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The study of the compensatory powers of the nervous system during the act ion of ionizing radiat ion is i ncom-  

plete .  The nervous mechanisms of compensat ion are known to be highly resistant [6]. It has been shown expe r imen-  
ta l ly  that the tonic reflexes of the brain stern are increased after whole-body irradiat ion in doses of 800-1000 R [10]. 
However, no reference could be found to the study of the state of the compensatory nervous mechanisms of disturbed 

functions, with qual i ta t ive  and quant i ta t ive assessment of the reactions in the course of development  of acute r ad ia -  
tion sickness. 

Accordingly,  at Professor Yu. G. Grigor 'ev 's  suggestion, the present investigation was carried out to examine 
the resistance of the compensatory mechanisms of the nervous system to acute radiat ion sickness. 

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

The mode l  chosen to charac ter ize  the state of the compensatory mechanisms of disturbed functions was un i -  
l a te ra l  labyrinthectomy,  highly developed by E. A. Asratyan's school. The group of vestibular nuclei  present in the 
medul la  lies on the pathway of several  labyrinthine reflexes. One such reflex is the nystagmic movement  of the eyes 
in response to s t imulat ion of the semicircular  canals of the labyrinth. By recording the reactions of postrotat ional  
nystagmus in an an imal  with one labyrinth, the state of the compensatory processes developing after labyr inthectomy 
can be judged. 

Experiments were carried out on 23 male  chinchi l la  rabbits weighing 2.8-8,2 kg, of which 12 were exper imen-  
ta l  and 11 control. The left  labyrinth was destroyed in the exper imenta l  animals.  The approach to the fenestra 
vestibuti  was made by the technique described by N. I. Arlashchenko, Yu. G. Grigor 'ev,  and A. B. Malinin [2]. 
Next, under visual control, the membranous labyrinth was extracted p i ecemeaL  The completeness of ext irpat ion of 
the labyrinth was verif ied laistologically. 

The animals were examined on a specia l  rotating apparatus [5]. Rotation began with subthreshold levels of a c -  
celerat ion,  after which a series of st imuli  of increasing magni tude was a p p l i e d - 3 0 ,  60, 120~ and 180 ~sec, the an i -  
mals being rotated in both directions a l ternate ly .  The nystagmic reactions which developed on stopping were trans- 
mi t ted  by means of needle electrodes and a special  device to a 16-channel  e lectroencephalograph (Kaisers Labora- 
torium). Between 4.5 and 6 months later,  when the disturbances caused by the uni la te ra l  labyrinthectomy had sub- 
sided or disappeared complete ly ,  the animals were exposed to whole-body irradiat ion (dose 800 tL dose rate 200 
R/min). 

After i r radiat ion the rabbits were tested on the rotat ing apparatus at  different stages of radiat ion sickness - 
4-5 h after irradiation,  and then on the 3rd, 5th, and 8th days. Besides the recording of the nystagmic reactions, 
a full  blood analysis was made, and the an imal  was weighed so that the course of the radiat ion sickness could be as-  
sessed c l in ica l ly .  

No operat ion was performed on the control  animals,  but they were tested and irradiated in the same conditions 
as the exper imenta l  animals.  
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Curves of react iv i ty  of the vestibular analyzer  in rabbits after uni la te ra l  r emova lo f the  labyrinth 
and in intact  animals at various times after whole-body 7"ray i r radiat ion in a dose of 800 R. 
1) Anticlockwise rotation; 2) clockwise rotat ion.  The ver t ica l  lines denote the magnitude of 

one mean error (m). 

A stat is t ical  analysis of the exper imenta l  results was made by Student's method.  

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  

Immedia te ly  after the un i la te ra l  destruction of the labyrinth the equil ibr ium of the postrotat ional  nystagmus 
after turning to the left  and right disappeared. After 4 .5-6 months this equil ibrium was restored. The curves of re -  
ac t iv i ty  of the vestibular analyzer  of the exper imenta l  ( labyrintheetomized)  and control  animalr  are shown in the 
figure a. The curves reflect ing the reactions of the labyr in thectomized and control  rabbits to rotation to the left  and 
right are ahnost  pa ra l l e l  at  a l l  points; the difference is not s tat is t ical ly significant.  The duration of the nystagmic 
react ion of the exper imenta l  animals fel l  by approximate ly  half  by comparison with the duration of the react ion of 

the controls. 

The experiments with the control rabbits showed that s tat is t ical ly significant differences were not present at  
a l l  stages of radiat ion sickness and at  a l l  points of the curves of react ion to turning to the left  and right. 

The course of the curves in the exper imenta l  animals  4-5 h after irradiation was not significantly a l tered (see 

figure b). No significant differences were found between the results of the reactions to clockwise and anticlockwise 
rotation. The blood analysis showed the usual hemato log ica l  picture of the first day of radiat ion sickness. On the 
3rd day after i r radiat ion (see figure c) the course of the curves was unchanged. The lymphopoiesis was slightly de -  

pressed and the animals  showed a very slight loss of weight.  

On the 5th day after i r radiat ion the relationship between the curves of react iv i ty  during clockwise and an t i -  
clockwise rotation remained as before. The mean errors of the a r i thmet ica l  means of the clockwise rotat ion curve 
were smal l  (see figure d). The hemato log ica l  picture was that usually observed on the 5th day of radiation sickness. 

On the 8th day after i r radiat ion no significant differences were found at any point on the curve (see figure e). 
The r count and the concentrat ion of hemoglobin in ~ were lowered; the depression of lymphopoiesis had 

progressed further and the loss of weight by the animals  had continued. 

After uni la tera l  destruction of the labyrinth in animals a series of reflexes arises (spontaneous nystagmus, de -  
viat ion of the eyes, rotat ion of the head, and so on), diminishing or disappearing in t ime,  and in the opinion of some 
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investigators these are the result of centra l  compensatory processes [11, 13, 16]. It has been shown that the equ i l i -  

brium non-nally present between the vestibular nuclei  on account of the spontaneous ac t iv i ty  of the analyzer  onboth 

sides is disturbed after labyrinthectomy; the act ivi ty  of the nuclei  on the side of the operation disappears at  once  

[15]. This is shown by the fact  that the postrotat ional  nystagmus on the side of the operation after uni la tera l  l aby-  
r intheetomy is much weaker than on the healthy side [17]. However, the act ivi ty  of the nuclei  on the side of the 

operation is evidently gradually restored [18]. As Spiegel  and Demetriades [18] showed, after destruction of the 
vestibular nuclei  on the side of the operation the function of the lost labyrinth was not compensated.  

In man, some t ime after the loss of labyrinthine function oll one side, nystagmic reactions of equal  intensity 
on both sides develop in the rotat ion and calor ic  tests [12]. This demonstrates compensation of the lost function. 

The facts described above show that compensat ion takes p lace  on account of central  mechanisms and not of 
the remaining labyrinth. For instance, after pre l iminary removal  of the labyrinths from animals, destruction of the 
nuclei  on one side caused the development  of a nystagmus directed towards the side of the remaining nuclei  [19]. 

Hence, a short t ime after uni la te ra l  loss of the labyrinth, the lost function is restored on account of centra l  
compensatory mechanisms (in the present experiments after 4 .5-6 months). When assessing the compensatory proc-  
esses the re la t ive  role of the phylogenet ica l ly  old and young structures of the nervous system must be remembered  
[9]. V .M.  Bekhterev [4] showed that destruction of the cerebra l  hemispheres diminishes the vestibular symptoms of 
delabyrinthized dogs. In E. A. Asratyan's investigations [3] extirpation of the cerebra l  hemispheres caused decom-  
pensation of labyrinthine lesions in these animals .  After uni la tera l  extirpation of ti~e motor cortex, E. Sh. A i r ape t ' -  
yants and V.A. Kislyakov [1] observed a par t ia l  disappearance of the statokinetie reflexes developing in the process 
of compensation after labyrintheetomy.  

The compensat ion of labyrinthine disturbances is thus not confined to the role of the brain stem. Consequently, 
when ionizing radiat ion acts on the living organism i t  is essential  to take into account both the reactions of the i n -  
d ividual  nervous structures and the reactions of the centra l  nervous system as a whole. 

During i r radiat ion changes of a phased character  take p lace  in the functional state of the cerebral  cortex, and 
the centers of the medulla,  the mesencephalon,  and the diencephalon are character ized by increased exci tab i l i ty  
and condgct ivi ty [7, 10]. 

Analysis of the exper imenta l  resuks in the light of the facts described above shows that neither during t h e l s t  
day after irradiation, when the structures of the brain stem are in a state of increased exci tabi l i ty ,  but the cerebra l  
cortex is in an inhibited state, nor in the period of a re la t ive  return to normal  (3rd and 5th days) ac t iv i ty  of the 
cortex and bra in-s tem centers, nor at  the height  of radiat ion sickness (8th day) when the processes are unstable in 
a l l  parts of the nervous system, was there any disturbance of the previously formed compensatory mechanisms. 

This suggests that the medul la ,  which plays the dominant role in the compensation of the labyrinthine distur-  
bances (in this part icular  case), is highly resistant to irradiation. However, this does not exclude the resistance of 
the higher levels of the central  nervous system to irradiat ion.  

The results of control  experiments demonstrate the progressive lowering of the reac t iv i ty  of the vestibular ana -  
lyzer, with a max ima l  f a l l  before death of the animals .  These results agree with the observations of A. V. Sevan'kaev 
[8]. The fact  that no such progressive fal l  in the react iv i ty  of the vestibular analyzer  took p lace  in the animals with 

one labyrinth after irradiation, as i t  did in the animals  with two Iabyrinths, is of part icular  i~terest and calls for 
special  study. 
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