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CANON, J. G. AND A. S. LIPPA. Effects of  clozapine, chlorpromazine and diazepam upon adjunctive and schedule 
controlled behaviors. PHARMAC. BIOCHEM. BEHAV. 6(5) 581-587,  1977. - Two twelve-animal groups of rats were 
trained to press a lever for food reinforcement under either a fixed ratio 20 (FR 20) or a fixed interval 2 rain (FI 2 min) 
schedule. During the FI 2 min schedule a measure of adjunctive behavior (i.e., drinking) was taken. Each group was then 
administered various doses of chlorpromazine (2.5, 5.0, 10.0 mg/kg, P.O.), clozapine (2.5, 5.0, 10,0 mg/kg, P.O.) or 
diazepam (5.0, 10.0, 15.0 mg/kg, P.O.) in a random order. All three drugs reliably reduced FR 20 response rates in a dose 
dependent manner, but chlorpromazine and clozapine were more potent in this regard. Chlorpromazine reduced FI 2 min 
response rates especially in the terminal portions of the fixed intervals while diazepam generally elevated rates primarily in 
the mid-portion of the interval. Clozapine produced a less defined effect on overall responding. All three drugs affected 
index of curvature. Only chlorpromazine was able to reliably reduce occurrence of adjunctive behavior and reinforcements. 
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THE CLASSICAL neuro lep t i c  drugs, such as those  f rom the  
p h e n o t h i a z i n e  series, have p roven  to be ex t r eme ly  useful  in 
the  t r e a t m e n t  of  psycho t i c  disorders .  U n f o r t u n a t e l y ,  these 
agents  also p roduce  e x t r a p y r a m i d a l  s y m p t o m s  which  o f t en  
l imit  the  use of these  drugs in a clinical set t ing.  It is no t  
surprising,  the re fo re ,  tha t  cons iderab le  in te res t  has  recen t ly  
been  aroused over  a new drug, c lozapine ,  which  appears  to 
possess an t i p sycho t i c  p roper t i e s  w i t h o u t  p roduc ing  sig- 
n i f ican t  ex t r apy ram i da l  side effects  [1, 8, 9 ] .  Since 
c lozapine  appears  to  r ep resen t  a ma jo r  depa r tu re  f rom 
o the r  neuro lep t i c  drugs, it is i m p o r t a n t  to  devise ex- 
pe r imen ta l  p rocedures  tha t  can be used in l abo ra to ry  
animals  to d i f fe ren t i a te  c lozap ine ' s  pha rmaco log ica l  act ivi ty  
f rom o the r  neuro lep t i c  drugs. The  i n t r o d u c t i o n  of such 
p rocedures  would  allow inves t igators  to  screen new com- 
p o u n d s  for thei r  abi l i ty to mimic  c lozap ine ' s  psycho-  
pharmaco log ica l  profi le ,  thus  aiding in the  d e v e l o p m e n t  of 
new an t ip sycho t i c  drugs wi th  less s ide-effect  l iabil i ty.  

To this  end,  the  p resen t  r epo r t  summar izes  the effects  of 
c lozapine  upon  behav ior  tha t  is con t ro l l ed  by two d is t inc t  
schedules  of r e i n f o r c e m e n t ,  FI 2 m i n  and  F R 2 0 .  By 
compar ing  c lozap ine ' s  ef fects  with  those  of a s t andard  
neuro lep t i c ,  c h l o r p r o m a z i n e ,  and a typica l  anx io ly t ic ,  
d iazepam,  an a t t e m p t  was made  to de l inea te  specific 
behaviora l  profi les for each type  of  drug. In add i t i on  to 
m o n i t o r i n g  the  lever-press rates  normal ly  genera ted  dur ing  

1All requests for reprints should be sent to the senior author at: 
Pearl River, NY, 10965. 

these schedules  of r e i n fo r cemen t ,  a measure  of  ad junct ive  
behav ior  (i.e., d r inking)  was also s tudied.  The  use of 
adjunct ive  behaviors  in assessing drug effects  has  only  
recent ly  been  i n t r o d u c e d  and is thus  a relatively u n e x p l o r e d  
p h e n o m e n o n  tha t  migh t  be useful  in cons t ruc t i ng  phar-  
macological  profiles.  Adjunc t ive  behav io r  is a t e rm which  
has  been  applied to describe those  charac ter is t ic ,  re- 
p roduc ib le  pa t t e rn s  of behav io r  tha t  occur  in response  to 
the  p re sen t a t i on  of e n v i r o n m e n t a l  s t imul i  tha t  are no t  
d e p e n d e n t  upon  the occur rence  of the ad junct ive  behavior .  
Thus,  for  example ,  a rat  will cons i s t en t ly  dr ink  large 
a m o u n t s  of wate r  af ter  the inges t ion of  a food pel let  t ha t  
has been  delivered on some type  of i n t e r m i t t e n t  schedule  
tha t  has a relat ively low r e i n f o r c e m e n t  dens i ty  [ 10] .  Thus ,  
ad junct ive  behav ior  is unl ike schedule  con t ro l l ed  eat ing 
behav ior  in tha t  the emiss ion of the dr ink ing  response  
con t inues  in the absence of any consequences  o t h e r  t han  
relieving thirst .  The  present  repor t  makes  use of b o t h  
schedule  con t ro l l ed  and adjunct ive  dr inking  behav io r  to  
charac ter ize  the p sychopha rmaco log ica l  profi le  of cloz- 
apine,  ch lo rp romaz ine  and d iazepam.  

METHOD 

Animals 

The animals  for these e x p e r i m e n t s  consis ted  of 24 male 
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Wistar a lb ino  rats  ob t a ined  f rom R o y a l h a r t  Farms,  Goshen ,  
NY. These  animals  weighed a p p r o x i m a t e l y  250  g when  they  
were received f rom the supplier .  Af te r  the an imals  reached  
300  g, body  weights  were s tabi l ized t h r o u g h  res t r i c ted  
feeding. In general ,  indiv idual  an imals  received approx-  
imate ly  10g  of s u p p l e m e n t a l  feed each day af te r  ex- 
pe r imen ta l  sessions were comple t ed .  Animals  had  ad lib 
access to wate r  in the i r  h o m e  cages. 

Apparatus 

The tes t ing c h a m b e r s  cons is ted  of  four  G e r b r a n d s  
( M o d e l  C) small animal  e n v i r o n m e n t s  f rom Ralph  
G e r b r a n d s  Co., Ar l ing ton ,  MA. These  c h a m b e r s  measu red  
9 1/2 × 7 1/2 x 8 1/2 in and were c o n t a i n e d  wi th in  four  
separate  s o u n d - a t t e n u a t e d  cubicles.  A BRS rat lever (Model  
121-05)  ob t a ined  f rom B R S / L V E  Elec t ron ics ,  Beltsville,  
MD, was m o u n t e d  3 1/4 in above the grid f loor  in the  
cen te r  of the  inte l l igence panel.  This  lever requi red  a 
d o w n w a r d  pressure  of 15 g to ac t ivate  the  spr ing- loaded 
micro-swi tch .  A Davis feeder  (Model  PD-104)  f rom Davis 
Scient if ic  E q u i p m e n t  C o m p a n y ,  S tud io  City,  CA was 
m o u n t e d  b e h i n d  the inte l l igence panel .  It was used to 
au toma t i ca l ly  del iver  the 0 .045 g Noyes  food pellets  to the 
food  magazine  which  was loca ted  in the  l e f t -hand  lower  
po r t i on  of  the intel l igence panel .  The house  l ight  was 
powered  by 12 VDC and was m o u n t e d  above the  G e r b r a n d s  
chamber .  A 1 0 0 m l  Rich te r  tube  was also a t t a ched  to the  
intel l igence panel  so tha t  the  spou t  was jus t  be low and to 
the r ight  of the  food  magazine .  This  tube  a l lowed animals  
free access to wate r  dur ing the  f ixed interval  2 rain 
schedule ,  bu t  was r emoved  dur ing  the FR 20 schedule  
sessions. White  noise (80 db)  was p re sen ted  f rom a speaker  
located outs ide  the tes t ing chamber s  (i.e., on one wall of 
the  expe r imen t a l  r o o m )  and was used to mask any 
e x t r a n e o u s  noise.  Individual  fans provided  fresh air to each 
animal  c h a m b e r  t h r o u g h o u t  all tes t ing sessions. A PDP-8 
c o m p u t e r  (Digital  E q u i p m e n t  C o r p o r a t i o n )  was loca ted  in 
an ad jacen t  room.  It was used to p rogram expe r imen t a l  
events  and to record  behaviora l  data.  

Procedure 

Animals  were r a n d o m l y  assigned to one  of  two  
1 2 a n i m a l  groups  (i.e., FR 20 or F I 2 m i n )  and tota l ly  
depr ived of food for 24 hr  before  lever-press t ra in ing  
c o m m e n c e d .  All animals  were t ra ined  to press the  response  
lever to  ob ta in  a Noyes  food  pellet .  Af te r  this response  had  
been  acqui red  each animal  was subjec ted  to two con-  
secutive daily 20 rain sessions u n d e r  a c o n t i n u o u s  rein- 
f o r c e m e n t  schedule  (CRF)  The  FR 20 group was t hen  
swi tched  to a f ixed ra t io  5 schedule  for  four  1/2 h r  daily 
sessions fo l lowed by t w e n t y - f o u r  1/2 hr  sessions u n d e r  a 
fixed ra t io  20 schedule  of r e i n f o r cem en t .  Af te r  this  per iod  
animals  in the FR 20 group d e m o n s t r a t e d  stable response  
pa t t e rns  (i.e., ~ 10% var ia t ion  of 3-day m e a n  response  ra te)  
and thus  en te red  the drug p o r t i o n  of  the s tudy.  Af ter  CRF 
t ra in ing  the FI 2 min animals  were subjec ted  to a f ixed 
interval  15 sec schedule  for  two consecut ive  1 h r  sessions 
fol lowed by three  1 hr  sessions u n d e r  a FI 1 rain schedule .  
These animals  then  received eleven sessions of  t ra in ing  
unde r  a FI 2 rain schedule  af ter  which they d e m o n s t r a t e d  
response s tabi l i ty  and thus en te red  the drug po r t i on  of the  
s tudy.  

The drugs admin i s t e red  in the  p resen t  e x p e r i m e n t  
consis ted of  c lozapine {2.5, 5.0, 20 .0  mg/kg,  base form) ,  

c h l o r p r o m a z i n e  h y d r o c h l o r i d e  (2.5,  5.0, 10 mg/kg t  and 
d iazepam h y d r o c h l o r i d e  (5.0,  10.0, 15.0 mg/kg) .  All drugs 
were admin i s t e red  in a 2T, s tarch vehicle with  1 drop of 
Tween  80 and 0.5 ml of p o l y e t h y l e n e  glycol per  10 ml of 
solut ion.  Clozapine  would not  dissolved in the s tarch 
vehicle and  thus  0.1 N HC1 was added to the vehicle unti l  
the  c o m p o u n d  dissolved. Cont ro l  so lu t ions  of the vehicle 
admin i s t e red  pr ior  to  c lozapine dosing also con t a ined  equal  
a m o u n t s  of 0.1 N HC1. All drug and con t ro l  so lu t ions  were 
admin i s t e red  orally {P.O.) o n e h r  before  behavioral  tes t ing 
con lmenced ,  

The  drug po r t i on  of the s tudy  took  place over a seven 
week period.  Each expe r imen ta l  week consis ted of  five days 
(i.e., Monday  Fr iday) .  Animals  were tes ted the same t ime 
each day for  a per iod of e i the r  1/2 h r  {FR 20 g roup)  or 1 h r  
(FI  2 min group) .  Con t ro l  so lu t ions  were admin i s t e red  on 
Wednesdays  fol lowed by drug dosing on Thursdays .  Thus.  
animals  received drug so lu t ions  only on one day per  week. 
No so lu t ions  were admin i s t e red  on the  three  r ema inmg  days 
of each week. The nine drug dose c o m b i n a t i o n s  were 
r a n d o m l y  d i s t r ibu ted  among  the two 12 animal  groups  so 
tha t  each animal  never  received the same dose of a drug 
more  than  once.  Since the drug por t ion  of  the s tudy  
occur red  over a seven week per iod,  however~ none  of  the 
an imal ' s  received all nine drug dosages. 

RESULTS 

Figure 1 presen ts  the mean  n u m b e r  of  r e in fo rcemen t s  
(i.e., Noyes  pellets)  received by the FR 20 animals  under  
various doses of c lozapine ,  c h l o r p r o m a z i n e  and diazepam.  
As the  data  in this  figure indicate  all three  c o m p o u n d s  
p roduced  signif icant  dose related dec remen t s  in the n u m b e r  
of r e i n fo r cemen t s  ob t a ined  by this group of animals.  Since 
the n u m b e r  of food pellets  are direct ly  p ropor t i ona l  to the 
n u m b e r  of  lever-press responses  emi t t ed  by the animals  
(1 :20 )  the data  in Fig. 1 d e m o n s t r a t e  tha t  these drugs 
dramat ica l ly  reduce  the response  rates  of  animals  u n d e r  the 
cont ro l  of an FR 20 schedule .  The two an t i p sycho t i c  drugs, 
however ,  appear  to be more  p o t e n t  in reduc ing  response 
rate than  was d iazepam.  

Figure 2 presents  the mean  response and r e i n l o r c e m e n t  
rates for  those  animals  subjec ted  to the FI 2 min schedule  
u n d e r  various drug and con t ro l  cond i t ions .  Unlike the 
FR 20 data ,  the results  summar i zed  in Fig. 2 indicate  tha t  
each c o m p o u n d  had  di f ferent ia l  ef fects  on response  rate. 
C h l o r p r o m a z i n e  p roduced  dose-rela ted dec remen t s  in 
overall  response  rate. Diazepam produced  inc remen t s  at all 
doses but  only the i nc r emen t  at the low dose was 
s ignif icant  ( p < 0 . 0 5 ) .  This  lack of  dose response  effect  
appears  to be related to the sedative and ataxic p roduc ing  
proper t i es  of d iazepam as the dose is increased.  

Clozapine ,  on the o the r  hand ,  p roduced  an e levat ion m 
mean  response rate at 5.0 mg/kg  and decreased the rate at 
20.0 mg/kg.  These  changes  were no t  s ignif icant  ( p < 0 . 0 5 ) ,  
however ,  the indexes  of curva ture  [12]  presen ted  in 
Table 1 show there was a s ignif icant  change ( p < 0 . 0 5 )  at 5.0 
mg/kg  indica t ing  less curvature .  At the 10 mg/kg of 
c lozapine two rats  showed marked  depress ion of overt  
l o c o m o t o r  act ivi ty  and operan t  response  behav ior  as did 
rats  on the high dose of ch lo rp romaz ine  suggesting a 
neurolept ic - l ike  effect .  The index of curva ture  was also 
al tered for b o t h  d iazepam and ch lo rp romaz ine  tTable  It.  
All of these changes  reflect  a loss of the scallop effect 
which  is charac te r i s t ic  of  FI response  pat terns .  The lower 
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FIG. 1. Mean number of pellets (i.e., reinforcements) obtained by animals subjected to a fixed ratio 20 
(FR 20) schedule under various drug or control (C) conditions. All drug doses are given in mg/kg. Each 
bar represents the mean of seven animals. Probability levels in this and subsequent figures refer to 
comparisons made between control and drug sessions using a two-tailed dependent t-test. The vertical 
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FIG. 2. Mean number of responses per minute and mean number of pellets per session recorded for a 
group of rats subjected to a fixed interval 2 rain schedule under various control (C) and drug 

conditions. All drug doses are given in mg/kg. 

index values are suggestive of  decreased responding  at the 
end of the interval as was seen with ch lo rp romaz ine  (5.0 
and 10.0 mg/kg)  and clozapine (10.0 mg/kg)  whereas 
modera te ly  reduced  indexes  favor a response  elevation in 
the middle of the interval as seen with clozapine (5.0 

mg/kg) and diazepam (10.0 and 15.0 mg/kg).  Under  the Fl 
schedule of  r e in fo rcemen t  it should be r emembered  that  in 
a one hr session only 29 re in fo rcements  can be ob ta ined  per 
session. Thus,  increments  in n u m b e r  of r e in fo rcements  are 
impossible even with drugs, such as diazepam, that  enhance  
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T A B L E  I 

INDEX OF CURVATURE 

CLOZAPINE CHLORPROMAZINE DIAZEPAM 
Dose Control Drug Dose Control Drug Dose Control Drug 

2.5 0.57 _+ 0.03 0.57 _+ 0.02 2.5 0.57 _+ 0.02 0.57 _+ 0.01 5.0 0.58 _+ 0.05 0.50 _+ 0.045 
5.0 0.56 _+ 0.04 0.47 _+ 0.06* 5.0 0.56 _+ 0.04 0.41 _+ 0.04~ 10.0 (I.57 _+ 0.05 0.43 _+ 0.05:~ 

10.0 0.55 _+ 0.04 0.35 + 0.08 10.0 0.57 _+ 0.04 0.24 _+ 0.115 15.0 0.61 _+ 0.02 0.45 _+ 0.05* 

Index of curvature of the FI 2 min curves for the three drug treatments: clozapine, chlorpromazine and diazepam. Each 
index represents the mean and standard error of either the control or drug treatment. Probability levels refer to 
comparisons made between control and drug sessions using a two-tailed dependent t-test (*p<0.05, tp<0.02,  Sp<0.01 ). 

response  ou tpu t .  C h l o r p r o m a z i n e  at  the h igh dose was the  
on ly  drug t r e a t m e n t  t ha t  p r o d u c e d  a s ignif icant  d e c r e m e n t  
in the n u m b e r  of r e in fo rcemen t s .  Clozapine  did show a 
drop at the  h igh  dose bu t  this  was pr imar i ly  due to the  two 
rats  which  exh ib i t ed  marked  depress ion.  

Figure 3 p resen t s  the  m e a n  response  d i s t r i bu t i ons  and 
m e a n  a m o u n t  of wate r  c o n s u m e d  by an imals  sub jec ted  to 
var ious doses of  c h l o r p r o m a z i n e  u n d e r  the  FI  2 rain sched- 
ule. As these da ta  indica te ,  c h l o r p r o m a z i n e  reduced  the  
high response  ra tes  no rma l ly  gene ra t ed  at  the  end  of  the  
2 min  per iod  immed i a t e l y  p reced ing  the  p r e s e n t a t i o n  of a 
food  pellet .  Thus ,  the  FI  scallop was reduced  in a 
d o s e - d e p e n d e n t  m a n n e r  by this  c o m p o u n d .  In add i t ion ,  the  
a m o u n t  of  wa te r  c o n s u m e d  by the animals  dur ing  the  
FI 2 rain sessions was rel iably r educed  by ch l o r p r omaz ine .  

Figure 4 presen ts  the  m e a n  a m o u n t  of wa te r  c o n s u m e d  
and response  d i s t r i bu t ions  for  those  animals  subjec ted  to 
various doses of  d iazepam u n d e r  the FI  2 rain schedule .  

Diazepam p r o d u c e d  no effects  on ad junct ive  behav ior  (i.e., 
dr inking) ,  bu t  it did elevate response  rate dur ing the 2 rain 
interval  unde r  all doses tested.  Thus  d iazepam unl ike  
c h l o r p r o m a z i n e  e levated low, m o d e r a t e  and high response  
rates  tha t  were genera ted  dur ing  the var ious segments  of the 
2 rnin interval .  

Final ly,  Fig. 5 summar izes  the response  d i s t r ibu t ion  and 
dr ink ing  data  for  animals  sub jec ted  to var ious  doses of 
c lozapine .  Clozapine  at 5.0 mg/kg  elevated response  rate 
especial ly dur ing the middle  phase of the 2 r a i n  interval.  
Unde r  10.0 mg/kg,  however ,  this c o m p o u n d  reduced 
response  rate dur ing the final segments  of the interval  
immed ia t e ly  before  the p r e sen t a t i on  of the food pellet.  The  
last po in t  on Fig. 5 was s ignif icant  at the l )<0 .05  level. 
Unl ike c h l o r p r o m a z i n e ,  however ,  c lozapine  p roduced  no  
reliable effects  on dr inking  behavior .  It could be suggested 
tha t  c lozapine  p roduced  changes  tha t  resembled  d iazepam 
at the  lower  doses and c h l o r p r o m a z i n e  at the h igher  d o s e s . ,  
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during the FI 2 min sessions under control or various drug dose conditions. 
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Since the changes are small caut ion should be taken in this 
assumption.  

DISCUSSION 

The present  data indicate that  clozapine,  ch lorpromazine  
and diazepam produce  dose-related decrements  in FR 20 
response rates. The two ant ipsychot ic  drugs, c lozapine and 
chlorpromazine ,  appeared to be more po ten t  in this regard 
than diazepam. The three compounds ,  however ,  produce 
dissimilar effects  on response rates under  the control  of a 
F1 2 min schedule of  re inforcement .  Chlorpromazine  re- 
duced mean  response rate in a dose-related fashion 
primari ly by producing decrements  in the high rates 
normal ly  generated in the lat ter  por t ion  of the 2 min 
interval, Diazepam, on the o ther  hand,  increased rates more 
consis tent ly in the middle of  the interval. Clozapine at the 
doses tested produced  effects  that  showed trends, a l though 
small, toward both of the above drugs. All three drug 
t rea tments  did disrupt the FI scallop in different  degrees as 
indicated by the index of curvature values. Final ly,  of  the 
three drugs tested, only ch lorpromazine  significantly re- 
duced the occurrence of adjunctive drinking behavior.  

The present  data, with regard to the decrementa l  effects  
of  ch lorpromazine  upon FR response rates, are in general 
agreement  with previous reports.  Clark [4] has noted that 
ch lorpromazine  reduced FR  25 response rates in rats as a 
m o n o t o n i c  funct ion  of  doses from 0.50 to 1.5 mg/kg,  I.M. 
Similar results were noted  in regard to squirrel monkeys  
performing under  a FR 50 schedule [6 ] ,  and pigeons 
subjected to a F R 3 0  schedule [3] of  re inforcement .  It 
would thus appear that  ch lorpromazine  produced  fairly 
consistent  decremental  effects  upon FR behaviors across a 
wide variety of  species. 

The data with regard to anxiolyt ic  agents, however ,  are 
not  as consis tent  with previous reports.  Cook [7] has 
repor ted  that  ch lordiazepoxide  ( 1 0 - 4 0  mg/kg,  P.O.) re- 
duced FR  30 response rates in squirrel monkeys .  Wedeking 
[17] ,  on the o ther  hand,  while investigating the effects  of a 
large number  of  anxiolyt ics  on FR behaviors in rats, has 
noted  that ch lordiazepoxide  (2.5, 5.0 mg/kg,  IP) reliably 
increased in FR 25 response rates, while diazepam pro- 
duced no effects at 1.0 mg/kg, IP and significant dec- 
rements  at 3.0 mg/kg,  IP. Several factors could account  for 
these findings such as effects  on food intake [16 ,18] ,  
different  dose ranges in conjunc t ion  with routes  of ad- 
minis trat ion and species of  the exper imenta l  animals. 
Al though we can only speculate at this point ,  it is possible 
that the reduct ions  in FR rate may be a funct ion  of the 
degree of sedation or ataxia produced by diazepam. If this 
suggestion is correct ,  one would expect  that these side 
effects  would produce greater response decrements  under  
schedules that  generate high baseline rates (i.e., FR)  than 
those that produce a more modera te  response ou tpu t  (i.e., 
F1). 

The present data with regard to the effects  of  chlor- 
promazine  and diazepam upon FI response rates are also in 
general agreement  with the previous l i terature.  Cook and 
his associates [5, 6, 7] have noted that ch lorpromazine  
(0.3 1.2 mg/kg,  P.O.) decreased responding while chlo- 
rdiazepoxide (2.5 40.0 mg/kg, P.O.) enhanced the re- 
sponse rates of  squirrel monkeys  performing under  a 
F1 1 0 m i n  schedule of re inforcement .  These results are 
conf i rmed by the mean response data presented in Fig. 2 of 
the present report .  It would thus appear that diazepam 

produced a rate dependent  effect  elevating low rates under 
the FI schedule while decreasing higher rates generated by 
the FR procedure.  The major  discrepancy between previous 
reports  and the present FI data concerns the effects  of  
ch lorpromazine  upon the response distr ibut ions outl ined in 
Fig. 3. In an earlier paper Clark [4] has noted that 
ch lorpromazine  (0.5 1.0 mg/kg,  I.M.) not  only reduces 
mean response rate, but also alters the response distr ibut ion 
during a 4 min fixed interval schedule in rats. ( ' lark also 
noted that ch lorpromazine  increased the relatively low rates 
during the initial por t ion  of the fixed interval, while 
reducing the higher rates generated at the end of  this 
interval,  especially under the higher doses of the drug. 
Similar drug results on response distr ibutions have been 
noted in pigeons subjected to Fl  schedules of re inforcemen!  
[3 ,13] .  These results are clearly unlike those seen in Fig. 3 
where chlorpromazine  never elevated response rates in the 
initial segments of  the fixed interval. It is possible that since 
other  routes  of  drug administrat ion and fixed interval 
schedules were utilized in the previous reports direct 
comparisons  should not  be made between earlier results and 
the present data. Response rates during the initial por t ion 
of  a four  minute  fixed interval are somewhat  lower than 
during a two minute  interval. Thus. elevations in response 
rate after chlorpromazine  adminis t ra t ion may be more 
easily detected in E I 4 m i n  rather than the El 2 rain 
schedule uti l ized in this report .  

Even with the above discrepancies in mind, however ,  it 
appears clear that ch lorpromazine  and diazepam produce 
opposing behavioral effects  in animals subjected to FI 
schedules of re inforcement .  The ant ipsychot ic ,  chlor- 
promazine,  produced reliable decrements  in response rate 
particularly during the lat ter  port ions of  the fixed interval, 
while the anxiolyt ic ,  diazepam, produced consistent el- 
evations in rate throughout  the interval. (!lozapine, on the 
o ther  hand,  elevated rates when given in a modera te  dose, 
while decreasing rates especially during the later por t ions  of 
the fixed interval when administered at the highest dose. 
The differential  dose-related effects noted in response lo 
clozapine suggest that FI schedules of  re inforcement  may 
be useful in outl ining the behavioral profile of an agent that 
possesses ant ipsychot ic  propert ies with little extra- 
pyramidal  liability. 

The use of a measure of adjunctive behavior to assess 
drug effects in the present paper was suggested by an earlier 
report  by Falk [11] which noted that both met- 
amphetamine  (0.5 rag) and pentobarbi ta l  (2 .0rag)  de- 
creased adjunctive drinking wi thout  not iceably affecting 
lever pressing under  a variable interval schedule. These data 
indicated that  changes in adjunctive behavior might be a 
more sensitive index of  drug activity than schedule con- 
trolled behaviors. Unfor tunate ly ,  the present data do not  
support  this opt imist ic  assumption.  Clozapine and di- 
azepam had no significant (p<0 .05)  effect  on adjunctive 
(i.e., drinking) behavior even though clozapine did exhibi t  a 
measurable drop in water intake. Only chlorpromazine  was 
able to produce effects on both adjunctive and schedule- 
control led behaviors at comparable  doses. Earlier data from 
other  laboratories also suggests that adjunctive behavior 
may not  be useful as a sensitive index of drug activity. 
McKearney [14] has reported that both chlordiazepoxide  
and me thamphe tamine  had little effect  on overall ad- 
junct ive licking except  for decreases at the highest dose 
tested. Likewise, Smith and ( ' lark [15] have noted that 
ch lorpromazine  and chlordiazepoxide were both able to 
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rel iably af fec t  lever-pressing behav io r  on  a D R L  schedule  
(i.e., d i f f e ren t i a l - r e in fo rcemen t -o f - low- ra t e )  while  two  types  
of ad junc t ive  behav iors  (i.e., l icking and  r u n n i n g )  were 
d i f ferent ia l ly  a f fec ted  by  the  drugs in d i f fe ren t  animals .  
Baco t t i  and  Bar re t t  [2] were able to  show an increase  in 
wa te r  c o n s u m p t i o n  in three  ou t  of four  ra ts  in a mul t ip le  
FR-FI  schedule  wi th  ch lo rd iazepox ide .  Thus ,  it appears  
t ha t  no  cons i s t en t  p a t t e r n  of drug ef fec ts  on this  behav io r  
has  ye t  been  es tab l i shed  across a g roup  of animals.  The  
above data  suggest tha t  ad junc t ive  d r ink ing  behav io r  may  
no t  be useful  at th is  t ime  in assessing the  behaviora l  prof i les  

of  various types  of  c o m p o u n d s .  
To summar ize ,  the  present  da ta  indica te  t ha t  FR 

schedules  of  r e i n f o r c e m e n t  migh t  be useful  in assessing the  
side-effect  l iabi l i ty  (i.e., seda t ion ,  a taxia)  of var ious drugs. 
F ixed  interval  schedules ,  on the o t h e r  hand ,  migh t  al low 
one to d i f f e ren t i a t e  anx io ly t i c  f rom an t ip sycho t i c  act ivi ty 
and possibly  to o b t a i n  a d i f fe rent ia l  behaviora l  profi le  of 
c lozapine.  More c o m p o u n d s  (i.e., an t ip sycho t i c ,  anxio ly t ic ,  
e tc)  will have to be tes ted  before  the  value of these 
p rocedures  in de l inea t ing  the  specific p roper t i es  of drugs 
can be comple t e ly  ascer ta ined.  
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