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The p e r i p h e r a l  nervous  s y s t e m  was inves t igated in homograf ted  l imbs  of two dogs in which ar t i f ic ia l  
to le rance  was produced  during the f i r s t  days af ter  b i r th  by  r e p l a c e m e n t  t ransfus ion .  Regenera t ion  of the 
ne rve  t runks  followed the genera l  ru les  of r egene ra t ion  in the p e r i p h e r a l  nervous  s y s t e m .  Typical  ne rve  
e n d i n g s - m o t o r  e n d - p l a t e s  and n e u r o m u s c u l a r  s p i n d l e s - w e r e  fo rmed  in the homograf ted  l imb.  

Data on the s ta te  of the p e r i p h e r a l  nervous  s y s t e m  in the homogra f t ed  dog 's  l imb could be  found only 
in one p a p e r  by Khr is t ich  [14]. This l imb was t ransp lan ted  to the m o t h e r  f r o m  its puppy, one y e a r  old. On 
the 22nd day a f t e r  t ransplanta t ion ,  profound t rophic  d is turbances  began to appear ,  leading rap id ly  to death 
of the l imb.  In th ree  o ther  dogs on which Khr is t ich  opera ted ,  the homoplas t i c  l imbs  surv ived  fo r  an even 
s h o r t e r  t ime:  r e j ec t ion  always took p lace  because  of biological  incompat ibi l i ty  of the donor ' s  and r ec ip i en t ' s  
t i s sues .  

The object  of the p r e s e n t  inves t igat ion was to study the p e r i p h e r a l  innervat ion of homogra f t ed  hind 
l imbs  of two dogs (Brat ik and Jupi ter)  on which opera t ions  were  c a r r i e d  out at the Centra l  Inst i tute  of T r a u -  
matology and Orthopedics  by A. G. Lapchinski i  and co l l abo ra to r s .  

Ar t i f ic ia l  to le rance  to the homogra f t  was c rea ted  in these  dogs by subtotal  r e p l a c e m e n t  t ransfus ion  
dur ing the f i r s t  days a f t e r  b i r th  of the puppy using blood taken f r o m  the future  donor of the l i m b -  an adult 
unre la ted  dog. As a resu l t ,  p e r m a n e n t  su rv iva l  of the l imbs  was obtained [2-5]. The dog Brat ik ,  undergoing 
opera t ion on January  7, 1964, st i l l  l ives  with i ts  graf ted  l imb (more than 4 y e a r s  la te r ) .  The dog Jupi ter ,  
undergoing opera t ion  on March 22, 1965, su rv ived  for  335 days and died f r o m  th romboembo l i sm  of the pu l -  
m o n a r y  a r t e r y .  

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

The t e s t  object  cons is ted  of p ieces  of skin and m u s c l e s  of the homograf ted  l imb taken at  b iopsy  f r o m  
dif ferent  s egmen t s  of the l imb f r o m  dog Bra t ik  on the 101st, 3t3th,  and 904th days,  and f r o m  the dog Jupi -  
t e r  on the 191st day a f t e r  t ransp lan ta t ion .  T i s sues  obtained at nec ropsy  f r o m  the dog Jupi te r  on the 335th 
day a f t e r  the opera t ion  a lso  were  studied.  The m a t e r i a l  was fixed in 15-20% neut ra l  fo rmal in .  F roz en  s e c -  
tions were  impregna ted  with s i l v e r  n i t ra te  by Campos ' s  method and also s ta ined with hematoxyl in -eos in ,  by 
Van Gieson ' s  and S p i e l m e y e r ' s  methods ,  and with Sudan III and Sudan black.  

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

At the f i r s t  b iopsy  p e r f o r m e d  on Bra t ik  on the 101st day a f t e r  homograf t ing ,  ha rd ly  any ep ide rmis  was 
found in the skin f r a g m e n t s  at the mid- th igh  level  and in the upper  third of the leg of the t ransplan ted  l imb, 
fo r  by the 59th day lys is  of the super f ic ia l  l a ye r s  of the skin had taken place  as a r e s u l t  of an a l l e rg ic  c r i s i s  
(host v e r s u s  graf t  reac t ion) .  S t ruc tu re l e s s  nec ro t i c  m a s s e s  were  found on the skin su r face ,  beneath which 
was a leukocyte b a r r i e r ,  s epa ra t ing  them f r o m  viable  t i s sues .  P a r t  of the super f i c ia l  zone was occupied by 
granulat ion t i s sue .  In the deep p a r t s  of the de rmi s  the s t r u c t u r e  of the r e t i cu l a r  l aye r  r ema ined  intact.  Ex-  
tens ive  foci  of infi l t rat ion,  consis t ing of lymphocytes ,  p l a s m a  cel ls ,  and neutrophi ls ,  were  obse rved  around 

Depar tment  of Expe r imen ta l  T raumato logy  and Orthopedics ,  Central  Inst i tute  of Traumato logy  and 
Orthopedics ,  Moscow (Presen ted  by Academic ian  of the AMN SSSR A. P.  Avtsyn).  T rans l a t ed  f r o m  Byulle ten '  
]~ksper imenta l 'noi  Biologii i Meditsiny,  Vol. 67, No. 5, pp.  102-106, May, 1969. Original  a r t i c l e  submit ted  
August  2, 1968. 

557 



Fig.  1. 
of leg.  
400 • 

Regenera t ing  axons with bulbs of growth in de rmis  
Dog Bra t ik .  Biopsy on 101st day a f t e r  homograf t ing.  

Fig.  2. Motor end-pla te  in leg m u s c l e s  of graf ted 
l imb.  Dog Bra t ik .  Biopsy on 313th day a f t e r  h o m o -  
graft ing.  400 • 

the blood v e s s e l s  and nerve  t runks .  Small  bundles 
of s t r i a t ed  musc le  f ibe r s ,  p r e s e n t  in the sec t ions ,  
appeared  atrophied and v a r i e d  in d i ame te r .  Nerve  
t runks,  consis t ing of 10-20 thin, medul la ted  and non-  
medul la ted  f ibers ,  and also so l i t a ry  r egene ra t ing  
axons with typical  bulbs of growth at the i r  ends 
(Fig. 1), were  detected by neurohis to logica l  methods 
in sect ions f r o m  m a t e r i a l  taken f r o m  the lower  third 
of the thigh and the upper  th i rd  of the leg, in the deep 
l aye r s  of the de rmi s .  Meanwhile, in a few of the 
ne rve  f ibe r s ,  var ious  s tages  of Wal ler ian  degene ra -  
tion were  obse rved  (fragmentat ion of axons with g r a -  
nule format ion,  des t ruc t ion  of myoneura l  synapses ) .  

In m a t e r i a l  of the ' second  b iopsy  spec imen  
taken f r o m  Batik on the 313th day, cutaneous ep i the-  
l ium, r egene ra t ing  a f t e r  lys is  and consis t ing of 15- 
30 l aye r s  of cel ls ,  was detected.  The s t r a t um g e r -  
mina t ivum,  s t r a tum granulosum,  and the thin s t r a tum 

corneum were  c l ea r ly  dis t inguishable .  At the boundary between the ep ide rmis  and connective t i ssue,  a 
smooth b a s e m e n t  m e m b r a n e  without pap i l l a ry  p r o c e s s e s  was obse rved .  The m a t e r i a l  invest igated contained 
ne i ther  h a i r s  nor  cutaneous glands.  Most musc le  f i be r s  in f r agmen t s  taken f rom the thigh and leg of the 
homograf t  were  n o r m a l  in s t r uc tu r e .  However ,  individual musc le  f i be r s  were  atrophied,  the i r  m y o f i b r i l -  
l a r y  s t ruc tu re  was i l l -defined,  and they contained an inc reased  number  of nuclei .  On neurohis to logica l  in-  
vest igat ion,  ne rve  t runks consis t ing of 10-30 medul la ted  f ibe r s ,  and individual r egene ra t ing  axons with bulbs 
of growth were  found in the deep l aye r s  of the d e r m i s  in the lower  third of the thigh and upper  third of the 
leg of the t ransplan ted  l imb by neurohis to logica l  methods .  L a r g e r  t runks,  consis t ing of 100-200 ne rve  f ibers ,  
mos t ly  medul la ted,  were  p r e s e n t  in the i n t e rmuscu l a r  connective t i ssue .  Some ne rves  were  surrounded by 
m a s s i v e  col lect ions of lymphocytes  and p l a s m a  cells  fo rming  Cuffs surrounding the ep ineur ium.  Foci of in-  
f i l t ra t ion also p e r s i s t e d  along the course  of the blood v e s s e l s .  Trunks of s m a l l e r  ca l iber ,  extending through 
the p e r i m y s i u m  and endomysium,  and also along the adventi t ia  of the blood v e s s e l s ,  were  given off by the 
l a rge  ne rve  t runks .  Single ne rve  f ibe r s ,  approaching the s t r iped  musc le  f i be r s  at di f ferent  angles,  f o rmed  
endings of va ry ing  complexi ty  on them:  s imple  endings consis t ing of v e r y  thin f i laments  with loops or  boutons 
at  thei r  end, p r imi t i ve  m o t o r  end-p la tes ,  definit ive end-p la tes  with c h a r a c t e r i s t i c  a rbor iza t ion  of the t e r -  
mina l  f iber ,  and a l a rge  number  of glial nuclei ,  f o rming  the i r  ba se  (Fig. 2). 

In m a t e r i a l  taken f r o m  the homograf ted  l imb of the dog Bra t ik  at the third b iopsy  on the 904th day a f te r  
the operat ion,  l a rge  and s m a l l  ne rve  t runks were  found at the s a m e  levels ,  lying in the wide bands of i n t e r -  
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Fig.  3. Motor end-pla te  in leg m u s c l e s  of the graf ted  l imb.  
Dog Jupi te r .  Biopsy on 335th day a f t e r  homograf t ing,  900 x .  

m u s c u l a r  connect ive t i ssue .  Foci  of infi l t rat ion p e r s i s t e d  around some of the ne rve  t runks,  consis t ing of 
lymphocytes  and p l a s m a  cel l s .  As well  as ne rve  f ibe r s  of n o r m a l  s t ruc tu re ,  the t runks also contained f ibe r s  
in a s ta te  of degenera t ion  (swelling, fo rma t ion  of va r i cos i t i e s ,  f ragmenta t ion) .  In p a r t s  of the musc l e s  fal l ing 
into the sec t ions ,  m o t o r  end-p la tes  of n o r m a l  s t ruc tu re  we re  seen.  However ,  a t rophied m o t o r  end-p la tes  
with a shrunken base ,  pycnot ic  nuclei  of the spec ia l  cel ls ,  and mummif i ed  t e rmina l  f i be r s  also were  ob-  
s e rved .  In the skin, without glands or  ha i r  as be fore ,  smal l  ne rve  t runks were  found, b reak ing  up into single 
f i be r s  r each ing  a l m o s t  to the b a s e m e n t  m e m b r a n e .  

In the dog Jup i te r  on the 191st day a f t e r  the operat ion,  the ep ide rmis  appeared  n o r m a l  in f r a g m e n t s  
taken a t b i o p s y  f r o m  the lower  third of the thigh and upper  th i rd  of the leg of the graf ted  l imb.  The s t r a t u m  
ge rmina t ivum,  s t r a t u m  granulosum,  and s t r a t um corneum were  c l ea r ly  dist inguished.  Der iva t ives  of the 
skin a lso  r e m a i n e d  intact  and appeared  no rma l .  The pap i l l a ry  and r e t i cu l a r  l aye r s  were  c l ea r ly  d i sce rn ib le  
in the d e r m i s .  P e r i v a s c u l a r  foci of inf i l t ra t ion a lso  were  obse rved  here ,  consis t ing main ly  of lymphocytes  
and p l a s m a  cel l s .  Most musc l e  f i be r s  fa l l ing into the sect ions  had a well  m a r k e d  c r o s s  s t r ia t ion .  Some 
di f ference  in the th ickness  of the musc l e  f i be r s  was noted. At these s ame  levels  neurohis to logica l  methods 
r evea l ed  ne rve  t runks  and m a n y  single ne rve  f ibe r s  located in the r e t i cu l a r  and pap i l l a ry  l aye r s  of the d e r -  
m i s .  Many axons ended in typical  bulbs of growth. Nerve  t runks containing as many  as 30-50 f ibe r s  were  
found in the i n t e r m u s c u l a r  sep ta  of the thigh and leg m u s c l e s .  Single ne rve  f ibe r s  f o r m e d  both  p r imi t i ve  
endings of bouton or  loop type on the musc le  f ibe r s  or  s t r u c t u r e s  r e s e m b l i n g  m o t o r - e n d  p la tes  of the n o r -  
m a l  pa t t e rn .  

The study of n e c r o p s y  m a t e r i a l  obtained f r o m  Jupi te r  on the 335th day a f t e r  opera t ion  showed that 
many  m u s c l e  f i be r s  r e t a ined  the i r  no rma l  s t ruc tu re ,  while o ther  pa r t s  of the musc l e  of the homogra f t ed  
l imb were  a t rophied.  In these  zones  the musc l e  f i be r s  were  thin and contained chains of nuclei .  Between 
them were  wide spaces  f i l led with adipose t i s sue .  Nerve  f ibe r s  approaching the unchanged musc l e  f i be r s  
f o r m e d  m o t o r  endings of typical  s t r u c t u r e  (Fig. 3), and t e rmina l  s t r u c t u r e s  r e s e m b l i n g  the m o t o r  endings 
obse rvab le  at  va r ious  s tages  of e m b r y o g e n e s i s .  

Bes ides  the changes desc r ibed  above,  n e a r  the tendinous a t tachments  of the leg m u s c l e s  of the h o m o -  
graf ted  l imb,  n e u r o m u s c u l a r  spindles  were  obse rved .  Numerous  ne rve  t runks  and single ne rve  f ibe r s  were  
found in the p a p i l l a r y  and r e t i c u l a r  l aye r s  of the d e r m i s .  

The m a t e r i a l  s tudied shows that  a f te r  homograf t ing  p r o c e s s e s  s i m i l a r  in p r inc ip le  to those of r e g e n e r a -  
tion of the p e r i p h e r a l  nervous  s y s t e m  a f t e r  expe r imen ta l  division of ne rve  t runks [15] or  a f te r  r e t r a n s -  
plantat ion of a l imb [1, 7-13], take p lace .  Not only r egene ra t i on  of ne rve  t runks,  but a lso  innervat ion of the 
skin and r e s t o r a t i o n  ( s t ruc tua l ly ,  at  least)  of spec ia l i zed  ne rve  s t r u c t u r e s  such as m o t o r  end-p la tes ,  took 
p lace .  The obse rva t ions  showed that  the fo rma t ion  of myoneura l  synapses  took p lace  by  a gradual  i n c r e a s e  
in complexi ty  such as is obse rved  in ontogenesis  and phylogenes is  [6 ]. One of the m o s t  impor tan t  f ea tu res  
of r e g r a f t e d  and homogra f t ed  l imbs  is the i r  init ial  absolute denervat ion,  developing a f t e r  the i r  r e m o v a l  f r o m  
the body.  I t  is m o r e  comple te  than under  any o ther  expe r imen ta l  conditions.  Nerve  f i be r s  in the graf ted  
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limb composing nerve trunks of all calibers,  with motor and sensory endings ina l l  situations and of all 
types, undergo Wallerian degeneration and total destruction. During regeneration of the peripheral  nervous 
system in homografted limbs of dogs, the recipient 's  axons invade the foreign graft tissues, reinnervating 
them, the recipient 's  nerve f ibers growing along within the donor's Beungner's bands. During the forma-  
tion of motor end-plates, the arborization of the terminal  f iber belong to the recipient, while the sarcoplas-  
mic and nuclear component of the end-plates probably belongs to the donor. Nevertheless, this has no signi- 
ficant effect on the morphogenesis of the myoneural synapses or on their final s tructure.  

Regeneration Of the peripheral  nervous system after homografting is a new problem which calls for 
further  special systematic study. 
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