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After complete blocking of the central muscarinic cholinergic systems by benactyzine in 
doses of 5 and 40 mg/kg, food motor conditioning was impossible in rats. In the case of 
incomplete blocking (beaactyzine 1 mg/kg) or unblocking of these systems (5-5.5 h after 
administration of benactyzine in a dose of 40 mg/kg), conditioning was possible but slow. 
Galanthamine (2.2 mg/kg) weakened the effect of benactyziae on training. Blocking the 
central nicotinic cholinergic and adrenergie systems, and depressing the function of ser- 
toninergie systems by administration of pediphen, haloperidol, and p-chlorophenylalanine 
has no significant effect on memory formation. 

Investigations have shown [3, 4, 8-11, 13, 16, 18, 20] that food and defensive conditioning is im- 
paired (retarded), but is possible, in mice,  ra ts ,  cats and monkeys after  administrat ion of atropine, s c o -  
polamine, benactyzine, and other muscar in ic  cholinolytics. Buresova et al. [12] showed that defensive 
conditioning does not take place in ra ts  if training is ca r r i ed  out at the height of manifestation of the cho- 
linolytic reaction.  However, Sugrue [19] has observed that defensive conditioning can be accelera ted by 
the action of the cholinolytic dithran (4 mg/kg).  The resul ts  regarding the role of muscar in ic  cholinergic 
sys tems of the brain  in conditioning are thus conflicting. Determination of the role of muscar inic  cholin- 
ergic  sys tems of the brain during training has been based on experiments  using cholinomimetics [8, 9, 17] 
and, in part icular ,  with central  muscar in ic  choliaolytics.  Nevertheless ,  the latter,  besides blocking mus-- 
carinic cholinergic r ecep to r s  of the brain,  can also interfere with serotonin [21, 22] and noradrenalin 
[6, 7, 15] metabol ism. 

The role of the various brain mediator  sys tems  in food motor  conditioning in rats  was investigated. 

EXPERIMI~N rAL MI~ THOD 

Food motor  conditioning was car r ied  out in male albino ra t s  kept in a narrow box 2 m long. On the 
day of training the animal was allowed to run 5 or 6 t imes in succession f rom its start ing chamber  into the 
final chamber  (at the other end of the box) where it could obtain re inforcement  in the shape of a piece of 
bread soaked in milk. The ra ts  were deprived of food for 20 h before each experiment.  To determine the 
role of the muscar in ic  cholinergic recep tors  of the brain  in training, benactyzine was used. The animals 
of group 1 were trained after con~lplete blocking of their central  muscar in ic  cholinergic r ecep to r s  by ben- 
actyzine hydrochloride in doses of 40 or 5 mg/kg body weight (in these doses the benactyzine completely 
blocks cholinergic recep tors  for more than 30 rain). The animals of group 2 were trained after partial 
blocking of their cholinergic recep tors  (5-10 rain after administrat ion of benactyzine in a dose of 1 m g / k g ,  
or 50-75 arecoline t r emor  units). The ra t s  of group 3 were trained after blocking of their brain  cholinergic 
receptors  (5-5.5 h after  administrat ion of benactyzine in a dose of 40 mg/kg) .  The degree and duration of 
the blocking of the central  musear inic  eholinergie r ecep to r s  were determined in parallel  exper iments  
using the muscar inic  cholinolytic drug arecoline,  which, in a dose of 17 mg /kg ,  induces t r emor  (excita- 
tion of central) and salivation (excitation of peripheral  cholinergic receptors)  in intact ra ts  [1]. In addition, 
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t A B L E  1. Ef fec t  of V a r i o u s  Compounds  on Food Moto r  Condi t ion ing  in Ra ts  

N u m b e r  of r a t s  N u m b e r  of d a y s  p Notes  
Drug  and dose  (in m g / k g  t r a i n e d  of t r a i n i n g  

Not t r a i n e d  a.  Con t ro l  
B e n a c t y z i n e  40 

b.  Con t ro l  
B e n a c t y z i n e  5 

B e n a c t y z i n e  5 + G a l a n t h a m i n e  
2~ 3 

c .  Con t ro l  7 
B e n a c t y z i n e  1 8 
B e n a c t y z i n e  1 + G a l a n t h a m i n e  

2.5 10 
d. Control 5 

Benactyzine 40 1 
Benaetyzine 40 + Galanth- 

amine 5 0 
e. Control 

Benactyzine 40 
f. Control 

Pediphe n i0 
Haloperidol 0.1 

I0 
7 
9 
7 
8 

g. Control 7 
p- chlorophenylalanine 316 7 

5 out  of 6 
1 out  of 6 
7 out  of 9 
1 out  of 10 

out  of 9 
out  of 9 
out of 10 

out  of 10 
out  of 6 
out  of 6 

out of 6 
out  of 10 
out of 10 
out of 9 
out  of 9 
out  of 9 
out of 10 
out of I0 

I I  • 2~ 
21 

7 •  2.2 
12 

7.3 • 0.4 
7.7 • 1.4 
9.0 • 0.84 

5 .8 •  1 
10.4 • 2.7 

15 

21 
9.5 • 0 .73  
23 • 1.1 

9•  2.2 
16 •  2 
1 5 •  1.4 

5.6 
5.6 

< 0.05 

< 0,05 

> O.05 

> 0 ~ 

> 0.05 

< 0.05 

< 0.05 

< 0.05 

< 0 ~ 
< 0.05 

Trained after blocking 

the  e f f ec t  of the a n t i c h o l i n e s t e r a s e  d r u g  g a l a n t h a m i n e ,  in d o s e s  of 2.5 and 5 m g / k g ,  g iven  s i m u l t a n e o u s l y  
wi th  b e n a c t y z i n e  (1.5 and 40 m g / k g ) ,  on cond i t ion ing  was  i n v e s t i g a t e d .  F i n a l l y ,  the p o s s i b i l i t y  of cond i -  
t ion ing  a f t e r  c o m p l e t e  b l o c k i n g  of the  c e n t r a l  n i co t i n i c  c h o l i n e r g i c  r e c e p t o r s  was  s tudied~ Such a b l o c k  w a s  
p r o d u c e d  by  ped iphen  [2] in a dose  of 10 m g / k g .  The r o l e  b l o c k i n g  the c e n t r a l  a d r e n e r g i c  r e c e p t o r s  in 
t r a i n i n g  in r a t s  was  d e m o n s t r a t e d  by  e x p e r i m e n t s  in which  h a l o p e r i d o l  was  g iven  in a dose  of 0.1 m g / k g .  
Foe  p o s s i b i l i t y  of cond i t ion ing  a g a i n s t  the b a c k g r o u n d  of a r e d u c e d  s e r o t o n i n  c o n c e n t r a t i o n  in the r a t ' s  
b r a i n ,  p r o d u c e d  by  a s ing le  a d m i n i s t r a t i o n  of 316 m g / k g  p - c h l o r o p h e n y l a l a n i n e  [14], a l so  was  i n v e s t i g a t e d .  

All the  c o m p o u n d s  t e s t e d  (except  p - c h l o r o p h e n y l a l a n i n e )  w e r e  i n j ec t ed  i n t r a p e r i t o n e a l l y ,  da i ly  e x c e p t  
on Sundays .  Condi t ion ing  was  r e g a r d e d  a s  s u c c e s s f u l  if the r a t s  c o m p l e t e d  t h r e e  o r  m o r e  r u n s  out  of s ix  
a t t e m p t s .  The l a t en t  p e r i o d  d id  not e x c e e d  30 sec  and the d u r a t i o n  of the  run  60 s ee .  

EXPERIMENTAL RESULTS 

The results showed (Table la, b, d) that after complete blocking of the musearinie eholinergic sys- 
tems of the brain, food conditioning did not take place (in some animals after administration of benaetyzine 
in a dose of 5 mg/kg, sometimes individual conditioned-reflex responses appeared, but they were unstable: 
they were not observed next day or in the future). Conditioning was successful if the training took place 
after incomplete blocking of the musearinie cholinergie receptors or after their unbloeking (Table Ic, e). 
After simultaneous administration of galanthamine (2.5 mg/kg) and benactyzine in doses of 1 and 5 mg/kg, 
the inhibitory action of the cholinolytic on conditioning was weakened (Table Ib, c). Administration of 
galanthamine in a dose of 5 mg/kg, together with benaetyzine in a dose of 40 mg/kg, was ineffective de- 
spite a long period of training (Table id). 

After complete blocking of the nicotinic cholinergic receptors and adrenergie systems of the brain, 
and also after considerable (by 90%) exhaustion of the brain serotonin content, the rats could be trained, 
but slowly (Table If, h). 

The view that the ability to undergo training is lost through the action of benactyzine entirely because 
of blocking of the musearinic cholinergic receptors and not to the effect of benactyzine on metabolism, of 
noradrenalin for example [6, 7], was supported by the next observations. A decrease in the content of 
catecholamines in the rat brain following administration of benactyzine was observed only during the first 
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6 days of daily adminis t ra t ion  of the cholinolytic, while t ra ining was unsuccessfu l  for more  than 20 days, 
i.e., a f te r  r e s to ra t ion  of the normal  ca techolamine content in the cent ra l  nervous  sys t em.  The following 
fact,  however ,  mus t  be noted. On the average, 7-12 days of t ra ining was requ i red  for  successfu l  food 
motor  conditioning by this method. If m e m o r y  format ion  is connected with the influence of cholinolyt ics on 
catecholamine me tabo l i sm during the f i r s t  6 days,  during the next 8 days of the expe r imen t s  on condition- 
ing, when there  were  no longer  any changes in the catecholamine content,  at l eas t  a tendency toward suc-  
cessful  conditioning would appear .  

The r e su l t s  also show that d i s tu rbances  of m e m o r y  format ion  produced by benactyzine cannot be ex-  
plained by genera l  toxic effects ,  by dis turbance of moto r  act ivi ty,  or  d is turbance of food excitabil i ty,  for  
s tar t ing  with the 9th day of daily adminis t ra t ion  of the cholinolytic,  no vis ible  d is turbances  of motor  act iv-  
ity or  of food motivat ion could be observed:  the r a t s  of the exper imen ta l  and control  of groups  immedia te ly  
a f te r  the t ra ining period ate the i r  normal  ra t ion.  The weight of the an imals  was unchanged. These r e su l t s  
suggest  that nei ther  nicotinic cholinergic nor adrenerg ic  and sero toninerg ic  s y s t e m s  of the b ra in  play a 
significant role  in format ion  of the condition-reflex m e m o r y  (in training),  for  against  the background of 
the i r  complete blocking (or of m a rked  exhaustion of the serotonin content) t ra ining was poss ib le .  

The w r i t e r ' s  e a r l i e r  invest igat ions on dogs showed that  d is turbance of the t ra ining p roces s  is due to 
the effect  of benactyzine on sho r t - t e rm  m e m o r y  of objects :  a f te r  complete  blocking of musca r in i c  cholin- 
e rg ic  r e c e p t o r s  the an imals  were  unable to re ta in  informat ion in thei r  m e m o r y .  

The p resen t  r e su l t s  also suggest  that the conflicting r e su l t s  cited at the beginning of this paper  con- 
cerning the action of musca r in ic  cholinolytics on t raining of an imals  a re  evidently a t t r ibutable  to the a b -  
sence of a re l iable  control  in these invest igations of the degree  of blocking of the cent ra l  musca r in i c  cho-  
l inergic  s t ruc tu re s .  

Analysis  of all the r e s u l t s  p resen ted  in this paper  thus provides  support  for  Kalyuzhnyi ' s  [5] opinion 
that food moto r  conditioning is based  on chol inergic  p r o c e s s e s ,  and it e m p h a s i z e s  the exceptional  impor -  
tance of competence of the musca r in ic  chol inergic  s t r uc tu r e s  of the b ra in  neurons in conditioning (in the 
t ra ining of animals) .  
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