
Pharmacolo~,,y Biochemist O' & Behavior, Vol. 20, pp. 63-67, 1984. ":~ Ankho International Inc. Printed in the U.S.A. 

Tlhe Effects of Cimetidine on 
Schedule-Controlled Responding 
and Locomotor Activity in Rats 

S. K.  R A S T O G I "  A N D  D. E .  M c M I L L A N  a 

Department  o f  Pharmacology and Interdisciplinary Toxicology 
University o f  Arkansas fi)r Medical Sciences, 4301 West Markham, Little Rock, AR  72205 

R e c e i v e d  14 F e b r u a r y  1983 

RASTOGI. S. K. AND D. E. McMILLAN. The effects of cimetidine on schedule-controlled responding and locomotor 
activity in rats. PHARMACOL BIOCHEM BEHAV 20(1) 63-67, 1984.--The effect of intraperitoneal injections of 
cimetidine, a selective histaminergic He-receptor blocking agent, on operant behavior and locomotor activity were exam- 
ined in rats. Cimetidine (1-100 mg/kg) failed to show any significant effect on-responding maintained under a fixed-ratio 
(FR) 30 fixed-interval (FI) 5-min schedule of food presentation. A higher dose of cimetidine (300 mg/kg) produced decreases 
in both FR and FI rates of responding. In contrast, 100 mg/kg of cimetidine increased the response rate and decreased 
reinforcement rate in rats performing under a schedule requiring the temporal spacing of responses (DRL-10 sec). 
Cimetidine (10-300 mg/kg) did not induce significant changes in locomotor activity in the rat. These data suggest that 
cimetidine is more potent in altering the steady low rate of responding under a DRL schedule of food presentation, than 
responding maintained under a multiple FR FI schedule, and that cimitidine is even less potent in altering locomotor 
activity, 
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C I M E T I D I N E ,  a select ive blocker  of  histaminergic He re- METHOD 
ceptors has been used extensively during the last few years in Subjects 
the t rea tment  of  peptic ulcers. Recent ly ,  a possible role of  
cimetidine in the t rea tment  of  hyper thyrodism during uremia For  the study of  schedule-control led responding, 20 male 
has also been suggested [5,11]. Despi te  ex tens ive  use of  Sprague Dawley rats were maintained at 8(FA (250--300 g) of  
cimetidine,  few C N S  side effects  have been reported in clini- their  free-feeding weights by food presentat ion during exper-  
cal patients [4,12]. There  is increasing ev idence  that in the imental sessions and by post-session supplemental  feedings. 
mammal ian  C N S ,  physiological  effects  o f  histamine are due The rats used to measure  locomotor  activity were  main- 
to its action on two types  of  receptors  designated as H~ and tained at body weights be tween  250-275 g. 
H._, [2,3]. Various bicohemical  studies have shown that Hz 
receptors  are coupled with act ivat ion of  adenylate  cyclase  
and are select ively blocked by cimetidine [10,13]. Further ,  Apparatus 
several tricyclic and second generat ion ant idepressants  also Rates o f  lever  pressing for food were determined in two 
are potent  inhibitors of  cerebral  H._, receptors  [13,14]. AI- sound-at tenuat ing Gerbrands  test chambers .  Each chamber  
though the behavioral  effects  o f  ant idepressants  have been was il luminated by 28 V DC houselights.  The chamber  used 
studied in detail,  considerably less is known about  the behav- to study behavior  under the multiple fixed-ratio fixed- 
ioral effects  of  cimetidine.  The only report  on the effects  o f  interval schedule contained two response levers ,  but only 
cimetidine on operant  behavior  was by Goldberg [6], who presses on the right lever  could produce food. A force of  15 g 
showed that c imet idine did not  reverse  the effects  of  his- was required to register  a response.  The re inforcer  was a 97 
tamine on punished responding in squirrel monkeys ,  mg food pellet (P. J. Noyes  Co.)  del ivered by a pellet feeder  

The present  work  was under taken to examine  the effects (Gerbrands Co.). Two pairs of  28 V DC cue lights were  lo- 
of  c imetidine on schedule-control led responding in rats. cated above each lever.  Responses  were  recorded on digital 
Spontaneous  locomotor  activity was also moni tored  in counters ,  t imers and on a cumulat ive  response  recorder  in an 
cimetidine treated rats to provide an additional measurement  adjacent  room. A similar test  chamber  was used for the ex- 
of  the behavioral  effects  o f  cimetidine,  per iment  on temporal ly  spaced responding,  but this chamber  
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contained only one lever and one set of stimulus lights. Elec- CIMET IDI NE 
tromechanical relay programming and recording equipment 
in an adjacent room were used to control the environmental I8- 
stimuli and feeder and to record lever presses. T 

Locomotor  activity was monitored by an animal monitor 16- 

t (Automex Activity Monitor, Columbus Instruments, Co- ~o 14- 
lumbus, OH) with a sensitivity setting of 9.5, and an activity u3 
setting of slow. The rats were tested between 8:00 and 12:00 to 12- 
a.m. in plastic cages (8 inches high x 9]/2 inches wide and 18 
inches long) covered by a flat metal top. Lights were on to IO- 
between 7:00 a.m. and 7:00 p.m. Z 

O 8-  
£L r 

P r o c e d u r e  to 6 -  i T I.,.1 

A multiple fixed-ratio 30-responses, fixed-interval 5-min I:1:: 4 -  ? ~ FI ~ ~ ~ 
schedule of food presentation (mult FR 30, F1 5 min) was J--t  "'o" " X x \  
used to maintain lever pressing in 4 rats. During the FR 2- ,k 
component, the chamber was illuminated by cue lights lo- 0 , , 
cated above the left lever; 30 responses were required to S P I 3 Ib 3o  i o o  3 0 0  
produce the food pellet. Under the FI component of the 
schedule, the chamber was illuminated both the by house- DOSE (MG/KG) 
light and cue lights above the right lever; the first response FIG. 1. Effects of different doses ofcimetidine on the average rate of 
after 5 min elapsed produced a food pellet. A limited hold of responding under the FR and FI schedules of food presentation. 
60 sec applied to both components of the schedule; this Abscissa: dose, log scale. Ordinate: rate of responding during a 
meant that the rat had 60 sec to make the 30 FR responses or complete session. O - Q ,  FR component; 0 - - 0  FI component. The 
to make a single response after 5 rain had elapsed in the FI filled circles with brackets at S or solid circle with brackets at point 
component to obtain the food pellet. Schedule components P are the means of the control injections (saline or diluted phenol 
alternated with food delivery or expiration of  the limited injection). The brackets show two standard deviations above and 
hold. After the delivery of the food, or at the end of  the below the mean rate. Each drug point represents the mean of two 

observations (except drug point at 1 mg/kg which was a single ob- 
60-sec limited hold, there was a 15-sec time-out period dur- servation) in each of four rats. 
ing which the chamber was dark and lever pressing had no 
programmed consequences. Each session lasted until 20 
components had occurred (10 of each component). Test ses- 
sions were conducted Monday through Friday. 

Responding under the DRL schedule was studied in 6 was determined. This estimated quarter life value provided 
rats. Under a DRL schedule, only responses separated from an indication of  the temporal patterning of FI responding 
each other, or from the beginning of the test session, by a which is relatively independent of FI rates of responding [7]. 
specified time interval are reinforced. After a few days of When fewer than 100 responses occurred under the FI corn- 
acquisition on a fixed ratio 1 (FR-1) schedule of food presen- ponent during a session, quarter life values were not deter- 
tation, the DRL schedule was instituted. Only responses mined. 
occurring 10-14 seconds apart were reinforced. Responses The rate of responding under the DRL-10 schedule for an 
occurring earlier than the minimum time interval or later entire session was computed in responses per second. Inter- 
than the maxixum time interval reset a timer reinitiating the response time distributions (IRT's) were recorded. All IRT's 
interval. The experimental session lasted one hour. less than 18 seconds were recorded in 9 class intervals with 

Locomotor activity was measured in ten animals. After an interval width of 2 seconds and all IRT's longer than 18 
the stabilization of baseline responding, rats were tested in- seconds registered in the 10th class interval. IRT's were used 
dividually and activity counts were cumulated for an hour. to calculate conditional probabilities (interresponse times 
The animals were tested five days a week with drug injec- divided by opportunities to respond in a class interval, or 
tions twice a week (on Tuesday and Friday) and vehicle IRT/OPS) of responding within each class interval [1]. 
injections once a week (on Thursday). The weight of the rats The motor activity was computed for each individual 
was kept approximately constant during the study. Addi- animal and then averaged across the animals for each drug 
tionally, two more animals were studied as noninjection con- dose and control. Differences between drug and control data 
trols. They did not receive any treatment on any day of were considered to be significant when the rate after drug 
locomotor activity recording, was more than 2 S.D. from the mean control rate. 

When observation of the daily performance of the rats 
suggested that the performance was no longer changing sys- 

M e a s u r e m e n t  o.f the  E~lfects o f  C i m e t i d i n e  tematically, drug treatments were initiated. 

Average rates of responding during the FR and FI com- 
ponents on injection days and noninjection control days DrtL~"s 
were computed in response per second from digital counters Cimetidine (Tagamet: Smith, Kline and French Labora- 
and elapsed time meters. The number of  responses within to,-ies, Philadelphia, PA), suitably diluted in distilled water, 
successive tenths of the FI-5 rain schedule was recorded, was injected by the intraperitoneal route in a volume of 1 
From the total number of  responses recorded in each tenth of ml/kg of body weight, 5 rain before the start of the test ses- 
the FI duration over the entire session, the percentage of the sion. Dosages ( 1-300 mg/kg) are expressed as the free base. 
interval taken for the first quarter of the responses to occur Drugs were administered in an ascending and descending 
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DOSE (MG/KG) VlG. 3. Effect of cimetidine on percentage of reinforced responses 
under the DRL schedule where responses 10 to 14 sec apart were 

FIG. 2. Effects of cimetidine on the rate of responding under the reinforced. Abscissa: milligram per kilogram of cimetidine, log 
DRL schedule where responses 10-14 sec apart were reinforced, scale. Ordinate: percentage of reinforced responses. The point and 
Abscissa: milligrams per kilogram ofcimetidine, log scale. Ordinate: bracket above P indicate the mean_+2 standard deviations of the 
rate of responding during a complete session. The point and brackets mean for the control (non-injection) days. Each drug point is the 
above P indicate the mean_+ 2 standard deviations for control rates of mean of one observation in each of four rats. Reinforcement rate was 
responding. Each drug point is the mean of one observation in each decreased below control levels after both 100 and 175 mg/kg of 
of four rats. cimetidine. 

dosage  ser ies  with  hal f  the an imals  rece iv ing  the h ighes t  dose  .80] IRT/OPS • PHENOL CONT 
a 3 mglkg CM 

first and  half  the  an imals  rece iv ing  the  lowest  dose  first.  ] .10 
0 3 0  

Diluted phenol  so lu t ions ,  s imilar  to the T a g a m e t  vehic le ,  . ~  
" A 100 

were  used for vehic le  inject ions.  Sal ine so lu t ions  (0.9c7~) also o 17s 
were  used dur ing  addi t ional  con t ro l  sess ions .  ~ 60, 

al !i ~ . 4 0  

E~'/'e('ts o f  Cimetidine o n  Responding,, Under the ~ = 
F-- Mul t ip le  Schedule  

The  effect  of  c imet id ine ,  1-300 mg/kg, on rate of  r e spond-  § .ao- 
ing unde r  bo th  c o m p o n e n t s  of  the  mult iple  schedule  are 
shown  in Fig. 1. No effect  on  rate  of  r e spond ing  was ob- 
se rved  of  c imet id ine  at doses  of  1 to 100 mg/kg unde r  e i the r  
schedule  c o m p o n e n t .  A dose  of  300 mg/kg c imet id ine  1 2 3 4 5 6 7 8 9 10 
p roduced  a comple t e  supp re s s ion  of  r e spond ing  dur ing  bo th  2-SEC CLASS INTERVALS 

components  on the mul t ip le  schedule. In two  rats out  o f  the FIG. 4. Effects of varying doses of cimetidine on the conditional 
four  tes ted ,  56 mg/kg c imet id ine  inc reased  the  high rate  of  probability (see text) of responding within each class interval under 
r e s p o n d i n g  unde r  the FR c o m p o n e n t ,  but  there  was no rate the DRL schedule. Abscissa: successive 2-second class intervals. 
inc rease  for  the group.  The  low rate of  r e spond ing  unde r  the Class interval I includes 0 to 2 seconds, class interval 2 includes 2 to 
FI c o m p o n e n t  was  slightly inc reased  only  in one  an imal  (data  4 seconds, and so on. Class intervals 5 and 6 include 10 to 14 seconds 
not  shown) .  At doses  of  1-100 mg/kg, c imet id ine  had  little where IRT's were reinforced. Ordinate: conditional probability of a 
effect  on qua r t e r  life. Too few r e s p o n s e s  occu r r ed  af te r  300 response occurring within a class interval given that a previous re- 

sponse has not prevented the opportunity to respond in that class 
mg/kg c imet id ine  to ca lcu la te  qua r t e r  life. interval. The shaded areas show the ranges of conditional probabilities 

for each class interval, determined during four noninjection control 
l~l,'fecl o,['Cimetidim, o n  DRL-IO days. The points connected by solid lines show the conditional 

probabilities at various doses of cimetidine. Conditional probabilities 
Pe r fo rmance  unde r  D RL  schedu les  is cha rac t e r i zed  by a were not plotted unless the animal had at least 10 opportunities to 

low stable  rate of  r e spond ing  [ 15]. C imet id ine  at doses  of  respond within a class interval. 
3-56 mg/kg did not  change  the ra te  of  r e spond ing  or  the 
pe rcen tage  o f  re in forced  r e s p o n s e s  (Figs. 2 and  3). H o w e v e r ,  
doses  of  100 mg/kg of  c imet id ine  p roduced  a s ignif icant  in- 
c rease  in ra te  of  r e s p o n d i n g  and dec rea se  in the  per- 
cen tage  of  re in forced  r e sponses .  The  rate  of  r e spond ing  r e spond ing  can  be seen in the  relat ive f r equency  o f  IRT ' s  
as well as the  pe rcen tage  of  re in forced  r e s p o n s e s  dec rea sed  (Fig. 4). Rela t ive  f r equency  ( IRT/OPS,  or  condi t iona l  
be low contro l  levels  a f te r  175 mg/kg of  c imet id ine ,  probabi l i ty)  is def ined as the n u m b e r  o f  I R T ' s  in a class  

Detai ls  of  the effect  of  c imet id ine  on  the  pa t t e rn  of  D R L  interval  d iv ided by the  n u m b e r  of  oppor tun i t i e s  to r e spond  in 
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I.-.- MOTOR ACTIVITY DISCUSSION 
Z 
23 8 0 0 -  The results of  the present study demonst ra te  that higher 
O doses of  cimetidine are required to produce effects on loco- 

motor  behavior  than on schedule-control led behavior  in the 
r r  ]" ~"x /, '~ rats. Howeve r ,  fairly large doses of  c imetidine were re- O ~ 600" ]" t ~ N N ~  quired to affect any of  the behaviors  studied. Griffiths et a/. 
O O ~ [8] have reported poor  penetrabil i ty of  cimetidine in to the 

-r- brain after parenteral  injection. This may explain why high 
O ~ 4 0 0 -  doses  of  c imetidine were required to produce behavioral  ef- 
~ o . .  O fects.  Similar high doses  of  c imetidine (3-30 mg/kg) have 
..a failed to restore responding suppressed by histamine in 
Z 2 0 0 -  squirrel monkeys  [6]. 
< Responding under the DRL schedule was affected at iii 

lower  doses  o f  cimetidine than those that affected rates 
under  ei ther componen t  of  the multiple schedule.  In contrast  

; I ~ 10 3'0 1;0 3;0 to schedule-control led behavior ,  c imetidine did not decrease  
motor  activity. Thus,  the order  of  sensitivity of  behavioral  

D O S E  ( M G / K G )  measures  to the effects of  c imetidine was D R L > m u l t  FR 
F I > l o c o m o t o r  activity.  FIG. 5. Effects of varying doses of cimetidine on spontaneous loco- 

motor activity in rats over a period of one hour. Abscissa: milli- Cimetidine effects on behavior  may be of  central origin, 
grams per kilogram ofcimetidine, log scale. Ordinate: mean locomo- despite its poor  penetrat ion to the CNS.  Neural  dysfunct ion 
tor activity counts per hour. The unfilled circle with brackets at in the form of  confusion,  delirium and hallucination have 
point S and filled circles with brackets at point P indicate the been observed  with higher doses of  cimetidine in humans 
mean_+2 standard deviations of the mean for the control activity after [4,12]. Further ,  lower  doses  of  cimetidine antagonize the 
saline or dilute phenol injection. Each drug point is the mean of one electrophysiological  and behavioral  responses  produced by 
observation in each of eight rats. intracerebral  injection of  histamine [14j. Moreover ,  

c imetidine and several  ant idepressant  drugs of  diverse chem- 
ical groups caused compet i t ive  inhibition of  H~ receptors  
coupled to adenylate  cyclase act ivat ion in brain homoge-  

that class interval ,  g iven that a response has not prevented  hates as well as slices from human and guinea pig hippocam- 
the opportuni ty  to respond in that class interval.  The in- pus and neocor tex  19, 13, 16]. However ,  the blocking of  
creased re inforcement  and decreased  response  rate caused cerebral  H., receptors  coupled to adenylate  cyclase may not 
by 100 mg/kg of  c imet idine was associa ted with an increased represent  the molecular  mechanism of  therapeutic action of  
conditional probabili ty of  short I R T ' s  in the 2rid, 3rd and 4th the drug or be responsible  for behavioral  side effects  ob- 
class intervals (Fig. 3). The 175 mg/kg dose increased the served during therapy 114]. Similarly, c imet id ine ' s  block of  
condit ional  probabili ty of  these short IRT ' s  and decreased cerebral  H., receptors  may or may not be related to the el- 
the condit ional  probabili ty of  longer IRT ' s  in the 6th, 7th and fects of  the drug on schedule-control led responding in our 
8th class intervals.  The  IRT distr ibution was not affected at exper iments .  
lower  doses  of  cimetidine,  10-56 mg/kg. 

l~[J'ect o f  C imet id ine  on L o c o m o t o r  Ac t iv i t y  

Figure 5 shows the dose-effect  curve for cimetidine on 
locomotor  activity in rats. Cimetidine produced a marginal ACKNOWLEDGEMENTS 
increase in locomotor  activity when administered at a dose This research was supported by NIDA grant 02251 from the Na- 
of  10 mg/kg. H o w e v e r ,  doses  o f  30, 100 and 300 mg/kg of  tional Institute on Drug Abuse. The authors would like to thank 
cimetidine did not  change the average locomotor  activity William Hardwick for the preparation of the figures and Ms. Brenda 
counts  ove r  the recorded period of  one hour. Selby for typing of the manuscript. 
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