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CANON, J. G. AND A. S. LIPPA. Use of  DRL in d(fferentiating anxiolytic and neuroleptic properties of CNS drugs. 
PHARMAC. BIOCHEM. BEHAV. 6(5) 591-593, 1977. Presented in this paper are the effects of chlorpromazine, 
clozapine, d-amphetamine and diazepam on DRL behavior in rats. D-Amphetamine and diazepam, which showed similar 
effects on response errors, could be identified on tile basis of burst responding and drug interaction. Clozapine, a new 
antipsychotic agent which does not cause extrapyramidal side effects in man, affected DRL behavior in the same way as 
did chlorpromazine. Thus, DRL schedules are probably not useful in differentiating various neuroteptic agents. 
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THE EF F EC T of drugs on t empora l  d iscr iminat ion has 
been a useful behavioral  research tool  in central  nervous 
sys tem (CNS) drug research for many  years. One of the 
mos t  useful p rocedures  emp loyed  for such invest igat ions 
has been the different ia l  r e in fo rcemen t  of  low rates (DRL) 
procedure .  This r e in fo rcemen t  schedule requires that  re- 
sponses  must  be wi thheld  for a certain length of t ime in 
order  for  the response to be rewarded  [9] .  Several classes 
of CNS drugs have been  known  to disrupt  pe r fo rmance  
under  DRL schedules  [1, 3, 5, 6] .  Recent ly ,  Sanger and 
Blackman have shown that  the anxioly t ic  drug chlor- 
d iazepoxide  (CDPD) increased burst  responding  (i.e., re- 
sponses  with an in ter- response t ime, IRT, less than 1.5 sec) 
in a DRL schedule much  more  consis tent ly  than did 
d -amphe tamine  (d-AMPH) [8] .  Prior to this repor t ,  the 
effects  o f  CDPD and d-AMPH on DRL pe r fo rmance  could 
no t  be d i f fe ren t ia ted .  One goal of  the present  expe r imen t s  
was to fur ther  explore  the effects  of  the anxiolyt ic  
d iazepam (DIAZ) upon  burst  responding.  A secondary  
purpose  of  the present  work was to de te rmine  the 
behavioral  profile of  clozapine (CLOZ),  a novel neurolept ic ,  
on DRL per fo rmance .  

METHOD 

A n imals 

Twelve male albino rats (Wistar, Royalhar t  Farms)  
served as the test  animals. They weighed approx imate ly  
250 g at the start  of the exper iment .  

Apparatus 

The apparatus  consis ted of four  s tandard Gerbrands  
(Model C) operant  test  chambers  with one lever centered on 
the metal  wall 3 -1 /4 in .  f rom the grid floor. A pellet  
dispenser,  when activated,  released a single Noyes food 
pellet  (0.045 g) into the food receptacle.  

Procedure 

The DRL 10 sec schedule specified a 10 sec holding 
per iod during which all bar press responses  must  be 
wi thheld  by the animal subject  to ensure access to 
re in forcement .  Premature  responses  ( those occurr ing less 
than 10 sec since the last response)  reset the clock and 
s tar ted a new 10 sec holding period.  All rats received for ty  

1 All requests for reprints should be sent to the senior author at: CNS Disease Therapy Section, Department 935, Lederle Laboratories, 
Pearl River, NY 10965. 

2 The authors wish to express their appreciation to Marvin Miller for his assistance in gathering the data summarized in this report and 
to Vincent P. Houser for his helpful comments in preparing this manuscript. 

591 



592 CANON AND LIPPA 

sessions u n d e r  a DRL 10 sec schedule  before  drug tes t ing  
was s tar ted .  Stabi l i ty  c r i te r ion  was based on  the  change  in 
response  ra te  (exc lud ing  responses  wi th  la tenc ies  less t han  
l sec) and rewards  (pel le ts)  to be ~< 10% of the 3-session 
predrug  mean.  

The drugs and doses used in these e x p e r i m e n t s  were as 
follows: d - a m p h e t a m i n e  sulfa te  (d-AMPH) 0.5 and 1 mg/kg ;  
d iazepam h y d r o c h l o r i d e  ( D I A Z )  5 and 10 mg/kg;  c lozapine  
(CLOZ)  5 and 10 mg/kg ;  and c h l o r p r o m a z i n e  hydro -  
chlor ide  (CPZ)  2.5 and 5 mg/kg,  d-AMPH was dissolved in 
sterile m a m m a l i a n  Ringers so lu t ion  and admin i s t e red  IP, 
30 min  before  test ing.  The o t h e r  drugs were mixed  or 
dissolved in a universal  so lu t ion  which  consis ted  of 2% 
starch,  0.5% PEG (po lye th l eneg lyco l )  and 1 drop  TWEEN- 
80 per  10 ml so lu t ion .  For  CLOZ 0.1 N HC1 was added 
ini t ial ly to  dissolve the  drug, DIAZ,  CLOZ and  CPZ were 
admin i s t e red  oral ly,  60 rain before  test ing.  

The e x p e r i m e n t s  were con t ro l l ed  using a PDP-8 com- 
pu t e r  (Digital  E q u i p m e n t  C o r p o r a t i o n )  SKED Language 
Sys tem [ 1 0 ] .  All response  data  were col lec ted  by  the  
c o m p u t e r  and  p r in ted  out  on a t e le type  at the  end of  each 
session. 

RESULTS 

In Fig. 1 the  e f fec ts  of  CPZ, CLOZ, DIAZ,  and  d-AMPH 
on DRL behav io r  are shown  as a f u n c t i o n  of  pe rcen t  change 
f rom cont ro l .  Three  measures  of  DRL behav io r  are ex- 
amined  (i.e., burs t s  responses  em i t t ed  less t han  1.0 sec 
apar t ,  errors  responses  emi t t ed  be t w een  1.0 to 9.9 sec 
since the  last response,  and r e i n f o r c e m e n t s  pel le ts  
rewarded  by  a bar  press wi th  an in te r response  t ime  of  10 or 
more  sec). Genera l  ef fects  can be no ted .  On burs t  behav io r  
on ly  DIAZ (10  mg/kg)  showed  a s ignif icant  ( p < 0 . 0 1 )  

change f rom cont ro l .  A l t h o u g h  d-AMPH (1.0 mg/kg)  
increased burs t  r e spond ing  on ly  two of 11 rats  as compared  
to eight  of  11 rats  for DIAZ (10  mg/kg)  increased thei r  
burs t  responses  by 75 or  more  responses  over the con t ro l  
mean  (42 + 24 bursts) .  Bo th  CPZ and CLOZ signif icant ly  
( p < 0 . 0 5 )  reduced  bar  press errors  at the  h igher  dose level. 
The n u m b e r  of  r e i n fo r cemen t s  (pel lets)  were lowered 
s ignif icant ly  for b o t h  d-AMPH (0.5 and 1.0 mg/kg)  and 
DIAZ (10  mg/kg) .  

In a second set of e x p e r i m e n t s  the  effects  of  drug 
in t e rac t ions  were s tudied on  response  rate in the DRL 
10 sec schedule .  Animals  were given c o m b i n a t i o n s  of e i the r  
d-AMPH and CPZ, d-AMPH and CLOZ or CLOZ and DIAZ. 
The resul ts  are shown in Fig. 2. d-AMPH (1.0 mg/kg)  when  
c o m b i n e d  wi th  e i the r  CLOZ (5.0 mg/kg)  or CPZ (2.5 
mg/kg)  increased response  ra te  28% and 3 4 ~ ,  respectively,  
over t ha t  seen af te r  d-AMPH alone.  The depressan t  effects  
on response  rate p roduced  by  the higher  doses of  CPZ and 
CLOZ were reversed by  d-AMPH. This seemingly biphasic  
ac t ion  of  CPZ on d-AMPH has previously  been  repor ted  
[2 ,4 ] .  In con t r a s t  the  admin i s t r a t i on  of DIAZ did no t  
increase response  ra te  at the  low dose of CLOZ nor  reverse 
its depressan t  effects.  Ins tead  it f u r the r  p o t e n t i a t e d  the 
response  d e c r e m e n t  especial ly in c o n j u n c t i o n  wi th  the high 
dose of  CLOZ (10  mg/kg) .  

DISCUSSION 

The results  of  this  s tudy  suggest the  possibi l i ty  t ha t  
d i f fe ren t  classes of  p s y c h o t r o p i c  drugs may  be differ- 
en t i a t ed  on  the  basis of  the i r  ef fects  on DRL pe r fo rmance .  
Both  CPZ and CLOZ depressed the n u m b e r  of  errors  
c o m m i t t e d  at  the higher  dose level, d-AMPH and DIAZ 
reduced  the  n u m b e r  of r e i n fo r cemen t s  bu t  on ly  DIAZ 
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FIG. 1. Bar-graphs of percent change frmn control for bursts (black), errors (white) and 
reinforcements (gray) on animals nnder a I)RL 10 sec schedule. All drug doses given in mg/kg. 

Probability levels made between control and drug sessions using a two-tailed dependent t-test. 
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FIG. 2. Bar-graphs of mean rate of responding on a DRL 10 sec schedule under control (C) and drug conditions. All drug 
doses given in mg/kg. Each bar represents the mean of five animals except the CLOZ (10) + d-AMPH (1) 
interaction experiment where N = 4. Probability levels made between control and drug sessions using a two-tailed 

dependent t-test. The vertical lines atop the bar graphs represent standard errors of the mean. 

showed  a cons is tent  e f fec t  on burst  responses.  It has 
previously been repor ted  [7,8] that  CDPD produces  a 
cons is tent  ef fect  on response  bursts.  Other  c o m p o u n d s  used 
in the t r ea tmen t  of  anxie ty  have also been shown to 
increase burst  responding  [3 ,8] .  CLOZ, a new anti- 
p sycho t i c  wi th  low ex t rapyramida l  side effect  liability, 
d e m o n s t r a t e d  virtually no behavioral  d i f ferences  f rom CPZ 
at the doses  tes ted.  To fu r ther  explore  possible d i f ferences  
or similarities be tween  the two neurolept ics ,  as well as 
d-AMPH and DIAZ,  in te rac t ion  expe r imen t s  were carried 
out using the DRL 10 sec. paradigm. Both CLOZ and CPZ 
when c o m b i n e d  wi th  d-AMPH showed similar profiles;  a 
po ten t i a t i on  of  the  d-AMPH effect  at the lower  doses while 
at the higher doses the reverse was seen (i.e., a block of the 
response  depress ion p roduced  by CPZ and CLOZ). CLOZ 
(10 mg/kg)  when in teracted with DIAZ (10 mg/kg)  

p roduced  only response depression.  This result suggests 
ano the r  means  of  d i f ferent ia t ing  the effects  of  d-AMPH and 
DIAZ upon  DRL per formance .  

In conclus ion,  the results  of  these initial studies il lustrate 
the potent ia l  ut i l i ty of  the DRL procedure  for classifying 
psycho t rop ic  drugs according to their  therapeut ic  activity. 
An t ipsycho t i c  drugs would be expec ted  to reduce errors 
and interact  wi th  d-AMPH in a compet i t ive  manner .  
Anxiolyt ics ,  on the o ther  hand,  would be expec ted  to 
decrease re in fo rcements ,  increase burst  responding  and not  
compet i t ive ly  interact  with ant ipsychot ics .  St imulants  
would be expec ted  to decrease r e in fo rcemen t s  and com- 
peti t ively interact  with ant ipsychot ics .  Addi t ional  testing, 
however ,  is required to firmly establish the selectivity of  
this procedure .  

R E F E R E N C E S  

1. Ando, K. Profile of drug effects on temporally spaced 
responding in rats. Pharmac. Biochem. Behav. 3: 833-841, 
1975. 

2. Borella, L., F. Herr and A. Wojdan. P, olongation of certain 
effects of amphetamine by chlorpromazine. Can. J. Physiol. 
Pharmae. 47: 7-13,  1969. 

3. Kelleher, R. T., W. Fry, J. Deegan and L. Cook. Effects of 
meprobamate on operant behavior in rats. J. Pharmac. exp. 
Ther. 133:271 280, 1961. 

4. Lal, S. and T. Sourkes. Potentiation and inhibition of 
amphetamine stereotypy in rats by neuroleptics and other 
agents. Arch. int. Pharmaeodyn. 199:289 301, 1972. 

5. McMillan, D. E. and R. J. Campbell. Effects of d-amphetamine 
and chlordiazepoxide on spaced responding in pigeons. J. exp. 
AnalysisBehav. 14: 177-184, 1970. 

6. Pradham, S. N. and S. N. Dutta. Comparative effects of 
nicotine and amphetamine on timing behavior in rats. Neuro- 
pharmacology 9 :9  16, 1970. 

7. Sanger, D. J., M. Key and D. E. Blackman. Differential effects 
of chlordiazepoxide and d-amphetamine on responding main- 
tained by a DRL schedule of reinforcement. Psycho- 
pharmacologia 38" 159 179, 1974. 

8. Sanger, D. J. and D. E. Blackman. The effects of tranquilizing 
drugs on timing behavior in rats. Psychopharrnacologia 44: 
153 156, 1975. 

9. Sidman, M. Technique for assessing the effects of drugs on 
timing behavior. Science 122: 925, 1955. 

10. Snapper, A. G., K. R. Stephens and A. M. Lee. The SKED 
Software System. Western Michigan University, 1974. 


