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WITKIN, J M AND J E BARRETT Interaction t f  busptrone and dopammergt~ agents on pumshed behavior of 
ptgeonr PHARMACOL BIOCHEM BEHAV 24(3) 751-756, 1986--The non-benzodiazeplne anxiolyttc busplrone was 
studied alone and in combination with either halopendol or apomorphlne Drug effects were evaluated under a baseline of 
pumshed and unpunished keypeck responses of pigeons, every 30th response produced food (no punishment) m the 
presence ofa wMte keyhght and, when the keyhght was red m alternate 3 mm periods, every 30th response produced both 
food and a brief electnc shock (punishment) Buspirone (0 03-3 mg/kg, IM) increased the low rates ofpumshed responding 
to a maximum of 1000% of control at doses of 0 1-1 mg/kg Unpumshed responding was only marginally affected at lower 
doses and dose-dependent decreases were obtained from 1 to I0 mg/kg Although less potent, chlordlazepoxtde (1-100 
mg/kg IM) produced effects which were similar to those of busplrone, a finding which contrasts with the greater efficacy of 
benzodiazeptnes for increasing punished behavior in mammals Dose-effect functions for busplrone were unchanged by 
halopendol admlmstration (0 01 and 0 03 mg/kg, IM, 5 mm prior) or by concurrent treatment with a behaviorally-ineffective 
dose of apomorphme (0 003 mg/kg, IM) Rate-decreasing doses of apomorphlne (0 01-0 1 mg/kg) reversed the Increases in 
punished responding produced by lower doses of buspirone (0 03 and 0 1 mg/kg) and the apomorphme-mduced decreases in 
unpunished responding were antagonized by busplrone at doses which had little affect when given alone The abthty of 
buspirone to reverse the rate-decreasing effects of apomorphlne on unpumshed responding suggests that busptrone does 
exhibit dopamlnerglc antagonist properties :n vtvo However, effects of buspirone on punished responding of pigeons do 
not appear to be due to dopammerglc mechamsms Punished behavior of pigeons provides a unique model for further 
investigations of the mechanism of action of the potent anxiolytlc buspirone 

Buspirone Punished behavior Halopendol Apomorphine Dopamine Keypeck Pigeons 

BINDING of benzodtazepmes to specific recognition sites 
within the central nervous system appears to lnltmte events 
leading to the anxiolytlc activity of these compounds Non- 
benzodlazepme drugs such as the barbiturates may also 
produce chnlcal rehef from anxiety by altenng binding at 
benzodlazeplne receptors (cf [12, 13, 18, 25, 26]) Although 
mechanisms involving hgand blndmg to benzodlazepme re- 
ceptors may be sufficient to account for anti-anxiety activity 
of  drugs, these mechamsms may not be necessary Bus- 
plrone, an azasplrodecanedlone, ts structurally unrelated to 
the benzodIazeplnes [34] and does not bind to ben- 
zodlazeplne receptors [20], however,  recent chmcal trials 
demonstrate busplrone to be an effective anxlolytlc devoid 
of  a number of side-effects indigenous to the 1,4- 
benzodiazepmes [7, 11, 16, 21] 

Behavior suppressed by response-produced electric 
shock (pumshment) is a well-estabhshed pre-chmcal basehne 
against which to predict anxlolytlc drug activity (cf [24]) 
Busplrone, like benzodlazeplne compounds, increases pun- 
tshed behavior [2. 10, 20] although busplrone appears to be 
much less efficacious than benzodlazeplnes [28,32] In con- 
trast to benzodlazepmes, effects of buspirone on punished 

behavior are not antagonized by the benzodlazeplne 
antagonists Ro 15-1788 or CGS 8216 [32] indicating that dis- 
tinct pharmacological actions of busplrone may be reponsl- 
ble for its behavioral effects 

Busplrone interacts with dopamme receptors in vitro 
[20,33], and has pharmacological properties in common with 
both dopamlnerglc agontsts and antagomsts [15, 20, 29] 
Based on these observations, Stanton et al [27] and Taylor 
et al [30] have suggested that busplrone's antlanxtety activ- 
ity may be dopammergtcally mediated The present study 
was undertaken to provide a d~rect assessment of th~s 
possibility Pumshed behavior of pigeons was examined 
since, in th~s species, buspirone is at least as equl-efflCaClOUS 
as the benzodlazeplnes [2] 

METHOD 

Subje~ ts 

Adult male White Carneaux P~geons (Palmetto Pigeon 
Plant, Sumter, SC) were maintained at 80% (409-504 g) of 
their free feeding body weights The pigeons were 
expenmentally-nalve and were housed in separate living 

'Present address and where requests for repnnts should be addressed Department of Medical Neurosciences, Walter Reed Army Institute 
of Research, Washington, DC 20307-5100 
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FIG l Cumulative response records of a pigeon showing represen- 
tative control performance under the multiple FR 30, FR 30 plus 
punishment schedule (top panel) Successive panels illustrate effects 
of increasing doses ofbuspirone The response pen was incremented 
with each response Diagonal slashes of the response pen indicate 
food delivery (unpunished responding) or the simultaneous presen- 
tation of food and shock (punished responding) The lower pen was 
deflected downward during the punishment component, shock pre- 
sentation is marked by a momentary upward tracing 
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FIG 2 Cumulative response records of a pigeon showing represen- 
tative control performance under the multiple FR 30. FR 30 plus 
punishment schedule (top panel) and the effects of apomorphine 
alone and in combination with busplrone Recording details as m 
Fig I 

cages  wi th in  a t empe ra tu r e -  and  hgh t - con t ro l l ed  v iva r ium (l 2 
hr  l ight -dark  cycle)  whe re  they  were  g iven  c o n t i n u o u s  acces s  
to wa te r  and  oys t e r  shell grit 

Apparatu 

The expe r imen t a l  c h a m b e r  ( 2 2 × 2 7 × 3 1  cm),  s imilar  to 
tha t  desc r ibed  by  Fe r s t e r  and  S k i n n e r  [8], c o n t a i n e d  a t rans-  
lucen t  r e s p o n s e  key  (2 cm d iamete r ,  R G e r b r a n d s ,  Co , Ar-  
hng ton ,  MA)  loca ted  in the  c e n t e r  of  the  f ron t  panel ,  23 cm 
a b o v e  a wire  m e s h  f loor  The  key could  be t r an s l l l um mated  
with red  or  whi te  light f rom a pair  of  7 W lamps  A m i n imum 
norma l  force  of  0 15 N (15 g) appl ied  to the key  p r o d u c e d  the 
cl ick of  a relay m o u n t e d  b e h i n d  the  f ron t  pane l  and  def ined  a 
r e s p o n s e  A rec tangu la r  open ing  was  loca ted  be low the  re- 
s p o n s e  key  th rough  which  mixed  gra in  could  be m a d e  avai l-  
able  for  3 sec by  the opera t ion  of  a so l eno id -ac t iva t ed  feeder  

The  expe r imen ta l  c h a m b e r  was located  wi th in  a sound-  and  
h g h t - a t t e n u a t m g  enc losure  tha t  was vent i l la ted  and which  
p rov ided  whi te  noise  to fu r the r  mask  e x t r a n e o u s  sounds  
Elect r ic  shock  (120 V, AC,  60 Hz)  was  de l ivered  to s ta inless  
steel  e l ec t rodes  imp lan ted  a round  each  pubis  bone  [ l]  for 200 
msec  The  birds  were  c o n n e c t e d  to the shock  source  vm a 
v e s t - m o u n t e d  plug The  i m p e d a n c e  of  the  e l ec t rodes  was 
m e a s u r e d  dally to e n s u r e  a c o n s t a n c y  ot  s t imulus  p resen ta -  
t ion E x p e r i m e n t a l  even t s  were  schedu led  and  r eco rded  wi th  
e l e c t r o m e c h a m c a l  swi tch ing  c i rcui t ry  located  in a separa te  
room 

Behavu)ral Pro~ edure 

The  pigeons ,  af ter  be ing  t ra ined to eat  ou t  of  the food 
magaz ine ,  were  t ra ined  to peck  the  r e sponse  key  [8] W h e n  
food was p re sen t ed ,  the gram h o p p e r  was i l luminated and  



BUSPIRONE AND P U N I S H E D  BEHAVIOR 

TABLE 1 

EFFECTS OF CHLORDIAZEPOXIDE ON PUNISHED AND 
UNPUNISHED RESPONDING* 

Dose (mg/kg) Unpumshed Pumshed 

0 211--. 010 004--- 001 
1 1 1 4  60 -4- 17 60 398 20 ± 178 90 
3 121 70 +_ 20 40 478 00 +- 243 70 
5 6 111 90 +- 10 90 1380 20 ± 452 50 

10 116 80 +_ 13 50 1217 60 +- 372 30 
100 26 70 ± 470 955 40_  314 40 

*Values are given as a percentage of control response rates 
---S E M (shown at 0 mg/kg in responses/sec, N= 14) from duplicate 
determinations made in two pigeons Significant increases in pun- 
ished responding were obtained with doses from 3 to 100 mg/kg in 
each b~rd tested 

the keyhght extinguished The number of  responses reqmred 
to produce food was gradually incremented from one to 
thirty (fixed-ratio 30 or FR 30 schedule) in the presence of 
white or red keyhghts Responding was next estabhshed 
under a multiple FR 30 FR 30 schedule in which every thir- 
tieth response m the presence of  red or white keyllghts 
produced food Keyllght colors alternated successwely 
every 3 mm for 5 cycles, schedule components were sepa- 
rated by a 60-sec tlmeout period dunng which the chamber 
was dark and responding had no scheduled consequences 
Experimental sessions began with the white keyhght and 
lasted 39 mm When responding stabd~zed under the multiple 
FR 30 FR 30 schedule, an FR 30 schedule of shock delivery 
was programmed conjointly w~th the FR 30 food- 
presentation schedule m the presence of  the red keyllght 
Shock intensity (1 5--4 0 mA) was adjusted for each pigeon m 
order to suppress food maintained responding by at least 
80% Thus, under the basehne upon which behavioral effects 
of drugs were assessed, responding was maintained by food 
(unpunished responding) in the presence of a white keyhght 
and was simultaneously maintained by food and suppressed 
by shock (punished responding) m the presence of  a red 
keyhght 

Pharma~ ologl( al Pro~ edure 

Busplrone HCI (donated by Dr L Rlblet, Bristol-Myers 
C o ,  Evansvdle, IN), apomorphlne HCI (Sigma Chemical 
C o ,  St Lores, MO), chlordlazepoxlde HCI (donated by 
Hoffmann-LaRoche, I n c ,  Nutley, NJ), and halopendol 
(McNeil Pharmaceutical, Spnng House, PA) were dissolved 
m 0 9% NaCI All drugs were given by intramuscular mjec- 
tmn m 1 0 cc/kg body weight Busplrone and apomorphme 
were given ~mmedmtely prior, halopendoi 5 mm prior, and 
chlordlazepox~de 60 mm prior to experimental sessmns 
These pretreatment t~mes, based both on prehmmary re- 
search and prevmusly pubhshed data [2], were used to 
study effects of  the drugs alone as well as m combination 
with buspzrone Dose-effect curves for bUsplrone were de- 
termined prior to the drug-mteractmn experiments Doses of 
the drugs and drug-combinations were studied m a mixed 
order and the effects of the drugs alone were determined on 
at least two occasmns Injections were made on Tuesdays 
and Fridays provzdmg that baseline performances were 

! 

3000 - PUNISHED 

BUSPIRON[ + HALO~RIDOL 

753 

1000 

300 
o 

i 100 ~1t~ 

30 • BtJSPIRO~ 
O+ 001 HALOPERIDOL 
A + 0 03 HALOPERIDOL 

0'~ f ! I I ! ! 

300 UNPUNISHED 

loo 

30  

Io 
I 1 I I ! ! 

03 1 3 I 3 tO 

BUSPIRONE (mglkg) 

FIG 3 Effects ofbuspirone alone (filled circles) and in combination 
with halopendol (open symbols) Each point represents the mean 
effect determined in three pigeons Vertical lines denote +-S E M 
around the control mean (unconnected, filled circles), effects of hal- 
opendol alone (unconnected, unfilled symbols) and the effects of 
busptrone alone Mean control response rates were 2 34---0 34 (un- 
punished) and 0 07---0 01 (punished) responses per sec 

w~thm the range of control values Except for halopendol, 
drug doses are expressed as the salt 

Data Analysis 

Rates of responding were computed separately for each 
multiple schedule component by dividing the total number of 
responses by the total elapsed time in the components This 
measure correlates directly with the rate of  food or shock 
dehvery Response rates after drug admlmstratlon were 
compared to non-inJection control performances (Thurs- 
days) and to response rates after admlmstratlon of  saline for 
each mdlvzdual pigeon, each ptgeon served as its own con- 
trol Composite dose-effect functions were obtained by av- 
eraging mean percentage changes from control values, for 
each bird, across ammals. Drug effects w~th mdwldual 
animals were considered significant ff responding deviated 
more than two standard devmtmns from control levels or 
from the effects of  a drug alone Drug effects noted m the 
text are dmcussed m relatmn to this criterion Changes in 
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FIG 4 Effects ofbusplrone alone (filled circles) and in combination 
w~th apomorphlne (open symbols) Each point represents the mean 
effect determined in two pigeons Vertical lines denote +-S E M 
around control values (unconnected, f'dled circles), effects of 
apomorphme alone (unconnected, unfilled symbols) and the effects 
of busplrone alone Mean control response rates were 1 70+_0 25 
(unpumshed) and 0 14+_0 0l (punished) responses per sec 

performance were also evaluated by inspection of cumula- 
hve response records (Gerbrands recorders,  R Gerbrands 
C o ,  Arhngton, MA) 

RESULTS 

Representative control performances under the multiple 
schedule are shown in Figs 1 and 2 (top panels) Unpunished 
responding was characterized by brief pauses after food de- 
hvery followed by high steady rates of  responding Under 
the punishment component,  relatively few responses oc- 
curred during control conditions and rates of food and shock 
delivery were quite low 

Busplrone produced significant mcreases in pumshed re- 
sponding of all 5 animals across a w~de range of doses from 
0 1 to 3 mg/kg Higher doses (3 and 10 mg/kg) decreased or 
eliminated unpunished responding in all animals but, overall, 
d~d not reduce pumshed responding below control levels 
(Figs 1, 3, and 4) Increases m punished responding at doses 
less than 3 0 mg/kg lasted for at least 30 mm (Figs 1 and 2) 
Imtml increases in punished behavior after 10 mg/kg bus- 

pirone were followed several minutes later b3, profound sup- 
presslon of punished and unpunished responding (Fig 1 ) 

Although less potent, chlordiazepoxide produced effects 
on punished and unpunished behavior comparable to those 
of buspwone (Table 1) Maximal rate-increasing effects of 
either buspsrone or chloridazepoxlde resulted in similar rates 
of punished and unpunished behavior As with busptrone, 
chlordlazepox,de produced significant increases in punished 
responding at doses that did not affect or w hlch decreased 
unpunished responding 

Halopendol  (0 01 and 0 03 mg/kg) had no effect on the 
buspirone dose-effect functions (Fig 3) Higher doses of 
halopendol (0 1 mg/kg) markedly suppressed punished and 
unpunished responding and were not tested m combination 
with buspirone Behaviorally-reactive doses of apomorphme 
(0 003 mg/kg) did not alter the effects of busplrone (Fig 4) 
Rate-decreasing doses of apomorphme (0 01-0 I mg/kg) on 
the other hand, reversed the effects of lower doses of bus- 
pwone on punished behavior Furthermore, the rate- 
decreases produced by apomorphme (0 03 and 0 1 mg/kg) on 
unpunished behavior were reversed by behaviorally- 
ineffective doses of buspirone (Figs 2 and 4) However,  a 
rate-decreasing dose of buspirone (10 mg/kg) did not reduce 
the rate-suppressant effects of apomorphme 

DISCUSSION 

Buspirone produced large, dose-dependent increases m 
pumshed behavior of pigeons m the present study Increases 
of 10(~Ve of control values were obtained at optimal doses 
At the same time, unpunished responding was only margin- 
ally affected at lower doses while dose-dependent decreases 
occurred at higher doses The effects obtained with bus- 
pirone were comparable to those obtained with chlor- 
diazepoxide The similar efficacy of busplrone and chlor- 
diazepoxlde contrasts with the relatively weak efficacy of 
buspirone m rats and squirrel monkeys reported earlier 
[28,32] Under baselines and behavioral performances simi- 
lar to those used here, buspirone only modestly increased 
punished responding, whereas mldazolam produced 20- 
fold increases m responding of the same squirrel monkeys 
[32] Although Geller and Hartmann [10] reported compara- 
ble increases m punished responding with busplrone and di- 
azepam in rats and cynamologous monkeys,  details of the 
data render ambiguous conclusions For example, neither 
buspirone nor dlazepam produced sizeable increases in pun- 
ished responding in either species The baselines of suppres- 
sed behavior did not recover for several days after drug ad- 
ministration Due to the large increases m punished behavior 
which occur similarly with buspirone and chlordiazepoxlde 
pigeons may provide a useful model of the anxiolytic actions 
of buspirone and, perhaps, other anxlolytlc compounds as 
well 

Buspirone is a relatively potent displacer of radiolabeled 
doparnme receptor hgands from brain tissue m v a r o  [20,33] 
In a number of systems, the pharmacology of buspirone re- 
flects ItS dopamine receptor binding charactenstics,  present- 
ing a dopaminergic agomst or antagonist profile [15, 20, 29] 
The ability of buspirone to reverse the rate-decreasing ef- 
fects of apomorphine reported here may indicate a 
dopamme-antagon,st  component to buspirone's  spectrum of 
activity However,  the results of the present study showed 
that alteration in dopammerg,c neurotransmission by bus- 
pirone is not relevant to its pumshment-attenuatmg effects 
Neither the dopamme receptor antagonist halopendol (l e , 
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[4]) n o r  the  aga ins t  a p o m o r p t u n e  (i e , [3]) i nc reased  pun-  
t shed  b e h a v i o r  M o r e o v e r ,  ne t the r  o f  these  c o m p o u n d s  spe- 
ctfically an t agon i zed  this  ac t ton  of  busp l rone  MJ  13805, a 
s t ruc tura l  ana log  of  busp l rone ,  i nc reases  p u n i s h e d  r e spond-  
ing and  sha res  o the r  pha rmaco log ica l  p rope r t i e s  wi th  bus-  
p l rone  but  has  no  s ignif icant  in f luence  on  cen t ra l  d o p a m i n e  
sy s t ems  [5, 14, 31] The  di rec t  role of  dopamtne rg ic  neuro-  
t r a n s m i s s i o n  in the anx~olytic ac t lv t ty  of  drugs  (cf  [27,30]) 
and  of  buspwone  in p a r h c u l a r  is hml t ed  and  appea r s  to  be of  
no genera l  s lgntf icance 

The  m e c h a m s m s  re spons tb l e  for the  anxlo ly t lc  ac t iv i ty  of  
busp l rone  r ema in  obscu r e  B u s p l r o n e  is a typica l  m a n u m b e r  
o f  sy s t ems  t rad i t iona l ly  used  to eva lua te  an t t - anx te ty  act iv-  
ity F o r  example ,  busp l rone ,  u n h k e  o the r  anx~olyhcs  does  
not  dep res s  f inng  of  the locus  coe ru leus ,  s o m e t i m e s  held to 
be an  ~mportant  an t i -anx te ty  m e c h a n t s m  [19, 22, 23] Al- 
though  busp~rone does  not  mf luence  GABA-lnh~btt~on of  
neu rona l  f inng ,  unhke  the b e n z o d l a z e p l n e s  [15], the  stgnlfi- 
c ance  of  the  f a c l h t a u o n  of  b e n z o d l a z e p m e  b ind ing  m bra in  
by b u s p l r o n e  [9, 17, 32] requ i res  fu r the r  s tudy  H o w e v e r ,  m 
vtew of  the fact  tha t  busp~rone does  not  affect  e~ther m vtvo 

or  m vttro b e n z o d l a z e p m e  b m d m g  in p tgeon bra in ,  and  smce  
the b e n z o d t a z e p l n e - r e c e p t o r  a n t a g o m s t  Ro 15-1788 does  not  
a l ter  busp~rone ' s  ef fects  in the  p tgeon,  the role of  the  
G A B A - b e n z o d l a z e p m e  complex  in b u s p t r o n e ' s  ef fects  ap- 
pea r s  m i m m a l  (Barre t t ,  Witk in ,  M a n s b a c h ,  Sko ln tck  and  
Wetssman ,  submit ted  m a n u s c n p t )  The  influence of  busp l rone  
on sero tonin  bmdtng  may  have  tmpor tan t  re la t tonshtps  to its 
effects  on  p u n i s h e d  b e h a v i o r  [5, 6, 20, 33], i n v o l v e m e n t  of  
se ro ton in  n e u r o t r a n s m t s s t o n  has  a lso been  t m p h c a t e d  m 
ant lconf l ic t  ac t ions  of  b e n z o d i a z e p l n e s  (cf  [25]) Invest~ga- 
h a n s  a long these  l ines are cu r ren t ly  u n d e r  way Eluc tda t lon  
of  the m e c h a m s m  of  ac t ion  of  b u s p l r o n e  p romtses  to s~gntfi- 
cant ly  clarify cu r r en t  unde r s t and ing  of  anx ie ty  and  its phar-  
macologica l  con t ro l  
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