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BHARGAVA, V. K. AND C. P. PUSHPAVA'I'I. k.~fy~,ct of  some cholinergic drugs on the conditioned polejump response 
in rats. PHARMAC. BIOCHEM. BEHAV. 15(4) 537-538, 1981.--Rats were trained to pole jump to a buzzer as the 
conditioned response. Cholinergic agents, oxotremorine and physostigmine significantly depressed this response. The 
effect was blocked by atropine. Nicotine and carbachol failed to modify the conditioned pole jump response. It is suggested 
that the central muscarinic inhibitory receptors are involved in the action of these drugs. 
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Oxotremorine 

THE involvement of the central cholinergic mechanisms in 
learning and memory has been extensively investigated; 
however, their precise role is still not well established [5]. 
Muscarinic cholinergic drugs have been shown to depress 
conditioned (pole jump) responses in rats [41, while anti- 
acetylcholine drugs produce a facilitation [2,3]. These effects 
appear to be related to the levels of acetylcholine in the brain 
[6]. Nicotine has been reported to produce variable effects: 
facilitation or depression of these responses [5]. 

The present study was therefore attempted to evaluate 
the role of cholinergic mechanism in acquisition of the pole 
jump response in rats with a view to assess the nature of the 
receptors involved in this mechanism. 

METHOD 

Albino rats (150-200 g) of either sex were trained to ac- 
quire the pole jump response to conditioned and uncon- 
ditioned stimuli as described by Rosecrans e t a / .  [6]. The 
training sessions were conducted 4 sessions per week for 5-6 
consecutive weeks before any drug was administered. Such 
animals showed 95-100% avoidance behaviour. Each animal 
was pre-treated with atropine methyl nitrate (2 mg/kg IP, 30 
rain) or atropine sulphate (2 mg/kg IP, 60 min) prior to the 
administration of cholinergic drugs. Such pre-treatments 
were found suitable in our earlier studies [1]. Following pre- 
treatment, each animal was placed in the behavioural box 
and given fifty trials. The average of these was taken as the 
pre-drug control (base line 100%) for each animal, and was 
compared with the average obtained after administration of 
test drugs. 

Drugs dissolved in saline were administrated intra- 
peritoneally (IP) and modifications in the pole jump response 
to the conditioned stimuli were recorded at frequent inter- 
vals to study the time course of the effect of different con- 
centrations of drugs. The results were calculated as percent 
change in the pole jump response from the control value for 
each rat. A minimum of 4-6 experiments were carried out 

with each dosage of drug which were randomised. The level 
of significance was calculated using Student's t-test. Those 
animals which did not respond to the conditioned stimuli 
were subjected to unconditioned stimuli to study the effect ot 
drugs on an escape response. In 4 preliminary experiments 
the effect of atropine methyl nitrate (2 mg/kg) was studied 
alone. In none of the experiments did atropine methyl nitrate 
modify the conditioned or unconditioned pole jump re- 
sponses. 

In order to exclude the possibility of involvement of 
skeletal muscles in the drug response, animals were tested 
for their muscle power by balancing them on a rotating rod 
before and after administration of drugs. 

The drugs used included Physostigmine sulphate 
(eserine); atropine sulphate; carbamyl choline chloride (car- 
bachol); nicotine (Sigma Chemicals); atropine methyl nitrate 
and oxotremorine (ICN Pharmaceuticals). The dosages were 
calculated as base for each drug. 

RESULTS 

O.rotrerttorine 

10, 20, 50 and I(X) tzg/kg oxotremorine progressively de- 
pressed the pole jump response to the conditioned stimuli 
(Table I). The effect of oxotremorine usually reached its 
peak within 15 min and lasted over 2 hrs after the adminis- 
tration of the drug. The onset and duration of the effect was 
related to the doses of oxotremorine. Figure I shows the 
time course effect of different concentrations of oxo- 
tremorine on the conditioned pole jump response. All animals 
responded to unconditioned stimuli. 

Physostigmine (Eserine) 

0.05, 0. I and 0.2 mg/kg physostigmine also depressed the 
conditioned pole jump response (Table 1). The maximum 
effect was seen within 15 min of administration and lasted 
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FIG. I. Effects of oxotremorine (10.20.51) and I(X) /xg/kg.) on the 
conditioned pole jump in rats. Each point is an average _+S.E. ot"4-6 
experiments. The results are expressed as percent change of pre- 
drug control. 

I A B L E  1 

I'FFE("I OI." DRUGS ON CONDI']I()NED AVOIDAN('t.~ RESPONSI" 

(:; Inhibition 
!'/ Inhibition af te r  Atropine 

No. of of Control Pretreatment 
l)rug:kg Experiments (Mean ." S.E.) ~Mean ' S.E.) 

Oxolremorine 
10 p.g 4 66.6 , 12.8 :~ 
20 ug 6 40.8 , 8.42* 
511 #tg 6 8.3 ' 2.40* 

100 p.g 6 6.3 + 2.811" 
Physostigminc 

11.115 mg 6 711.11 " 111.4" 

O. lO mg 6 58.6 - 8.6* 

0.20 mg 6 26.6 - 4.6 ~: 

Ca rbacho l  

11.50 mg 4 96.8 * 20.8 
l.II mg 5 92.7 + 24.8 
2.0 mg 5 8 8 . 9 -  16.2 

Nicotine 
211 /xg s 92.6 • 19.8 
40 ktg 5 90.8 • 24.6 
5(1 p.g 5 86.5 : 35.7 

96.4 ~ 8.2: 

90.11 • 10.4: 

52.2 - 6 .4 :  

40.0 4.21 

98.4 10.8: 
90.2 16.4 + 
85.2 ~ 12.2: 

o v e r  3 hrs.  The  escape  r e sponse  to  u n c o n d i t i o n e d  st imuli  
was  not  a l te red  by physos t igmine .  

( 'arbamyl  Choline Chloride (( 'arbachol)  

0.5, 1.0 and  2.0 mg/kg ca rbacho l  did not  modify the  pole 
j u m p  r e sponse  to cond i t ioned  or uncond i t i oned  st imuli  (Ta- 
ble 1). Ca rbacho l  invar iab ly  p roduced  red tears  in rats  and  
occas iona l ly  sa l ivat ion,  

Nicotine 

20, 30 and 50 p,g/kg n ico t ine ,  like ca rbacho l  a lso failed to 
modify the pole j u m p  r e s p o n s e s  to the cond i t ioned  or un- 
cond i t ioned  st imuli  (Table  1). 

In o rde r  to s tudy if musca r in i c  chol inerg ic  r ecep to r s  were  
invo lved  in the  drug ac t ion ,  an imals  were  p re - t r ea ted  with 
a t rop ine  su lpha te  (2 mg/kg IP), 60 min before  the  admin i s t ra -  
t ion o f  the chol inerg ic  drugs.  Pr ior  t r e a t m e n t  with  a t rop ine .  
b locked  the d e p r e s s a n t  effect  of  o x o t r e m o r i n e  and  physo-  
s t igmine on the cond i t ioned  pole j u m p  response .  Table  1 
s u m m a r i s e s  the resul ts .  A t rop ine  on its own  had no effect  on 
the pole j u m p  response .  

DISCUSSION 

The  p re sen t  s tudy  suppor t s  the h y p o t h e s i s  of  the role of  
chol inerg ic  m e c h a n i s m s  in acquis i t ion  of  the pole j u m p  re- 
sponse  in rats.  Our  s tudy  shows  that  the muscar in ic  
chol inergic  agents ,  o x o t r e m o r i n e  and physos t igmine ,  de- 

Results are expressed as Mean (-_S.E.) of percent change in con- 
ditioned avoidance response from the control Ipte-drttg level 11)(¥4 ) 
and after pretreatment with atropine ',ulphate I ItXIC~). 

*Significantly different from control, p. 0.001. 
,Significantly different from drug treatment alone, p- 0.001. 

press  the  cond i t ioned  pole j u m p  response .  This  effect is 
b locked  by a t rop ine .  Nico t ine  does  not seem to modify these  
r e s p o n s e s  in our  p resen t  s tudy,  a l though  we have  seen that  
these  c o n c e n t r a t i o n s  of  n icot ine  act cen t ra l ly  and  modify the  
bra in  s tem far-field po ten t ia l s  I1 I. Ca rbacho l  also failed to 
modify the cond i t ioned  pole j u m p  response .  This  may be due 
to an insuff ic ient  c o n c e n t r a t i o n  of  drug reach ing  the centra l  
r ecep tors ,  as a resul t  of p o o r  pene t ra t ion  of  the blood brain  
barr ier .  S ince  the  effect  of  o x o t r e m o r i n e  and  physos t igmine  
occu r  in an imals  p re - t rca ted  with a t rop ine  methyl  ni t ra te ,  it 
is suggested  that  the  modif ica t ion  of  the pole j u m p  re sponse  
is due to a cen t ra l  ac t ion  of these  drugs.  The  u n c h a n g e d  
mo to r  act ivi ty  s imply  points  out  that  the dep res s ion  of  the 
pole .jump r e sponse  is not due to an ac t ion on the '~keletal 
muscles .  

In conc lus ion  it appea r s  that  the  dep res s ion  of  the acqui- 
si t ion of  the  pole j u m p  re sponse  in ra ts  is media ted  by the 
cent ra l  muscar in ic  chol inerg ic  m e c h a n i s m s .  The  possible  
role of o t h e r  pu ta t ive  t r ansmi t t e r s  is unde r  s tudy.  
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