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GINN. S R AND D A POWELL P:zottfen (BC-105) attenuates orienting and Pavlovtan heart rate conditioning m 
rabb~ts PHARMACOL BIOCHEM BEHAV 24(3) 677-685, 1986 - - T h e  cardiac component of the onenting reflex (OR) 
was ehclted m rabbits by 75 dB, 4-sec duration tones of either 304 or 1216 Hz The condRloned cardiac response was also 
stud~ed using the same tones and paraorbital electric shock as conditioned and unconditioned stlmuh, respectively, using a 
dtfferentml Pavlovlan conditioning paradigm Subcutaneous mjectIons of the central 5-HT antagonist plzotffen (BC-105), 
the peripheral 5-HT antagonist xylamtdine, the central 5-HT agomst d-lyserglc acid dlethylamlde (LSD), and LSD m 
conjunction with BC-105 were administered 15 min pnor to behaworal assessment Both the heart rate (HR) condaloned 
response (CR) and the OR consisted of bradycardm BC-I05 attenuated, but xylamidine had no effect on, OR habituation 
LSD reduced the magnitude of the OR, an effect which was blocked by BC-105 BC-I05 also produced a dose-related 
attenuation of the bradycardiac HR CR, however, xylam~dlne had no effect on HR cond~tmnmg, suggesting that the 
attenuation of the HR CR by BC-105 was central rather than peripheral m orlgm LSD potentiated the bradycardtac HR 
CR, but BC-105 m conjunction with LSD attenuated this response These results suggest that central 5-HT neurons may 
modulate the rnagmtude of bradycardmc responses dunng onentmg and averstve Pavlovlan conditioning 

BC-105 d-LSD Xylamldlne Orienting reflex Classical condRlonmg Heart rate Rabbits 

A L T H O U G H  skeletal  Pavlovmn condit ioning reqmres  many 
trials (100 to 200) before consis tent  condi t ioned responses  
(CRs) begin to occur ,  a number  of  non-specific responses ,  
e g ,  card iovascular  adjustments ,  are acqmred  qmte  early 
(t e ,  within 10-20 trials) during training [11, 24, 39, 43, 48] 
The central  nervous  system (CNS) bas~s of  these so-called 
"nonspec~fic C R s "  may be ~mportant for unders tandmg the 
neural substrates  of  learning and memory ,  since these CRs 
appear  to be associated with the early events  revolved  in 
information processing [6, 26, 35, 40, 42, 45] 

Several  lines of  ev idence  suggest that forebram structures 
are involved  in cardiovascular  condit ioning (e g ,  [6,22]) 
These forebram structures r e c e w e  input f rom ammerglc  
neurons wa  the medml forebram bundle (MFB) [33], which 
may be revolved  in the mediat ion of  cardiac CRs [10] Previ- 
ous research has shown that cort ical  and/or  h~ppocampal 
se ro tonm (5-HT) steady state levels  were  correla ted with the 
magmtude  of  classically condi t ioned bradycardla  in rabbits 
[17,18] Lateral  hypothalam~c lesions,  which interrupted the 

MFB,  were  also found to produce  deplet ion of  forebraln 
5-HT and norep lnephnne  (NE) concent ra t ions  m rabbits,  as 
well as faster  tomc basehne HR and smaller  bradycardtac  
changes during adaptation,  acquisi t ion,  and ext inct ion of  the 
Pavlovlan condi t ioned eyebl lnk (EB) response  [17] These  
results thus suggest that 5-HT and N E  systems may be re- 
vo lved  m the central  mediat ion of  learned card iovascular  
responses as well as the bradycardla  typically assocmted 
with the onen t lng  reflex (OR) 

Pltzotlfen (BC-105) ~s a relat ively specific 5-HT 
antagomst  [28,29] Its mechamsm of act ion is via 5-HT com- 
pea t lve  receptor  blockade [47], consequent ly  central  5-HT 
mechanisms may be mampula ted  by ~ts adrmnlstratlon The 
purpose of  the present  exper iment  was thus to assess  the 
effects of BC-105 on heart  rate condit ioning and the cardiac 
orienting reflex In order  to bet ter  understand the mech-  
anism of act ion of  BC- 105 on card iovascular  condi t ioned and 
uncondi t ioned responses ,  a central  5-HT agomst  was also 
tested It ts known that the hal lucinogen d-lyserglc acid dl- 
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degree 
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ethylamlde (LSD) is an agomst at both the S1 and $2 seroto- 
nln receptors [1] Separate experiments examined the effects 
of LSD alone and in conjunction with BC-105 on cardiac 
conditioning Other control experiments investigated the ef- 
fects of the peripheral 5-HT antagonist xylamldine [8] on HR 
conditioning and the effects of BC-105 on cardmc and 
somatomotor unconditioned responses 

METHOD 

Suble~ t~ 

Seventy-two experimentally naive albino rabbits (Or3- 
ctolagu~ ~untculu~) of both sexes, approximately 6 months 
old and weighing approximately 2 5-3 75 kg were used The 
rabbits were housed in same sex pairs and maintained on free 
food and water throughout testing A 7 a m / 7  p m hght/dark 
cycle was maintained, with behaworal testing occurring dur- 
ing the hght portion of this cycle 

Apparatu 

Behavioral testing was conducted for three consecutive 
days with four rabbits being tested simultaneously Each 
animal was tested in sound and hght attenuating animal en- 
closures (Industrial Acoustics C o ,  Model AC-I), which 
were equipped with overhead houselights and speakers for 
delivery of auditory stlmuh, and fans to provide ventdatlon 
and masking noise All expenments were controlled by a 
DEC minicomputer (PDP-11/10), which also collected and 
summarized the behaworal data directly from a Grass model 
7D polygraph Heart rate was measured via Grass model 
7P4D EKG-Tachograph preamplifiers set m the tachograph 
mode Electromyographlc (EMG) activity was measured via 
Grass model 7P3 wide-band AC preamplifiers and inte- 
grators set in the integrator mode and calibrated such that a 1 
mm pen deflection corresponded to a 100 ~V potential 
across the recording pins The shock unconditioned stimulus 
(UCS) consisted of a 500 msec, 3 mA paraorbttal AC shock 
train controlled by the computer For one-half of the subjects 
the CS+ was a 1216 Hz, 75 dB square-wave tone and the 
C S -  was a 304 Hz, 75 dB square-wave tone The remaining 
subjects received the low tone as the CS+ and the high tone 
as C S -  Tone duration was four seconds for all subjects 
The tones were produced by LM 555 multivibrators in con- 
junction with appropnate TTL clrcmts Tone onset and 
offset were controlled by the computer Shock onset coin- 
cided with tone offset for a 4-sec interstimulus interval 

Re3pon st' Measurement 

EMG was measured via stainless steel No 4 insect pins 
inserted acutely into the neck muscles An EMG response 
was defined as a change of at least 200 /.iV from pre-CS 
baseline occurring durmg the 4-sec CS interval Trials on 
which EMG voltage was not at baseline at tone onset were 
not included in the data analysis HR was measured via stain- 
less steel safety pins ~mplanted subcutaneously on the right 
shoulder and left haunch Tachograph voltage from the poly- 
graph amplifiers was sampled 16 times dunng each one- 
second interval These data were converted to instantaneous 
HR in beats per minute (bpm), which were then averaged 
within one second blocks Four 1-sec intervals were as- 
sessed prior to CS onset and eight l-sec intervals were as- 
sessed after tone onset The four pre-CS measurements were 
averaged to yield a single pre-CS baseline (VlZ tonic) HR 
level The latter was then compared with each of the eight 

post-CS scores to determine the topography of the HR OR 
and CR as described below 

Dtug s 

BC-105 (Sandoz) was suspended m stenle delonized 
water to inject as a suspension in a final volume of 1 ml/kg 
Xylamtdine (Burroughs-Wellcome) and LSD (NIDA) were 
dissolved m delonized water to reject m a final volume of 1 
ml/kg Control groups received physiological saline m a final 
injection volume of 1 ml/kg All drugs were injected sub- 
cutaneously (SC) 15 mln prior to each experimental session 
Previous behavioral [49] as well as kinetic studies (e g , [47]) 
suggest that this time penod should provide effective recep- 
tor blockade by BC-105 for the entire 3-hour conditioning 
session, as well as the initial OR testing penod 

PI O( edllre 

Each animal was allowed to become acchmated to the 
colony for at least three days The first day of testing con- 
slsted of orienting only Each animal was restrained in 
standard Plextglas rabbit restrainers [14] and injected with 
the appropriate drug or vehicle Both HR and EMG were 
recorded No shocks were delivered Each animal was sub- 
jected to 15 trials consisting of a 4 0 sec tone with a 90 sec 
lntertrlal interval (ITI) One-half of the subjects in each 
group received a high tone (1216 Hz), the other half received 
a low tone (304 Hz) Determination of which ammals re- 
ceived which tones was random with the stipulation that 
each sex be equally represented Following the onentlng 
session the shock electrodes, which consisted of I I mm 
stainless steel Michel wound clips, were attached approx- 
imately 0 5 cm above and below the rabbit's nght eye The 
next two days were devoted to conditioning Acquisition 
sessions consisted of 128 trials with a 90 sec mtertrlal inter- 
val Tone duration was 4 0 sec The 304 Hz tones were pre- 
sented on half of the tnals, and the 1216 Hz tones were 
presented on the other half For half of the rabbits in each 
group, the low tone was paired with the shock UCS, as de- 
scribed above (CS+), while the high tone was never paired 
with the shock ( C S - )  These conditions were reversed for 
the other half The order of presentation of the tones was 
random with the stipulation that neither tone be presented 
more than three times in succession Animals were assigned 
randomly to one of nine groups as discussed below with the 
stipulation that an equal number of males and females be in 
each group 

L ~pet imp, ill I 

This experiment examined the effects of four doses of 
BC-105 on HR conditioning and on the HR OR Thirty-two 
animals were used Each animal was assigned randomly to 
one of four groups (n=8) Group 1 received physiological 
saline (SC) (as above) and served as the control group 
Groups 2, 3, and 4 received 2 5, 5 0, or 10 0 mg/kg of BC- 105 
(SC), respectively All animals received differential HR 
conditioning and assessment of the cardiac component of the 
OR, as described above 

L~pcrHnent 2 

This expenment  examined the effects of the peripheral 
antagonist xylamldine on HR conditioning and on the HR 
OR Sixteen rabbits were used One-half of the rabbits re- 
ceived the penpheral serotonin antagonist xylamidine (10 0 
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FIG 1 Change from basehne heart rate (beats per mln) as a function 
of BC-105 dosage in response to 4 sec duration 75 dB unslgnaled 
tones Data shown are for trials 1, 5, 10 and 15 

mg/kg), whde the remainder received physiological sahne 
and served as a control group This dose of xylamldlne was 
chosen based on both biochemical [8] and behavioral [49] 
evidence that it produces peripheral but not central 5-HT 
blockade In terms of relatwe potency it has been reported 
that it is comparable to the 5 mg/kg dose of BC-105 [8] All 
animals recewed d~fferentlal HR conditmnmg and OR 
assessment, as described above 

Experiment 3 

This experiment examined the effects of the 5-HT agonlst 
d-LSD on HR conditioning and the HR OR Twenty-four 
animals were assigned to one of three groups Group 1 re- 
cewed 0 03 mg/kg of LSD This dosage was based on a pre- 
vious report [ 13], which indicated that it was within the range 
of maximal facflltatmn of nictitating membrane reflex (NMR) 
responding in rabbits Group 2 received 0 03 mg/kg LSD m 
conjunction with 5 0 mg/kg BC-105 The third group received 
physiological sahne and served as a control group All 
animals received OR testing and HR conditioning as de- 
scribed above 

Experiment 4 

This experiment studied the effects of BC-105 on 
somatomotor and HR uncondmoned responses to the shock 
UCS Fourteen animals, all of which had previously been 

exposed to the orienting and conditioning experiments, were 
studied Shock responslvlty testing occurred at least one 
week after conditioning in order that residual drug effects 
would not affect performance One group (n=4) received 
physiological saline and served as the control group One 
group (n=4) recewed 2 5 mg/kg of BC-105 One group (n=3) 
received 5 0 mg/kg of BC-105, and the last group (n=3) re- 
cewed l0 mg/kg of BC-105 All drugs were admimstered 
subcutaneously 15 mln prmr to testing m a final volume of 1 
ml/kg as in the orienting and condltmning experiments 

Each ammal received 60 presentations of unslgnaled 
paraorbltal electric shock at an intertnal interval of 15 sec 
Ten trials each of six different constant current shock mten- 
s~ties were presented in a random order Shock intensities 
were 0 0, 0 l, 0 2, 0 5, 1 0 and 2 0 mA, and shock duration 
was 500 msec Four somatomotor responses were scored by 
a trained observer through a one-way window in the expert- 
mental chamber as (a) no response, (b) a "twitch'  (move- 
ment of the eyehds but failure to close them), (c) a '  bhnk" (a 
closure of the eyehds), or (d) a " jump" (a blink accompanied 
by movement of the entire body) "Threshold" shock inten- 
sities for twitch, bhnk and jump responses were calculated 
(in mA) as that intensity which ehclted the response 50% of 
the time according to the method of constant stlmuh [16] 
This procedure has been described m a previous report [41] 
Baseline HR was measured (UCR) for 1 sec preceding shock 
onset The HR uncondltmned response was measured dunng 
four l-sec blocks following shock termmatmn These five 
HR scores were analyzed for the first, Fifth and tenth presen- 
tations of the 0 2, 1 0 and 2 0 mA shocks during the session 
HR data were scored by hand from the polygraph record due 
to the random order of shock intensities and the dLfficulty of 
maintaining tachograph signals during unsignalled shock 
presentations 

Data Anal3sls 

The cardiac OR was analyzed by a mixed design analysis 
of variance (ANOVA) with drug group as a between-subjects 
measure and tnals (15 levels) and l-sec intervals (9 levels) as 
repeated measures The HR conditioning data were analyzed 
using a mixed design ANOVA with drug group again as a 
between-subJects measure, sessions (2 levels), CS (2 levels), 
test trial (3 levels), and blocks of 1-sec intervals (9 levels, 
VlZ 1 averaged pre-CS block and 8 post-CS blocks) as re- 
peated measures HR scores were analyzed for test trmls 
only, during which the UCS was omitted These test trials 
occurred on every eighth trial during the session, with the 
two tones alternating HR scores were analyzed for the first, 
Fifth, and eighth test trial for each tone in order to assess HR 
change over time The HR was subsequently analyzed sepa- 
rately for each of the eight 1-sec post-CS intervals to deter- 
mine the specific periods of t~me after CS onset dunng which 
significant effects of drug administration may have occurred 
The data analyzed consisted of change from basehne HR 
scores for each post-CS 1-sec block This procedure in- 
volved subtracting each post-CS mean from the pre-CS mean 
for each ammal m each group Duncan's  Multiple Range Test 
was used to post-test significant main effects and interac- 
tions 

Since relatively few EMG CRs occurred, these data were 
analyzed using chl-square procedures Frequency of re- 
sponding for each group was tabulated for both the orienting 
and acqmsmon sessions In order to analyze EMG amph- 
tude, EMG frequency data were pooled into three 
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FIG 2 Change from pre-CS basehne heart rate (beats per mm) of rabbits administered different doses of BC-105 in response to 
CS+ (tones paired w~th paraorb~tal shock) and CS- (tones not paired with shock) dunng two sessions of d~fferenual HR condition- 
mg 

categories (a) responses wtth amphtudes from 0 to less than 
500/zV, (b) responses with amphtudes from 500 to less than 
1000/zV, and (c) responses with amplitudes from 1000/zV to 
5000/zV Chi square analyses were conducted on the number 
of subjects m each group that showed a response which fell 
into one of these three categories 

R E S U L T S  

E~perlment I EfJe(/s oJ BC-105 on the Card(a( OR and on 
Pa~ Io~tan HR Condttmnmg 

Orienting BC-105 had no effect on baseline HR, defined 
as the mean HR score during the pre-CS 4-sec interval, 
F(3,28)=2 07, p = 0  12 Baselme HR scores On bpm) were 
233 8, 233 3, 205 7, and 204 3 (SEM=+_ll 5) for the sahne, 
2 5, 5 0 and 10 0 mg/kg BC-105 groups, respectively 

The HR change from baseline for the four drug groups 
durmg orienting for trials 1, 5, 10 and 15 are shown m Fig 1 
As has been previously reported [39], the cardiac component 
of the ortentmg reflex to novel tones consisted of bradycar- 
dia, which dechned in magmtude as a funcuon of subsequent 
presentation of the tones Figure 1 also suggests that BC-105 
attenuated the magnitude of the response, but this effect did 
not appear to be dose-related Both the block (of 1-sec 
post-CS intervals), F(8,224)=42 55, p<00001 ,  and thai, 
F(14,324)=5 72, p < 0  0001, effects were significant, but the 
group effect was not, F(3,28)=1 40, p > 0  10 The group by 
tnal interaction approached, but did not quite reach the 0 05 
level of significance, F(24,224)=1 52, p < 0  0628 Neverthe- 
less, separate ANOVAs of post-CS 1-sec intervals revealed 
that stgmficant group effects occurred for many post-CS 
1-sec blocks The saline control group was significantly dif- 
ferent from the 5 0 and 10 0 mg/kg groups for blocks 1 and 2, 
and 5-9. Furthermore, the 2 5 mg/kg group was s]gmficantly 
d=fferent from the 5 0 and 10 0 mg/kg groups for blocks I-9, 
and the 5 0 and 10 0 mg/kg groups were slgmficantly differ- 
ent from each other for blocks 4-8 These findings thus 
suggest that the attenuation of OR magmtude by BC-105, as 
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FIG 3 Change from pre-CS basehne heart rate (beats per mm) of 
rabbits administered xylamldlne (10 mg/kg) and sahne (0 mg/kg) m 
response to CS+ (tones paired with paraorbital shock) and CS- 
(tones not paired with shock) dunng two sessions of differential heart 
rate Pavlov]an condlt]omng 

depicted m Fig 1, was rehable However, since the mterac- 
Uon of trials and group was not statistically sigmficant at 
usually acceptable confidence levels, these findings must be 
interpreted w~th caution 

Condttmmng BC-105 had no effect on basehne HR, 
F(3,28)=0 33, p = 0  80 Mean (SEM=_+9 19 bpm) baseline 
HR scores (m bpm) were 231 2, 240 0, 231 8, and 227 6 for 
the saline, 2 5, 5 0 and 10 0 mg/kg BC-105 groups, respec- 
tively 

Heart rate change from basehne for each group, CS and 
session is shown m Fig 2 The cardiac response consisted of 
HR slowing, which began dunng the first 1-sec interval fol- 
lowing CS onset, and reached ~ts maximum magmtude dur- 
ing post-CS interval 6 BC-105 attenuated the response to 
both the CS+ and C S -  as well as the discnmlnataon between 
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FIG 4 Change from baseline heart rate (beats per mm) of rabbits 
administered LSD, LSD + BC-105 (combined) or sahne in response 
to uns~gnaled tones of 4 sec duration and 75 dB intensity Data 
shown are for tnals 1, 5, 10 and 15 

the CS+ and C S -  Moreover, this attenuation was dose 
related The smallest dose of BC-105 (2 5 mg/kg) had little 
effect on responding to the C S - ,  however, the response to 
the CS+ was attenuated at this low dose Only the largest 
dose (10 0 mg/kg) produced an effect on the response to the 
C S -  

Both the CS, F(I ,28)=1469,  p<00001,  and blocks, 
F(98,224)=60 95, p < 0  0001, effects were sigmficant, 
suggesting that the bradycardia associated with the CS/UCS 
contingency was reliably greater to the CS+ than the C S -  
Moreover, two significant group interactions occurred 
group × blocks, F(24.224)=5 50 .p=0  0001, and group × CS 
× blocks, F(24,224)=2 22, p < 0  001 Analysis of each post- 
CS block indicated that there were significant group effects 
for post-CS intervals 2-8 (smallest, F(3,28)=5 14, p < 0  001) 
Duncan post-tests showed that the saline control group was 
significantly different from (a) each of the three drug groups 
for post-CS intervals 2-6, a/ad (b) both the 5 0 and l0 0 mg/kg 
groups for post-CS intervals 7 and 8 This analysis also indi- 
cated that the smallest dose of BC-105 (2 5 mg/kg) was signif- 
icantly different from the largest dose (10 0 mg/kg) for post- 
CS intervals 2-7, although this dose was not different from 
the intermediate dose of BC- 105 (5 0 mg/kg) 

Separate ANOVAs also revealed that the group × CS 
interaction was significant for post-CS intervals 3-8 (small- 
est, F(3,28)=2 96, p < 0  05) Duncan's  Multiple Range Test 
revealed that the sahne group's responses to the CS+ and 

C S -  were significantly different from those of each of the 
other three groups over several of the post-CS intervals The 
2 5 mg/kg group's responses to the CS+ and C S -  were also 
slgmficantly different from those of each of the other two 
drug groups dunng several post-CS intervals, with the ex- 
ception of the 5 0 mg/kg group for the C S -  condition Signif- 
icant differences between the 5 0 mg/kg and 10 0 mg/kg 
groups were also obtained for CS+ and C S -  on several 
post-CS intervals 

EMG There were no significant differences between any 
of the four groups on EMG responding dunng orientmg or 
session 1 of acquisition However, during session 2, a signif- 
icant effect was observed for both CS+, X2(3)=16,001, 
p < 0  005, and C S - ,  X2(3)=9 0255, p < 0  05, due to greater re- 
sponding in the 5 0 mg/kg group 

E.tperlment 2 EJfe( ts o f  Xylamldtne on the Cardmt OR and 
on Pavlovtan HR Condtttonmg 

Ortentmg Mean baseline HR was not affected by 
xylamidine during OR assessment, F(I,14)=0 24, p = 0  63 
Mean basehne HR scores were 225 1 and 218 7 
(SEM= -+9 24) for the xylamidIne and saline groups, respec- 
tively The HR change from pretone baseline (l e , OR) and 
its habituation over trials were also unaffected by 
xylamidlne However, both block, F(8,112)=14 67, 
p < 0  0001, and trial, F(14,112)=2 3, p < 0 0 1 ,  effects were 
significant, indicating that the OR and its habituation over 
trials was normal 

Condmomng Xylamidme had no effect on baseline HR 
during conditioning, F(1,14)=0 37, p = 0  55 Mean baseline 
HR scores were 2172 and 2101 (SEM=+-833) for 
xylamidme and saline, respectively 

The change from baseline HR for the two groups for CS + 
and C S -  over sessions Is shown m Fig 3 Xylamidme ap- 
peared to potentiate the deceleration to the CS+,  however, it 
had little effect on the response to the C S -  Although the 
group effect was not statistically significant, F(I,14)=0 02, 
p = 0  89, a significant group × block effect occurred, 
F(8,112)=2 00, p = 0  05 The two groups were slgmficantly 
different from each other for blocks 1 and 2 Blocks and the 
C S + / C S -  dimension were also significant, F(8,112)=29 94, 
p < 0  0001, and F(1,14)= 14 03, p < 0  002, respectively, but no 
other significant group effects or group interactions were 
found 

EMG No differences were found between the two groups 
for EMG responses dunng either orienting or acquisition 

Erperlment 3 Effect ~ o f  BC- 105 m ( ombmatton With d-LSD 
on the Cardla( OR and on Pavlovtan HR Condmonmg 

Orienting There was a difference in baseline HR among 
the three groups, F(2,21)=1969, p<0001  The mean 
basehne HR scores were 269 8, 198 7, and 215 2 
(SEM=-+8 32) for LSD, LSD and BC-105, and sahne, re- 
spectively 

HR change from basehne for trials 1, 5, 10 and 15 is pre- 
sented in Fig 4 LSD appeared to facilitate habituation to the 
tone This effect had occurred by trial 5, and was maximal at 
trial 15 In fact, by tnal 15, the response in the LSD group 
had become accelerative LSD and BC-105 likewise ap- 
peared to cause rapid habituation, however, there was little 
difference between this group and the saline group by trial 
15 

Again significant blocks, F(8,168)=9 07, p < 0  0001, and 
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FIG 5 Change from pre-CS baseline heart rate (beats per ram) of rabbits administered LSD 
LSD + BC-105 (combined) or saline in response to CS+ (tones paired with paraorbltal shock) and CS 
(tones not pazred with shock) during two sessions of dtfferentml HR condmomng 

TABLE 1 
M E A N  P A R A O R B I T A L  S H O C K  ' T H R E S H O L D S  ' O F  R A B B I T S  

T R E A T E D  W I T H  BC-105 ( -+ S E M )  

Response 

Drug Group Twitch Bhnk Jump 

Sahne 0 155 + 004 0843 _+ 0 14 262 + 031 

25mg/kg 0092 _+001 0410 4- 0 12 245 + 022 

50mg/kg 0 113 _+ 001 0987 _+ 0497 259_+ 041 

100mg/kg 0 1167 _+ 003 0740_+ 021 238 _+ 030 

trials, F(14,288)= 1 8, p < 0  04, effects occurred, suggesting 
that the change in HR associated with orienting as well as its 
habituation was rehable Significant effects for group x 
block, F(I 6,168)= 272, p <0 001, group x trial, 
F(28,288)=1 70, p < 0  05, and group × trial × block, 
F(224,2293)=1 53, p<0.001, were also found Duncan's  
Multiple Range Test Indicated that the LSD group was stgnff- 
icantly different from the combined group as well as the 
saline group for all eight blocks of HR during trial 1, and, for 
trials 5, 10, and 15, all three groups were significantly differ- 
ent from each other for all post tone blocks of HR 

Condmomng There were no differences between the 
three groups on baseline HR during conditioning, 
F(2,21)=0 23. p = 0  798 Mean baseline HR for the groups 

were 220 98, 214 08, and 218 79 (SEM=_+7 38) for LSD, 
LSD and BC-105, and saline, respectively 

Change from basehne HR for the three groups is pre- 
sented in Fig 5 In general LSD appeared to potentiate re- 
sponding to the CS+,  compared to the C S -  Differences 
between CS+ and C S -  responding appear greater in the 
LSD group than in either the saline or combined groups 
However, compared to the saline group, the magnitude of 
the deceleration to CS+ and C S -  in the LSD group was 
attenuated during session 1, but not session 2 Moreover, the 
response was somewhat slower to develop in the sahne and 
combined groups compared to the LSD group The response 
of the latter group had almost reached its greatest magnitude 
by the second 1-sec post-CS interval, whereas response de- 
velopment was much more gradual in the saline and com- 
bined groups, which did not reach their largest magnitude 
change until post-CS block 6 or 7 BC-105 appeared to block 
the potentiation of the response by LSD, especially on the 
second day of acquisition As in Experiments 1 and 2, slgmf- 
lcant blocks, F(8,168)=37 36, p < 0  0001, and CS, 
F(1,21)=19 6, p < 0  0002, effects occurred, suggesting that 
the HR slowing associated with the CS/UCS contingency 
was reliably greater in response to the CS+ than the C S -  A 
significant interaction for group x block also occurred, 
F(16,168)=5 57, p = 0  0001 Separate ANOVAs computed 
for each block showed a sigmficant group effect for post-CS 
intervals 2-8 (smallest, F(2,21)=3 74, p < 0  05) Duncan's  
Multiple Range Test revealed that (a) the LSD group was 
significantly d~fferent from the saline group for post-CS 
intervals 6, 7 and 8, (b) the combined LSD and BC-105 group 
was significantly different from the saline group for post-CS 
intervals 3, 4, 5 and 6, and (c) LSD was significantly different 
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from the combined group for post-CS interval 2 A signifi- 
cant group x CS effect was observed only for post-CS inter- 
val 5, F(2,21)--3 86 ,p<0  05 Duncan post-tests revealed that 
the LSD group was significantly different from the combined 
group for CS+ only, and LSD was slgmflcantly different 
from the saline group for C S -  only However, the combined 
group was significantly different from the saline group for 
both CS+ and C S -  

EMG Dunng orienting the LSD group showed more fre- 
quent and larger amplitude EMG responses than either of the 
other groups, X~(2)=13 67, p < 0  005, X-'(4)= 13 93, p = 0  01, 
respectively The combined BC-105 and LSD group never 
responded during orienting Only one sahne ammal re- 
sponded No slgmficant effects were found for any of the 
three groups during condmomng 

Experiment 4 Effe~ ts o f  BC-105 on Un~ ondtttoned HR and 
Somatomotor Responses to Unstgnalled E/ectrtc Shock 

Somatomotor responses to the UCS are presented in 
Table 1 These data indicate the intensity of the UCS at 
which a response was elloted 50% of the t~me There were 
no slgmficant differences among the groups for any of the 
three responses 

There were also no stgmficant d~fferences in basehne 
(pre-shock) HR among the four groups Mean basehne HR 
scores were 202 9, 200 2,200 1 and 197 9 (SEM= -+ 17 02) for 
the 0 0, 2 5, 5 0 and 10 0 mg/kg groups, respectively 

The HR UCR consisted of HR accelerations at all shock 
intensities for all 4 groups These accelerations had returned 
to baseline by the end of the post-UCS interval However, 
BC-105 dramatically increased the magmtude of this accel- 
eration This was especmlly true of the 10 mg/kg group which 
revealed post-shock HR increases 3 to 4 times larger than the 
sahne group at the highest shock intensity This finding re- 
sulted m a s~gnlficant group × intensity × block effect, 
F(24,80)=1 63, p = 0 0 5  Duncan's  Multiple Range Test 
showed that (a) at the lowest shock intensity (0 2 mA) the 
sahne and the 2 5 mg/kg groups were stgmficantly different 
from the l0 0 mg/kg group for blocks 4 and 5, and the 2 5 
mg/kg group was slgmficantly different from the 5 0 mg/kg 
group for block 4, (b) at the 1 0 mA intensity the saline group 
was sigmficantly different from the 10 0 mg/kg group but 
only during block 4, and (c) at the highest shock mtenslty 
(2 0 mA) the saline group was significantly different from all 
three drug groups dunng several post-shock blocks, and the 
2 5 and 5 0 mg/kg groups were also significantly dlffererlt 
from the 10 0 mg/kg for several post-shock blocks It should 
be noted that these data were not obtained on naive animals, 
however All had previously experienced shock in this situa- 
tion which may have resulted in some pam-mduced 
analgesm However, presumably this effect was slmdar for 
all groups of animals 

DISCUSSION 

The results of the present experiments suggest that 
BC-105 attenuates the bradycardla associated with CNS 
processing of reformation The cardiac component of the 
response to novel auditory stlmuh (vtz the OR) as well as 
the response to a CS/UCS Pavlovlan conditioning contin- 
gency was attenuated by BC-105 administration BC-105 is 
most probably a specific antagonist for the 5-HT_, receptor 
[29,30] These receptors are found predominantly m the 
llmb~c system, which has been consistently associated with 

higher cognitive function [6, 22, 32, 48] The finding that 
BC-105 produced a dose-related decrease in the magmtude 
of the cardiac CR thus may mean that 5-HT plays a role in 
the modulation of the cells within the hmblc system dunng 
CNS processing of stlmuh for information value However, 
~t is well known that vascular smooth muscle also contams 
serotonln receptors which have been classified as 5-HT, [7, 
29, 30, 37, 38] Thus the effects observed followmg the ad- 
ministration of BC-105 could have resulted from its influence 
on 5-HT receptors located m vascular smooth muscle How- 
ever, the serotonm antagonist xylamldine, which has been 
found to produce primarily peripheral effects (1 e ,  only 
minute quantities cross the blood brain barrier [8]), did not 
impair either the HR discrimination or HR CR magmtude In 
fact its effects were opposite to those produced by BC-105, 
suggesting that the attenuation of the heart rate CR by 
BC-105 was most probably central in origin 

The results of Experiment 3 support the hypothesis that 
the effects of BC-105 on both the HR CR and OR may at 
least partially involve central 5-HT mechanisms The 5-HT 
agontst LSD produced an enhancement of the heart rate dis- 
crimination, which was opposite to the effects produced by 
the central antagonist BC-105 Thus, the data of Experiment 
3 suggest that LSD faclhtated the abd~ty of the ammal to 
discriminate between the two stimuli This finding is compat- 
Ible with the finding by Gormezano and Harvey [15] that 
perhaps LSD affects the associative properties involved m 
the acquisition of somatomotor responses by influencing the 
CNS processing of the CS+ and C S -  Unfortunately, the 
mechamsm of action of LSD m the CNS is not well under- 
stood Serotonln ts beheved to medmte the effects of LSD 
[1,2], however, other neurotransmttter systems have not 
been ruled out [20] The results obtained in the present ex- 
periment could thus be explained by proposing that both 
LSD and BC-105 exert their effects at the receptors of these 
other neurotransmltters, e g ,  dopamme (also see below), 
although apparently LSD affects dopamme (DA) cells only at 
extremely large doses compared to its effects on 5-HT cells 
[20,21] Even more compelhng, however, was the finding m 
Experiment 3 that BC-105 partially blocked the effects of 
LSD in the group which recewed both LSD and BC-105 
Th~s finding also suggests that the results obtamed m Exper- 
iment 1 were medmted, at least in part, by central 5-HT 
mechanisms 

The results of Experiment 4 support the conclusion that 
the effects of BC-105 on the HR CR cannot readily be mter- 
preted as an effect on noc~ceptlon The results of this exper- 
iment showed that BC-105 did not affect unconditioned 
somatic responding to the UCS and hkewlse had no effect on 
basehne HR, suggesting that the effects of BC-105 on HR 
condlt~omng observed in the previous experiments were not 
the result of an alteration in pain sensitivity Moreover, the 
HR UCR was an acceleration at all shock intensities, tt was 
opposite in direction to the CR, a result which has been 
previously reported [23] In addition, BC-105 potentiated 
thLs response, unlike its effect on the CR, which consisted of 
both a decrease in discrimination and m CR magmtude This 
effect on the UCR may be medmted by an alteration in either 
an ascending or descending pare modulation system 
Serotonln is found tn even greater concentraUons in the spi- 
nal cord than In the brain [3] and much research suggests that 
these axons partlopate m a pain analgesm system [19,44] 
The apphcatlon of 5-HT to dorsal horn cells depresses the 
response of these cells to noxious stimulation [5], thereby 
resulting m analgesia, an effect which is also induced by the 
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5-HT antagonist  methysergide  [50] It ts thus possible that 
BC-105 blocked this 5-HT media ted  analgesia  

The finding that both L S D  and BC-105 affected the mag- 
mtude of  the OR and that L S D  affected OR habituation,  
however ,  suggests that the effects  produced by these drugs 
on condi t ioned responding may not be on an associat ive 
process  per  se Rather ,  it appears  that uncondi t ioned cardiac 
changes m response  to novel  stimuli, as well as stimuli which 
b e c o m e  signals through an associat ive process  are affected 
by BC-105 as well as L S D  Francis  et  a l  [10] reported that 
lateral  hypothalamic  (LH) lesions,  which interrupted the 
M F B  and resulted In 5-HT deplet ion,  also a t tenuated the 
cardiac componen t  of  onent lng  as well as the cardiac CR 
This f indmg 1s compat ible  with the present  results,  assuming 
that the effects  of  BC-105 were due to 5-HT blockade,  and 
that the effects  of  the L H  lesions reported by Francis  et al  
[10] resulted from the reported 5-HT deplet ion As descr ibed 
above,  Hernandez  et  a l  [18.19] reported that cortical  and 
hlppocampal  5-HT resting levels  were inversely correlated 
with the magmtude  of  the bradycardla  occu rnng  in response  
to Pavlovlan  condit ioning cont ingencies ,  a finding that is also 
compat ible  with the present  results 

Leysen  and co-workers  [29] showed that BC-105 has a 
higher  binding affinity for the 5-HT,  than 5-HT~ receptor  
Howeve r ,  these same researchers  have demonst ra ted  that 
BC-105 also has a high binding affinity for the H~ (histamine 
l) receptor  Thus,  the effects of  BC- 105 observed  in Experi-  
ment  l may have been due to a greater  blockade of  the H~ 
rather than the 5-HT, receptor  Howeve r ,  further  research 
must  be conducted  In order  to de termine  if histamine does,  in 
fact, play a role in learned card iovascular  responses  It is 
possible that his tamine and serotonln exert  synergist ic ef- 
fects at the same receptor  An e x p e n m e n t  in which 5-HT and 
histamine agonlst  and antagonist  drugs are compared  may 
ascertain the roles each of  these monoamlnes  play in learn- 
lng 

It can also be argued that the effects  observed  in these 
e x p e n m e n t s  may have  been media ted  by changes in sympa- 
thetic or parasympathe t ic  preganghonlc  neurons 5-HT has 
been repor ted  to produce exci ta tory  effects  at preganghonlc  
sympathet ic  neurons [9] In contrast ,  reflex bradycardla  in 
response  to an elevat ion in arterial pressure  is reduced by 
5-HT [31] 5-HT is also repor ted  to be a pressor  agent in rats 
and rabbits because  of  its ability to Increase sympathet ic  
outf low (e g , [27]) Howeve r ,  5-HT is reported to be a de- 
pressor  agent in o ther  species (e g , cats and dogs,  [4]) The 
effects of  serotonerglc  manipulat ions on blood pressure  (BP) 
and HR are thus qmte complex  (for reviews,  see [12,25]) 
H o w e v e r ,  in general ,  both H R  and BP increase following the 

admimstra t lon of  5-HT or 5-HT agonlsts In contrast ,  admin- 
Istration of  5-HT antagonists  usually causes decreases  in HR 
and BP However ,  the present  results cannot be explained 
adequate ly  in terms of  decreased sympathet ic  actlwty due to 
BC-105 BC-105 did not decrease  baseline HR, but produced 
a dose-related reduct ion in the magnitude of  the HR CR The 
latter is a phasic bradycardlac response which is known 1o be 
due primarily to vagal Influences [23] If the phasic effects 
observed  were  the result  of  a decrease in sympathet ic  achv-  
lty, then changes should also have been observed in baseline 
HR Only LSD produced a significant change in baseline 
HR and this effect occurred only on the first day of  testing, 
dunng  OR assessment  This effect probably occurred as a 
result of  L S D ' s  actions on the raphe system Stimulation of  
various raphe nuclei produces  a vane ty  of  effects on BP and 
HR [34] It has been reported that electrical stimulation of  
the dorsal  raphe nucleus (DRN) produces  profound pressor  
effects [46] The DRN is also highly react ive to L S D  Thus. 
the effects  observed  in Exper iment  3 following LSD could 
have been the result  of  an increase m sympathet ic  outflow 
which resulted from increased act ivi ty in the raphe How- 
ever ,  if this were the case,  then subsequent  doses of  LSD 
should also have had comparable  effects on basehne HR, yet 
L S D  had no effects on baseline HR during condit ioning 
Therefore ,  it appears  most  likely that changes in sympathetic  
activity did not medmte the effects of  BC-105 and LSD on 
ei ther the HR U C R  or CR 

In summary,  ~t is clear  that BC-105 at tenuates the 
bradycardla  associated with Pavlovlan (classical) condition- 
lng cont ingencies  The control  experaments with the periph- 
eral 5-HT antagonist  xylamldlne and the 5-HT agonlst LSD 
suggest that this at tenuation may be due to its effects on 
C N S  5-HT systems,  although future studies with o ther  5-HT 
antagonists  as well as agonlsts will be necessary before this 
conclusion becomes  unequivocal ly  clear Similarly, the 
present  data suggest that BC-105 affects CNS processes  
controll ing primary bradycardla,  rather than a CNS as sooa -  
tlve process  per  se. since the uncondi t ioned OR was also 
a t tenuated However ,  future studies with o ther  5-HT agents 
will also be required to complete ly  clarify this issue 
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