
E F F E C T  OF S M A L L  D O S E S  OF S C O P O L A M I N E  A N D  C H L O R P R O M A Z I N E  

ON THE E L E C T R I C A L  A C T I V I T Y  OF THE C O R T E X ,  THE R E T I C U L A R  F O R M A T I O N ,  

A N D  C E R T A I N  P A R T S  OF THE H Y P O T H A L A M U S  OF R A B B I T S  D U R I N G  THE D E F E N S I V E  

( A V O I D A N C E )  C O N D I T I O N E D  REFLEX 

(UDC615.784.4 + 615.786]-092.259 : 612.822.3 : 612.833.81) 

L. V. K a l y u z h n y i  a n d  B. I .  K o t l y a r  * 

Department  of Physiology of Higher Nervous Activi ty (Head, Professor L. G. Voronin), 
Lol-nonosov Moscow University 
(Presented by Active Member AMN SSSR V. V. Parin) 
Translated from Byulleten' ~ksperimental 'noi  Biologii i Meditsiny, Vol. 61, No. 3, 

pp. 69-73, March, 1966 

Original  ar t ic le  submitted July 3, 1964 

It is considered by many physiologists that the performance of defensive reactions is associated with the exc i -  
tation of the adrenergic structures of the ret icular  formation of the mesencephalon [1, 2, 4, etc.],  and food reactions 
with act ivat ion of the chol inergic  structures of the subcortex [5, 7, 8, etc.] .  Less at tent ion has been paid to the study 
of the point of appl ica t ion  in the centra l  nervous system of the act ion of cholinolyt ic  and adrenolyt ic  substances in-  
fluencing animaIs 'behavior .  Some authors [4, 7] consider that the region of act ion is the re t icular  formation of the 
mesencephalon,  others [5, 8, 10, 16] locate i t  in the hypothalamus. 

The object  of the present invest igat ion was to study the dynamics of the changes in condi t ioned-ref lex d e -  
fensive act ivi ty  of the cortex, the re t icular  formation of the mesencephalon,  and the media l  and la tera l  portions of 

the hypothalamus following administrat ion of smal l  doses of scopolamine and chlorpromazine.  Attention was con-  
centrated on the changes in the EEG in the form of synchronized waves with a frequency of 8-10 per sec, waves 
which were shown by L. G. Voronin and B. I. Kotlyar to arise in response to a conditioned stimulus and to exhibit  a 
constant association with the condit ioned reflex at a l l  its stages; during consolidation of the food reflex, this syn- 
chronized rhythm is concentrated in the la te ra l  portion of the hypothalamus and in the case of the defensive r e f l e x -  
in the ven t ro -media l  structures of the hypothalamus.  

E X P E R I M E N T A L  M E T H O D  

Experiments were carried out on rabbits in a soundproof chamber.  The potentials were recorded from the an i -  
mals able to move freely (by B I. Kotlyar 's  method [6]). The recordings were made on a 16-channel  e iee t roen-  
cephalograph made at the "Biofizpribor" factory, with leads from the opt ico-audi tory cortex, the re t icular  forma- 
tion of the mesencephalon,  and the ven t ro -med ia l  and la te ra l  nuclei  of the hypothalamus. A condit ioned defensive 
reflex to a sound or a light was formed by means of the avoidance method [5]. Scopolamine was injected in t ra-  
muscularly immed ia t e ly  before the exper iment  in a dose of 0 .1-0.2  mg/kg ,  and chlorpromazine in a dose of 1-2 
mg/kg .  Injection of physiological  sal ine was used as the control. 

E X P E R I M E N T A L  R E S U L T S  AND D I S C U S S I O N  

After consolidation of the condit ioned defensive reflex, in response to the signal  a l l  the rabbits gave a burst 
of synchronized waves with a frequency of 8-9.8 per sec in the media l  portions of the hypothalamus, the op t ico-  
auditory region of the cortex, and the re t icular  formation of the mesencephalon (Fig. 1A). I rnmediately after in-  
jec t ion of scopolamine,  the e l ec t r i ca l  ac t iv i ty  and the condi t ioned-ref lex ac t iv i ty  showed no apprec iable  change.  

*O.B. D'yachkova also took part in the work. 
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Fig. 1. Effect of scopolamine on e l ec t r i ca l  ac t iv i ty  during condit ioned st imulation.  A) Changes 
in e l ec t r i ca l  ac t iv i ty  in response to a condit ioned stimulus before in ject ion of scopolamine;  B) 
20-30 min after injection;  C) 80-40 rain after; D) 40-50 min after; 1) marker of pressure by an i -  
ma l  on pedal ;  2) optic cortex; 3) ven t ro -med ia l  nucleus of hypothalamus; 4) la te ra l  nucleus of 

hypothalamus; 5) re t icular  formation of meseneephalon;  6) marker  of ac t ion of condit ioned s t i -  

mulus. Explanation in text.  

Between 10 and 15 min after in ject ion of scopolamine,  slow waves (2-3 per see), character is t ic  of the state of sleep, 
appeared in a l l  the tested leads in the intervals between the signals. The signal stimulus also evoked a condi t ioned-  
reflex movement  on the EEG-an  arousal  react ion with a frequency of 3-6  waves per second, followed by a syn- 
chronized rhythm with a frequency of 8-10 per sec, in the same leads as before the inject ion of scopolamine,  After 

the signal had been turned off, the slow waves reappeared immedia te ly .  From 20 to 80 min after the in ject ion of 
scopolamine the condit ioned stimulus did not evoke an arousal react ion on the EEG, but just at  the same t ime as the 
behavioral  condi t ioned-ref lex  react ion a burst of synchronized waves with a frequency of 8-9.5 per sec appeared in 

the cortex, the med ia l  hypothalamus, and the ret icular  formation, followed by slow waves (Fig. 1B). 

During the next 20-30 min  of the act ion of scopolamine,  the burst of synchronized waves in response to the 

condit ioned stimulus appeared sooner in the med ia l  portion of the hypothalmaus and later in the cortex and the 
ret icular  formation (Fig. 1C).  Later still,  the synchronized waves in response to the signal appeared only in the hy-  
pothalamus and were absent in the cerebra l  cortex and the ret icular  formation (Fig. 1D). In these circumstances a 

conditioned defensive react ion was observed in response to prac t ica l ly  any external  acoustic stimulus. After this 
stage a gradual restoration of the normal  e l ec t r i ca l  ac t iv i ty  was observed, passing through a l l  the stages described 

above, although in the opposite order. 

Hence, scopolamine caused depression of the arousal reaction, but did not exclude the appearance of a rhythm 
with a frequency of 8-9.5 per see in the structures of the med ia l  hypothalamus and the performance of a conditioned 

defensive reflex. 

From 10 to 15 rain after the in ject ion of chlorpromazine slow waves appeared in  the intervals between the con-  
ditioned st imuli  on the EEG. The condit ioned stimulus gave rise to the usual picture of a burst of synchronized waves 
with a frequency of 8-9.5 per see. A further 15-20 min after in ject ion of the preparat ion the latent  period of the 
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Fig. 2. Effect of chlorpromazine on electr ical  activity during conditioned stimulation. A) 20- 

30 min after inject ion of chlorpromazine; B) 30-40 rain after; C) 40-50 rain after. Legend as 

in Fig. 1. Explanation in text. 

reflex was lengthened and a rhythm of 8-9.5 per sec appeared on the EEG, ini t ial ly in the structures of the media l  
hypothalamus and later in the cortex and mesencephahc reticular formation. Later still a burst of synchronized 
waves with a frequency of 8-9.5 per sec in response to the conditioned stimulus was recorded only in the medial  
hypothalamic leads, and it was absent in the cerebral cortex (Fig. 2A). The conditioned defensive reaction per- 

sisted. From 30 to 40 min  after the administration of chlorpromazine the conditioned-reflex component of the de-  

fensive reflex disappeared, and no rhythm of 8-9.8 per sec was present on the EEG, although the arousal reaction 

persisted throughout the t ime of action of the conditioned stimulus (Fig. 2B). 

The animal ' s  motor reaction, in the form of pressing on a pedal, was preserved but only in response to a direct 
nocieeptive stimulus, and in these circumstances the threshold of the unconditioned pain reflex was considerably 

raised. The arousal reaction on the EEG was subsequently observed only at the moment  of-switching the signal on, 
and later this effect also disappeared. Hence, no changes were observed in the EEG on presentation of the condi-  
tioned or any other indifferent stimulus (Fig. 2C). As a role the unconditioned reflex was absent at this period. After 
this, the normal electr ical  activity and the conditioned-reflex defensive activity were gradually restored. First to 
return was the arousal reaction and the animal ' s  unconditioned pain reaction. Next, the conditioned-reflex com-  

ponent was restored, with the appearance of a burst of synchronized waves with a frequency of 8-10 per sec, at first 
in the media l  leads of the hypothalamus and later in the cortex and the mesencephalic reticular formation. 

Hence chlorpromazine, unlike scopolamine, at first caused disappearance of the conditioned defensive reflex. 
At the same t ime absence of the rhythm of 8-10 waves per sec was observed in the medial  portions of the hypo- 

thalamus, and this was followed by depression of the arousal reaction and of the unconditioned reflex. 

Following inject ion of scopolamine into the rabbits the conditioned defensive reaction did not disappear, where- 
as ehiorpromazine blocked both the conditioned and theunconditioned component of this reflex. Characteristically, 

289 



after the action of the cholinolytic, not only the synchronized activity (8-10 per sec) in the cortex, the mesencephalic 
reticular formation, and the lateral nucleus of the hypothalamus disappeared, but also the electroencephalographie 
arousal reaction to the external stimulus and in the intervals between signals. Other authors have obtained similar 
results [12, 15]. Evidently the disappearance of the arousal reaction is evidence of a lowering of the tonus of the 
cerebral cortex of the "waking leveF [9, 14], as a result of the blocking of the eholinergic component of the mes- 
eneephalic reticular formation. However, as these experiments demonstrate, this partial blocking of the nonspecific 
activating system is insufficient to inhibit the defensive reaction. The probable reason for this is that scopolamine 
does not block the excitation of the ventro-medial nucleus of thehypothalamus, the functioning of which is asso- 
ciated with the manifestation of the animal's defensive reactions [5, 8, 13, 17]. Since this particular structure in 
the hypothalamus is not blocked by scopolamine, it may be supposed that it does not belong to the cholinergic system. 

Unlike scopolamine, chlorpromazine at first caused depression of the conditioned defensive reaction with dis- 
appearance of the synchronized activity (8-10 waves per sec) in all the structures tested, including the ventro- 
medial nucleus of the hypothalamus, although the arousal reaction on the EEG still continued. Evidently chlorpro- 
mazine, because of its adrenolytic properties, causes a primary blocking of the subcortical morphological substratum 
of the defensive reaction, as demonstrated by the disappearance of the lhythm of 8-10 per see in the ventro-medial 
nucleus of the hypothalamus, and then lowers the "waking level" (the tonus of the cerebral cortex), blocking the 
mesencephalic reticular formation and, at the same time, the uncanditioned pain reaction. Since the ventro-medial 
nucleus of the hypothalamus is not blocked by scopolamine, and in these circumstances the animals's defensive re- 
action is preserved, while during the action of chlorpromazine it disappears along with the synchronized activity (8- 
10 waves per sec) in the ventro-medial nucleus of the hypothalamus, it may be supposed that the defensive reflex is 
associated with the functioning of this particular structure in the hypothalamus, which is adrenergic in its chemical 
structure [11]. 
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