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I.P. Pavlov's  pupils [1, 2, 3, 4] have demonstra ted the functional  relat ionship between the cerebra l  cortex 

and the internal  organs. 

However, much remains unknown today concerning the problem of the cor t ica l  control  of gaseous exchange 
and of gastric secret ion.  

The ob jec t  of the present invest igat ion is to expla in  the relationship between changes in gastric secret ion and 

in oxidat ion  processes as affected by various exper imenta l  conditions; measurements have been made before and 
during the e laborat ion of condi t ioned reflexes, after establishing a stereotype,  and after "confusing" nervous ac -  

t iv i ty .  

M E T H O D  

Three  sets of exper iments  were carried out on 2 dogs with an isolated s tomach pouch (Rex, a mongrel  of 3 
years weighing 18 kg, and Turus, a mongrel  of 4 years, weighing 19 kg). During the first s tage of the experiment ,  

both dogs were given the same food, which consisted of soup and mea l  (usual ly  oa tmeal ) ,  meat ,  vegetables,  black 

bread, and bones. In a11, 120 exper iments  were performed.  

Before the experiments ,  the dogs were made  fami l i a r  with the conditions and with the set-up of the ex-  

per iment .  

During this per iod, the i r  da i ly  program was arranged in the same way as i t  was subsequently: during the ex-  
per iments :  at  8 A.M.,  af ter  a walk,  and after s taying for 1 hour on the stand in the condit ioned reflex chamber,  

the animals  were transferred to another room, and after 20 minutes,  when the pulse was normal,  the gaseous ex-  

change was de termined using a Douglas-Haldane  bag ~. 

After the gaseous exchange had been measured,  observations were made  on gas t r ic  secretion,  and as soon 

as the react ion had become  neutral ,  a food stimulus consisting of meat ,  bread, or mi lk  was given, after which, 
observations on gastric secret ion were made  for 8 hours. Portions of the ju ice  were measured at 15 minute  in-  

tervals,  and the hourly amounts were t i t ra ted for acid with N / 5 0  NaOH. 

After this, the main exper iment  was carr ied out, and here the change in condit ions was that when in the 
condi t ioned reflex chamber ,  the dogs did not mere ly  remain  standing, but for a period of 1 hour defensive con-  
di t ioned reflexes were e labora ted .  For each dog, the posi t ive condi t ioned st imuli  were,horn No. 6 and siren No. 
8. The di f ferent ia ted  stimulus was a met ronome working at 50 strokes per minute .  This dif ferent ia t ion was 

considered in connect ion with the di f f icul ty  of  e labora t ing  a finer one.  

*~The accuracy  of the indicat ions obtained by this method was checked in M.N. Shaternikov's  laboratory by his 

assistants O.P. Molchanova and N.G. Shchepkin.  
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The unconditioned stimulus used was the voltage from an induction coil.  The stimulating electrodes were 

connected to the right hind foot. A reinforcement was given after each conditioned stimulus. 

The conditioned stimuli were used in a strictly determined sequence and were apptied for a constant length 

of time, the conditioned stimulus being given for 8 seconds, and the unconditioned for 2 seconds. The animal 's  
defensive reaction, which consisted of withdrawing the foot, was recorded on a kymograph, using a pneumatic 

transmitter. The strength of the conditioned reaction was recorded by crosses, a weak reaction being represented 
by one, a moderate by two, and a strong reaction by three. 

After working in the conditioned reflex chamber, as in the control experiments, the dogs were transferred 
into another room, where the gaseous exchange was determined and gastric secretion measured. 

R E S U L T S  

After having established the basic rates of gaseous exchange and gastric secretion, the oxygen absorbed per 

kilogram weight of the animal  was found to vary from 0.30 to 0.36, having an average value of 0.33 titers. The 

carbon dioxide liberated varied from 0.22 to 0.28, with a mean value of 0.25 liters, the respiratory quotient was 
0.77, and the pulmonary venti lat ion had a value of 11 liters. 
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Fig. 1. Oxygen consumption per kilogram per 

hour in the dog Rex. a) In control experiment; 
b) during elaboration of conditioned reflexes; 

c) with "confusion". 

Fig. 2. Defensive motor reaction on 

reinforcing conditioned reflexes. 

Curves, from above downwards: motor 
reaction, marker of conditioned stira- 

ulus marker, t ime marker in seconds. 

Response on left) conditioned reaction; 

responses on right) unconditioned re- 
action. 

Fig. 1 shows the oxygen requirement during the accl imat izat ionperiod (A), and during the elaboration of 
conditioned reflexes (B). During the first stage of the development of a conditioned reflex, the animal  absorbed 

0.46 liters of 02 per hour per kg weight, and when the reflexes had become established, the amount absorbed 
was 0.36 liters, i .e. , the oxidative processes returned approximately to the ini t ial  value (Fig. 1, b). 

For the sake of clarity, we have given the results of two experiments, Nos. 29 and 30 (Tables 1 and 2 and 

Fig. 2), and it can be seen that the dog's reaction to both the conditioned and the unconditioned stimulus are of 

the same strength (two or three crosses), while the animal  remains completely unresponsive to the differentiated 
stimulus of the bell.  

After establishing this absolute differentiation, and forming a stereotype from the system of positive and 
inhibitory stimuli (see Tables 1 and 2), the nervous activity was then "confused" by presenting simultaneously 

positive and inhibitory stimuli consisting of siren 8 + metronome at 50 strokes per minute.  As the result of this 

treatment,  the dog retained only a weak orienting reaction. The conditioned and unconditioned reflexes disap- 
peared (Table  2 and Fig. 3). 

In subsequent experiments, the unconditioned reflexes returned, but the conditioned reflexes did not (see 
Table 2). 
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Fig. 3. Motor react ion on "confus ion ' .  Curves, from above downward: 
motor reaction, unconditioned stimulus marker,  condit ioned stimulus 
marker, t ime  marker  in seconds. 

T A B L E  1 

Conditioned Reflex Reaction~ of the Dog Rex after Developing Differentiat ion and a 

Stereotype; Experiment No. 29 
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After "confusion", the oxygen requirement  was less than in the control experiments,  and fel l  during the 
course of 1 hour from 0.37 to 0.31 l i t e r s / k g  (Fig.  1, c). In these experiments,  gastric secretion was measured 

as well  as the gaseous exchange.  

As can be seen from Table  3, the classical  food st imuli  - bread, milk, and mea t  - also produced gastric 
secret ion changes. While  in the control experiments 14.7 ml of ju ice  was secreted in 5 hours, during the de -  
velopment  of conditioned reflexes this amount was increased by 9%; when differentiat ion was obtained the in-  
crease was 20%, and with "confusion" i t  was reduced by 9%(see  Table 3). 

When developing the posit ive defensive condit ioned reflexes, the secretion of gastric ju ice  was increased 
by 12% as compared with the control exper iment  values; when developing the negat ive  condit ioned reflex, the 
increase was 13%, and there was a reduction of 6% in the case of the "confusion".  On days when the posit ive 
condit ioned reflex to meat  was being developed, the gastric glands showed a functional increase of 25u/s with 
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T A B L E  2 

Condit ioned Reflex Reactions of the Dog Rex at the First "Confusion"; 

No. 30 
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different ia t ion,  the increase was 30%, and  the "confusion" caused a reduction almost  to normal .  In al l  these ex-  

per iments  there was scarce ly  any change in the ac id i ty  or in the la ten t  period of the secret ion (see Tab le  3). 

After  a threeq-nonth break in the summer,  the exper iments  were repeated on the same dogs, and precisely 
the same  results were obta ined.  

Our exper iments  showed that  funct ional  changes in the cerebra l  cortex (during the deve lopment  of cond i -  

t ioned reflexes,  af ter  they had been established, and after  the "confusion") cause wel l -marked  changes in 
gaseous exchange and in gastric secret ion.  There  is a smal le r  change in the ac id i ty  of the gastric j u i ce .  

When developing  condi t ioned reflexes, before the condi t ioned l inkages had become  established, and while 
the cor t i ca l  exc i ta t ion  was genera l ized ,  as a rule, the gastric secret ion was considerably increased in response to 
a l l  the food st imuli  used (bread,  meat ,  mi lk) .  The greatest  increase in secret ion occurred in response to mea t  

(23-25%), as this was the strongest gastric ju ice  s t imulant .  There was s simultaneous increase  of 15% in the gas- 
eous exchange rate .  

To us, i t  seems that  this increase  in the functions described,  which takes p l ace  during the in i t ia l  phase of 
the deve lopment  of condi t ioned reflexes, must be interpreted as being due to an i r radia t ion  of the cor t ica l  ex-  
c i ta t ion  occurring through the ac t ion  of external  s t imuli  on the lower subeort ical  centers.  

This idea  is supported by the fact  that as the condi t ioned reflexes become  more f i rmly established, the 
changes which occur b e c o m e  less marked,  and f ina l ly  the quanti t ies measured return to their  or iginal  values.  
According to the P a r l o r  school, this per iod corresponds to the concentra t ion of exc i ta t ion  and m its equi l ibrat ion 
with the inhibi tory process.  
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The development of internal inhibition 
caused a still greater increase in gastric secre- 
tion (from 19 to 30%). When developing con- 
ditioned inhibitory reflexes, there is evidently 
at first a generalized cortical inhibition, and 
because this is widespread, the positive con- 
ditioned reflexes produce less effect. 

On account of its inertia, a weak diffuse 
inhibition is maintained for a considerable time 
after the experiment, during the period of meas- 
urement of the gastric secretion. Because of the 
weakness of the inhibition, it does not irradiate 
into the lower subcortical regions, but acts by 
positive induction to increase their excitability, 
which leads to an increase in gastric secretion. 

"Confusion" of the processes of excitation 
and inhibition in the cerebral cortex produced 
a directly opposite effect, i .e. ,there was a mark- 
ed reduction in both gaseous exchange and gastric 
secretion. The latter often fell to 9-10% below 
its original value, in this case, "confusion" 
caused a breakdown of conditioned reflex ac- 
tivity. 

The development of an inhibitory con- 
dition in the cerebral cortex, following , c o n -  
fusion", causes an irradiation of this inhibition 
to the subcortical region, and this is evidently 
the reason for the reduced activity of the func- 
tions described. 

From what has been said, we may con- 
clude that when cortical function is disturbed, 
so also are the subcortical centers, and the 
condition of the latter in turn brings �9 
changes in the rates of gaseous exchange and 
of gastric secretion. 

S U M M A R Y  

Experiments performed on dogs demons- 
trated that the change of the functional con- 
dition of the dog's brain cortex alters the gas 
exchange and the gastric secretion. 

The gastric secretion to bread, meat and 
milk increases during the first day of formation 
of conditioned reflex associations. After the 
reflexes to the same stimuli are formed, both 
secretion and gaseous exchange drop to a normal 
level .  The process of internal inhibition for- 
mation causes an even greater rise of gastric 
secretion and gaseous exchange. In neurosis, a 
considerable decrease of the above autonomic 
functions was noted. 
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