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After  p r e l i m i n a r y  denervat ion,  the whole ga s t roenemius  musc le  was  t ransplan ted  in nonin- 
b r ed  albino r a t s  to the place of the ex t i rpa ted  homonemous  musc le  of another  animal .  The 
homogra f t s  we re  found to take and to undergo s t ruc tu ra l  changes and dedifferentiat ion.  The 
fo rmat ion  of the new musc le  as an organ took place through subsequent different ia t ion of the 
myogenic e lements .  Different iat ion of the newly fo rmed  musc l e s  went pa ra l l e l  with the r e -  
s tora t ion  of the i r  innervat ion.  

The problem of morphological changes in homografts of various organs and tissues has been widely 
discussed in the literature [3, 15, ii, 13, i, i0]. Too little attention has been paid to grafts of muscle tis- 
sue because it has been considered that its power of regeneration is limited [5, 14, 8]. 

A number of examples have been developed in the writer's laboratory of the good results which have 
been obtained by the use of autografts and homografts of muscle tissue. Homografting of fragments of pre- 
liminarily denervated muscles and minced muscle tissue is accompanied by profound structural reorgan- 
ization, as a result of which functioning muscular organs are formed from the transplanted muscles [6, 7]. 
A preliminary observation [2] demonstrated that lymphoid infiltration of the grafted muscle tissue takes 
place during homograf t ing .  Lymphoid inf i l t ra t ion is known to e x p r e s s  a r e sponse  to the introduction of 
fore ign bodies,  against  which the rec ip ien t  develops  t ransplanta t ion  immunity  [4, 9, 12]. 

The object of the p re sen t  invest igat ion was  to study s t ruc tu ra l  r eorgan iza t ion  in homogra f t s  of whole 
musc l e s  in an imals  of the same l i t ter .  

EXPERIMENTAL METHOD 

Experiments were carried out on noninbred albino rats weighing 50-70 g. The gastrocnemius muscle 
was denervated, and 30 days later the muscle was transplanted to the site of the extirpated gastrocnemius 
muscle of another animal of the same litter. The tibial nerve was sutured to the graft. The muscles were 
fixed in Zenker's fluid and in 12% neutral formalin after periods varying from 3 days to 8 months. The 
specimens were stained with azan by Heidenhain' s method and with iron hematoxylin by the methods of 
Regaud and Giemsa. Nerve endings were demonstrated by the Bielsehowsky-Gros method followed by 
gilding by Lavrent'ev' s method. 

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

After  t ransplanta t ion  of the denerva ted  musc l e s ,  the g ra f t s  could develop in two di rec t ions .  Most 
t r ansp lan ted  m u s c l e s  died within the f i r s t  few days  of graf t ing and were  subsequently absorbed.  A s m a l l e r  
group of m u s c l e s  showed p r o g r e s s i v e  development .  After  3-4 days the graf t  was  loosely  adherent  to the 
edges of the stump. The sutured ne rve  was  hyaline.  Edema  and cons iderable  h e m o r r h a g e  could be ob- 
s e rved  in the muscle .  Most of the f ibers  re ta ined  the i r  no rma l  s t ruc ture .  The musc le  f ibe r s  we re  loosely 
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Fig. 1. General appearance of a graft  1 month 
after  transplantat ion.  

Fig. 2. Motor end-plate in a graft  
8 months after  transplantation. Sil- 
ver  impregnation by Bie l schowsky-  
Gros method, 320• 

arranged,  and along the course  of the large blood vesse ls  
bands of connective t issue could be seen. Some areas  of 
the muscles  showed intensive leukocytie infiltration. At 
the per iphery of the graft,  new blood vesse l s  were begin- 
nining to form. The muscle  f ibers  were changed: some 
were disintegrating with l iberation of myoblasts .  

Six days af ter  grafting the edema of the muscle  was 
slightly reduced, Two zone s were c lear ly  visible:  a mar -  
ginal zone of reorganizat ion and development and a central  
zone of unchanged muscle  f ibers.  The marginal  zone had 
an abundant blood supply. Muscle fibers breaking up into 
fragments could be seen, and their degenerating portions 
were subsequently absorbed. Meanwhile dedifferentiation 
of the viable portions of the muscle fibers was observed; 
the myoblasts were liberated from them and either re- 
mained inside the old sareolemmal membrane or lay freely 
between the disintegrating muscle fibers, stretched out in 
chains, after which they merged to formed myosyncytia 
and differentiated into a new muscle fiber. Many cells in 
the graft were in a state of mitotic division. 

The central parts of the graft contained surviving 
muscle f ibers  with c lear ly  defined c r o s s  striation. No nu- 
clei could be seen in most  f ibers.  Many leukocytes and 
connect ive- t issue cells  were  present  between the myogenic 
elements  and muscle f ibers .  

On the 9th day after  t ransplantat ion the marginal  
zone was considerably widened and contained muscle  
tubes with central  nuclei and c ro s s - s t r i a t i on  at the per i -  
phery.  Collections of undifferentiated myogenic elements 
could be seen in this zone, many of them in a state of mi -  
totic division. Where young muscle f ibers  were present ,  
groups of lymphocytes were  visible. Where myoblasts  and 
connect ive- t issue cel ls  were predominant,  only a few 
lymphocytes were present .  Neare r  to the center  of the 
muscle ,  the muscle f ibers  were thick, darkly stained, and 
homogeneous or c ros s - s t r i a t ed .  As a rule no nuclei could 
be seen. Some f ibers  were  in a state of disintegration. In 
cer ta in  places in the central  part  of the muscle, collections 
of neutrophils and lymphocytes were observed.  

Two weeks after transplantation the muscle was small in size. The reorganizat ion continued to pro-  
ceed. The marginal  zone consisted of closely packed differentiated muscle f ibers  of small  diameter .  The 
nea re r  the center  of the graft ,  the younger the muscle  f ibers;  they were smal ler  in diameter ,  and their  
nuclei often occupied the whole of the c ross  section and were ar ranged in chains. The nucleoli were f re -  
quently enlarged, Individual dying f ibers  could be seen among the young newly formed muscle  f ibers .  The 
central  part  of some grafts  contained no muscle f ibers  and consis ted of connective and adipose t issues .  

F rom 21 days to 1 month af ter  transplantat ion the graft  consisted of a fully formed organ, although it 
was smal ler  than the original muscle  (Fig. 1) �9 It consisted of closely packed differentiated muscle f ibers.  
Their  d iameter  was small  but their  c r o s s  s t r ia t ionwas c lear ly  defined. Bands of f ibrous connective t issue 
and collections of lymphocytes  were found between individual muscle f ibers  and also between the bundles 
of f ibers .  The musc les  had an abundant blood supply, 

In sections impregnated with silver,  the reinnervat ion of the grafts  was studied. Restorat ion of in- 
nervati0n began on the 14th day, At this t ime, axons growing f rom the sutured nerve were visible in the 
proximal par t  of the muscle,  chaotically ar ranged and with var icose  expansions. Short branches  left the 
growing nerves  and terminated in primit ive nerve endings consist ing of "boutons" or loops on the young 
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musc le  f ibers .  La te r  they fo rmed  moto r  end-p la tes  with s eve ra l  nuclei in each plate.  The functional r e -  
cove ry  of the musc le  began 2 months a f te r  graft ing.  By this t ime  some of the m u s c l e s  were  beginning to 
con t rac t  in r e sponse  to s t imulat ion of the ne rve  by an induction cur ren t .  

After  4 months the musc le  consis ted main ly  of m a t u r e  musc le  f ibers .  The number  of nuclei was  
within no rma l  l imi ts .  Many blood v e s s e l s  we re  p resen t  in the musc le .  Near  the l a rge  blood v e s s e l s  there  
we re  col lect ions of smal l  lymphocytes ,  and a v e r y  few of these  ce l l s  could be seen h e r e  and there  between 
f ibe r s .  In the la te r  s tages ,  as  w e l l a s t h e  continuing p r o c e s s  of development ,  there  was  a fu r the r  inc rease  
in volume of the musc le  and fu r the r  r e s to r a t i on  of i ts  working capaci ty .  

Eight months a f t e r  graf t ing  m o s t  of the newly fo rmed  m u s c l e s  had at tained the size of the or iginal  
denerva ted  musc le ,  and cons is ted  of a pe r fec t ly  fo rmed  organ capable  of responding by cont rac t ion  to 
s t imulat ion of the ne rve  by an induction cur ren t .  It cons is ted  of di f ferent ia ted musc le  f ibers ,  abundantly 
supplied with blood v e s s e l s  and ne rves .  Many moto r  ne rve  endings, of different  l eve l s  of matur i ty ,  we re  
p re sen t  in the musc le :  bes ides  m o r e  m a t u r e  motor  end-p la tes  (Fig. 2), there  we re  o thers  of p r imi t ive  
s t ruc tu re .  Around the blood v e s s e l s  in ce r t a in  m u s c l e s  Iymphocytes  could be seen.  In m o s t  newly fo rmed  
musc l e s ,  however ,  t he re  w e r e  no lymphocytes .  

After  graf t ing of whole, p r e l i m i na r i l y  denerva ted  musc l e s ,  the musc le  homogra f t s  do not t he re fo re  
s imply  take,  but undergo complex  reorgan iza t ion  with l ibera t ion  of myob la s t s  and the subsequent fo rmat ion  
of new dif ferent ia ted  musc le  f ibers .  Nerves  growing into the graf t  br ing about i ts  fu r the r  differentiat ion.  
As a resu l t ,  in the place  of the comple te ly  exc ised  muscle ,  a new musc le  organ is formed.  This  organ has  
the same  shape, s t ruc tu re ,  and function as  the r emoved  musc le ,  evidence of the mutual  adaptation of the 
donor ' s  and r e c i p i e n t ' s  t i s sues .  
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