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Exper imen t s  on sexual ly m a t u r e  r abb i t s  showed that  Combined i r rad ia t ion  (with a to ta l  dose of 
500 R, or more ,  e spec i a l l y loca l  i r rad ia t ion  i n a  dose of 2000 R) given in one of the f i r s t  two 
phases  (especia l ly  phase  I) of adaptation to high alt i tudes (3379 and 3640 m above se a level),  
leads to more  s e v e r e  morphologica l  changes in the t i s sues  and to longer delay in the healing of 
pe r fo ra t ing  wounds of the pinna than in the plains (820 m above sea level) .  
KEY WORDS: wound healing; x - r a y  i r radia t ion;  high al t i tudes;  adaptation. 

Despi te  the i r  theore t i ca l  impor tance  of the p rob lem of the effect  of ionizing radia t ion on r e p a i r  p r o c e s s e s  
in organs  and t i s sues  at  high alt i tudes and its p rac t i ca l  s ignif icance for the extensive highland reg ions  of the 
Soviet Union, until r ecen t ly  i ts  study has  been a lmos t  comple te ly  neglected.  

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

Expe r imen t s  we re  c a r r i e d  out on 969 gray  r abb i t s  weighing 1800-2600 g. All s e r i e s  of exper iments  com-  
p r i s ed  th ree  va r ian t s :  in the plains  (Dushanbe, al t i tude 820 m above sea level),  and in the hi l ls  (on Anzobskoe 
P a s s ,  3379 m above sea  level ,  and in the reg ion  of Murzab,  3640 m): 1) on r abb i t s  comple te ly  unadapted to 
high al t i tudes,  2) on rabb i t s  r e l a t ive ly  adapted (having spent 1 month in the hi l ls  and in phase  II  of adaptation),  and 3) 
on indigenous r abb i t s  b o r n  and b r e d  in Khorog (2300 m above s e a  level).  In each va r i an t  t he re  we re  th ree  s e r -  
ies  of expe r imen t s :  on un i r rad ia ted  an imals ,  a f t e r  whole-body i r r ad ia t ion  in a dose of 500 R, and a f t e r  local  
i r r ad i a t i on  in a dose of 2000 R. Mater ia l  fo r  his tological  study was taken 2, 4, 8, 16, 30, and 60 days  a f te r  
t r a u m a ,  which was infl icted immed ia t e ly  a f t e r  i r rad ia t ion .  In s o m e  animals  the t ime  of comple te  healing of 
the wounds was  noted macroscop ica l ly .  The i r rad ia t ion  and wounding of the rabbi t s  in space  I of high-al t i tude 

TABLE 1. Morta l i ty  among Rabbits  Fo l -  
lowing Whole-Body X-Ray  I r rad ia t ion  in a 
Dose of 500 R 

Index 

In the plains 
In the hills 

indigenous rabbits 
in p~ase I of adaptation 
in phase II 

Number of animals 
dying within 

irradiated ii month 

33 3 

3O 1 
93 33 
70 12 

Depar tment  of Topographica l  Anatomy and Opera t ive  Surgery,  Tadj ik  Medical Insti tute,  Dushanbe. (P re -  
sented by Academic ian  of the Academy of Medical  Sciences of the USSR A. P.  Avtsyn.) T rans l a t ed  f rom Byul-  
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TABLE 2. Changes in Body Weight and 
Per iphera l  Blood Leukocyte Count after 
Whole-Body X-Ray Irradiat ion of Rabbits 
with a Dose of 500 R (in % of initial level) 

Times after irradiation, days 
Index 2--3 17--8 I16--17129--30 

98/40 87/74!I06/78 I09/88 

98/44192/69 ii08/85 I14/98 
87/30 77/26 73/47 81/51 
89/36188/58 90/681102/78 

Legend. Numerator ,  body weight; denomi- 
nator,  number of leukocytes 

In the plains 
In the hills 

indigenous rabbits 
in pIiase I of adaptation 
in phase II 

TABLE 3. Times (in days) of Healing of 
Per fora t ing  Wounds of the Pinna in Rabbits 
(M �9 m) 

Without Whole-body Local irra- 
Index irradiation 2000 R  r sd ation, diation. 

37,7• 1,8 In the plains 
In the hills: 

indigenous 
rabbits 
in phase I of 
adaptation 

in phase iI 

41,1~3,4 

34,0+3,0 

58,8~-3,8 

53,0~3.5 

33,0--+2,3 

Not healed 
after 2 
months 

Ditto 

72,0--- 1,6 

53,6+4,0 

adaptation were ca r r i ed  out 2-3 days after  their  a r r iva l  in the hills f rom the plains. Healing of perforat ing 
wounds formed in the center  of the pinna of the left ea r  by means of a large  metal  punch, 6 mm in diameter ,  
was studied. 

The animals were irradiated both in the plains and in the hills on an RUM-3 therapeutic x - r a y  apparatus.  
Whole-body irradiat ion of the rabbits  was given from the ventral  aspect.  For  local i r radiat ion of the pinna a 
container was used in which the whole body was protected by lead plates 6 mm thick. The conditions of whole- 
body irradiat ion were:  voltage 180 kV, cur ren t  15 mA, filter 0.5 mm Cu + 1 mm A1, HVL (half-value layer),  
1.1 Cu, s k i n - f o c u s  distance 50 cm, dose ra te  16 R/min,  duration of i rradiat ion 31.1 min. The conditions of 
local i r radiat ion were:  voltage 160 kV, cur ren t  16 mA, fi l ter  3 mm A1 + 1 mm A1, HVL 0.2 Cu, s k i n - f o c u s  
distance 20 cm, dose rate  124 R, duration of i rradiat ion 16.1 min. Dosimetry  was ca r r i ed  out by a team from 
the x - r a y  center  of the Ministry of Health of the Tadjik SSR. 

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

It will be c lear  f rom Tables 1 and 2 that animals in phase I of adaptation to high altitudes and i r radiated 
in the hills were the most  radiosensi t ive.  The highest mortal i ty  and the greates t  loss of weight and decrease  
in the per iphera l  blood leukocyte count, indicating the grea tes t  sever i ty  of radiat ion sickness,  were observed 
in these animals.  Rabbits relat ively adapted to high altitudes occupied an intermediate position for all indices. 
The most  rad iores i s tan t  animals were the indigenous rabbits ,  i r radiated in the hills, in full agreement  with 
data in the l i tera ture  [1-4, 6, 7], according to which high-alt i tude accl imatizat ion in the hills increases  non- 
specific res i s tance .  These rabbits  were s imilar  in their  rad iores i s tance  to rabbits  i r radiated in the plains. 

In rabbits  i r radiated and injured during the f i rs t  days after their a r r iva l  in the hills f rom the plains con- 
siderable delay in regenera t ive  p rocesses  was observed.  After 2 months their wounds had still not healed 
(Table 3). Comparison of the state of the wounds in the ear ly  stages after t rauma and i rradiat ion showed 
grea te r  inhibition of regenera t ion after local x - r a y  irradiat ion in a dose of 2000 R than after  whole-body i r -  
radiation in a dose of 500 R. 

After  the animals had stayed in the hills for 1 month, i.e., in phase II of adaptation to high altitudes, the 
inhibition of regenera t ion caused by t ransporta t ion from the plains into the hills was reduced. 

It is interest ing to note that after whole-body irradiat ion of the animals in the plains with a dose of 500 R 
a tendency was observed for the wounds to heal more quickly, just as Pr izhivoi t  [5] found when studying the 
healing of perforat ing wounds of the pinna of rabbits  after local i r radiat ion in a dose of 500 R. 

The increase  in radiosensi t ivi ty  of rabbi ts  t ranspor ted  from the plains to the hills also was ref lected in 
the grea ter  vulnerabili ty of the t issues  to x - r a y  injury. Radiation burns were frequently observed in these ani- 
mals,  and after  i rradiat ion in phase I of adaptation skin lesions of this charac te r  also were seen after whole- 
body irradiat ion,  when the dose of radiation received directly by the skin of the pinna was only 500 R. 

The "Miescher react ion"  of the i r radiated epidermis,  manifested as polynucleari ty of the cells and a 
sharp increase  in size and polymorphism of the nuclei, was well marked in all se r ies  of experiments  with local 
i rradiat ion in a dose of 2000 R. It followed a different t ime course  in the plains and in the hills and in indige- 
neous rabbits  and those in phases I and II of adaptation. In most  indigenous rabbi ts  and those bred in the plains, 
the "Miescher  react ion"  appeared from the 4th day after i rradiat ion and reached its climax in both sets of 
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an imals  on the eighth day. By the 30th day only t r a c e s  of this r eac t ion  could st i l l  be seen  in both cases ,  and 
then only in some an imals .  

T ranspo r t a t i on  of the r abb i t s  f r o m  the plains into the hi l ls  delayed the manifes ta t ion of the "Miescher  
r eac t ion"  and r e c o v e r y  of the ep ide rmi s  af ter  rad ia t ion  injury of this type. In an imals  i r rad ia ted  in phase  II 
of adaptation to high al t i tudes the c l imax of the "Miescher  r eac t ion  ~' was obse rved  between 8 and 16 days af ter  
i r rad ia t ion ,  and a f te r  30 days it was sti l l  cons iderab le .  In r abb i t s  i r rad ia ted  in phase  I of adaptation to high 
alt i tudes the c l imax of the "Miescher  r eac t ion"  genera l ly  took place between 16 and 30 days af ter  i r radia t ion ,  
although t r a c e s  could sti l l  be: found even 2 months a f t e r  i r radia t ion .  Meanwhile in animals  i r rad ia ted  soon af -  
t e r  t r anspor ta t ion  f r o m  the plains into the hi l ls  the "Miescher  reac t ion"  at tained its longest  durat ion and " r e -  
cove ry"  of the ep ide rmis  was g rea t ly  delayed.  

To sum up, combined rad ia t ion  injury (whole-body i r rad ia t ion  in a dose of 500 R or ,  more  especia l ly ,  
local  i r rad ia t ion  in a dose  of 2000 R) given in one of the f i r s t t w o  phases  of adaptation to high alt i tudes (usually 
in phase  I) leads  to m o r e  s e v e r e  morphologica l  changes in the t i s sues  than in the plains:  A l a rge r  a r ea  of skin 
su r face  is affected and the r e j ec t ion  of necrot ic  t i s sues ,  the format ion  of granulat ions,  and the epi thel izat ion 
a r e  delayed. 
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