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Whole gas t rocnemius  musc les  w e r e  t ransp lan ted  in to le ran t  and in tolerant  ra t s  belonging to 
the s a m e  o r  di f ferent  l i t t e rs  at the age of 15 days.  Muscle t i s sue  of newborn ra t s  was used  
to induce to le rance .  In eve ry  case  during the f i r s t  2-3 weeks s t ruc tu ra l  changes occu r r ed  
in the graf t s  with the fo rmat ion  of a musc le  organ.  Some of the g r a f t s ,  espec ia l ly  in in-  
to le ran t  and to le ran t  an imals  of different  l i t t e r s ,  subsequently died because  of an incompat i -  
bil i ty reac t ion .  The highest  pe rcen tage  (up to 50) of surv iva l  of the graf ts  was obse rved  in 
expe r imen t s  in which m us c l e s  we re  gra f ted  in to le ran t  r a t s  of the s a m e  l i t t e r .  

Exper iments  have shown that  a f t e r  injection of a fore ign  antigen in the embryonic  per iod the o r g a n i s m  
loses  its abil i ty to give an immune response  to that  pa r t i cu l a r  antigen and acqu i res  a s tate  of immunologic 
to le rance  [6, 9]. It was l a t e r  found that the per iod  during which to le rance  can be induced in some animal  
spec ies  extends into ea r ly  postnatal  ontogeny [2, 7]. This has led to a s ea r ch  for  new way of overcoming  
immunologic  t i ssue  incompat ibi l i ty  [3-5, 8,10-12]. 

In this invest igat ion an a t t empt  was made to graf t  whole gas t rocnemius  musc les  in an imals  using 
musc le  t i ssue  as the inducer  of to le rance .  

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

Al toge ther  3 s e r i e s  of expe r imen t s  were  c a r r i e d  out on noninbred albino r a t s .  In s e r i e s  I whole 
m u s c l e s  were  graf ted  in unprepared  animals  taken f rom the same  l i t t e r  (22 ra t s ) .  In s e r i e s  II whole gas -  
t rocnemius  musc l e s  were  homograf ted  in  to lerant  r a t s  taken f rom the same  l i t ter  (24 ra t s ) .  In s e r i e s  Ill  
whole gas t rocnemius  musc les  were  gra f ted  in to le ran t  r a t s  taken f rom different  l i t t e r s  (34 ra t s ) .  To c rea te  
to le rance  in the s e r i e s  H and IlI, p ieces  of the thigh musc le  of one young r a t  w e r e  c r o s s - g r a s  
the skin of the abdominal  wall  of another  r a t  a t  the age of 1 day. Each r a t  was used  s imul taneous ly  as  donor 
and rec ipient .  In all 3 s e r i e s  the graf t ing of the whole musc le  was p e r f o r m e d  on ra t s  aged 15 days by the 
method descr ibed  previous ly  [1]. At var ious  t imes (from 15 days to 4 months) a f t e r  the operat ion the con- 
t r ac t i l e  act ivi ty  of the g ra f t  was ve r i f i ed  as  a physiological  control .  The mean  weight of the graf ts  re la t ive  
to the body weight was de termined.  The m usc l e s  were  f ixed in Z e n k e r ' s  fluid and 12% neutra l  fo rmal in .  
Sections were  stained with a z o c a r m i n e  by Heidenhain 's  method,  with i ron-hematoxy l in  a f t e r  Regaud, and 
with a z u r e - e o s i n  a f t e r  Romanovsky.  

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

I n s e r i e s  I (control) by the 15th day much of the newly fo rmed  musc le  t i s sue  had undergone secondary  
dis in tegra t ion with r e p l a c e m e n t  of the graf t  by connective t i ssue .  Only about 25% of the graf ted musc les  
st i l l  r ema ined  4 months a f t e r  graf t ing,  

In s e r i e s  II 15 days a f t e r  t ransplanta t ion  in eve ry  c a s e t h e t r a a s p l a n t e d m u s c l e s  had united with the 
s tumps  of the r emoved  m u s c l e s .  The re la t ive  weight of the graf t  was 0.47 :~ 0.08%o The weight of the control  
musc le  a lso  was 0.47 :L 0.03%. S ixof  the 8 graf ted  musc l e s  responded by contract ion to s t imulat ion of the 
tibiaI nerve  with an induction cur ren t ,  

L a b o r a t o r y  of Evolut ionary  Histology, A. N. Sever t sov  Insti tute of Evolut ionary Morphology and 
Ecology of An ima l s ,  Academy of Sciences of the USSR, Moscow. (Presen ted  b y  Academic ian  of the Academy 
of Medical Sciences of the USSR, A. P. Avtsyn.) T rans l a t ed  f rom Byulleten'  Ekspe r imen ta l ' no i  Biologii i 
Medits iny,  Vol. 77, No. 5, pp. 89-92, May, 1974, Original  a r t i c l e  submit ted  June 22, 1973. 

�9 1974 Consultants Bureaa, a division of  Plenum Publishing Corporation, 227 ~est  17th Street, New York, N. Y. I0011. 
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, 
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. A 
copy of  this article is available from the publisher for $15.00. 

554 



Fig.  1 Fig. 2 

Fig.  1. Myoblasts  and young musc le  f ibe r s  in graf t  15 days a f t e r  t ransplanta t ion 
(360• 

Fig.  2. Lymphoid inf i l t rat ion and secondary  d is in tegra t ion  of newly fo rmed  
musc le  30 days a f t e r  t ransplanta t ion  (192• 

Fig .  3. Young musc le  f ibers  and c lus te r s  
of lymphocytes  in graf t  21 days a f t e r  
t ransplanta t ion  (192• 

Microscopic  examinat ion of the p repa ra t ion  showed that 
the musc les  had undergone morphological  changes with l i be ra -  
tion of myoblas t s  f rom the viable a r e a s  of the musc le  f ibers  
and the subsequent  different iat ion of myogenic ce l l s .  Six of 
the gra f ted  musc l e s  cons is ted  mainly  of young musc le  f ibers  
s epa ra t ed  by bands of dense o r  loose  connective t i ssue .  The 
p r o c e s s  of development  continued in the graf ts :  bes ides  
di f ferent ia ted musc le  f ibers  there  were  a lso  myoblas t s  and 
young musc le  f ibers  of the musc le  tubule type (Fig. 1). Many 
of the cel ls  were  in a s ta te  of mi to t ic  division.  H y p e r v a s c u -  
la r iza t ion  of the newly fo rmed  musc les  was observed .  

Two of the graf ted  musc les  developed a w e l l - m a r k e d  
t i ssue  incompatibi l i ty  r e a c t i o n -  the musc l e s  were  abundantly 
inf i l t ra ted  with lymphocytes .  Connective t i ssue  was ac t iva ted  
in these  graf ts  and many  dividing f ibroblas ts  could be seen.  
L a t e r  these newIy fo rmed  musc les  underwent  des t ruct ion,  de-  
generat ion,  and r ep l acemen t  by s c a r  connective t i ssue .  

The re la t ive  weight of the g ra f t  1 month a f t e r  t r ansp lan -  
tation was 0.25 • 0.02%. Most of the newly fo rmed  musc les  
con t rac ted  dist inctly in r e sponse  to s t imulat ion of the nerve  by 
an induction cur ren t .  These  graf t s  were  of musc le  type. They 
contained c lose ly  packed bundles of young di f ferent ia ted  
s t r i a t ed  musc le  f ibe r s .  Some var ia t ion  in the d i a m e t e r  of the 

musc le  f ibers  was noted. F e w e r  of the newly fo rmed  musc les  we re  profuse ly  infi l t rated with lymphocytes ,  
and among the white blood cel ls  and connect ive t i s sue  only smal l  f r agmen t s  of musc le  f ibers  r ema ined  
(Fig. 2). 

Af t e r  4 months m o r e  than 50% of the graf ted  musc l e s  re ta ined the i r  s t ruc tu ra l  in tegr i ty  and func- 
tional act ivi ty .  The re la t ive  weight of the graf t  was 0.27 • 0.03%. The newly f o r m e d  musc l e s  were  r egu la r  
in shape,  the bel ly was n a r r o w e r  than normal ly ,  and the Achi l les '  tendon was lengthened. 
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A study of the histological sect ion showed that the muscles  were  fea ther -shaped  and contained fully 
different ia ted muscle  f ibers .  The i r  d iameter  was increased  although it remained var iable ,  and the muscle  
f ibers  were  chaotically a r ranged  in some par ts  of the muscle .  Small c lus ters  of lymphocytes could be seen 
in some of the grafts  around large  blood ves se l s .  

The resul ts  of the exper iments  of s e r i e s  III showed that 15-21 days af te r  transplantation,  just as at  
the previous period, s t ruc tura l  changes were  present  in all the grafted muscles .  The re la t ive  weight of the 
graf t  was 0.39 =L 0.05%. Nearly all  the grafts  responded by contract ion to s t imulat ion of the tibial nerve  
with an induction cur ren t .  

The grafts  consis ted chiefly of muscle  t i s sue .  However,  side by side with a reas  containing d i f fer -  
entiated and closely packed muscle  f ibers ,  o ther  a reas  could be seen with thin, palely stained muscle  
f ibers  and large numbers  of connect ive- t i ssue  cells  and white blood cells (Fig. 3). The number  of blood 
vesse ls  was increased .  

One month a f te r  t ransplantat ion half of the newly formed muscles  had undergone destruct ion as the 
r e su l t  of an incompatibil i ty reac t ion  and had been replaced by connective t i ssue .  The r e s t  of the muscles  
re ta ined the i r  s t ruc tu re  and functional act ivi ty.  The re la t ive  weight of the grafts was 0.25 • 0.01%. 

La te r  the number of musc les  undergoing des t ruct ion and connect ive- t i ssue  rep lacement  increased .  
Compared with the control  s e r i e s ,  the grafts of this s e r i e s  remained viable fo r  longer .  

About 25% of the newly formed muscles  remained s t ruc tura l ly  intact 4 months a f t e r  t ransplantat ion.  

It can accordingly be concluded from these resu l t s  that af ter  t ransplantat ion of whole muscles  in 
to le ran t  young rats  of the same l i t t e r  the graf ts  take in 50% of cases  and undergo s t ruc tura l  changes, 
resul t ing in the s t ruc tura l  and functional r e s to ra t ion  of a muscle  organ, whereas  in unprepared  young ra ts  
of the same l i t t e r ,  the grafts took in only 25% of cases .  This shows that muscle  t issue can be used to 
induce to lerance  as a pre lude to f ree  muscle  grafting. 
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