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In radiat ion sickness the condit ion of the a l imenta ry  tract  undergoes a number of disturbances, and for this 
reason the study of the motor function of the smal l  intest ine in radiat ion sickness arouses par t icular  interest.  At 

the same t ime  this problem is r a r e ly  discussed in the l i tera ture .  There are only isolated investigations on smal l  

labora tory  animals .  Conard [7], for instance, demonstrated an increase in the motor function of the intestine of 
rats exposed to a dose of only 100 r; under these condit ions there is an increase in the muscle tone and in the 

ampl i tude  of the contract ions.  An acce le ra t ion  of the passage of the contents through the gastrointest inal  t ract  

in rats was reported by Goodman,  Lewis and Schuck [8] 

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

Our exper iments  were carr ied out on 3 dogs on which the Th i ry -Vel la  operat ion had been performed and an 

area of the smal l  intest ine 20 cm long isolated in the region of the lower part of the duodenum and the proximal  
je junum.  The movements  of this isolated segment  were recorded for 4 hours every other day by means of a pneu-  
ma t i c  system with a rubber bal loon,  the pressure inside which was constant and amounted to 20 mm of mercury.  
In normal  condit ions before i r radiat ion the motor ac t iv i ty  of the isolated intestine was studied in dogs with an empty 

s tomach and also af ter  a mea t  mea l  (200 g). 

E X P E R I M E N T A L  R E S U L T S  

In the an imals  before feeding we observed per iodic  contract ions of the isolated intest ine,  which were pa r t i -  
cular ly  well  marked in the dog Iula.  In the remain ing  dogs - Pirat and Anakonda - the rest period was associated 
with smal le r  contract ions of t h e  loop of intest ine.  The periods of ac t iv i ty  of the intestine in the hungry dogs lasted 

2-3 minutes,  The size of the contract ions at  the height  of the period of ac t iv i ty  was usually equivalent  to 15-20 
mm of mercury,  The number  of contract ions per minute, was constant and amounted to 14-16. The tone of the 
isolated area  of intest ine changed in an undulating manner:  during a period of work the tone increased and at 
rest i t  fe l l  to a min imum,  The greatest  value of the tone,  which was observed when the contractions were maximal ,  
was 2-6 m m  of mercury ,  The periods of rest lasted 1-2 minutes,  In some experiments  we were unable to determine  

the per iod ic i ty  of the movements  of the isolated intest ine,  

The results which we obtained are in full  ag reement  with the exper imenta l  findings of L, S, Girshberg [2] 

and L, G, Voronin [1], 

When the dogs were feeding on meat ,  which was given i m m e d i a t e l y  before the exper iment ,  the isolated i n ,  
test ine responded to this simulns by a slight increase in the motor ac t iv i ty .  Under these ci rcumstances the period 

of ac t iv i ty  was lengthened to 4-6  minutes,  and the period of rest was shortened. 

In order to obtain exper imenta l ly  an increase in the motor  ac t iv i ty  of the isolated intestine,  the dog was 
in jec ted  subcutaneously with proserin (prost igmin methylsulfa te) .  Proserin was given to ptrat  in a dose of 0.1 mg. 
C l in i ca l ly  this dose caused hardly any change.  The motor ac t iv i ty  of the intestine was intensified 6minutes after 
the in jec t ion  of proserin. Anakonda and Iula were in jec ted  with the same dose of proserin - 0.1 mg. In a l l  cases 

we observed an increase in the motor function of the isolated intest ine.  
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Fig. 1, Motor activity of the isolated intestine in the dog Pirat on the first day after 

irradiation with x-rays. 

Fig. 2. Movements of the isolated intestine in the dog Anakonda on the 1st, 2nd, 8th 

and 14th day after irradiation. 

In order to produce an art if icial  reduction in the motor funntion of the isolated intestine the dogs were in -  

jected subcutaneously with atropine in a dose of 1 ml of a 1 : 1000 solution. The inject ion of atropine to the dog 

Pirat was followed by prolonged rest of the isolated loop of intestine, which came on after 2 minutes 20 seconds. 

The suppression of motor act ivi ty  of the intestine lasted 103 minutes 40 seconds. It must be pointed out that under 
these conditions we were unable to observe complete rest. At definite in te~a l s  of t ime we could observe isolated 

contractions of the loop of intestine. Inject ion of atropine to Anakonda and Iula also gave rise to depression of the 
motor function of the isolated loop of small  intestine. These findings are also in agreement  with the research of 

L. S. Girshberg [2] and L. G. Voronin [1]. 

Acute radiation sickness was produced in the dogs by total irradiation with x-rays (in a dose of 400 r). Three 
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dogs were i r radiated.  In Pirat file disease took a severe course and the an imal  died on the 22nd day after i rradiat ion;  
in Anakonda and Iula the acu te  radiat ion sickness developed in a slight form. 

We give below the result~ of investigations with the individual  animals.  

The dog Pirat .  Tracing of the movement  of the isolated loop of smal l  intestine began 50 minutes after 
i rradiat ion.  At once a s ignif icant  fa l l  in the motor  ac t iv i ty  of the isolated intestine could be observed. The 
number of contractions per minute remained normal,  but their  strength fel l  to 12 m m  of mercury.  F i f ty -e igh t  minutes 
a fret i r radia t ion the  strength of the conlxa ctions had reached the lev el  of 5 mm of mercury,  and after  85 minutes i t  

had fa l len  to 2 mill of mercury.  Side by side with the depression of per is ta l t ic  movemei: ts  spasms were recorded,  
lasting for 3 -4  minutes.  On the 150th minute  the an imal  was observed to vomit .  Two minutes  after vomit ing,  the 

strength of the contract ions increased;  at  the same t ime  the tone of the intest inal  musculature rose considerably,  
in some cases to 24 m m  of mercury.  Beginning on the 208th minute  after irradiat ion,  and continuing to the end 

of the exper iment ,  a prolonged and almost  comple te  rest of the isolated intestine developed;  very occasional ly  
Isolated. single contractions with a magnitude of 2ram of mercury could be observed. 

Thus, on the  first day after i r radiat ion the motor function of the isolated intestine was sharply inhibited 

(Fig. 1). 

On the 2nd day after  i rradiat ion,  in the first hour of the exper iment  the motor ac t iv i ty  of the intestine was 
st i l l  depressed, but to a far lesser degree.  The strength of the contractions reached I2  mm of mercury,  but their  
frequency had fal len to 10 per minutes.  In the second hour a violent  motor ac t iv i ty  was observed in the isolated 

intest ine,  with a contrac t ion  strength of 27 m m  of mercury and an increase of tone to 28 m m  of mercury.  This 
sharply increased motor ac t iv i ty  te rminated  in vomit ing,  after  which i t  was considerably inhibi ted.  The strength 

of the contract ions reached at  this moment  8 m m  of mercury,  and their  rate fe l l  to 4 per minute.  This condit ion 
lasted unti l  the 108th minute from the beginning of the exper iment ,  after which quite prolonged periods of ac t iv i ty  
with contract ions of varying strength were noted.  The periods of contract ion lasted for 5 minutes and sometimes 

even longer.  

Fig. 3. Motor ac t iv i ty  of the isolated intest ine in file dog Iula on the 1st day (upper 

3 curves) and on the 3rd and 5th days after i rradiat ion.  

On the 4th day after i r radiat ion the motor  ac t iv i ty  was almost  normal,  i .e .  the strength of the contractions 
was equal  to 20 mm of mercury and their  frequency t5 per minutes.  On the 5th day the motor function of the 
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isolated intestine was sl ightly weaker;  the max imum strength of the contractions was 16 mm of mercury but their 

rate had fa l len  to 14 per minute.  On the 9th day after i r radiat ion the contractions Were uncoordinated.  Oft the 

14th day very powerful motor ac t iv i ty  of the isolated loop of intest ine was observed: the work periods were length-  
ened to 4-5 minutes,  the contract ion strength reached 30-35 m m  of mercury,  and their frequency was within normal 

l imi ts  - 15 per minute;  the tone of the isolated intest ine was raised to 14 mm of mercury.  On the 17th day the 
tone was raised s t i l l  further (27 m m  of mercury),  the number of contractions had fal len to 10 and their  strength had 
increased to 48 mm of mercury.  The increased motor  ac t iv i ty  of the isolated intestine continued unti l  the 22nd 
day.  At the beginning of the premor ta l  period (22 nd day after i r r ad ia t ion ) the  motor function diminished sharply~ 
it  then ceased a l together ;  the tone of the loop of intestine fel l  to zero. This condit ion lasted until  the death of 

the an ima l .  

The dog Anakonda.  In the first hours after  i r radiat ion of the an imal  with x-rays  an increase in the motor 
function of the isolated intest ine could be de tec ted .  No changes in the intest inal  tone were observed in the first 
24 hours. The number of contract ions per minute  remained  normal .  The increase in the motor ac t iv i ty  was the 

result of an increase in the strength of the intest inal  contractions (to 32 m m  of mercury),  a lengthening of the 

periods of ac t iv i ty ,  and to an a lmost  comple te  absence of periods of rest (Pig. 2). 

The motor  ac t iv i ty  continued to remain  high until  the 14th day after i r radiat ion.  The strength of the con-  

stractions was 28 mm of mercury.  On the 27th day the motor function of the isolated intestine fe l l  to normal.  

On the 40th day a lowering of the motor  ac t iv i ty  could a l ready be observed. The number of contractions per 
minute  continued to remain  normal ,  but their  strength diminished to 4-8  m m  of mercury.  On the 48th day the 

strength of the in tes t inal  contractions after the second hour of the exper iment  rose to 30 m m  of mercury.  On 

the 55th day the motor  ac t iv i ty  of the isolated intest ine fe l l  sharply; the number of contractions per minute  

was between 15 and 18, but their  strength had fa l len  to 3 -4  mm of mercury.  On the 76th day after i r radiat ion 

the motor  function of the isolated loop of intest ine was within normal  l imi ts .  

The dog iu la .  Only 20 minutes after  i r radiat ion of this an ima l  with x-rays  depression of the motor ac t iv i ty  
of the isolated area of intest ine was observed. The contractions of the intest inal  loop were uncoordinated.  The 

strength of the in tes t inal  contract ions at  this t ime was 4 m m  of mercury,  and 1 hour la ter  - 2 m m  of mercury.  

Side by side with the considerable  reduct ion in the per is ta l t ic  movements ,  the tone of the isolated intestine was 

very often raised for a long t ime ,  usually to 4-6 m m  of mercury.  

It is in this manner that  the intest inal  spasms, so frequently observed in acute radiat ion sickness, can be 

expla ined .  During vomit ing,  the tone of the loop of intest ine was increased to 16-28 m m  of mercury.  

On the 3rd day after  i r radiat ion the strength of the intest inal  contractions was raised to 30 mm of mercury.  

The periods of work were lengthened,  somet imes  to 10 minutes and longer.  On the 5th day the same features were 

observed (Fig. 3). 

On the l l t h  day after  i r radiat ion the motor function of the isola ted intest ine was at  the nbrmal  l eve l ;  the 
18th day was charac te r i zed  by a s ignif icant  depression of the motor ac t iv i ty  of the isolated loop of intest ine.  
The m a x i m u m  strength of the contract ions at this t ime  was 6 mm of mercury.  The number of contract ions fe l l  

to 10-11 per minute ,  and the periods of work were considerable shortened. On the 22nd day the motor  function 

of the isola ted intest ine rose sharply. The number of intes t inal  contract ions remained normal ,  but their  strength 
increased to 30 m m  of mercury;  the tone rose to 14-18 m m  of mercury.  On the 51st day after i r radiat ion with 

x- rays  the motor  ac t iv i ty  of the isolated intest ine a lmost  reached the normal  l eve l .  On the 65th day the motor  
function of the loop of intest ine was sl ightly lowered;  the strength of the contractions was 8-14 m m  of mercury,  

and their  frequency 9-12 per minute .  

Thus, during acute  radia t ion sickness in dogs, caused by i r radiat ion with x- rays  in a dose of 400 r, the motor 

function of an isolated area  of the smal l  intest ine is quite considerably a l tered in the direct ion of depression and 

also of in tens i f ica t ion.  I t  shouId be pointed out here that  under these c i rcumstances  there  mainly  takes p l ace  a 
prolonged increase in the motor  ac t iv i ty  of the isolated loop of intest ine.  The motor  function of the isolated in -  
test ine in different  dogs as a rule increases or diminishes at  the same t ime .  Thus, for example ,  between the 3rd 
and 8th days after  i r rad ia t ion  with x- rays  the motor ac t iv i ty  of the intest ige increased in a l l  3 exper imenta l  
an imals .  The same thing could be observed on the 14th-17th,  21st-28th and 31st-48th days. Depression of the 

motor function in Anakonda and tula was noted on the 55th-56th day.  
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The periodicity (phasing) of the secretory processes and absorptive processes of the intestine observed in 
acute radiation sickness [3-5] are also characteristic of the motor function of the isolated loop of small intestine. 

Disturbances of the motor function of the isolated loop of intestine depend evidently on changes in the 
cholinesterase activity of its tissue. Certain workers have established [6] that under the action of ionizing radiation 
inactivation of the cholinesterase of the intestine takes place. For this reason the acetylcholine which is continually 
being liberated is less subjected to destruction, appears in a higher concentration and the motor activity of the in 
testine whichit causesi is increased. Conversely an increase in the cholinesterase activity at certain stages of ra- 
diation sickness leads to a fall in the acetylcholine concentration and causes depression of the motor function of the 
small intestine. 

in our experiments the changes in the motor activity of the intestine in normal, unirradiated animals due to 
proserin and atropine are very reminiscent of the trends of the motor function of the loop of intestine which we 
observed at various stages of acute radiation sickness. In view of this, we postulate that the disturbances of the 
motor activity of the intestine in the irradiated dogs may depend on changes in the acetylcholine - cholinesterase 
system developing in radiation sickness. 

SUMMARY 

The motor function of the isolated intestinal loop (by Thiry-Vella 's method) was studied with the aid of an 
air-balloon transmission. Experiments were carried out on 3 dogs. Radiation sickness was caused by x-ray irradi- 
ation in the dose of 400 r. The results of experiments demonstrated that the motor activity of the isolated intestine 
is greatly intensified in acute radiation sickness. However, periods of depression and normalization of the moto r 

function were also noted. 
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