showed, 
as expected, a reduced percentage decrease over the longer 
ISI. These data are summarized in Table 1. The first-trial 
responsiveness differences were not significant in this case, 
but the asymptotic response levels and the percentages of 
decrease were highly significant. 

Figure 3 shows the results of the systematic manipula- 
tion of ISI. Analysis of startle responsiveness (Fig. 3A) 
yielded significant Groups, F(3,44)=6.53, p<0.01, and ISI, 
F(4,176)=33.51, p<0.0001, effects and a significant interac- 
tion, F(12,176)=2.14, p<0.05. The long-term asymptote of 
responsiveness, based upon the mean of the first trial of five 
sessions (the two variable ISI sessions, the two 20-sec ISI 
sessions, and the 40-sec ISI session) is shown at the right of 
Fig. 3A. These differences did not reach significance, 
H(3)=6.38, p <0.10. 

Figure 3B shows the ISI data as a percentage of each 
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FIG. 3. Startle amphtude as a function of ISI (in sec). A. Mean 
startle amplitude. LTA indicates the long-term asymptote for each 
group estimated from the means of the first trial of five sessions B 
Startle responsnveness expressed as the mean percentage of each 
animal's long-term asymptote 

animal's long-term asymptote in order to reduce the effects 
of imtial responsiveness differences. Analysis of these per- 
centage data revealed a significant Groups, F(3,44)=4 91, 
p<0.01, and ISI effect, F(4,176)=38.2, p<0.0001, but the 
interaction was not significant, F(12,176)=1.58, p>0.10. 
Note that at the 120-sec ISI the control group had only 
shown a decrease from Its long-term asymptote of 35.5% 
while the drug groups had decreased, respectively, 57.9%, 
59.5% and 79.6%. These differences at the 120-sec ISI were 
significant, H(3)= 16.13, p<0.002. Group comparisons by the 
Mann-Whitney U test showed that the control group differed 
significantly from each drug group (allps<0.05), the 0.01 and 
0.03 drug-dosage groups did not differ, but both of these 
dosage groups differed from the 0.08 dosage group 
(ps<0.05). 
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DISCbtSSIOn 

The present results on short-term habituation replicate 
and extend the results of Davis et al. [10]. Clonidine 
facilitated short-term habituation of the acoustic startle re- 
sponse, an effect unique in the pharmacology of habituation. 
Clonidine did have some suppressive effect on initial re- 
sponse levels, an effect which was apparently dose related. 
However, the initial responsiveness differences were statis- 
tically inconsistent and were small when compared with the 
consistently significant differential suppressions that fol- 
lowed stimulus presentations. Clonidine produced robust 
and dose-related increases in the percentage of decrement in 
responsiveness. 

Clonidine's facilitating effect on short-term habituation 
was seen most clearly with the longer ISis which produced 
relatively less decrement in the controls. This was apparent 
when comparing the 20-sec and 40-sec fixed-ISI sessions 
(see Table 1) and was most strikingly seen at the 120-sec ISI 
in the ISI series. At this relatively long ISI responsiveness 
was depressed by only 35% in the controls whereas respon- 
siveness was depressed approximately 6(1% in the 0.01 and 
0.03 clonidine groups and by almost 80% in the 0.08 clonldine 
group. Indeed, if a drug had its response-suppressive effect 
by facilitating short-term habituation one would expect to 
find the most striking drug-control comparisons at the longer 
ISis where habituating effects should be relatively weak in 
controls. These results emphasize the importance of study- 
lng a range of ISis in any investigation of habituation. 

Analysis of the ISI function yielded a significant Groups 
by ISI interaction, but the interaction disappeared when re- 
sponsiveness was expressed as a percentage of the long-term 
asymptote. This percentage analysis suggests that the in- 
teraction resulted from depressions from the control groups 
higher starting point rather than from any fundamental 
change in the ISI function over the 5- to 120-sec range. The 
most significant effect of clonidine had already occurred at 
the 120-sec ISI. 

In contrast to its effect on short-term habituation 
clonidine had no detectable effect on long-term habituation. 
All groups habituated over the 24-hr ISI and no group differ- 
ences or interactions were significant (see Fig 1). The 
habituation-facilitating effect of the drug which was so 
strongly present 120 sec following stimulus exposure had 
disappeared within 24 hr. Unreinforced stimulus presenta- 
tions produce at least two decremental processes. One is a 
relatively permanent process which has been found to show 
no recovery for as long as 30 days. The second is a relatively 
short-term process which shows complete recovery within a 
few minutes [22,23]. Clonidine deepened and extended the 
short-term process but had no effect on the long-term proc- 
ess. It has been proposed frequently [2, 34, 37] and shown 
experimentally [6, 17, 22, 23] that short- and long-term 
habituation are independent processes that demand different 
underlying neural mechanisms. The present data suggest that 
they demand different neurochemical mechanisms as well. 

EXPERIMENT 2 

While Experiment 1 replicated and elaborated clonidine's 
unique habituation-facilitating effect, it did not contribute to 
our understanding of the mechanism underlying the effect. 
Clonidine is known to be a central agonist of norepinephrine 
(NE) [27] but as Davis [8] notes it is difficult to account for 
its effects on habituation in terms of the known actions of 
NE. Whatever its underlying mode of action, it is well estab- 

lished that clonldlne is a potent hypotensive agent [19]. 
Davis et al. [10] discounted the effects of blood pressure on 
startle amplitude because they found no increase in startle 
responsiveness during the initial period when clonldine 
produces an increase in blood pressure. However, the initial 
hypertensive effect of clonidine is short lived [26], and any 
effect on habituation may easily have been obscured. 

Experiment 2 was designed to determine if clonldlne's 
habituation-facilitating effects could be accounted for by its 
hypotensive effects. To this end the effects of two clinically 
effective hypotenslve agents, prazosln and propranolol, 
were compared with the effects of clonidine in habituation 
paradigms similar to those used in Experiment 1. Each of 
these drugs derives its hypotenslve action by a different 
mechanism: clonidine as a central alpha-adrenergIc agonist 
[20], prazosin as an alpha-adrenergic blocker [13] and pro- 
pranolol as a beta-adrenergic blocker [28]. Comparing their 
effects should clarify the role of a drug's hypotenslve action 
on habituation. 

Little is known about the effects of either alpha- or beta- 
adrenergic blockers on habituation of the startle response, 
although some effects on response amplitude have been re- 
ported. Phenoxybenzamine, an alpha-blocker, decreases the 
amplitude of the acoustic ]9,18] and tactile [15] startle re- 
sponse. The alpha-blocker piperoxane potentiates startle 
amplitude at low doses [10] and blocks the startle-depressive 
effect of clonidine [10] and the startle-excitatory effect of 
d-amphetamine [15]. Propranolol either decreases [15,25] or 
leaves unchanged [9] startle amplitude. Thus, Experiment 2 
will provide data on the effects on habituation of these alpha- 
and beta-blockers as well as evaluating the effects of 
hypotenslve agents. 

Method  

Subje~ t~ and apparatua Subjects were 44 experimentally 
naive male albino rats (Holtzman). They were approximately 
130 days old and weighed between 450 and 560 g when test- 
lng began. Housing and maintenance conditions were the 
same as in Experiment 1. The startle apparatus and test 
stimuli were the same as described in Experiment 1 

Procedure The general running and injection procedures 
were the same as described above. Initially all rats were 
divided randomly into four groups of 11 rats each, one group 
to receive 0.03 mg/kg clonidine hydrochloride, one 5 mg/kg 
dl-propranolol hydrochloride, and one 1 mg/kg prazosln hy- 
drochloride. The fourth group served as a water-injected 
control. All drugs were dissolved in distilled water. (The 
prazosin was generously supplied by Pfizer Laboratories.) 
These dosages were selected for initial testing because they 
were expected to produce comparable effects on blood pres- 
sure [14, 26, 32]. 

All animals were given five 5-min adaptation sessions in 
the test chamber on consecutive days. Animals received an 
injection of distilled water prior to each of the first four adap- 
tation sessions and an injection of the appropriate drug prior 
to the fifth session. Following the adaptation sessions rats 
were given eight 4-min sessions in the startle chamber on 
consecutive days to assess between-session habituation. 
Each session consisted of one presentation of the startle 
stimulus which occurred approximately 1 min after place- 
ment in the chamber. Appropriate drug injections were made 
90 mIn prior to each session. 

On the third day following the one-trial-per-day proce- 
dure testing began to evaluate within-session habituation. 
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Each animal was tested every other day until it completed 10 
test sessions. Each test session consisted of 20 tone presen- 
tations on a 20-sec ISI. The first stimulus of each session was 
presented 1 min after the session began and the animal was 
removed from the test chamber 1 mm following the last tone 
presentation. Each animal received a different one of  the 
following l0 injection treatments 90 min prior to a session: 
distilled water; 0.01, 0.03, and 0.08 mg/kg clonidine; 0.3, 1, 
and 3 mg/kg prazosin; 1, 5, and 10 mg/kg propranolol.  Each 
animal received each drug treatment once and only once. 
The order of  the treatments was balanced across the 10 test 
sessions and each treatment followed every other treatment 
an approximately equal number of times. To allow for the 
statistical comparison of the same animals under the I0 dif- 
ferent drug conditions a rate of  habituation score was calcu- 
lated for each animal under each drug condition. Rate was 
taken as the slope of the line from the first trial of  a session to 
the asymptote of responsiveness for that session. Asymptote  
was defined as the mean response over  the last l0 trials of a 
session. Order effects could be assessed by comparing 
animals that received a particular treatment early with those 
that received that same treatment late. 

Results 

Figure 4 shows the startle response for all groups in the 
one-trial-per-day procedure.  Analysis of  variance yielded 
significant Groups, F(3,40)=3.34, p<0.05,  and Trials, 
F(7,280)=5.63, p<0.001,  effects and a significant Groups × 
Trials interaction, F(21,280)= 1.86, p<0.05.  Further analysis 
of the overall groups difference showed that only the prazo- 
sin and propranolol groups differed significantly overall,  
F(1,20)= 11.4, p<0.005.  Further analysis of  the Groups × 
Trials interaction showed that the decreased responsiveness 
over trials was significant for the water,  F(7,70)=4.34, 
p<0.001,  and clonidine, F(7,70)=4.63, p<0.001,  groups but 
not for the prazosin, F(7,70)= 1.33, p>0.20,  or propranolol,  
F(7,70)= 1.82, p>0.10,  groups. 

The results of  the within-session habituation tests are 
shown in Fig. 5 as log-log plots for each of the drug treatment 
conditions. The rate of  response decrement over trials can be 
visualized directly from these plots. Note that the control 
curve is repeated in each panel. Clonidine dramatically in- 
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FIG 4 Mean startle amplitude for the four groups on a 24-hr ISI 

creased the rate of response decrement in an apparently 
dose-related manner. Prazosin increased the rate of  decre- 
ment to a lesser extent and the increased rate was not as 
clearly dose related. Propranolol had little or no effect on the 
rate of  habituation, reducing it if anything. 

These data were converted to rate measures for statisti- 
cal analysis, and the rates are displayed in Fig. 6. Over- 
all analysis of  the habituation rates was significant, 
F(9,387)=13.03, p<0.001,  and planned comparisons pro- 
vided a more detailed analysis. Collapsed across dosages 
both the clonidine treatment and the prazosin treatment 
produced significantly greater rates of  habituation than the 
water treatment (ps<0.005), and the propranolol treatment 
(ps<0.0001). Clonidine produced significantly greater rates 
of habituation than prazosln (p<0.001). Propranolol treat- 
ment did not differ from water (F<I ) .  Analysis of  the three 
clonidine doses yielded a significant effect of dose (p <0.001) 
as did analysis of the three doses of prazosm (/9<0.05). Pro- 
pranolol treatment did not yield a significant dose-response 
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effect (p>0.20). Each clonidlne dose differed significantly 
from every other clonldine dose (ps<0.05) whereas for 
prazosin only the lowest dose differed significantly from the 
other two doses (p <0.05). 

The effect of repeated drug testing with the same animals 
was assessed by comparing the rate of habituation for each 
treatment for the 22 animals that received that treatment on 
one of the first five treatment days with the 22 that received 
that treatment on one of the last five treatment days. The 
general tendency was for the rate of habituation to be greater 
during the last five as compared with the first five sessions. 
This trend reached significance for the water treatment, 
t(42)=2.15, p<0.05,  the 0.01 mg/kg clonidine treatment, 
t(42)= 1.99, p<0.051, and the 1 mg/kg propranolol treatment, 
t(42)=2.51, p<0.05. 

Discus s ion  

Consistent with Experiment 1 and with the prewous re- 
port of Davis et al. [10] clonidine again strikingly facilitated 
short-term habituation of the acoustic startle response. 
Prazosm, the alpha-adrenerglc blocker, also facilitated 
short-term habituation, as compared to the control condi- 
tion, but it had significantly less effect than clonidine. The 
significant difference between the habituation-facilitating ef- 
fects of clonidine and prazosin could not have resulted sim- 
ply from differences in dosage. The effect of prazosm had 
leveled off at the two highest doses while clonidlne had pro- 
gressively more effect at each higher dose. Propranoloi, the 
beta-adrenergic blocker, had no significant effect on short- 
term habituation. 

The effects of repeatedly testing the same animals under 
each drug condition had no significant effect on the overall 
comparisons among water, clonidine and prazosin Animals 
tested under the water conditmn dunng the last five sessions 
showed sigmficantly higher rates of habituation than those 
tested during the first five sessions. This trend may have 
made it somewhat more difficult to reveal the habituatmn- 
facflitatmg effects of clonidine and prazosm over the ten test 
sessions. Of the six clonidine and prazosin conditions only 
the 0.01 cionidine conditmn showed significantly higher 
habituation rates during the last five sessions. The higher 

habituation rates in later sessions in the water condition 
could have made it somewhat easier to reveal habituation- 
attenuating effects, and any suggestion that propranolol re- 
duced habituation rates would have to be evaluated accord- 
lngly. 

The data strongly suggest that clomdme's dramatic 
habituation-facilitating effect IS not directly related to its po- 
tent hypotensive action. No dose of propranolol produced 
even a suggestive facilitation of short-term habituation, and 
the dose ranges for clonidme and propranolol should have 
produced significant overlaps in blood pressure effects. 
Also, over the dose ranges used prazosln should have had at 
least as much effect on blood pressure as clonidine yet it had 
significantly less effect on short-term habituation. These 
data are consistent with the suggestion of Davis et al. [10] 
that changes in blood pressure are not related to clonidine's 
effect on startle amphtude 

The question remains as to why clomdine should have 
such a potent habltuation-faclhtatmg effect. Clonidine is an 
NE agonist, and the weight of the evidence [8] suggests that 
NE is excitatory to the startle response. Yet clonidine sup- 
presses startle and facilitates habituation. The answer may 
lie in clomdine's selectivity for a specific subpopulatlon of 
alpha-adrenergic receptors. A considerable body of phar- 
macological evidence suggests that alpha-adrenerglc recep- 
tors are subdivided into distract alphai- and alph~2-subtypes 
[3, 21, 26, 33, 36], and clonldine has been shown to stimulate 
selectively the alph~-adrenoceptor [3, 31, 33]. While stimu- 
lation of the alphal-adrenoceptor has the anticipated NE- 
excitatory effects, stimulation of the alpha2-receptor reduces 
the release of NE and thus provides a negative-feedback 
control of transmitter release [12, 21, 30]. It has been widely 
assumed that these alph~,-receptors are located on the 
presynaptic nerve terminal [11, 12, 21, 30, 33], but recent 
evidence (see [31]) questions this assumption. Whatever the 
anatomical locus of the receptor clonldme, by selectively 
stimulating the alph~v2-adrenoceptor, acts to reduce the 
availability of NE at the postsynaptlc receptor and thus acts 
like a special variety of NE antagonist. 

Handley and Thomas [15] suggested that clonidme's sup- 
pression of tactile startle was due to stimulation of 
presynaptlc alpha-adrenergic receptors, and a negative feed- 
back control of transmitter release, whether pre- or 
postsynaptic, could provide an excellent mechanism for 
short-term habituation. Clonldlne's near unique habitua- 
tlon-faohtating effect, and its selectivity for the alph~- 
adrenoceptor, provide suggestive but indirect evidence for 
the mvolvement of an alph~2-adrenoceptor in the short-term 
habituation process The picture is made potentially more 
complex by recent evidence (see [31]) suggesting that 
clonidine is a partial alph~h-agonist, stimulating only a sub- 
population of alphwz-adrenoceptors. Of course, it may well 
be that clomdine derives its effects, as Davis suggested [8], 
by action on an as yet unidentified neurochemlcal system, 
and the complexity of the noradrenerglc synapse alone pro- 
vides an abundance of possibilities. As reviewed by Starke 
[30] noradrenerglc nerve terminals may contain, m addition 
to alpha-adrenergic receptors, nicotimc and muscarlmc re- 
ceptors, beta-adrenerglc receptors, and receptors for 
dopamine, prostaglandins and anglotensm Whatever the 
neurochemical system revolved, any hypothesis about 
clomdme's mode of action must account for the fact that ~t 
depresses responsiveness to repeated stimulation signifi- 
cantly more than it depresses initial startle responsiveness. 
None of the suggestions solve this problem of mechanism 
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Al though  less  ef fec t ive  t han  c lon id ine ,  p razos in  also 
f ac ih ta t ed  hab i t ua t i on  and  m a y  have  done  so b e c a u s e  it too  
r educed  a lpha -ad rene rg ic  act iv i ty .  P r a z o s i n  se lec t ive ly  
b locks  a lpha~-adrenocep to r s  [1, 3, 35, 36] and  has  a ve ry  low 
affinity for  r e c e p t o r  si tes label led  by  c lon id ine  [16]. 
Clonid ine  r educes  N E  re lease  by  s t imula t ing  alpha~z- 
r ecep to r s ,  and  p r a z o s m  reduces  the  i m p a c t  of  the  r e l eased  
N E  by b lock ing  pos t synap t i c  a lphas- recep tors .  I f  a specif ic  
type  of  a lpha~-adrenocep to r  r e p r e s e n t s  a cri t ical  f e e d b a c k  
m e c h a n i s m  for  hab i tua t ion ,  one  might  e x p e c t  t ha t  a t t ack ing  
it d i rec t ly  by  c lonid ine  would  p r oduce  a more  p r o n o u n c e d  
effect  t han  a b lockade  of  the  pos t s ynap t i c  a lpha t -  
ad renocep to r .  One  would  also e x p e c t  non-spec i f ic  agonis t s  
and  an tagon i s t  to p roduce  amb iguous  effects  on  hab i tua t ion ,  
as has  usual ly  b e e n  the  case  [8]. H a n d l e y  and  T h o m a s  [15] 
sugges ted  t ha t  a no rad rene rg i c  s ynaps e  wi th  pre-  and  
pos t synap t i c  a lpha -adrenerg ic  r ecep to r s  is cr i t ical ly  i nvo lved  
in the  con t ro l  of  the  ampl i tude  o f  the  tact i le  s tar t le  r e sponse .  

The  p r e sen t  da ta  sugges t  tha t  an  adrenerg ic  synapse  w i th  
two d is t inc t  r e cep to r  types  may  be  cr i t ical ly  i nvo lved  in 
s h o r t - t e r m  hab i tua t ion  o f  the  acous t ic  s tar t le  r e sponse ,  al- 
t h o u g h  the  pre-  and  pos t synap t i c  d i s t inc t ion  may  no longer  
be  valid. 

E x p e r i m e n t  2 again  s h o w e d  the  pha rmaco log ica l  inde-  
p e n d e n c e  of  shor t -  and  long- te rm hab i tua t ion .  B o t h  c lon id ine  
and  w a t e r  t r ea ted  an imals  s h o w e d  s ignif icant  hab i tua t i on  on  
a 24-hr  ISI.  H o w e v e r ,  ne i the r  the  p razos in  n o r  the  p rop rano -  
1ol t r ea ted  an imals  s h o w e d  s ignif icant  b e t w e e n - s e s s i o n  
hab i tua t ion .  The  effect  of  p roprano lo l  may  be  more  in te res t -  
ing t han  the  effect  o f  p razos in  b e c a u s e  p roprano lo l  did no t  
suppres s  initial r e s p o n s e  levels  as did p razos in .  This  is to our  
knowledge  the  first  r epor t  of  a pha rmaco log ica l  effect  on  
long- te rm hab i t ua t i on  of  the  acous t ic  s tar t le  r e sponse ,  and  
the  effects  of  b o t h  o f  these  drugs  need  fu r t he r  s tudy.  The  
sugges t ion  o f  a be ta -ad rene rg ic  i n v o l v e m e n t  in long- te rm 
hab i tua t ion  may  p rove  par t icular ly  in te res tmg.  
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