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THOMPSON, D.M. Effects of cocaine and fenfluramine on progressive-ratio performance. PHARMAC. BIOCHEM. 
BEHAV. 7(6) 555-558 ,  1977. - Pigeons obtained food on a progressive-ratio schedule that required 8 additional 
responses for each successive reinforcement. The number of responses in the final completed ratio of the session was 
defined as the breaking point. When cocaine was administered (IM, 5 min presession), the breaking point increased and 
then decreased as a function of increasing doses (0.3 10 mg/kg). In contrast, across the same range of doses of 
fenfluramine, the breaking point only decreased. At doses of each drug that decreased the breaking point, the high 
running rate of responding was interrupted by pauses. At doses of cocaine that increased the breaking point, the 
running rate was also disrupted, but the disruption was characterized by lower, irregular rates rather than pausing. The 
increases in breaking point observed at 3 mg/kg of cocaine were no longer seen when fenfluramine was administered at 
the same time. 
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A P R E V I O U S  s tudy  f rom this  l a b o r a t o r y  [ 17] assessed the  
acute effects  of  varying doses of  d - a m p h e t a m i n e  on  
progressive-rat io p e r f o r m a n c e  in pigeons.  The progressive- 
ra t io  schedule  requ i red  an increas ing n u m b e r  of  responses  
for  each  successive food  r e i n f o r c e m e n t :  8, 16, 24, 32, etc. 
When the  p igeon failed to comple t e  the  nex t  ra t io  in the  
sequence  wi th in  60 rain,  the  session t e r m i n a t e d .  The 
n u m b e r  of  responses  in the  f inal  c o m p l e t e d  ra t io  was 
def ined  as the  b reak ing  po in t  (cf. [ 8 ] ) .  When d -amphe ta -  
mine  was admin i s t e r ed  (IM, 30 rain presess ion) ,  the  
break ing  p o i n t  increased  as the  dose increased f rom 0.5 to 2 
mg/kg  and  t h e n  decreased to be low con t ro l  values at the  
largest dose (4 mg/kg) .  

The inve r t ed -U dose-effec t  curve f o u n d  wi th  d -amphe ta -  
mine  in p igeons  [17]  has  also been  o b t a i n e d  in o t h e r  
s tudies  using progressive-rat io  schedules ,  e.g., wi th  d- 
a m p h e t a m i n e  [16]  and scopo lamine  [13]  in ra ts  and 
ch lo rd i azepox ide  and  p h e n o b a r b i t a l  in pigeons  [ 1 8 ] .  The 
ques t ion  of  w h e t h e r  s imilar  dose-ef fec t  curves would be 
found  wi th  coca ine  and  f en f l u r am i ne  in pigeons  on  a 
progressive-rat io schedule  was the  ma in  focus  of  the p resen t  
research.  

Previous s tudies  us ing f ixed-ra t io  schedules  of  food  
r e i n f o r c e m e n t  have general ly  f o u n d  t h a t  b o t h  cocaine  and 
f en f lu ramine  p roduce  dose-re la ted decreases in the ra te  of  
r e spond ing  [5, 9, 11, 12, 14, 15, 21, 23 ] .  The break ing  
po in t  in the progress ive-rat io  schedule ,  however ,  is a 

behaviora l  measure  t ha t  can vary i n d e p e n d e n t l y  of  response  
rate.  On the  basis of  drug se l f -admin i s t ra t ion  research (e.g., 
[2, 3, 6, 7, 15, 23, 24, 25 ] ) ,  it was expec t ed  t ha t  cocaine,  
bu t  no t  f en f lu ramine ,  would resemble  a m p h e t a m i n e  in 
t e rms  of  increas ing the  break ing  po in t  at some doses. Due 
to the  fact  t ha t  such d i f fe rent ia l  drug effects  were ob ta ined ,  
and because  previous  research  had  shown tha t  f en f lu ramine  
can an tagon ize  a m p h e t a m i n e - i n d u c e d  s t imu la t ion  [1 ] ,  an 
a t t e m p t  was t h e n  made  to b lock  the  coca ine- induced  
increase in break ing  po in t  by  admin i s t e r ing  f en f lu ramine  at 
the same t ime.  

METHOD 

Animals 

Two adul t  male White Carneaux  pigeons,  with  a h i s to ry  
of f ixed-ra t io  r e i n fo r cemen t ,  were used. The pigeons were 
m a i n t a i n e d  wi th in  10 g of  80% of the i r  f ree-feeding weights  
t h r o u g h o u t  the  research by  food  p resen ted  dur ing  the  
sessions and by  postsess ion s u p p l e m e n t a l  feeding.  The 80 
pe rcen t  values were 535 g and 550 g for  No. 2214  and No. 
5143,  respect ively.  Water  and grit were always available in 
the h o m e  cages. 

Apparatus 

The e x p e r i m e n t a l  c h a m b e r  was a single-key box  designed 
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to provide  a food  re inforcer .  A 30 X 30 X 30 cm a l u m i n u m  
enclosure  wi th  a Plexiglas door  was housed  in a commerc i a l  
ice chest ,  wh ich  was f i t ted  wi th  an exhaus t  fan and a 
one-way obse rva t ion  window.  The  t r ans lucen t  response  key 
( G e r b r a n d s  Model  B) was cen te red  on  the  f ron t  wall, 20 cm 
above the  wire-mesh floor.  The  key could be i l lumina ted  
f rom b e h i n d  by  two  green 7.5-W bulbs.  A whi te  7.5-W 
house l ight  was m o u n t e d  on  the  back  wall near  the  ceiling. 
A m i n i m u m  force of  15 g was requi red  to opera te  the 
response  key.  Loca ted  10 cm be low the  key was a 5 X 5 cm 
open ing  t h r o u g h  which  a so leno id -opera ted  h o p p e r  con ta in -  
ing mixed  grain was made  available as the re inforcer .  The  
schedul ing  of  events  was accompl i shed  by  means  of  t imers ,  
s teppers  and associa ted relay c i rcu i t ry ;  the  record ing  was by 
coun te r s  and a cumula t ive  recorder .  White  noise was 
c o n t i n u o u s l y  p resen t  in the  c h a m b e r  to mask e x t r a n e o u s  
sounds.  

Procedure 

T h r o u g h o u t  the  fo l lowing p rocedures  the  r e in fo rce r  was 
5-sec access to grain.  P r e s en t a t i on  of  the  food  magazine  was 
a c c o m p a n i e d  by  the  of fse t  of  the  keyl ight  and house l igh t ,  
and the  onse t  o f  the  magazine  light. A b l a c k o u t  (all l ights 
off) of  variable  d u r a t i o n  p receded  and  fo l lowed each 
session. With few excep t ions ,  there  were seven daily 
sessions a week.  

Baseline conditions• The basel ine  p e r f o r m a n c e  was main-  
ta ined by  an a r i t h m e t i c  progressive-rat io schedule .  The ra t io  
i n c r e m e n t  was 8 responses ;  i.e., at the s tar t  of  each session, 
8 responses  were requi red  for  the  first r e i n f o r c e m e n t ,  16 
responses  for  the  second,  24 for  the  third ,  etc.  The  cr i ter ion 
for the  b reak ing  po in t  was reached  when  the  p igeon failed 
to comple t e  the  nex t  ra t io  in the  sequence  wi th in  60 rain,  
at which  t ime  the  session was t e rmina t ed .  

Drug testing. Before the  drug testir,= began, the  basel ine 
pe r f o rmance  was s tabi l ized.  The p e r f o r m a n c e  was con-  
sidered s table  when  the  b reak ing  po in t s  no  longer  showed  
sys temat ic  change  f rom session to session. Af ter  basel ine 
s tab i l i za t ion  ( 3 0 - 4 0  sessions),  dose-effect  curves for  
cocaine and  f en f lu ramine  were ob ta ined .  Five doses of each  
drug were tes ted  and two d e t e r m i n a t i o n s  for  each dose 
were t aken  wi th  each pigeon.  The drug tes t ing  fol lowed the  
design CFFC,  where  C and F represen t  the  b locks  of five 
doses of  coca ine  and f en f lu r amine ;  wi th in  each block,  the  
doses were tes ted  in a mixed order .  A dose of  cocaine  HC1 
or f en f l u r amine  HC1 was dissolved in saline and in jec ted  IM 
5 rain presession.  Drug sessions were separa ted  by at least 4 
days, dur ing  which  t ime  there  were basel ine sessions and a 
con t ro l  session (saline a lone in jec ted  IM 5 rain presession).  
The vo lume  of  each in jec t ion  was 0.1 m l / 1 0 0  g body  
weight.  

After  the  dose-ef fec t  curves had been  ob t a ined  for  each 
drug, an a t t e m p t  was made  to b lock  the  effects  of  the  3 
mg/kg  dose of  cocaine by  admin i s t e r ing  1 mg/kg  of 
f en f lu ramine  at the  same t ime.  Both  drugs were in jec ted  IM 
(one on the  r ight  side, the  o t h e r  on  the left)  5 rain 
presession.  A b o u t  a week later,  the  ef fec t  of 3 mg/kg  of 
cocaine a lone  was t h e n  r ede t e rmined .  

R E S U L T S  

Figure 1 shows the  dose-effect  curves ob t a ined  wi th  
cocaine and  f en f lu ramine  for  b o t h  pigeons.  A drug was 
cons idered  to have an ef fec t  on  the  b reak ing  po in t  to the  
ex t en t  t ha t  the  dose data  fell ou ts ide  of  the  con t ro l  range. 
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FIG. 1. Effects of varying doses of cocaine and fenfluramine on the 
breaking point (the number of responses in the last completed ratio 
of a session) of two pigeons' progressive-ratio performance. The two 
dashed horizontal lines for each pigeon indicate the range of the 

control data (20 saline sessions). 

As can be seen, the  dose-effect  curves for  cocaine  and 
f en f lu ramine  are clearly d i f ferent .  As the dose of  cocaine 
was increased f rom 0.3 to 10 mg/kg,  the  break ing  po in t  
increased and t hen  decreased.  In cont ras t ,  wi th  increasing 
doses of  f enf lu ramine ,  the  b reak ing  po in t  only  decreased.  
There  were no  sys temat ic  d i f ferences  be tween  the  first and 
second d e t e r m i n a t i o n s  of  the  dose-effect  curves for  e i the r  
drug. 

Figure 2 shows the  cumula t ive  response  records  of No. 
2214  for a represen ta t ive  saline session and selected drug 
sessions (first de t e rmina t ions ) .  Similar results  were ob t a ined  
wi th  No. 5143.  The  con t ro l  p e r f o r m a n c e  (saline) was 
charac te r ized  by  a b reak- run  pa t t e rn  of  responding ;  i.e., 
af ter  each r e in fo r cemen t ,  there  was a pause (break) ,  which  
t ended  to increase in du ra t ion  as the  rat io increased,  and 
t hen  a high rate of  r e spond ing  ( run) ,  which general ly 
c o n t i n u e d  u n i n t e r r u p t e d  unt i l  the  nex t  r e in fo rcemen t .  This 
biphasic  response  pa t t e rn  was af fec ted  by b o t h  drugs. At 
the  higher  doses of  f en f lu ramine  (e.g., 3 mg/kg  in Fig. 2), 
there  were clear ins tances  of  the  runn ing  rate being 
i n t e r rup t ed  by  pauses. A similar ef fec t  was ob t a ined  wi th  
doses of  coca ine  tha t  decreased the b reak ing  po in t  (no t  
shown) .  At doses of  cocaine  tha t  increased the b reak ing  
po in t  (e.g., 3 mg/kg) ,  the  runn ing  rate  was also d i s rup ted ,  
bu t  the  d i s rup t ion  was charac te r ized  by lower,  i rregular  
rates r a the r  t han  pausing. The  ef fec ts  of 3 mg/kg  of cocaine 
were no t  seen when  1 mg/kg  of f en f lu ramine  was admini -  
s tered at the  same t ime ( b o t t o m  record) .  It should  be no t ed  
tha t  this  dose of  f en f lu ramine ,  when  admin i s t e r ed  alone,  
had no  ef fec t  on  the  b reak ing  po in t  (Fig. I)  and the 
biphasic  response p a t t e r n  general ly r emained  in tac t  (Fig. 2). 
The effects  of  3 mg/kg  of  cocaine  were again seen when  this  
dose was s u b s e q u e n t l y  admin i s t e red  a lone (no t  shown) .  

D I S C U S S I O N  

When cocaine  was admin i s t e red  to pigeons pe r fo rming  
on a progressive-rat io schedule ,  the n u m b e r  of responses  in 
the last comple t ed  rat io  of  a session (breaking  po in t )  



PROGRESSIVE RATIO, COCAINE AND FENFLURAMINE 557 

No. 2214 

Saline , ~ J I i ~ 272 

Jb/// 
Fenfluromine 216 
I mg/kg Ij 
,,,,i , I  I I ~I ,!,I I 

Fenflurarnine 
:3 rng/kg , ~ ~ 136 

Cocaine 
3 mg/kg I ' 

Cocaine + Fenfluromine 

3 rng/kg I rng/kg I , , 272 

i J 

20  minutes 

~ 4 1 X )  

I 

23 

FIG. 2. Cumulative records of one pigeon's progressive-ratio performance during saline and drug 
sessions. The response pen reset after each reinforcement. At the start of each session, 8 responses 
were required for the first reinforcement, 16 responses for the second, 24 for the third, etc. The 

number of responses in the last completed ratio (breaking point) is indicated for each session. 

increased and then decreased as a function of increasing 
doses ( 0 . 3 -10  mg/kg). The inverted-U dose-effect curve for 
cocaine resembles the dose-effect curves found previously 
in progressive-ratio studies with d-amphetamine (0 .5 -4  
mg/kg) in pigeons [ 17], d-amphetamine (0 .25 -6  mg/kg) in 
rats [16],  scopolamine (0 .05 -2  mg/kg) in rats [13],  and 
chlordiazepoxide ( 5 - 4 0  mg/kg) and phenobarbital ( 1 0 - 8 0  
mg/kg) in pigeons [18]. In contrast, an inverted-U dose- 
effect curve was not obtained with fenfluramine in the 
present study; the breaking point only decreased with 
increasing doses (0 .3 -10  mg/kg). 

The finding that cocaine and fenfluramine had different 
dose-effect curves (with the breaking-point measure) could 
not have been predicted on the basis of previous research 
involving these drugs and food-reinforced fixed-ratio per- 
formance [5, 9, 11, 12, 14, 15, 21, 23]. That research has 
shown that both cocaine and fenfluramine produce dose- 
related decreases in the rate of responding. The present 
results (cumulative records) are consistent with this finding; 
e.g., at the higher doses of fenfluramine (or cocaine), there 
were instances of  the running rate being interrupted by 
pauses. Although such pausing may be related to the 
possible anorectic effect of these drugs in pigeons (the 
amount of grain consumed was not measured), this seems 
unlikely, at least for cocaine. For example, Smith [12] 
used a multiple fixed-ratio fixed-interval schedule of food 
reinforcement with pigeons and found that the rate of 
fixed-ratio responding was decreased at doses of cocaine 
that increased the overall rate of fixed-interval responding. 
It would be unreasonable to argue that cocaine had an 
anorectic effect during the fixed-ratio component  but did 

not have this effect a few seconds later during the 
fixed-interval component (cf. [ 10] ). 

The finding that d-amphetamine and cocaine, but not 
fenfluramine, increased the breaking point at some doses 
would seem to suggest a baseline selectivity for abused vs. 
non-abused anorectic agents. It is well established that 
d-amphetamine and cocaine can serve as reinforcers to 
maintain self-administration behavior in monkeys, whereas 
fenfluramine is ineffective in this animal model of drug 
abuse [7, 15, 23]. In the present research, although 3 
mg/kg of cocaine disrupted the running rate (a depressant 
effect), it also stimulated performance in the sense of 
increasing the work output (breaking point); i.e., there was 
an increase in the amount of repetitive responding or 
perseveration (cf. [13]). Such perseveration is consistent 
with previous reports of cocaine-induced stereotyped 
behavior [20,22]. It should be pointed out, however, that 
in another behavioral situation, where pigeons obtained 
food by making four responses on three keys in a specified 
sequence, cocaine-induced perseveration (repetitive 
responding on one key) resulted in impaired performance 
[191. 

The present results demonstrated that the effects of 3 
mg/kg of cocaine on progressive-ratio performance were 
blocked by fenfluramine. This finding complements a 
previous report [1] that fenfluramine can antagonize 
amphetamine-induced stimulation (hyperactivity, decreased 
pentobarbital sleeping time, and stereotyped behavior in 
mice and rats). The possibility that fenfluramine might be a 
useful blocking agent in the treatment of cocaine abuse 
remains to be investigated (cf.[4]).  
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