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Res to ra t ion  of the blood supply to autograf ts  of ga s t rocnemius  musc l e s  i r r ad ia t ed  in a dose 
of 2500 R, developing in an un i r rad ia ted  g ra f t  bed, and gra f t s  of un i r rad ia ted  musc l e s  de- 
veloping in a g ra f t  bed i r r ad ia t ed  in the same  dose, was invest igated.  The m o r e  rap id  r e -  
cove ry  of the blood supply of g ra f t s  of un i r rad ia ted  musc l e s  can be explained, in the au tho r ' s  
opinion, both by the par t ic ipat ion  of surviving ve s se l s  in vaseu la r i za t ion  of the graf t s  and by 
the fact  that the un i r rad ia ted  musc le  s t imula tes  r egene ra t ion  of blood v e s s e l s  of the i r -  
rad ia ted  bed. 

I f  a t tached m us c l e s  (as pa r t  of a r e implan ted  l imb [11]) a re  t ransplanted,  the g ra f t  is for  a shor t  t ime 
in a s tate  of i schemia .  Af ter  suture  of the main  ve s se l s  the blood flow in the organ  is l a rge ly  r e s t o r e d  via 
the old blood s t r e a m .  In the case  of f ree  musc le  graf t s ,  the technique of which was f i r s t  developed in 
StuditskiiVs l abo ra to ry  [4, 7, 8], the divided v e s s e l s  a re  not su tured and the blood supply to the g ra f t s  is 
r e s t o r e d  gradually.  Using a method of inject ing the blood v e s s e l s  with ink to study the vascu la r i za t ion  of 
g ra f t s  of whole and minced musc l e s ,  Zhenevskaya  [3] showed that the r e s to r a t i on  of the c i rcu la t ion  in the 
t ransplan ted  mus c l e s  begins  f rom the pe r iphe ry  and takes place through the ingrowth of v e s s e l s  f rom the 
surrounding t i s sues  of the bed (neighboring musc l e s ,  tendons, nerve) .  Zhenevskaya  [3] and Car l son  [14] 
desc r ibe  coincidence of the zones of r e s t o r e d  blood supply and of reorgan iza t ion  of the m a t e r i a l  of the 
graf ted  musc l e s .  As the wr i t e r  showed e a r l i e r  in expe r imen t s  in which musc le  g ra f t s  were  wrapped in ce l -  
lophane film [9], the blood v e s s e l s  located in the surface  zone beneath the connec t ive - t i s sue  fasc ia  r e -  
semble  in shape, s t ruc ture ,  and c h a r a c t e r  of branching the pa t te rn  of the vascu la r  network in the pe r iphe ra l  
zone of graf t s  not wrapped in cellophane,  and a lso  of the intact r a t  gas t rocnemius  musc l e s .  This  o b s e r v a -  
t ion suggests  that some surviving v e s s e l s  of the sur face  zone par t ic ipa te  in r e s t o r a t i o n  of the vascu la r  net-  
work of autograf ts  of whole musc le s .  A s i m i l a r  hypothesis  was e x p r e s s e d  prev ious ly  by Zhenevskaya  [3]. 
The blood supply in graf ted  musc l e s ,  as in graf t s  of other  organs  [12, 15], e v i d e n t l y b e g i n s t o b e  r e s t o r e d  
through the fo rmat ion  of anas tomoses  between the ve s se l s  of the bed and individual v e s s e l s  of the graf ts .  

The problem of vascu la r i za t ion  of the t ransplanted  musc l e s  a f t e r  x - r a y  i r rad ia t ion ,  inducing cons ide r -  
able d is turbances  of regenera t ion ,  has  not been d i scussed  in the l i t e ra tu re .  

In the invest igat ion desc r ibed  below, r e c o v e r y  of the blood supply in graf t s  of whole ske le ta l  m u s c l e s  
was studied a f t e r  exposure  of the graf ted  musc le  or  of the graf t  bed to x - ray  i r radia t ion .  

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

The tes t  object  consis ted  of the gas t rocnemius  musc l e s  of noninbred albino r a t s  weighing 120 g. In 
40 an imals ,  one of the hind l imbs  was i r r ad ia t ed  with x - r a y s  in a single dose of 2500 R. The gas t rocnemius  
m u s c l e s  were  then graf ted  rec ip roca l ly .  The i r r ad i a t ed  gas t rocnemius  musc le  was placed in the u n i r r a d i -  
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Fig. 1. Blood v e s s e l s  in autograf t  of i r r ad ia t ed  gas t rocnemius  
musc le  in un i r rad ia ted  bed (azure-eos in) :  a) , third day a f t e r  
graf t ing (320 x); b) seventh day a f t e r  graf t ing (160• 

ated g ra f t  bed of the opposite l imb and the un i r rad ia ted  musc le  was p laced in the i r r ad i a t ed  g ra f t  bed. To 
study the dynamics  of r e c o v e r y  of the blood supply in the au tograf ted  musc l e s , t he  blood v e s s e l s  were  in- 
jected with a solution of ink in gelatin. Graf t s  a lso  were  invest igated by  the use of the o rd ina ry  his tological  
:methods in the per iod  f rom 2 days to 4 months  a f t e r  graft ing.  

EXPERIMENTAL RESULTS 

Toward the end of the second day the blood supply was beginning to be restored at the sites of con- 
tact of the grafts with the tissues of the bed both in the irradiated gastrocnemius muscles in the unirradi- 
ated bed and in the unirradiated muscles in the irradiated bed. On the third day the circulation of blood 
was restored in the most superficial part of the grafts, largely, presumably, on account of the survival of 
some vessels in the graft itself. The endothelium of the surviving superficial vessels in the grafts of unir- 
radiated muscles became basophilic on the second-third day after grafting, the cells increased in size, 
and mitoses were found in some endothelial cells. The proliferative reaction of the endothelium of the 
surviving vessels in the grafts of irradiated muscles was much weaker. Solitary mitoses in these muscles 
were found only on the 3rd-4thday, and many endothelial cells were vacuolated or desquamated. In ves- 

sels invading the grafts of irradiated muscles from the unirradiatedbed, sometimes excessive proliferation 
of the endothelium was observed, leading to the formation of endothelial "plaques n on their walls (Fig. la). 

Since only a few superficial vessels are preserved in freely grafted whole muscles and blood vessels 
located in the deep zones of the grafts undergo thrombosis and are destroyed, the vascular network of the 
grafts must largely be reconstructed afresh. A leading role in its formation is played by vessel s growing 
in from the bed tissues. In longitudinal sections the densest network of blood vessels is found in the areas 
of attachment of the muscles where close contact exists between the tissues of the bed and graft. In the 
autografted muscles, blood vessels were seen to be formed by budding. This method has been described in 
investigations of regeneration of blood vessels in various tissues and organs [6, I0, II]. The endothelium 
of the regenerating vessels was distinguished by the basophilia of its cytoplasm and its large size. The 
cells projected into the lumen of the vessels, forming bead-like structures (Fig. Ib). On the seventh day 
after transplantation of the muscles the zones of restored blood supply in the grafts were much more ex- 
tensive. However, the network of blood vessels in the grafts of the irradiated muscles was less welldevel- 
oped (Fig. 2a) than in the grafts of unirradiated muscles (Fig. 2b). As the muscles formed, they continued 
to differentiate. In 6-7-day grafts,many vessels consisted of two layers of cells: the inner layer was com- 
posed of endothelial cells and the outer layer of large cells with basophilic cytoplasm, evidently differenti- 
ating into smooth-muscle cells. During the 7-15 days after transplantation, many mitoses were found in the 
endothelium of the growing vessels, but later their number decreased. In subsequent periods the rate of 
vascularization of the grafts of the irradiated gastrocnemius muscles as before was slower than in grafts 
of unirradiated muscles. For instance, the blood supply in irradiated gastrocnemius muscles grafted into 
an unirradiated bed was restored only 2 months after the operation, whereas grafts of unirradiated gastro- 
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Fig. 2. Vascu la r iza t ion  of pe r iphera l  zone of autograf ts  of whole 
r a t  gas t roenemius  musc l e s  on seventh day a f t e r  t ransplanta t ion:  
a) g ra f t  of i r r ad ia ted  musc le  i nun i r r ad i a t ed  bed; b) graf t  o 5 un- 
i r r ad ia t ed  musc le  in i r r ad ia ted  bed. Vesse l s  injected with ink. 
Stained with eosin  (72• 

cnemius  musc l e s  in an i r r ad ia ted  bed were  a lmos t  comple te ly  vascu la r i zed  1 month a f te r  the graf t ing  
operat ion.  After  2-4 months the autograf ts  p o s s e s s e d  the c h a r a c t e r i s t i c  angioarchi tec tonics .  The gra f t s  
of i r r a d i a t e d ' g a s t r o c n e m i u s  musc l e s  consis t ing chiefly of dense connective t i ssue  r ece ived  a poor  blood 
supply. Capi l la ry  anas tomoses  were  few in number  and the spaces  inside the cap i l l a ry  network were  ex-  
tensive .  After  graf t ing of un i r rad ia ted  gas t rocnemius  musc l e s  into an i r r ad ia t ed  bed musc le  organs  com-  
posed of muscu l a r  and, in par t ,  of connective t issue were  formed.  These  g ra f t s  d i f fered f rom the intact  
r a t  gas t rocnemius  musc l e s  by the g r e a t e r  density of thei r  cap i l l a ry  network, the spaces  within which were  
sma l l  and i r r e g u l a r  in shape.  

The r e su l t s  show that a f t e r  i r rad ia t ion  of m u s c l e s  in a dose of 2500 R the p r o c e s s  of t ransplanta t ion  
r egene ra t ion  is inhibited and, in par t i cu la r ,  r egene ra t ion  of the blood v e s s e l s  is s lowed and vascu la r i za t ion  
of the graf t s  dis turbed.  After  i r rad ia t ion  of the g ra f t  bed in the same  dose the p r o c e s s  of vascu la r i za t ion  
of t ransplanted  un i r rad ia ted  musc l e s  is inhibited to a l e s s e r  degree , and  the blood supply of the g ra f t s  is 
r e s t o r e d  more  complete ly .  The d i f fe rences  d i scovered  in the c h a r a c t e r  and ra te  of r e s t o r a t i o n  of the blood 
supply in the graf t s  of i r r ad ia ted  and un i r rad ia ted  m u s c l e s  can be explained, it is considered,  on the one 
hand, by the ha rmfu l  act ion of x - r a y  i r rad ia t ion  on the endothelium of the blood ve s se l s  of the g ra f t s  them-  
se lves .  This conclusion is suppor ted  by observa t ions  of many  w o r k e r s  who found changes in the endotheli-  
um of the blood ve s se l s  a f t e r  exposure  to ionizing radia t ion  [1, 5, 13]. On the other  hand, the m o r e  rapid  
vascu la r i za t ion  of the un i r rad ia ted  musc l e s  graf ted  into a bed i r r ad ia t ed  with a r e l a t ive ly  la rge  dose, con- 
s iderab ly  depress ing  the p las t ic  act iv i ty  of the v e s s e l  [2], can be explained by a s suming  that g ra f t s  of un- 
i r r ad ia t ed  musc l e s  have a s t imulant  effect  on r egene ra t ion  of the blood v e s s e l s  of the i r r ad ia t ed  bed. 
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