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Whole gas t rocnemius  m u s c l e s  of r abb i t s  were  graf ted  af ter  p r e l i m i n a r y  denervat ion.  At the 
t ime of graf t ing (60 days af ter  denervation) the m u s c l e s  were  in a s tate  of advanced atrophy,  
accompanied  by degenera t ive  changes .  The au tograf t s  surv ived  at  the si te of t ransplanta t ion 
and underwent  s t r uc tu r a l  changes which led to the p r o g r e s s i v e  development  of the musc le  t i s -  
sue p r e s e r v e d  in the graft ,  the spread ing  out of the t issue,  and the fo rmat ion  of definitive 
musc le  f i be r s  supplied with ne rve  endings. Meanwhile,  a f te r  a ce r t a in  t ime secondary  de-  
generat ion was obse rved  in the musc le ,  leading to its r e p l a c e m e n t  by connect ive t issue.  The 
r e s u l t s  conf i rm the w r i t e r ' s  e a r l i e r  hypothes is  that f ree  graf t ing of p rev ious ly  denerva ted  
whole m u s c l e s  is poss ible .  However ,  advanced denervat ion a t rophy is evidently re f l ec ted  in 
the late r e s u l t s  of t ransplanta t ion.  
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The method of m us c l e  t i ssue graf t ing in which vascu la r  and nervous  connect ions with the r e s t  of the body 
a re  p r e s e r v e d ,  is widely used both expe r imen ta l Iy  and for  va r ious  pu rposes  in p las t ic  s u r g e r y  [1, 6, 7] .  
Studitskii  [9] f i r s t  r e p o r t e d  f r ee  graf t ing  of minced  musc le  t i ssue followed by s t r u c t u r a l  and functional  r e s t o r -  
ation of m u s c l e s  in b i rds  and m a m m a l s .  T h i s  method of graf t ing was subsequent ly  developed expe r imen ta l ly  
in an imals  of d i f ferent  spec ies  both in the USSR [4, 5, 8] and e l sewhere  [10-14] .  The p r e s e n t  wr i t e r  has  p e r -  
f o r m e d  f ree  graf t ing  of whole m us c l e s ,  p r e p a r e d  by p r e l i m i n a r y  denervat ion,  in e x p e r i m e n t s  on r a t s  and dogs 
with favorab le  r e s u l t s  [2, 3].  

It  was accordingly decided to study the potential  r egene ra t ive  power of musc le  t i ssue when in a s tate  of 
advanced denervat ion  atrophy, accompanied  by degenera t ive  changes,  under autograf t ing conditions. 

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

Expe r imen t s  were  c a r r i e d  out on 50 chinchil la r abb i t s  of both sexes  weighing f r o m  700 g to 1 kg. The 
whole gas t rocnemius  musc le  was t ransplanted  when in a state of a t rophy 60 days af ter  denervat ion.  D e n e r v a -  
tion was c a r r i e d  out by dividing the trunk of the tibial ne rve  1 cm f r o m  its point of en t ry  into the musc le .  To 
avoid spontaneous re innerva t ion ,  the cen t ra l  end of the divided musc le  was t r ansposed  to the thigh m u s c l e s .  
The r ight ,  denervated  gas t rocnemius  musc le  was t ransplan ted  60 days la ter  to the site of the p rev ious ly  r e -  
moved  intact  left ga s t rocnemius  musc le .  The tibial ne rve  was sutured to the graf t .  Mate r i a l  was fixed between 
3 days and 6 months la ter .  Before  fixation the cont rac t i le  act ivi ty of the au tograf t s  was tes ted by s t imulat ion 
of the tibial nerve  with an induction current .  His tological  sect ions  were  stained with azoca rmine  by 
Heidenhain'  s method, with Regaud'  s iron--hematoxylin,  and with a z u r e - e o s i n  by Romanovsky '  s method.  Nerve  
endings were  r evea l ed  by impregnat ion  by Bielschowsky'  s method.  

E X P E R I M E N T A L  RESULTS 

A study of m a t e r i a l  p r e p a r e d  for  graf t ing  showed that denervat ion a t rophy in r abb i t  m u s c l e s  follows a 
v e r y  rap id  course  and leads to degenera t ive  changes af ter  60 days:  the musc le  f ibers  we re  loosely  a r ranged ,  
reduced  in thickness ,  and m o s t  of them in a s tate  of d is integrat ion.  The musc le  was p rofuse ly  inf i l t ra ted by 
connec t ive - t i s sue  and blood cei ls ,  m o s t  of which were  neutrophi ls .  The quantity of f ibrous  connect ive t issue 
was sharp ly  inc reased .  P ro l i fe ra t ion  of fat ty  a r eo l a r  t i ssue was observed.  The c i rcu la t ion  was dis turbed.  
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Fig. 1. Format ion  of musc les  and growth of nerve f ibers  in graft:  a) myosymplas t s  in 
graft  (Regaud' s irorr-hematoxylin, 360x ); b) spread of nerve f ibers  f rom sutured nerve 
in proximal  par t  of graft  ( impregnation with si lver ,  360• 

The walls of the large blood vesse ls  were thickened because of proliferat ion of connective tissue. Venous 
s tas is  led to hemor rhages  and thrombosis .  

During the f i r s t  few days after transplantation about 30% of the grafted musc les  had died: a dense b a r -  
r i e r  of leukocytes formed around the grafts ,  followed by a connect ive- t issue capsule.  The muscle  tissue be- 
neath the capsule was f ragmented and became resorbed .  At the site of the graft  a connect ive- t issue band could 
be seen after 2-3 weeks. The remaining grafts  survived at the site of transplantation and underwent s t ructural  
changes.  

Three  days after graft ing the musc les  were weakly adherent to the edges of the s tumps:  the zones of the 
sutures  were filled with escaping blood. The state of the muscle was substantially unchanged, but slight hyper -  
emia  and edema were observed.  The integri ty of the muscle  f ibers  was disturbed and the c ro s s - s t r i a t i on  and 
nuclei could no longer be detected in them. Because of disturbance of tension the muscle  f ibers  were twisted 
in shape. The whole graft  was profusely infiltrated with blood and connect ive- t issue cells. Because of the 
weak macrophagal  react ion and disturbance of the blood supply and lymphatic drainage, the necrot ic  masse s  
were slow to be removed and large quantities of breakdown products were found hi the graft.  

Fifteen days after graft ing the musc les  were f i rmly  adherent to the stumps and the region of the suture 
was filled with sear  tissue, in which chaotically a r ranged young muscle  f ibers  could be seen. The graf t  was in 
a state of active recons t ruc t ion .  Per iphera l  and central  zones were sharply distinguished. The whole per i -  
pheral  zone was permeated  by blood vesse l s  either invading it f rom the surrounding t issues or newly formed 
in the graf t  itself. This zone contained myogenic elements  at different stages of matur i ty :  myoblasts ,  myo-  
symplasts ,  muscle  tubes, and dense bundles of young muscle  f ibers  (Fig. 1). The central  zone of the graft, like 
a foreign body, was surrounded by a dense connect ive- t issue capsule. The muscle  tissue enclosed within it was 
f ragmented and undergoing resorpt ion,  the blood vesse ls  were dilated, and their lumen was empty or filled with 
decomposing blood. 

At the proximal  end of the graft  a chaotic a r rangement  of nerve f ibers  could be seen spreading f rom the 
sutured tibial nerve .  Thin, straight,  unmyelinated nerve f ibers  could be t raced in the muscle  for a considerable 
distance, to end blindly or as club-shaped swellings (Fig. lb). The muscles  did not respond by contract ion to 
stimulation of the sutured nerve with an induction current ;  this is evidence that no regenerat ion of neuromus-  
cular  synapses  had taken place. In the course of 1-3 months the s t ruc tura l  changes became largely complete 
and outwardly the graft  appeared as a reduced model of the transplanted muscle .  Differentiation of myogenic 
e lements  as far as the muscle  f ibers  stage took place in the graft .  Dense bundles of thin, somet imes  hap-  
hazard ly  arranged,  young muscle  f ibers  with c lear ly  defined c ross  str iat ion and with large, pale nuclei could 
be t raced along the per ipheral  zone of the graft  (Fig. 2). The muscle  bundles were somet imes  separated by 
layers  of collagen f ibers ,  with f ibroblasts  immured in them. T races  of continuing s t ruc tura l  change were found 
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Fig. 2. 
360x.  

Fig. 3. 

Fig. 2 Fig. 3 

Young musc le  f ibers  in pe r iphe ra l  zone of graf t .  Regaud ' s  i ron-hematoxyl in ;  

Graf t s  6 months af ter  t ransplanta t ion (total prepara t ion) .  

in the zone n e a r e r  to the center  of the graft .  Myosymplas t s  with c lus t e r s  of nuclei  in them, and a lso  d is in te-  
grat ing musc le  f i be r s  were  visible there .  The whole zone of r econs t ruc t ion  was r ich ly  vascu la r i zed .  R e s o r p -  
tion of the dying cen t ra l  pa r t  of the musc le  continued. The musc l e s  responded by contract ion to s t imulat ion of 
the sutured ne rve  with an induction cur ren t ,  evidence of r e s to ra t i on  of their  mo to r  innervat ion.  Nerve  endings 
of var ious  s tages  of matur i ty ,  including moto r  end-p la tes  could be seen in the sect ions .  

Between 4 and 6 months af ter  t ransplanta t ion the graf t s  were  outwardly indist inguishable in appearance  
f r o m  those at the previous  t imes :  they had the same shape and size as the or iginal  denerva ted  musc le  (Fig. 3). 
However ,  this was the c r i t i ca l  per iod for  the developing graf t .  His tological  study of the sec t ions  showed the 
development  of degenera t ion  in the newly fo rmed  musc le s ,  r e s e m b l i n g  fat ty  degenera t ion  and connec t ive- t i s sue  
degenerat ion in type. The blood supply to the graf t  was dis turbed.  The walls of the large blood ve s se l s  were  
sc le ro t ic  and the pe r iva scu l a r  spaces  were  invaded by connective t i ssue.  Dis turbance  of the integr i ty  of the 
blood ves se l  walls led to in t r amuscu la r  h e m o r r h a g e s  and to par t ia l  des t ruc t ion  of the musc le  t i ssue in that 
r e g i o n .  Thrombus  format ion  was observed  in the v e s s e l s  and in some ca se s  the lumen of the ve s se l  was c o m -  
pletely occapied.  These  changes in the blood supply in the newly fo rmed  musc le  led to a d is turbance  of i ts  
m e t a b o l i s m  and to degenera t ive  changes .  However,  even in such ca se s  the musc le  t i ssue of the graf t  showed 
some signs of r e g e n e r a t i v e  act ivi ty:  col lect ions of m y o s y m p l a s t s  could be seen in the g ra f t  but, because  of the 
unfavorable conditions, they could not undergo fu r the r  different ia t ion and the newly fo rmed  m y o s y m p l a s t s  died 
as a r e s u l t  of secondary  degenerat ion of the musc le  t issue.  Meanwhile the fat ty a r eo l a r  t issue pro l i fe ra ted  and 
fa t  accumulated both in the musc le  f ibe r s  and between them. The young musc le  f i be r s  c o m p r e s s e d  by fat  under -  
went atrophy.  P ro l i f e ra t ive  act ivi ty of the connective t issue,  main ly  f ib rob las t s ,  i nc reased  in intensity.  The 
contract i le  act ivi ty of the g ra f t  was dis turbed.  As a resu l t ,  6 months a f te r  t ransplanta t ion an organ with the 
s ame  shape and size as the ex t i rpa ted  musc le  was found at the si te of the operat ion,  but it contained mainly  
fat ty  and connective t issue,  with thin i n t e r l aye r s  of ma tu r e  musc le  t issue capable  of contract ing.  

The r e su l t s  of expe r imen t s  with t ransplantat ion of musc l e s  in a s tate  of advanced denervat ion atrophy 
showed that the graf t s  p o s s e s s e d  w e l l - m a r k e d  r egene ra t ive  act ivi ty,  capable  of ensur ing  the p r o g r e s s i v e  deve l -  
opment  of musc le  t issue p r e s e r v e d  in the graft ,  p ro l i fe ra t ion  of that t issue,  and the fo rmat ion  of definitive 
musc le  f ibers  supplied with ne rve  endings. 
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The hypothesis  that f r ee  graf t ing of p rev ious ly  denerva ted  m u s c l e s  is poss ible ,  based  on a previous  in- 
vest igat ion,  was thus conf i rmed.  However ,  the advanced degenera t ion  a t rophy evident ly  was re f l ec ted  in the 
late r e s u l t s  of t ransplanta t ion .  The elucidat ion of the cause s  of this phenomenon will be a task for  future r e -  
sea rch .  
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C H A R A C T E R I S T I C S  OF E S T R A D I O L  R E C E P T O R  

S Y S T E M  O F  T H E  A N T E R I O R  H Y P O T H A L A M U S  

A N D  A D E N O H Y P O P H Y S I S  IN  G U I N E A  P I G S  

R .  N.  S h c h e d r i n a ,  L .  S. M i n i n a ,  
E .  G.  B o b r o v a ,  a n d  N.  D .  F a n c h e n k o  

UDC 612.826.4+ 612.433]- 06:612.621.31 

The p r e sence  of a specif ic  e s t r a d i o l - r e c e p t o r  sy s t em (E2-R) with l imited capaci ty  and with a 
high degree  of s t rength  of fo rmat ion  of the E~-R complex  was demons t r a t ed  in the cytosol  of the 
adenohypophysis  and an te r io r  hypothalamus of guinea pigs in e x p e r i m e n t s  in vivo and in vi tro.  
The phys icochemica l  p r o p e r t i e s  of the E~-R s y s t e m  of the adenohypophysis  and an te r io r  hypo-  
tha lamus  differ  in ce r ta in  p a r a m e t e r s .  The E~-R complexes  of the cytosols  of the adenohypo- 
physis  and an te r io r  hypotha lamus  f o r m e d  at d i f ferent  t e m p e r a t u r e s  a re  not identical .  

KEY WORDS: adenohypophysis;  hypothalamus;  phys icochemica l  c h a r a c t e r i s t i c s ;  r e c e p t o r  
sys t em.  

The study of the e s t r o g e n - s e n s i t i v e  r e c e p t o r  s y s t e m  of s t r u c t u r e s  of the CNS is one way of elucidat ing 
the m e c h a n i s m s  of regula t ion  of the reproduc t ive  function. 

The re  is ex tens ive  evidence of the p r e s ence  of speci f ic  cy top lasmic  and nuclear  prote in  r e c e p t o r s  for  
e s t r ad io l  in the an te r io r  hypotha lamic  and adenohypophyseal  s t r u c t u r e s  of the CNS [2, 5, 7-11] .  However ,  be -  
cause  of the d ive r s i ty  of the e x p e r i m e n t a l  mode ls  and methods  used, there  a re  s t i l l  no c lear  ideas on the p rop-  
e r t i e s  of the e s t r a d i o l - r e c e p t o r  (E2-R) s y s t e m  of the CNS. It  was the re fo re  decided to study the basic  p a r a m -  
e t e r s  of s t e r o i d - r e c e p t o r  in terac t ion  in the an t e r io r  hypothalamie  reg ion  and the adenohypophysis  of guinea 
pigs under d i f fe ren t  expe r imen ta l  conditions.  

L a b o r a t o r y  of Endocrinology,  All-Union R e s e a r c h  Inst i tute of Obs te t r i c s  and Gynecology, Min i s t ry  of 
Health of the USSR, Moscow. (Presen ted  by Academic ian  of the Academy of Medical  Sciences of the USSR 
L. S. Pers ianinov. )  T r a n s l a t e d  f r o m  Byulleten'  l~ksper imenta l 'no i  Biologii i Medits iny,  Vol. 85, No. 1, pp. 
70-73, January ,  1978. Original  a r t i c le  submit ted  May 27, 1977. 

0007-4888/78/8501-0081507.50 �9 1978 Plenum Publishing Corpora t ion  81 


