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We studied the effect  of  increased blood ammonia  leve l  on the uncondit ioned in terocept ive  reflexes. As 
is known, an increased organic ammonia  leve l  of  the blood (in common with ca rbamic  acid)  poisons the system 
and disrupts the ac t iv i ty  of the nervous system[i ,  2]. 

The invest igat ion was carried out on cats under acute  exper imenta l  conditions; a 10% solution of urethane, 
adminis tered intravenously, was used as anesthesia. In various experiments  the st imulants used were: di lat ion of  
an intest inal  loop, di lat ion of the urinary biadder,  administrat ion of a 0.1% KC1 solution or of ace ty lchol ine  in 
various concentrations into the artery of a section of  the intes t inewhich had been isolated from the general  
blood c i rcula t ion and perfused. The di lat ion of both the intest ine and the urinary bladder was carried out by 

means of a rubber balloon which was inserted through an incision in the wal l  of the organ and fastened with a 

purse-string su tu r e . .The  balloon was connected by a rubber tube with a mercury manomete r  and a rubber bulb 
by means of a T- joint .  

Three series of  experiments  were carried o u t -  a total  of 30 tests. 

In the first series of tests, the ef fec t  of introducing ammonia  into the blood stream of an an imal  on the 

eottrse of  uncondit ioned in terocept ive  reflexes was studied. 

In these tests, di la t ion o f  an intest inal  loop or of the urinary bladder was employed.  

After the in i t i a l  effect  of d i la t ing the organ at  known pressure was determined,  1-5 m l  of  a 10% solution of 

ammonium c i t ra te  or chlor ide was adminis tered into the femoral  vein of  a eat  and' then the organ was again 

di la ted a t  varying intervals of t ime. ~il~e ammonia  was introduced slowly, during 30-60 seconds. 

The adminis trat ion of ammonia  salts decreased the manifestat ion of  the uncondit ioned ref lex consider-  

ab ly  for some trine, sometimes suppressing i t  complete ly .  

Thus, in the exper iment  on 14 May, 1953 (Fig. 1,a), the effect  of d i la t ing the intest inal  loop at  a pressure 

of 8 cm of mercury,  3 minutes after administrat ion of 3 m l  of a 10% solution of  ammonium chloride'(NH~Ct) 
into the general  bloodstream, was decreased (b)~ 1 -1 /2  hours later  i t  was almost  comple t e ly  re-es tabl ished (c). 

Similar  results were obtained when the urinary bladder was di lated.  For example ,  in the exper iment  of 
23 April,  1953; its di la t ion at  a pressure of  5 cm of  mercury caused an increase in the blood pressure (Fig. 1,d); 
three minutes aKer introduction of  1 m l  of  a 10% solution of ammonium chloride,  the effect  was a lmost  

suppressed (e); 10 minutes later ,  i t  was comple te ly  re-es tabl ished (f). 
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Pig. 1. Course of the unconditioned interoceptive reflex before and after 

administration of amrnoHia into the bXood su-eam of an animal .  
a) Change in blood pressure and respiration in response to dilation of an 

intestinal loop at a pressure of 8 cm of mercury; b) the same, 3 minutes 
after administration of 3 ml of a 10% soh|tion of NH4C1 into the blood; 

c) after 1-1/2 hours (experiment on 14 May, 1953); d) change in blood 

pressure and respiration in response to dilation of the urinary bladder at 

a pressure of 5 cm of mercury (experiment on 28 April~ 1953); e) 3 

minutes after administration of 1 ml of a 10-~ solution of NH4C1; 0 the 

same after 10 minutes (experiment on 23 April, 195a). 
Curves (top to bottom): blood pressure, respiration, application of 

sthnulus, designation of t ime (30 seconds). 

__. -- 
Fig. 2. Course of the tmconditioned interoceptive reflex before administration of 

ammonia into the blood stream of the animal  (a), 3(b) and 10 minutes (c 1 after 

administration of ammonia.  Stimulus - 1 ml  of acetyleholine (1 • 10-51 perfused 

through an intest inal  loop which was isolated from the general blood stream and was 

not subjected to the ac t ion  of ammonia.  
The moment  of acetylcholine administration is designated by an arrow. The 

remaining symbols are the same as those in Fig. 1. Experiment on 20 May, 1953. 
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Fig. 3. Course of  the unconditioned interocept ive reflex induced by the addit ion of 
1 ml  of 0.1% KC1 solution to the perfused section of the intestines. 
a) On the basis of perfusion with pure Tyrode solution; b) on perfusion with Tyrode 
solution with ammonia  added; c) 15 minutes after renewal of perfusion with a pure 
solution of Tyrode.  The arrow indicates the moment  when tile KC1 was added to the 

perfusing fluid. The other symbols are the same as in Fig. 1. 
Experiment on 28 May, 1953. 

Ammonia  was adminis tered 2-3 times during an exper iment ;  each t ime,  the same relat ionship was ob-  
served*.  

The larger the adminis tered dose was, t h e  longer the reflex was inhibited.  The results were s imilar  
in a l l  of the experiments.  

In the second series of tests, ammonia  was introduced into the blood stream of the ca t  in the same way, 
but the loop of  the intest ine which was subjected to s t imulat ion was isolated c o m p l e t e l y  and perfused with 
Tyrode  solution; only a nettral connection was lef t  between the intest inal  loop 'and the rest of the system. In 
this way, ammonia  was prevented from entering this pot tion of the intestines. 

1 ml  of ace ty lcho l ine  (in different experiments  various concentxations of i t  were used: from 1 x 10 .6 to 
i x 10 -4) or 1 ml  of  a 0.1% solution of potassium chloride (KC1), introduced into an artery of the perfused 
section, was used as the stimulus. 

Under these conditions also, the introduction of ammonia  salts into the ca t ' s  system temporar i ly  decreased 
or comple te ly  suppressed the act ion of in terocept ive  stimulus. 

Thus, in the exper iment  on 20 May, 1958 (Fig. 2), the introduction of I m l  of ace ty lcho l ine  (at a concen-  
tration of  1 x 10 -5) into the artery of the perfused section of  the intest ine caused a considerable rise in biood 
pressure and also an increase in the depth and frequency of respiration (a); 3 minutes after introduction of 1.5 m l  
of  a 10% solution of ammonium c i t ra te  into the femoral  ar tery of the cat, the effect  of ace ty lchol ine  
adminis~a t ion  was absent (b); however, a f te r 'on ly  10 minutes,  ace ty lchol ine  adminis t ra t ion again produced an 

effect ,  a lbe i t  a weaker one than in i t i a l ly  ( c ) .  

When potassium chlor ide  was used as a st imulant ,  the same results were obtained.  

In the third series of experiments,  we used ammonia  only on that section of the intest ine which had been 
isolated from the general  blood stream and perfused, and which was being st imulated.  Consequently,  ammonia  
did not reach the general  blood stream, and the cat ' s  system (except  for this section of the intest ine) was not 
subjected to the act ion of ammonia .  In order to achieve this, a t  the necessary moment ,  perfusion of the 
intest inal  loop with Tyrode solution was rep laced  with perfusior_, with Tyrode solution containing 0.5% NH4C1. 

1 ml  of a 0.t2t, solution of KC1 was used as the test stimulus. 

�9 Th-----'e short .duration of the act ion of the ammonia  can be explained,  apparent ly,  by its speedy neutra l iza t ion 

In the system. 
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The experiments were carried out as follows. After perfusion and the establishment of a constant blood 
pressure, the initial effect was determined, then we changed the perfusion m Tyrode solution with ammonia 
chloride; after varying intervals of  t i m e ,  the action of  KC1 was tested with the action of  ammonia in the 
background; after this, pure Tyrode solution was used for the perfusion again; this change 0f perfusion solution 
was carried out several times in the course of  the experiment. 

In these experiments, when the ammonia  acted only on the receptors of  the given section o f  intestine, the 
same relationship was preserved as in the first two series. 

Thus, in the experiment of  56 May, 1953 (Pig. 3), the administration of  potassium chloride into the artery 
of flae perfused section caused a sharp rise in blood pressure and faster respiration (a). Only 15 minutes after the 
initiation of perfusion with Tymde  solution containing ammonia,  the effect of potassium chloride administration 
disappeared completely (b). However, it was worth excluding the action of the ammonia since the effect was 
re-established after some time (c). Such ~poisoning" can be produced several times in the course of the experi- 
ment, and the effect comes and goes correspondingly. 

Thus, the experiments which we carried out show that an increase in the level of ammonia in an animal 's  
blood produces a decrease or complete disappearance of unconditioned interoceptive reflexes. The isolation of  the 
stimulated section of  the intestine from the general blood stream does not remove this effect ;  the depressant 
action of ammonia is also evident when it acts only on the interoceptors of  the section of the intestine from which 
the reflex is evoked. 

These observations of ours agree with the data of  investigators who have shown the sharp decrease in the 
reflex activity of animals in whom the symptoms of  acute poisoning with protein metabolites - absence o f  sensi- 
tivity to pain, marked weakening of vision, ataxia, drowsiness - have developed as a result of  excluding the 
barrier function of  the liver. 
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