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Expe r imen t s  on mice ,  r a t s ,  guinea pigs, dogs, and monkeys  have shown that  an imals  can accura te ly  
locate sou rces  of fi- and y - r a y s  and drink much less  wa te r  f r o m  an i r r ad ia ted  than f rom an uni r rad ia ted  
basin.  Marked f luctuations in rad iosens i t iv i ty  a re  found {exper iments  on guinea pigs).  

Invest igat ions  of the action of radia t ion  as a s t imulus  have r ecen t ly  a t t r ac ted  inc reas ing  attention. In-  
t e r e s t ing  r e su l t s  have been obtained by the study of re f lex  defensive r e sponses  of i nve r t eb ra t e s  [5, 8, 11, 15, 
16] and of condi t ioned-ref lex  r e s p o n s e s  of v e r t e b r a t e s ,  inwhich radia t ion may  play the ro le  of unconditioned 
or conditioned s t imulus  [1-4, 6, 7, 9-10, 12-14, 17]. 
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Fig. 1. Avoidance by dif ferent  an imals  of drinking wate r  f r o m  i r -  
rad ia ted  basin:  1) r ight  basin; 2) left basin.  Ar rows  denote t imes  
of switching radia t ion  sources  on or  off in neighborhood of r ight  
(continuous arrow) and left  (broken arrow) basin,  a) Mice, whole-  
body i r rad ia t ion  (five changes of radia t ion sources) ;  b) whole-body 
i r rad ia t ion  (exper iments  on ra ts ) ;  c) whole-body i r rad ia t ion  (exper : -  
ments  on guinea pigs); d) i r r ad ia t ion  mainly  of head {experiments  
on mice);  e) i r rad ia t ion  of head {experiments  on dogs); f) i r r a -  
diation of head (exper iments  on monkey).  

(Presented byAct ive  Member  of the Academy of Medical  Sciences of the USSR P. D. Gorizontov).  
Trans la ted  f r o m  Byulleten '  Ekspe r imen ta l ' no i  Biologii i Meditsiny, Vol. 6 , No. 4, pp. 23-27, April ,  1968. 
Or ig inal  a r t i c le  submit ted  Sep tember  9, 1966. 
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TABLE 1. Species of Animals and Investigated Dose Rates of Radiation (in m R / a c e )  

Animals 

Drosophila 
Carp 

Mice 

Rats 

Guinea Pigs 

Dogs 

Monkey 

Type of 
radiation 

f l - r ays  p32 

3'- rays  
Co60; Cs t37 

Ditto 
Ditto 
Ditto 
Ditto 
Ditto 

Whole-body i r radia t ion 

Range of dose 
ra tes  studied 

5.0-170,0 

4i.3 

1.3-3,4 

12.0-13.6 

0.1-13.6 

Threshold dose 
rate  

20,0 

2.0 

13.2 

1.1 

Local i r radiat ion 
dose rate 

350-450 

5 
8-9 

We have studied the cha rac t e r  of behavior  of seven species  of animals,  at different levels of phylo- 
gentle development, in weak radiation fields: Drosophila [8], f ishes [6], mice,  ra ts ,  guinea pigs, dogs, and 
monkeys [1, 2,  7]. In this repor t  we descr ibe  data relat ing to specific and individual differences in the avoid- 
ance react ion to radiat ion fields and the effect of var ious experimental  conditions on the onset of these r e s -  
ponses.  

EXPERIMENTAL METHOD AND RESULTS 

The experimental conditions and method of investigation were described in previous papers [I, 6-8]. 

Experiments were performed on 25 carp, 180 mice, 70 rats, 60 guinea pigs, 2 dogs, and a monkey. 

All the anima!s used located very precisely the cource of radiation and avoided being in its zone of 

action. The flies largely stopped their oviposition in the zone of fi-radiation, while the fishes and mam- 

mals developed a clear response of avoiding taking food or water from bowls or basins lying in a zone of 

`/-rays. Significance of the differences in the amount of fluid taken from the irradiated and control basins 

was assessed by the sign test [18]. 

Statistically significant data obtained in experiments on mammals of different species are given in 

Fig. I. Before the source of radiation was introduced into the experiment the animals used both basins eq- 

ually. Introducing the ,/-ray source into the neighborhood of one basin led to a significant decrease (by 3-10 

times) in consumption of water from it. Moving the source into the neighborhood of the other basin immed- 
iately reversed the relationship between consumption of liquid. Its removal from the experimental situation 

led to equalization of water consumption from the two basins. The avoidance reaction appeared both in res- 

ponse to whoie-body irradiation (mice, rats, guinea pigs) and to irradiation concentrated mainly on the head 

(mice, dogs, monkey) or abdomen (mice). 
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Fig. 2. Avoidance of drinking water  f rom i r r a -  
diated basin by guinea pigs with high (a) and low 
(b) radiosensi t ivi ty .  Ar row denotes moment of 
introduction of source  into neighborhood of right 
basin. Remainder  of legend as in Fig. 1. 

m 

It may thus be concluded that all species of ani- 

mals exhibit the avoidance reaction, i.e~, that it is a 

general rule in biology. 

By varying the activity and location of the radia- 

tion sources, the dose rates of radiation could be modi- 

fied. Dose rates evoking an avoidance reaction of the ir- 

radiated zone in the animals are shown in Table I. Com- 

parison of the threshold dose rates to which the animals 

of different species reacted when a group of them re- 

ceived whole-body irradiation in the experimental cham- 

ber shows that they differed in their radiosensitivity. 

Depending on the duration of preliminary habitua- 

tion of the animals to the experimental  situation, the ef- 
fect  of avoidance of the i r radia ted  zone varied.  A c l ea r  
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response  appeared when the animals had been placed in the experimental  chamber  10-20 days before int ro-  
duction of the source.  If the period of habituation to the experimental  situation was increased to 36-45 days, 
the react ion of avoiding the i r radiated basin did not appear  until 10-14 days af ter  introduction of the source.  
If tae source  remained in the neighborhood of the same basin for  a tong time (25-40 days), the animals a- 
voided using it for an even longer period (up to 20-75 days) after  discontinuing i rradiat ion f rom this source.  

The method used enabled individual differences in the avoidance react ion of the animals to radiation 
fields to be determined.  In a se r ies  of experiments  after  precise  resul ts  had been obtained with a group of 
animals kept together in the experimental  chamber ,  the animals were introduced one at a time (mouse or  
guinea pig). Significant individual differences were observed in the behavior of the animals:  in some the 
react ion of avoiding the zone of radiation was very c lea r ly  marked,  while in others it was almost  absent. By 
means of thermoluminescent  dos imete rs  the total dose received by each animal (30 guinea pigs) during the 
period of the experiment  (40 days) was determined.  These doses varied considerably (by 2-16 times),  rang-  
ing f rom 8.4 to 130 R for  different individuals. We assumed that animals receiving smal le r  total doses 
possessed  higher radiosensi t ivi ty,  and vice versa .  In accordance with the resul ts  described,  the animals 
were divided conventionally into three groups. The group of animals with high radiosensi t ivi ty  included 9 
guinea pigs receiving doses f rom 8.4 to 22.3 R, 11 guinea pigs were moderate ly  radiosensi t ive (total doses 
f rom 27 to 58 R), and 7 guinea pigs showed low radiosensi t ivi ty  (total doses f rom 67 to 130 R). Groups of 
animals possess ing  s imi la r  sensi t ivi ty were replaced in the experimental  chamber  for observat ion to be 
continued. The resul ts  of this experiment  are  given in Fig. 2. They show that the react ion of perception of 
radiation was most  marked in the animals with high radiosensi t iv i ty  and least  marked in animals with low 
radiosensi t ivi ty.  

The resul ts  of control  experiments  per formed to rule out the possible effect of various fac tors  accom- 
panying i r radiat ion on the animals showed that the avoidance react ion of the animals to radiat ion fields is 
independent of radiophosphene, of changes in the taste of the water ,  and of acoustic stimulation accompany-  
ing introduction of the sources into the experiment. 

Analysis of the character of the animals' behavior in the zone of radiation shows that the radiation 

source in these experiments played the role of an inadequate unconditioned stimulus, and avoidance of the 

radiation fields by the animals was a defensive reaction to the unconditioned radiation stimulus. The ap- 

pearance of the reaction of avoiding the radiation field may be explained in terms of the theory of external 

inhibition. During preliminary habituation to the experimental situation (before introduction of the sources) 

for an optimal period (i0-20 days), a stable conditioned reflex to both basins and to the experimental situa- 

tion was formed. Under the influence of the radiation source placed in the neighborhood of one basin, the 

conditioned co nnection previously formed to this basin was inhibited, as shown by the reduced consumption 

of water fro n~i it and the increased consumption of fluid from the control basin lying in a protected zone. Af- 

ter prolonged (36-45 days) habituation of the animals to the experimental conditions, when the avoidance re- 

action appeared after a longer interval, the presence of automatized conditioned-reflex reactions may be 

postulated, which are much more difficult to inhibit if allowance is made for the weakness of the uncondi- 

tioned radiation stimulus. Persistence of the avoidance reaction for a considerable period of time after re- 

moval of the source from the experimental situation may evidently be regarded as a manifestation of the 

formation of a negative conditioned reflex to the radiation stimulus. It may thus be assumed that radiation 

acts, on the one hand, through inhibition of positive conditioned connections, and on the other hand, by the 
formation of a negative conditioned reflex. 
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