
D E V E L O P M E N T  O F  T H E R M A L  

R A D I A T I O N  S I C K N E S S  

L .  L .  R o m a n o v s k a y a ,  V.  
a n d  L .  V.  K o r o l e v a  

I N F L A M M A T I O N  

M. D o r o f e e v ,  

IN A C U T E  

UDC 616.002.1-02:617-001. 
17/ ' -06:61%001.28-036 ~11 

In acute rad ia t ion  s i c k n e s s  the cour se  of in f lammat ion  evoked by var ious  agents  ( turpent ine,  o the r  
fo re ign  substances)  has  been  found to depend on the s tage and s e v e r i t y  of the s i cknes s .  Inves t iga t ions  have 
shown that  soon a f t e r  i r r a d i a t i o n  the course  of the in f l ammato ry  reac t ion  is  the same  as  in heal thy an i -  
ma l s ,  but in l a t e r  s t ages  weakening of the c e l l u l a r  r eac t ion  and in tens i f ica t ion  of the p ro l i f e r a t i ve  and ex -  
udative phase of in f l ammat ion  is def in i te ly  inhibi ted in acute rad ia t ion  s i ckness .  

In the p r e s e n t  inves t iga t ion  the cour se  of the exudative phase of inf lammat ion,  caused  by inf l ic t ion of 
a t h e r m a l  burn,  was s tudied in r a t s  with acute rad ia t ion  s i ckness .  

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

Exper imen t s  were  c a r r i e d  out on 56 W i s t a r  r a t s  (180-200 g) and 84 August r a t s  (140-150 g). The 
an ima l s  were  i r r a d i a t e d  f rom a Co 6~ source  in doses  of 600 and 750 R (dose ra te  77 R / s e e ) .  A t h e r m a l  
burn  was inf l ic ted on the an ima l s  1, 3, 7, 14, and 21 days af te r  i r r a d i a t i on .  In the expe r imen t s  Of s e r i e s  I 
the burn was produced by i m m e r s i n g  the lef t  hind l imb in wa te r  at  55 ~ for  20 see .  The r a t s  were  s a e r i :  
r iced 1 h a f t e r  burning (by decapi ta t ion) ,  and both hind l imbs  were  amputa ted  at the level  of the ankle joint.  
The in tens i ty  of edema  was e s t ima ted  f rom the d i f ference  in weight between the left  and r ight  l imbs  [9]. 
The r e su l t s  were  e x p r e s s e d  in percen t .  

In the e x p e r i m e n t s  of s e r i e s  II a t h e r m a l  burn was produced in anes the t i zed  r a t s  by applying a sma l l  
copper  ve s se l  ( d i ame te r  1 cm), through which wa te r  was passed  f rom an u l t r a t h e r m o s t a t  at a t e m p e r a t u r e  
of 54~-0.5 ~ to the inner  su r face  of the e a r  for  60 sec .  The i n c r e a s e  in th ickness  of the e a r  was r e c o r d e d  
r a d i o m e t r i c a l l y  [5]. The r a t s  were  anes the t ized  with ch lo ra l  hydra te  (0.3 g /kg  in t rape r i tonea l ly ) .  

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

The i n c r e a s e  in weight of the l imb of heal thy Wis t a r  r a t s  a f te r  burning was 41• and in August  r a t s  
15• The i n c r e a s e  in th ickness  of the e a r  was 250• and 520• g r e s pe c t i ve l y .  

The dynamics  of the i n c r e a s e  in weight of the burned l imb of Wis t a r  r a t s  (750 R) and of the i n c r e a s e  
in th ickness  of the e a r  of August  r a t s  (600 R) is  shown in the f igure .  Af ter  24 h there  was p r a c t i c a l l y  no 
d i f ference  between the i n c r e a s e  in edema  of the e a r  and l imb in the i r r a d i a t e d  and heal thy an ima l s .  Af ter  
3 days  the edema  r e a c t i o n  in the l imb of the Wis t a r  r a t s  was inhibited by 78%, and that  in  the e a r  of the 
August  r a t s  by 79%. Af te r  7 days the i n c r e a s e  in edema  in the l imb and e a r  was the same  as in the heal thy 
an imals .  Af ter  14 and 21 days  the i n c r e a s e  in th ickness  of the ea r  was again inhibited,  by 89 and 87% r e -  
spec t ive ly .  

The method used to r e c o r d  the i n c r e a s e  in th ickness  of the r a t ' s  ea r ,  based  on absorp t ion  of f i - r a y s ,  
has been fully d e s c r i b e d  in e a r l i e r  pape r s  when appl ied to inves t igat ions  on rabb i t s .  In th is  p a r t i c u l a r  
case  ca l ib ra t i on  was c a r r i e d  out by means  of polyethylene f i lms ,  a s suming  that  they abso rb  r - r a y s  in the 
same  manner  as skin.  By continuous r e c o r d i n g  of the i nc rea se  in edema  of the r a t 'S  e a r  two phases  in the 
development  of t he rma l  in f lammat ion  were  d is t inguished:  the 1st, in i t ia l ,  phase c h a r a c t e r i z e d  by a con-  
t inuous and l i nea r  i n c r e a s e  in th ickness  of the ea r ,  and the second, f inal  phase,  with an exponent ial  s lowing 
of the ra te  of i n c r e a s e  of edema.  Quant i ta t ive ana lys i s  of the two phases  enabled the t ime of development  
of edema  and the r a t e  of the p r o c e s s  to be de t e rmined  and the absolute  i n c r e a s e  in th ickness  of the e a r  (in 
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Development of exudation ~ af ter  burning, 
in relat ion to stage of radiation s ickness .  
1) Increase  in weight of burned limb of 
Wistar  ra ts ;  2) increase  in thickness of 
burned ear  of August rats .  

microns) to be calculated. The cha rac t e r i s t i c s  of develop- 
ment of thermal  inflammation in the i r rad ia ted  rats  are  given 
in the table. 

In the i r radia ted  ra ts  the cha rac te r  of development of 
edema of the ea r  through these phases varied with the stage 
of the radiation s ickness .  After  24 h (see table) the total t ime 
of development of edema was shortened because of a reduc-  
tion in duration of the 2nd phase. After 3 and 7 days the total 
t ime of development of edema again was shortened, also be-  
cause of the 2nd phase. After  14 days the rate  of increase  of 
edema was slowed by compar i son  with the control,  and the 
2nd phase was absent. After 21 days a 2nd phase was recorded  
again, but it was marked by slowing of the increase  of thick-  
ness of the ear  and by a reduction of the time of development 
of edema.  The 1st phase was charac te r i zed  by slowing of the 
rate of increase  of the edema. 

The resul ts  demonstrate  that the intensity of thermal  edema in healthy animals depends on the site of 
injury and on the line of animal.  In August ra ts ,  edema of the limb develops to a l e s se r  degree than edema 
of the ear ,  while in Wistar  ra ts  the converse  is true.  If identical thermal  st imulation is applied to the limb, 
the edema developed by Wistar  rats  is 2.7 t imes g rea te r  than that developed by August ra ts ,  while the in- 
c rease  in thickness of the ea r  is twice as great  in August ra ts  as in Wistar  ra ts .  

In radiation sickness inhibition of exudation af ter  burning is observed,  and is especial ly  marked 
after  3, 14, and 21 days. This is in agreement  with resul t  obtained by other  workers  [1, 2, 8], who found 
inhibition of exudation in other types of inflammation on the 4th-6th day af ter  i r radiat ion.  Inhibition of the 
development of thermal  edema is charac te r i zed  by reduction of the total increase  of edema, a shortening 
of the total t ime of development of edema on account of the 2rid phase, slowing of the ra te  of increase  of 
edema in the 1st phase and by absence of the 2nd phase af ter  14 days.  

It is difficult at present  to suggest  the mechanisms involved in inhibition of the exudative phase of the 
inf lammatory react ion in radiation sickness.  It may be postulated that the inhibition of inflammation in 
radiation sickness is associa ted with exhaustion of the r e se rves  of inflammation mediators  (histamine, 
serotonin, kinins, etc.) in the t issues ,  with st imulation of secre t ion of cor t icos tero ids ,  with an inc rease  in 
the content of catecholamines,  with changes in activity of the lysosomal  factor  of the leukocytes and endo- 
thelial ceils,  and also with dehydration of the blood and t issues .  These hypotheses require  fur ther  exper i -  
mental analysis .  

Thermal  Inflammation of the Ear  in August Rats I r rad ia ted  
in a Dose of 600 R(M• 

I Control Irradiated rats 
Index rats Time after irradiation (in days) 

(23) '("~ I ~ ~(~ I '~c~ I ~ ( ~  

TotaltimeofdevelOP-mentofedema(in min)]520~47160§ 0 ! a6+-6.0.1 26• 40• ,0• 32_+5,0~* 

1st Phase of exudation 

Increase in thickness (in g)[ 300+_54290+_70 80+2g* ,6~* 
Rateofinereaseofedema '19+__2,5 1l• 8 ; 2 7  I* 160+_7812+__4,760+22!'9~1,81, 4~ :~I  
(}n ~ / rnin) 1 

2nd Phase of exudation 

Time (i~ m~n~ 44• [ 1Z_+4,~*[20• aa• !~+5.~ 
Increase  in thickness (in ~) [ 220 • 38,0 110• 26,G [ 30~  1 , ~  [170-----46,0[ 00 i o u •  tO,R~ 

* Values differing significantly (P < 0.05) f rom those obtained in ex-  
per iments  on unirradiated ra ts .  
Note. The number  of animals in the experiment  is g iven inparen theses .  
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