
Pharmacology Biochemistry & Behavior, Vol. 6, pp. 421 -426. Copyright © 1977 by ANKHO International Inc. 
All rights of reproduction in any form reserved. Printed in the U.S.A. 

Drug Effects Upon Force and Duration 
of Response During Fixed-Ratio 

Performance in Rats' 

S. C. FOWLER 2, R. J. FILEWICH 3, AND M. R. LEBERER 4 

Department o f  P.~:vchoh)gy, University o f  Mississippi, Universit)', MS 386 77 

(Received 24 December  1976) 

FOWLER, S. ('., R. J. FILEWICtt AND M. R. LFBERER. Drug effects upon force and duration of  response during 
fixed-ratio performance in rats. PHARMAC. BIOCItEM. BEItAV. 6(4)421-426,  1977. - Rats responded on a tandem 
I:R24CRF CRI. CRI: CRI. schedule of water reinforcement by paw-pressing a silent, isometric, force-sensing 
manipulandum. Oral dose ranges of d-amphetamine, chlordiazepoxide, chlorpromazine, and dantrolene were evaluated for 
their effects on this schedule--controlled behavior. Peak force, duration and interresponse time (IRT) of individual 
responses were recorded with a laboratory computer system. Conjoint examination of these three dependent variables 
revealed that the intensitive measures of response (i.e., peak force and duration) provided information about drug effects 
that could not be detected with the conventional IRT measure alone. More specifically, peak force was elevated by 
d-amphetamine at 1.6 mg/kg during the FR component, but IRT was unaffected at this dose. At 3.2 mg/kg. 
d-amphetamine decreased peak force and lengthened IRT during the FR component. Chlordiazepoxide increased peak 
force up to the highest dose examined (27.0 mg/kg), whereas dantrolene decreased peak force. Chlorpromazine did not 
affect peak force but did increase response duration. Higher doses of chlordiazepoxide, chlorpromazine, and dantrolene 
lengthened IRT during the FR component, l-.or all three dependent variables drug effects were generally less pronounced or 
altogether undetected in the CRF component. The results are discussed in relation to explanatory principles such as 
rate-dependency and stereotyped behaviors. 

Response tk~rce Duration [nterresponse time l)-amphetamine ('hlordiazepoxide 
('hlorpromazme Dantrolene Rat 

WEISS and ( ;o t t  [20] conduc t ed  an in ter response  time 
(IRT) analysis of  the effects  of drugs upon fixed-rat io (FR)  
responding.  Their  microanalysis  suggested that behaviorally 
active drugs such as a m p h e t a m i n e  and pen tobarb i t a l  may 
act primarily on FR cohesiveness  and that drug effects  on 
IR'I  during FR responding appear  to depend  upon specific 
por t ions  of  the FR cycle. In discussing their data, Weiss and 
( ;o t t  [201 offer  the general observat ion that  a clear 
explanat ion  of behavioral drug effects  may have to be 
" fo rmula ted  in terms of  ra ther  fundamenta l  events at the 
level of  the individual response and its proper t ies  (p. 202) ."  
Accordingly,  the purpose  of  the present  research was to 
examine the effects  of several classes of drugs upon FR 
behavior in terms of  the intensitive proper t ies  of  individual 
responses.  Thus, in addi t ion to IRT, peak force of  response 
and durat ion of response were measured during FR 
responding,  and ef fec ts  of  dose ranges of  d -amphe tamine ,  
ch lord iazepoxide ,  ch lorpromazine ,  and dan t ro lene  were 
assessed with these techniques.  The first three of  these four  

drugs were selected because they were among the con- 
ventional ones used for evaluation of  new behavioral 
methods .  Dantrolene,  which exerts  its relaxant effect  by 
acting directly upon skeletal muscle (see, e.g., [5 ] ) ,  was 
included for s tudy to provide a behavioral compar ison  with 
ch lord iazepoxide ,  which possesses muscle relaxing prop- 
erties o f  p redomina te ly  neurological  origin. 

On a purely empirical level, it can be argued that  force 
of  response is a ref lect ion of the m o t o r  features and /o r  
topographical  variants of behavior. Thus, force of  response 
as a dependen t  variable may supply impor tan t  in format ion  
about  drug effects  which is not  observable with rate 
measures alone (see [6,7.17] ). Moreover,  previous research 
suggests that response force and response rate may not  
necessarily covary. For  example ,  Fowler  [7l showed that  
response force remains elevated during the first 8 rain of  
ex t inc t ion  while rate declines. Because rate and force of  
response may measure different  aspects  o f  behavior, an 
analysis of operant  responding that includes the intensitive 
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response variables should  c o n t r i b u t e  to a more  comple t e  
u n d e r s t a n d i n g  of the m a n n e r  in which  schedu le -con t ro l l ed  
behaviors  are modi f ied  by drugs. For  ins tance ,  Sanger and 
Blackman  [8] have suggested that  the r a t e - dependency  
hypo thes i s ,  which posi ts  tha t  the effect  of  a drug on 
response  rate depends  u p o n  the basel ine rate of  r e spond ing  
[ 2 , 4 , 1 2 ] ,  may he fu r the r  evaluated  by designing ex- 
pe r imen t s  " 'which assess in more  detail  the i m p o r t a n c e  of 
variables o the r  than  sinlple response  rate Ip. gO)." C o n j o i n t  
e x a m i n a t i o n  of response  force,  response  du ra t ion  and IRT 
in the present  research was seen as an a t t e m p t  to c o n d u c t  
e x p e r i m e n t s  of  the kind suggested by Sanger and Blackman .  

METHOD 

Anirnals 

The animals  were 11 male Sprague-Dawley rats 
( t {o l t zman  ( 'o . )  wi th  body  weights  averaging abou t  225 g. 
These animals  were m a i n t a i n e d  u n d e r  c o n d i t i o n s  of wate r  
depr iva t ion  which p e r m i t t e d  2 0 r a i n  access to water  
app rox ima te ly  3 0 m i n  af ter  each daily session c~f re- 
spend ing .  Except  for the 3 hr  per iod prior  to a session. 
food was c o n t i n u o u s l y  available in the individual  h o m e  
cages. 

Apparatus 

Cons t ruc t ed  from Plexiglas, sheet  a luminun l ,  and 
stainless steel rod,  the c o n d i t i o n i n g  c h a m b e r  measured  
23 cm long, 20 cnl wide and 1c, ~ cm high. An open ing  in the  
f ron t  panel  of  the c h a m b e r  was 3 . 0 c n r  wide and 2.5 cm 
high and  pe rmi t t ed  access to the m a n i p u l a n d u m ,  which  was 
pos i t ioned  outs ide  the chamber .  The  lower  edge of the 
m a n i p u l a n d u m  aper tu re  was 5.5 cm above the grid f loor.  A 
Sanborn  force t r ansduce r  (Model F I A - 1 0 0 )  served as the  
isometr ic  m a n i p u l a n d u m  l d o w n w a r d  excurs ion  of 0.4 mm 
at a force of 2 0 0 g ) .  This  t r ansducer  is an I .VDT ! l inear  
variable d i f ference  t r an s f o r m er )  and is capable  of measur ing  
bo th  stat ic and dynam i c  forces, l l n  an un loaded  cond i t i on ,  
its na tura l  f r equency  is 3t,10 Hz.i  The por t ion  of the 
t r ansducer  available to tile an imal  was a ho r i zon ta l  disk 
18 mm in d iameter ,  the surface of which was 60 mm above 
the grid f loor.  The  m a n i p u l a n d u m  was pos i t ioned  so that  
the cen te r  of the  disk was 30 toni fronl the outs ide  of the 
c h a m b e r  wall. P ro t rud ing  in to  the c h a m b e r  f rom the lower  
right f ront  of  this  wall was a stainless steel d r ink ing  cup,  
which was serviced by a solenoid valve that  pe rmi t t ed  
delivery of ca l ibra ted  vo lumes  of  water.  The  c h a m b e r .  
m a n i p u l a n d u m ,  and solenoid valve were enclosed in a 
s o u n d - a t t e n u a t i n g  c o m p a r t m e n t .  

P rog ramming  of con t ingenc ies  and recording of  data  
were accompl i shed  by means  of a m i n i c o m p u t e r  I I ' l )PS/e l  
in te r faced  with an analog-to-digi tal  ( A / I ) ) c o n v e r t e r ,  an 
inc rementa l  magnet ic  tape recorder ,  and conven t iona l  relay 
e q u i p m e n t .  The appa ra tu s  was p rogran lmed  to record peak 
force of response,  du ra t i on  of response,  and [RT. Details of 
these t echn iques  may be found  in [ 8 ] .  Briefly. the A/D 
conver t e r  sampled  tile analog voltage from the t r ansducer  
every 0.01 sec. F rom these measu ren l en t s  the p roper t i e s  or 
individual  responses  above a 4 g th resho ld  (c.f., [ l~ l  ~ were 
c o m p u l e d  on-line.  The peak force of a response is s imply 
the max imurn  force an lp l i tude  a t l a ined  by a response.  
Dura t ion  of response is tile a m o u n t  of l ime thal  force 
remains  above th reshold .  I R I  is the t ime elapsing from the 
falling of the preceding  response  below threshold  to lhe 
rising of the succeeding response  above th reshoh l .  Thus  

response dura t ion  is en t i re ly  separa ted  from I R I .  Response  
du ra t ion  and IRT were measured  with a precis ion of . 
0.01 sec, and peak force was recorded  with a precision of +- 
0 . 5 g .  

Procedure 

The animals  were manua l ly  shaped to reach th rough  the 
aper lu re  in the c h a m b e r  wall to exer t  d o w n w a r d  vertical 
force on  the m a n i p u l a n d u m .  This  p rocedure  was un- 
de r t aken  to develop relatiw.qy un i fo rm response t opography  
and to preclude biting. T h r o u g h o u t  the expe r imen t s ,  the 
re inforcer  was delivered upon  response  t e rmina t ion .  This  is 
an i m p o r t a n t  p rocedura l  detail  because tile p resen ta t ion  of 
the re in force r  and a c c o m p a n y i n g  solenoid click could not 
serve as an ex te rocep t ive  cue for a t t a inn l en l  of tile re inforce-  
ment  cr i ter ion.  In o the r  words,  the silent,  i sometr ic  manip-  
u l a n d u m  provided no  ex te rocep t ive  cues. If the re inforcer  
had been delivered at tile ins tant  tha l  the force cr i ter ion of 
4 g was a t ta ined ,  it seems likely tha t  tile re in forcer  would 
have b e c o m e  an S D for tile rat to t e rmina te  tile response.  
the reby  possibly relegat ing file peak force variable to 
con t ro l  by solenoid opera t ion  and l inl i t ing the ex ten t  Io 
which this d e p e n d e n t  variable would be free to vary. 
Moreover ,  delivery of the re in forcer  upon  response ter- 
m i n a t i o n  is cons i s ten t  wi th  the p rocedures  used in the 
major i ty  of repor ted  operan t  cond i t i on ing  expe r imen t s  on 
the d y n a m i c  p roper l i e s  of  individual  responses  ~see e.g.. [g, 
% 1¢',] ). 

Pre l iminary to assessment  of drug effects ,  all subjects  
received 50 daily sessions of FR24 ,  20 cycles per session: 
then  40  sessions of tandenl  1:R24 ( ' R F  CRF ( R F  ( 'RI-  
I tha t  is, 24 un re in fo rced  responses,  u n a c c o m p a n i e d  by any 
ex te rocep t ive  s t imulus ,  fol lowed by 4 re inforced responses,  
etc.. he rea f t e r  referred to as land F R 2 4 ( ' R F )  ensued.  l h e  
schedule  may also be proper ly  des ignated as a mixed 
l " R 2 5 F R I ,  however ,  the t andem n o m e n c l a t u r e  is adop ted  
here to emphas ize  tile fact that  tour  successive responses  
were re inforced in the ( ' R F  c o m p o n e n t .  This so luewhal  
u n c o n v e n l i o n a l  schedule  was chosen  because bl intz  II 51 
d e m o n s t r a t e d  that  such a p rocedure  engenders  relatively 
high forces dur ing the t"R c o n l p o n e n t  and lower forces 
dur ing ( 'RI ' .  Therefore ,  it was an t i c ipa ted  that  the land 
F R 2 4 ( ' R F  schedule  would provide two d i f fe rent  baseline 
values for mean  peak force of response.  For  the last 10 
pre in jec t ion  sessions and for all of the subsequen t  drug and 
saline sessions, the re inforcer  w~lume was 0.20 ml. The peak 
force cr i ler ion for r e i n f o r c e m e n t  and for advancing the 
rat io coun t  was 4 g t h roughou t .  A session c¢mlinued for 20 
cycles of the t andem schedule  or for 3 0 r a m ,  whichever  
occur red  first. Sessions ,,,,'ere p rog rammed  to begin and end 
with the ( ' R F  c o m p o n e n t .  

Drugs ,,,,'ere admin i s te red  by garage 45 rain before  lhe 
subject  was placed in tile expe r imen ta l  c h a m b e r  and were 
given every third day. In all cases drugs were di lu led with 
suff ic ient  saline to yield a dose volume of 1.0 ml. The day 
before  each drug session, 1.0 nil of  saline was in tuba ted .  ()n 
n o n i n t u b a t i o n  days, Io l lowing each drug day and preceding 
each saline day,  animals  were merely exposed to the 
c o n d i t i o n i n g  procedures .  Before the first drug day.  animals  
received 4 successive saline sessions to ,iccusg{~nl [henl  [o 
lhe intubal i¢m procedure .  l h e  drugs and dosages {expressed 
as the sail} ,,,,ere given in r andomized  order.  Six ~,nimals 
received d - a m p h e t a m i n e  {Smith,  Kline. and lgrench, 0.4, 
0.8. I.(~, and 3.2 mg/kg) ,  ch lo rp romaz ine  {Smith,  Khne,  
and F rench ,  0.3, 1.0. 3.0, ~).0 mg,/kg), and ch lo rd iazepox ide  
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l.l(';, l. Strip-chart recordings ~d" instantaneous response t'or~:e as a function of time during a saline control session (tracing A) and after 
3.2 mg/kg of d-amphetamine (tracing B). The horizontal evenl markers at the upper margin c)t'each recording represenl the delivery of 

(I.20 ml of the water reinforcer. The response labeled a in the L.pper recording had a peak force of about 46 g. 

( H o f f m a n - L a R o c h e :  1.0, 3.0, 9.0, 27.0 mg/kg) .  The o t h e r  5 
subjects  on ly  received doses  of  sodium dan t ro l ene  (Ea ton ;  
12.5, 25.0,  50.0,  100.0 mg/kg) .  One d e t e r m i n a t i o n  of  drug 
effect  was made  at each dose. The  data  f rom six of  the 
saline sessions were selected r andomly  from the available 
saline sessions, and these data  were averaged to p roduce  the 
baselines against which drug ef fec ts  were assessed. 

RESUL IS 

The  top s tr ip  char t  record ing  in Fig. 1 shows a re- 
presenta t ive  po r t i on  of  a saline session. The hor i zon ta l  
event  marks  in the ( ' R F  c o m p o n e n t  signify delivery of  the 
re inforcer .  It can be seen that  relat ively high peak force of  
response is associated with the FR c o m p o n e n t  of the 
schedule ,  while compara t ive ly  low force is emi t t ed  dur ing  
the ( ' R F  c o m p o n e n t .  ]"his result  is s imilar  to that  or iginal ly 
repor ted  by Mintz [ 1 5 ] ,  and hy N o t t e r m a n  and Mintz 
[ 1 6 ] .  Responses  which immed ia t e ly  fol low the re in force r  
have low peak force, shor t  du ra t ions ,  and long IRT 's  
c o m p a r e d  to the responses  which are emi t t ed  dur ing  the FR 
c o m p o n e n t ,  l 'ven  af ter  more  than  90 sessions on the 
t andem schedule ,  all subjec ts  d isplayed these pa t t e rn s  of  
responding.  Figure I indica tes  tha t  very high rates of  
r esponding  can be achieved by rats u n d e r  these cir- 
cumstances .  Many of the I R l " s  are as br ie f  as 0 .10 or 
0 .20 sec. 

In view of  the large d i f fe rences  be tween  response 
measures  engendered  by the two c o m p o n e n t s  of  the rand 
F R 2 4 ( ' R F  schedule ,  the assessment  of  drug effects  was 
based on each c o n l p o n e n t  cons idered  separate ly .  l ' hese  data  
for the four  drugs are presen ted  in Fig. 2. Pe r fo rmance  on 
the ( ' R F  c o m p o n e n t  was cons idered  to be represen ted  best 
by the four  responses  that  fo l lowed re inforcer  del ivery,  the  
Iowes! average peak forces and the longesl average IR'l"s 
were associated with these responses.  Likewise, the high- 
rate. h igh-force po r t i on  of  the FR c o m p o n e n t  was 
summar ized  by cons ider ing  toge the r  the 20 responses  
preceding  the ( ' R F  c o m p o n e n t .  These  20 responses,  on the 
average, were emi t t ed  at a relatively c o n s l a n l ,  high rate (see 

Fig. 1, record A), and they are mos t  represen ta t ive  of  tile 
vigorous o u t p u t  charac ter i s t ic  of FR pe r fo rmance .  

Amphetamine. D - a m p h e t a m i n e  s ignif icant ly  a f fec ted  
peak force of  response,  F (4 ,45)  = 13.766, p<,0.01 and IRT, 
t : [4 ,45)  = 4 .502 ,  p < 0 . 0 1 ,  but  it did not  rel iably inf luence  
response du ra t ion ,  F t4 ,45 )  = 2.500,  0 . 0 5 < p > 0 . 1 0 .  Figure 2 
indicates  tha t  the re la t ion be tween  dose of  a m p h e t a m i n e  
and peak force dur ing  the FR c o m p o n e n t  is n o n m o n o t o n i c .  
The 1.6 mg/kg dose increased peak force subs tan t ia l ly ,  
whereas  the 3.2 mg/kg dose resul ted in a large decrease in 
peak force c m n p a r e d  to saline con t ro l  values. The  effect  of  
3.2 mg/kg is i l lus t ra ted for one subject  by t racing B in 
Fig. 1. In this record ing  it is appa ren t  that  peak force is 
reduced.  IRT is l eng thened ,  and the cons i s tency  of the 
force emiss ions  is impaired dur ing  the FR c o m p o n e n t .  Tha t  
the drug effects  are more  p r o n o u n c e d  for the FR com- 
p o n e n t  is mani fes ted  by r andomized  block factorial  
analyses of variance for peak force and IRT. For  b o t h  of  
these d e p e n d e n t  variables there  is a s ignif icant  in t e rac t ion  
be tween  schedule  c o m p o n e n t  and drug dose: t : (4 ,45)  = 
3 .814,  p < 0 . 0 5  for peak force, and F (4 ,45 )  = 3.12(,,  p,- 0.05 
for IRT. l ' h u s  the drug effect  depends  upon  the baseline 
values of peak force and IRT. 

Chlordiazepoxide. This mino r  t ranqui l izer  s ignif icant ly  
increased peak force and du ra t ion  of response,  while 
l eng then ing  IRT at the h igher  doses Isee f ig .  2). Despite  the 
graphic  d i f ferences  m slopes of the peak force-dose curves 
for the two schedule  c o m p o n e n t s ,  the lack of a s ignif icant  
in te rac t ion .  14,45) = 0 .256,  ,'~>0.1(), in the analysis  of 
variance suggests an absence  of a fo r ce -dependency  effect  
under  these c i rcumstances .  I lowever ,  the intera~:tion ternl 
for the I R I  measure  is s tat is t ical ly s ignif icant :  F ( 4 , 4 5 ) =  
4. 127, p~ 0.01. Response  dura t ion  was increased by chlor-  
d iazepoxide  (main  effect  of dose gave an F ~ 1,451 = 3 .085.  
p~0 .051 ,  the increase being apparen t  for bo th  the ( ' R F  and 
FR c o m p o n e n t s  l i n t e r ac t i on  not  s ignif icant ,  | q4 .451  = 
0.496,  p >  0.101. 

Chlorpromazine. Both the graphic  data  in Fig. 2 and the 
analysis  of variance show that  c h l o r p r o m a z i n e  did not  
affect  mean  peak force 1" 14,451 = 1.811, p ,0.10.  On the 
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I. IG. 2. l)ose-response functions for peak force, duration and IOg l0 
IRT. S on the abscissa signifies a mean of  six saline control sessions, 
and the vertical bars f,ar the saline sessions indicate the 0.95 
confidence interval for these values. The same six rats received 
d-alnphetamine,  chlordiazepoxide (chlordiazep.). and chlor- 
promazine, l)amrolene V,'as administered to a separate group of five 

ri l ls .  

o the r  hand .  the highest  dose increased du ra t i on ,  F (4.45} = 
6 .114,  p < 0 . 0 1  and increased [RT, F {4.45} = 15.685.  
p < 0 . 0 1 .  I t o w e v e r ,  a signif icant  in t e rac t ion  be tween  drug 
dose and schedule  c o m p o n e n t  emerged  only for the [RT 
variable,  F 14,45) = 4 .056 ,  p, 0.01.  

Dantrolene. Dant ro lene  was admin i s t e red  to a separate  
group of five subjec ts  as a p recau t ion  because the relalively 
high doses coupled  with a compara t ive ly  long half-life [ 101 
could have p roduced  car ryover  effects.  As shown  in Fig. 2. 
dan t ro l ene  had its most  sys temat ic  effect  on  peak force of  
response.  For  b o t h  FR and ( ' R F  c o n l p o n e n t s  response 
force was depressed relative to saline pe r f o r m ance  across 
the range of  doses. The magn i tude  of  the effect  even at the 
lowest dose used suggests (hal  the dose range was p robab ly  
ra ther  high. Nevertheless ,  the result  for response  force 
appears  genuine ,  F(4,361 = 3.525,  p < 0 . 0 5 .  The analysis  of  
variance for  response  du ra t ion  revealed a s ignif icant  effect  
of dose,  tq4 ,361  = 7.415,  p,  0.01. Despite the graphic  t rend 
in Fig. 2, the  effect  of  d a n t r o l e n e  on IRT did not qui te  
a c h i e v e  s t a t i s t i c a l  s ignif icance,  I : ( 4 3 6 )  = 2.130. 
0.05-7p>0.10. 

I ) I S ( ' [ J S N I O N  

The pa t t e rn  of drug ef fec ts  on IRT dur ing  the FR 
c o m p o n e n t  was highly similar for d - a m p h e t a m i n e ,  c h l o f  
d iazepoxide ,  and ch l o r p r om az i ne .  The  general  t rend is for 
IR ' I  dur ing  FR to be l eng thened  by these three drugs at the 
h igher  doses. This  f inding ix cons i s ten t  with  repor t s  in the 

l i tera ture  involving FR schedules  of comparab le  rat io length 
[ 1,3,201. Over the sanle range of doses for d -an lphe tan l inc .  
cMord iazepox ide ,  and c t l lo rp romaz ine ,  the peak force 
variable displays a dose-relaled pa t t e rn  that  is d is t incl ly  
di f ferent  frown that  seen for the I R I  variable, l,ovc doses of  
d - a m p h e t a m i n e  increased peak force, whereas  the 3.2 
mg/kg  close reduced peak force con lpa red  to saline con t ro l  
cond i t ions .  The dose level of ch lo rd i azepox ide  had a 
m o n o t o n i c  force- increasing inf luence up to the highesl  dose 
used. ( ' h h ) r p r o m a z m e  did not  affect  peak force. F rom a 
str ict ly empir ical  poin t  of view. the lack of co r r e spondence  
be tween  the IR'r  and peak force variables for the same 
doses in the same subjects  suggests tha t  tile reel]lofts used 
here may c o n l r i h u t e  to the c o n t i n u i n g  deve lopmen t  o l  
p rocedures  for separa t ing  psychoac t ive  drugs according Io 
dis t incl ive  behavioral  effects.  

A n o t h e r  i m p o r t a n t  issue to which the cur ren t  data are 
germane  is the widely-held h y p o l h e s i s  that  behavioral  drug 
effects  f requent ly  depend upon  lhe schedule  of  rein- 
fo rcement  and o the r  cond i t ions  main ta in ing  the ~)perant 
behavior .  The analyses  of variance for the dose-related 
effects  of d - a m p h e t a m i n e ,  c h l o r d i a / c p o x i d e ,  and chlol-  
p romaz ine  on I R I  clearl} suggest,  by virtue of the 
significant  in te rac t ions ,  a r a t e -dependency  effect  14,12,181 • 
It will be recalled thal  the FR c o m p o n e n l  of the land FR24  
( ' R F  schedule  p roduced  relatively short  I R r ' s  and h.igh 
peak forces, while the converse  was true for the ('RI-: 
c o m p o n e n t .  The r a l e -dependency  lies in lhe tact that  high 
rates were decreased by the drugs, but low rates were 
relatively unaf fec ted  by the drugs, In teres t ingly ,  only the 
d r u g  d -ampl l e t amme  produced  a significanl  force- 
d e p e n d e n c y  effec( ,  and Ibis ix tile drug for which tile 
r a l e -dependency  effect  appears  to he most  p r o n o u n c e d  
[ l s l .  

The foregoing cons ide ra t ions  do nol explain lhe par- 
t icular shapes of the func t ions  relat ing peak force to drug 
dose for the  FR c o m p o n e n t .  Addi t iona l  pr inciples  appear  
to be required.  In tile case of d - a m p h e t a m i n e ,  l y o n  and 
Rand rup  1131 have suggested lh.at the behaviorz, l e f f c c l s o f  
Ibis drug are closely associated with lhe emergence  of  
s t e r eo typed  behaviors .  More specifically,  they propose  th,lt 
d - a m p h e t a m i n e  s t imula tes  behavioral  ou tpu l ,  but does so in 
such a way lhal the classes or k inds  of behavior  emi t t ed  
decrease with increasing dose. Under  higher  doses Igreater  
than abou l  3 mg/kg.  IP) s t e r eo typed  behaviors  in tensi fy  to 
the exclusion of bar-pressing behavior .  At lower doses 
d - a m p h e t a m i n e  produces  an increase in tile Otltput o l  
wha teve r  behavior  is occurr ing (c.g., bar pressing). In the 
presen( s tudy d -an lphe ta ln ine  at 1.6 mg/kg (by gav,lge) 
incre~,sed peak force dur ing  the t"R c o m p o n e n t ,  l lowever ,  
IR'I' dur ing FR wax not  appreciably  affected by this dose. 
p robab ly  because lhe baseline rate was already maximal  
(but  baseline peak force was not  maximal  even though il 
was stable) .  On the o the r  hand ,  the 3.2 mg/kg dose nol 
only reduced rate hut also p roduced  a d i f fe rent  kind o l  
responding,  as evidenced by the peak force measured  and 
by tile pa t t e rn  of responding  (see Fig. 1, recording B). "lhe 
lowered forces and l eng thened  IR l " s  at 3.2 nlg/kg may be 
viewed as man i fe s t a t ions  of an increasing t endency  for 
n o n n l a n i p u l a n d u n l - o r i e n l e d  behaviors  to occur.  Thus  the 
data repor ted  here for tile peak force variable are not 
inconsis tent  with I.yon and R a n d r u p ' s  113] theory .  More- 
over,  lhe an lphe tan l ine - induced  d i s rup t ion  of t"R co- 
hesiveness repor ted  hy Weiss and Got l  [20] }nay be 
l l n d e r s t c ,  o d  in  t h e  s d n l e  t e l I l l S .  
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The  drug ch lo rd i azepox ide  increased peak force of  
response  in a dose-rela ted fashion.  Fu r the r ,  the he igh t ened  
force emiss ion was clearly evident  at the 27.0 mg/kg  dose,  
which had a tnarked s lowing effect  on rate dur ing  the FR 
run. T h o m p s o n  [101 has r epor t ed  tha t  ch l o r d i azepox ide  
increases the break ing  po in t  in a progressive rat io  schedule ,  
and Fowler  [71 found  tha t  ch lo rd i azepox ide  led to 
response  forces in e x t i n c t i o n  tha t  were s ignif icant ly  h igher  
than  saline con t ro l  values also recorded  dur ing  ex t inc t ion .  
The response  force variable may reflect  tile fact that  
ch lo rd i azepox ide  increases behaviora l  o u t p u t  in aversive 
s i tua t ions ,  even if the aversiveness is c rea ted  by high levels 
of  exer t ion  instead of by p u n i s h m e n t  procedures .  Previous 
s tudies  have shown  that  FR schedules  and e x t i n c t i o n  
engender  in rats relatively high ef for t  e x p e n d i t u r e  per  
response  despi te  the lack of  any expe r i m en t a l  r e q u i r e m e n t  
for such e f fo r t fu l  behav io r  [ 7,1 6] .  F rom a me thodo log ica l  
poin t  of  view, the i m p o r t a n c e  of  tile present  m e a s u r e m e n t  
t e chn ique  lies in its abi l i ty  to dissociate  s imul t aneous ly  in a 
single drug an appa ren t  energizing effect  f rom a sedat ive or 
slowing effect .  

( o m p a r i s o n  of the response-force  results for chlor-  
d iazepoxide  and d a n t r o l e n e  pe rmi t s  a f u r t he r  r e f i n e m e n t  of  
the s t a t e m e n t s  that  can be made  abou t  the ac t ion  of  
ch lo rd iazepox ide .  For  dan t ro l ene ,  response  force was 
clearly reduced,  but  for ch lo rd i azepox ide ,  it was obvious ly  
increased.  Since d a n t r o l e n e  acts  di rect ly  on the skeletal  
muscle tissue 15] to p roduce  its relaxing effect ,  it seems 
likely that  the force- increasing effect  of  ch lo rd i azepox ide  
was not  tire result  of ch l o r d i azepox i de ' s  own  muscle-  
relaxing proper t i es  alone.  Muscle re laxa t ion  p e r s e  is 
p robab ly  not  a key to u n d e r s t a n d i n g  the ef fec ts  of  
ch lo rd i azepox ide  on response  force. 

The  response  du ra t ion  data  deserve special c o m m e n t  
because of the previously observed posit ive co r re l a t ion  
be tween  peak force and du ra t i on  of  response  [161.  Using 
p rocedures  for  ( R F  similar to those  i m p l e m e n t e d  here,  
N o t t e r m a n  and Mintz [16]  found  a posi t ive cor re la t ion  

be tween  peak force and du ra t ion  of abou t  + 0 .70 ~see page 
6{q in [161 ). The cor re la t ion  arises f rom the fact tha t  higher  
peak forced s imply require  more  t ime for the i r  emission.  
The p h e n o t n c n o n  is i l lus t ra ted in Fig. 1: the three low-force 
responses  at the ex t r eme  left of record ing  A have much  
shor t e r  du ra t ions  than the response a, even though  the 
la t ter  is qui te  ballistic. In view of such a re la t ionship ,  the 
dura t ion  data  may s imply  be a ref lec t ion  of  peak force 
changes ,  or, a l te rna t ive ly ,  du ra t ion  may provide addi t iona l  
i n fo rma t ion  in its own  right. In cases where peak force is 
reduced or u n c h a n g e d  by a drug, the emergence  of  a drug 
effect  on dura t ion  c a n n o t  be a t t r i b u t e d  to the  posi t ive 
cor re la t ion  be tween  du ra t i on  and peak force. For  example ,  
ch lo rp romaz ine  did not  s ignif icant ly  affect  peak force, but  
this  neuro lep t i c  did l eng then  response  dura t ion  at the 
highest  dose (see Fig. 2L Thus ,  the du ra t i on  effect  is 
genu ine  and appears  cons i s ten t  with  the thesis that  chlor-  
p romaz ine  s imply slows most  behavioral  processes [ 1 1 ] .  
Likewise, dan t ro l ene  increased du ra t ion  while reducing  
peak force. " lhereforc ,  these du ra t ion  measures  for chlor-  
p romaz ine  and dan t ro l ene  suggest a sluggishness of in- 
dividual responses  emi t l ed  by rats. In cont ras t ,  the dose- 
related effects  of ch lo rd iazepox ide  on du ra t ion  covary 
direct ly  with peak force, t he reby  imply ing  thal  the 
dura t ion  incrcase was, at least in par t ,  a consequence  of the 
h igher  forces p roduced  by ch lo rd iazepox ide .  

Despite p rocedura l  d i f ferences  be tween  the e x p e r i m e n t  
pe r fo rmed  by Weiss and Got t  [201 and the research 
repor ted  here.  the two invest igat ions  are in agreement  in 
thei r  general  impl ica t ions .  J u d g m e n t s  abou t  the sensi t ivi t ies  
Io drug effects  of various schedu le -con t ro l l ed  behaviors  
could benef i t  f rom :,n analysis  of  lhe p roper t i e s  of  
individual  responses.  Just  as one c a n n o t  accura te ly  predic t  a 
drug 's  effect  upon  response  rate w i t h o u t  specifying the 
cond i t i ons  which ma in t a in  the behav ior  [ 14] ,  one c a n n o t  
assume that  all d e p e n d e n t  measures  of  ope ran t  behav ior  
will provide parallel cha rac te r i za t ions  of a drug 's  effects.  
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