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BARRACO, D. A. AND E. M. EISENSTEIN. l-,ffet.ts qf pre-training administration of sc'opolamine on learning and 
retention in the t'ot'kroat'h. P. americana. PHARMACOL BIOCHEM BEHAV 20(3) 479--481, 1984.--The muscarinic 
cholinergic blocker, scopolamine, has no effect on acquisition or retention of the choice behavior of the cockroach, P. 
amt'rit'ana trained to turn right or left to avoid shock in a T-maze. Scopolamine does, however, prevent runway habituation 
during training, suggesting that such habituation may be dependent on central cholinergic synapses as there are no known 
peripheral cholinergic receptors in cockroaches. Previous work demonstrating that puromycin interferes with correct 
choice retention five hours after training taken together with our results demonstrating no effect of scopolamine on such 
retention, suggests that puromycin does not produce its amnesic effect on choice behavior by interferring with central 
cholinergic synaptic processes. 

Cockroaches Scopolamine Learning Retention Habituation 

PREVIOUS work has indicated that cockroaches injected 
with puromycin (PURO) before T-maze training exhibited 
retention deficits of the correct turn response when tested 
five hours after training. However,  they did not show any 
acquisition defect [2]. PURO also had no effect on either 
acquisition or retention of habituation behavior as evidenced 
by progressive increases in runway time with succeeding 
trials in the maze during both training and testing [2]. Thus, 
PURO may show specificity for the different types of  behav- 
ioral memories that occur in any training situation and that 
may be mediated at different sites within the central nervous 
system. Similar reports of selective inhibition of memories 
by PURO has been observed in different vertebrates [4,7]. 

The mechanism by which PURO induces any retention 
deficits remains unclear. Cycloheximide (CXM) which 
causes substantially more protein synthesis inhibition than 
the dosages utilized for the PURO studies showed no CXM 
induced retention deficits of  either choice or habituation 
learning [2]. Thus, the overall amount of protein synthesis 
inhibition does not appear to be the major causal factor in the 
retention deficits produced by PURO. Similar comparisons 
have been frequently noted in vertebrate preparations [1]. 

Some authors have theorized that PURO may be causing 
retention deficits by interferring with cholinergic transmis- 
sion [I]. The present study represents an initial effort to 

explore the possibility that the amnesic actions of PURO in 
the cockroach are due to interference with cholinergic 
transmission. The experiments used the same training and 
testing procedures and response measures as before [2,6]. 
Animals now were injected with scopolamine, a predomi- 
nantly central muscarinic cholinergic antagonist one hour 
before training. 

METHOD 

Adult male cockroaches of the species Per ip lane ta  amer-  
i('ana and weighing approximately one gram were used. 
Scopolamine hydrobromide was obtained from Sigma Chem- 
ical Company. Initial toxicity studies indicated that a 
maximum dose of 500/zg in 20 txl insect Ringers did not alter 
activity level, degree of startle response, presence of the 
righting reflex, or produce any other unusual behavioral 
changes that might indicate debilitation. These observations 
were made over a 4--7 day period after injection of each 
animal. 

Following this initial study, thirty-two animals were in- 
jected with either 500 ~g of scopolamine in 20/zi of Ringers 
or 20 /xl of  insect Ringers one hour before training in a 
T-maze to turn right or left to avoid an electrical shock. 
Animals were tested for retention five hours after the end of 

*Requests for reprints should be addressed to E. M. Eisenstein. 
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FIG. 1. Mean number of correct turns la and b) and mean time spent 
in the runway (c and d) as a function of either puromycin or 
scopolamine injection. Standard errors are shown. Separate saline 
control groups were run with the PURO and scopolamine groups. 

training. Both training and testing consis ted of  twenty trials 
as in previous work [2]. 1"he number  of  correct  turns in each 
block of  ten trials was noted.  

In addition, the t ime taken by the animal to proceed do,an 
the runway of  the maze was measured on each trial and the 
group mean was calculated for each block of  ten trials. 
Habituation was measured as an increase in runway time over  
trials. Statistical comparisons were done by means of  a two- 
tail t-test.  Unless  o therwise  stated significance levels were  
p<~0.05. 

RESUI.TS 

The figure shows the effects of  pre-training administrat ion 
o f  scopolamine and saline on acquisi t ion and retention.  Fig- 
ures and data  for previous  work utilizing pre-training injec- 
tions of  P U R O  also are presented for compar ison.  

Choice Behavior 

The curves  of  the scopolamine group and its saline con- 
trol are statistically indistinguishable (Fig. lb). In addition, 
the significant increase in the mean number  of  correct  turns 
from training trials 1-10 to trials 11-20 demons t ra tes  that 

both groups exhibit  the shorter- term memory  necessary |b r  
learning. Thus scopolamine has no effect on acquisit ion of  
the avoidance  training. 

A compar ison of  the mean number  of  correct  turns from 
training trials 11-20 to testing trials 1-10 can be used as a 
measure  of  retention five hours later [2]. The decrease  for 
both groups is not significant. Thus,  both scopolamine and 
saline injected animals exhibit  excel lent  retention of  the 
avoidance  training ove r  a five hour retention interval.  

Runu'ay Time 

While the acquisi t ion and retention curves  for the choice 
behavior are identical (Fig. lb) the curves  for the runway 
time are quite different. Figure ld shows that the scopolamine 
animals run the maze faster during training than the saline 
animals.  The difference be tween the runway times of  the 
saline and scopolamine animals in trials 1-10 show a level of  
significance at p =0.07, two-tail.  Addit ionally,  the scopola- 
mine group does  not show the progress ive  increase in run- 
way t ime with success ive  trials dur ing training that has 
previously been observed  as habituation [2]. However ,  dur- 
ing testing, five hours after the cessat ion o f  training, a com- 
parison of  the scopolamine  runway times for trials 1-10 with 
11-20 does show a significant increase indicating that 
habituation is now present.  

D I S C U S S I O N  

The importance of  cholinergic transmission in learning 
and memory  processes  has been demonst ra ted  often in ver- 
tebrates through the use o f  muscarinic blockers  such as at- 
ropine and scopolamine [9]. Our invest igat ions suggest that 
scopolamine  and P U R O  affect differently the two types of  
behavioral  plasticity studied in the cockroach  in this one- 
session T-maze  training procedure.  

PURO appears specific for interference with retention of  
the choice  behavior  (Fig. la). Scopolamine has no effect on 
acquisit ion or  retention of  the choice  behavior  (Fig. lb). This 
suggests that central  cholinergic synapses are not involved in 
choice  learning and retention in the cockroach  and that 
P U R O  is probably not acting to prevent  retention by inter- 
ferring with cholinergic transmission.  

Scopolamine  does,  however ,  have an effect on habitua- 
tion behavior  (Fig. ld). It interferes with runway habituation 
during training. PURO does not IFig. lc). The effect is not 
permanent  as can be seen during testing when the habitua- 
tion behavior returns (Fig. ld). The latter effect is probably 
due to the fact that the animals were injected seven hours 
before testing and the drug was most likely metabol ized.  In 
fact, bel ladonna alkaloids are known to be rapidly excre ted  
from the blood of  ver tebrates  [5]. Scopolamine  effects on 
runway habituation suggest that central  cholinergic synapses 
are involved in such behavior  since there are no known pe- 
ripheral cholinergic receptors  in the cockroach  [3,8]. 

CONCLUSIONS 

( I ) Scopolamine has no effect on acquisi t ion or  retention 
of  the choice behavior of  cockroaches  trained in a T-maze 
to turn right or  left to avoid a shock. (2) Scopolamine  does 
prevent  runway habituation during training suggesting that 
such habituation may be dependent  upon central  cholinergic 
synapses as there are no known peripheral cholinergic recep- 
tors in cockroaches .  (3) The P U R O  and scopolamine data 
taken together  suggest that PUR()  is not interferring with 



P R E - T R A I N I N G  A D M I N I S T R A T I O N  OF S C O P O L A M I N E  481 

central  cholinergic synapses  to p roduce  its amnes ic  effect  on 
choice  behavior .  Fu r the rmore ,  the P U R O  and scopolamine  
resul ts  support  our  previous  suggest ion [2] that choice  be- 
havior  learning and runway habi tuat ion may be media ted  at 
different  sites in the central  ne rvous  sys tem and most  likely 
by different  mechan i sms .  
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