
Close s t ruc tu r a l  connections were  found between the r e t i cu l a r  and epi thel ial  t i s sues  in both l aye r s  of 
the thymus lobules. 

The d i scove ry  of all  components  of r e t i cu l a r  t i ssue  in the thymus conf i rms  the c o r r e c t n e s s  of the 
e a r l i e r  hypothesis  that  r e t i cu l a r  t i ssue,  as the sou rce  of h is togenes is  of o ther  f o r m s  of in te rs t i t i a l  t issue,  is 
p r e s e n t  in all  organs  without except ion [4]. 
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P e r i p h e r a l  ganglia  have been t ransplanted  into b ra in  t i s sue  by Ranson [8, 9], Tidd [10], and Cla rk  [7]. 
As the g ra f t  they used  spinal  ganglia which, a f t e r  ext i rpat ion,  we re  t ransp lan ted  into the cor tex  of the ex p e r i -  
menta l  an imals  ( rabbi ts  or  r a t s ) .  The r e su l t s  of these exper imen t s  showed that the ne rve  cel ls  of a ganglion 
could su rv ive  for  up to 3 months,  that the g ra f t  was  s lowly r e so rbed ,  and that  i t  s t imula ted  r egenera t ion  of 
the injured a r e a  of cor tex.  These  w o r k e r s  did not under take  longer  observa t ions .  In the acces s ib l e  l i t e r a tu re ,  
no indication could be  found to the use  of ganglia  of the sympathe t ic  t runk in neuroplas t ie  opera t ions  on the 
CNS. 

Meanwhile,  Sov ie t inves t iga to r s  [1-4] have shown that sympathe t ic  ganglia can be effect ively  used  to 
c r ea t e  new ne rve  cen te r s  and pathways of re innerva t ion  for  some in terna l  organs .  My own p r e l i m i n a r y  ob- 
se rva t ions  [ 5, 6 ] a lso demons t r a t e  the high p las t i c i ty  and powers  of r egenera t ion  of ne rve  ce l l s  of the s y m -  
pathet ic  ganglion a f t e r  total  t r a n s v e r s e  sect ion of a pregangl ionic  t runk or  of the ganglion i tself .  

This pape r  gives  the r e su l t s  of autograf t ing of sympathe t ic  ganglia on a nut r ient  pedicle,  consis t ing of 
p r e s e r v e d  intergangl ionie  b r anches  of  the sympathe t ic  trunk, into the region of hemisec t ion  of the spinal  cord.  
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Fig. 1. St ructure  of t ransplanted  sympathet ic  ganglion 
10 days a f t e r  operat ion.  A) Genera l  view of ganglion 
containing sympathet ic  neurons  (n). Impregnat ion  with 
s i lver ,  56 • B) ectopia  of nuclei,  total o r  pa r t i a l  
ch romato lys i s  of sympathet ic  neurons.  Stained with 
c r e s y l  violet. 280 • 

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

Exper iments  were  c a r r i e d  out on 40 cats .  In 15 of the cats  the c ran ia l  ce rv ica l  sympathe t ic  ganglion 
was isolated by r emova l  of the capsule  and blocking of connections at its upper  pole, a f t e r  which the ganglion 
was t ransplanted ,  toge ther  with the p r e s e r v e d  pregangl ionic  sympathet ic  trunk, located caudally to the gang- 
lion, into the region of l a t e ra l  hemisec t ion  of the 3rd ce rv i ca l  segment  of the spinal  cord.  The ganglion to be 
t ransplanted  was brought  up to the spinal  cord  through a hole in the body of the 3rd ce rv i ca l  ve r t eb ra .  In 15 
animals  l a t e ra l  hemisec t ion  of the spinal  cord  was c a r r i e d  out at the level  T13 or  L1. The 3rd or 4th ganglion 
of the lumbar  sympathe t ic  trunk was then t r a n s f e r r e d  into the region of injury,  through a hole in the a rches  of 
the cor responding  v e r t e b r a e ,  on a nutr ient  pedicle consis t ing of p r e s e r v e d  interganglionic b ranches ,  lying 
crania l ly ,  re la t ive  to the  ganglion, Ten animals  with hemisec t ion  of the spinal  co rd  at levels  C3, TI3,  and L1 
se rved  as  the control .  Observa t ions  continued for  between 6 days  and 1 year .  

The t ransplanted  ganglia together  with adjacent  segments  of the spinal  co rd  se rved  as m a t e r i a l  fo r  h i s -  
t61ogical investigation.  The ma te r i a l  was impregna ted  with s i l ve r  by the B i e l s c h o w s k y - G r o s ,  Cajal,  and Rio-  
Hor tega  methods and stained by Mal lo ry ' s  and Ni s s l ' s  method. Succinate dehydrogenase  (SDH) act ivi ty  was 
de te rmined  h is tochemica l ly  by N a c h l a s '  method. Fo r  e lec t ron  m i c r o s c o p y  the UEMV-100 ins t rument  was 
used. 

EXPERIMENTAL RESULTS 

Many neurons with signs of partial or total chromatolysis in the cytoplasm were seen in the trans- 
planted ganglion 1-2 weeks after the operation (Fig. I). Marked degeneration of most nerve fibers was ob- 
served in the preganglionic sympathetic trunk. Around the ganglion on the boundary with the spinal cord, a 
very thin connective-tissue scar had formed, distinguishable only under the microscope, into which regener- 
ating blood vessels were growing from the side of the spinal cord and also from the side of the graft, most of 
them running in a circular direction. A few macrophages appeared in the scar, among which small unbranched 
"monocyte-like" forms were predominant; round cells with granular cytoplasm and solitary microglial cells 
also appeared. Starting from the end of the first week, markedregeneration of thin nerve fibers running to- 
ward the graft could be seen in the injured regions of the spinal cord. 
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Fig. 2. S t ruc tura l  changes in region of t ransplanta t ion  at  la te  s tages  of expe r i -  
ment.  A) Regenerat ing ne rve  f ibers  in sympathet ic  trunk, t ransplan ted  gang-  
lion, and surrounding connec t ive - t i s sue  s ca r  (s) .  Small  groups of neurons  (n) 
can be seen. Four  months a f t e r  operat ion.  Impregnat ion  with s i lver ,  56x; B~ 
p a r t  of s a m e  p repa ra t ion  containing group of neurons (n) surrounded by square .  
280 x; C) SDH act ivi ty  in neurons of t ransplan ted  ganglion 1 yea r  a f te r  ope ra -  
tion. Method of Nachlas e t  al. 280 • D) Nerve  f ibers  of spinal  cord,  including 
regenera t ing  f ibers  (RF) and their  endings, d i scove red ' i n  c lose  contact  with 
g r a f t  (g). Ten months a f t e r  operat ion.  Impregnat ion  with s i lver .  420 x. 

The number of neurons in the ganglion was sharply reduced after 3-4 weeks. The preserved groups of 
neurons had close to the normal structure of nuclei, bodies, and processes and they lay at the periphery of the 
ganglion or nearer to the preganglionic trunk. Single nerve fiber~, a dense network of capillaries, numerous 
spindle-shaped fibroblasts, and branching maerophages, characterized by SDH activity and containing baso- 
philic granules, also appeared in the graft. In place of the dying neurons, bands of connective tissue were de- 
veloping in the ganglion. The dimensions of the graft and of the surrounding connective-tissue scar were 
practically unchanged, and on the boundary with the decapsulated regions of the ganglion the thickness of the 
scar was minimal. On the side of the spinal cord marked regeneration of nerve fibers, as a rule branching 
near the graft to form thinner collaterals with a predominantly circular distribution, continued. In the same 
zone many nerve endings could be seen in the form of neurofibrillary loops and receptor-like tufts, and under 
the electron microscope axon terminals containing synaptic vesicles could be seen. Some regenerating nerve 
fibers of the spinal cord invaded the ganglion, forming a complex ramification of terminals with numerous 
synapse-like endings. Regeneration of Intraspinal fibers corresponded to regeneration of processes of the 
oligodendroglia. An appreciable increase also was found in the number of mieroglioeytos on the boundary with 
the graft. Compared with the control, proliferation of astroeytes was less intensive. 

Rapid regeneration of sympathetic nerve fibers was observed in the transplanted ganglion I-2 months 
after the operation. Some fibers were growing into the ganglion from the side of the preganglionie sympathetic 
trunk. Another source of regeneration was the processes of sympathetic neurons, which during growth and 
branching became thinner and formed multiple fine terminals, interwoven haphazardly in the stroma of the 
ganglion. Among the regenera t ing  ne rve  f ibers  and on the neurons  of the graft ,  sympa the~c  s t ruc tu r e s  were  
found. Some of the sympathe t ic  f ibers  b roke  through the s c a r  b a r r i e r  and invaded the t i ssue  of the spinal  cord  
to var ious  depths. Somet imes  the i r  endings could be  detected in the f o r m  of del icate  neu ro f ib r i l l a ry  loops or  
r ings .  It can only be sugges ted  that  these  fo rmat ions  were  t rue  synapses ,  es tabl ishing functional connection 
between the g ra f t  and the spinal  cord.  However,  many  of the sympathe t ic  ne rve  f ibers  penet ra t ing  into the 
spinal  cord  showed evidence of delayed growth: a hel ical  a r r a n g e m e n t  c lose  to the graf t ,  the appearance  of 
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many  la rge  va r i cos i t i e s  along the cour se  of the f ibers ,  the fo rmat ion  of "giant" growth bulbs,  and so on. Re-  
genera t ion of ne rve  f ibers  in the ganglion, although gradual ly  subsiding, continued for  3-6 months and ended 
with pe rmanen t  re innerva t ion  of the g ra f t  {Fig. 2A, B, D). The thickness of the s c a r  in the spinal  cord  was 
not inc reased  at this per iod.  Only some inc rea se  in the densi ty  of the connective t i ssue could be obse rved  in 
the s t r o m a  of the ganglion, with a cons iderable  inc rease  in the quantity of mie rog l ia  in the nea rby  segments  
of the spinal cord.  The cap i l l a ry  network of the g ra f t  and of the spinal  cord  s c a r  remained  well  developed. 

Toward the end of the exper iment ,  a f t e r  8-12 months,  smal l  groups of neurons  with n e a r - n o r m a l  s t r u c -  
ture or  cha rac t e r i zed  by the p r e s e n c e  of r eac t ive  changes - i r r e g u l a r i t y  of outlines of the dendri tes ,  eccen-  
t r ic  posi t ion of the nuclei,  coarsen ing  of the neurof ibr i l s ,  and argentophobia  of the neurons  - appeared  in the 
ganglion. Never the less ,  in mos t  of the res idua l  neurons  high SDH act ivi ty  was found (Fig. 2C). The g ra f t  was 
well  vaseu la r i zed  and re innerva ted .  Numerous  ne rve  f ibe r s  of d i f ferent  ca l ibe r  and ne rve  endings were  v i s i -  
ble in the pregangl ionic  trunk, the s t r o m a  of the ganglion, i ts  capsule ,  and the surrounding connec t ive - t i s sue  
s c a r  (Fig. 2D). Regenera t ion  of ne rve  f ibe r s  of the spinal  cord  toward the end of the expe r imen t  was l a rge ly  
completed,  although in the late s tages ,  among in t rasp ina l  f ibe r s  c lose ly  connected with the g ra f t  individual 
f ibers  with signs of regenera t ion  could st i l l  be seen (Fig. 2D). In the spinal  cord  c lose  to the ganglion, p r o -  
l i fera t ion of a s t rocy te s  of mode ra t e  degree  compa red  with the control  was observed;  their  p r o c e s s e s  in some 
places ,  where  the capsule  of the ganglion was absent ,  invaded the g ra f t  to di f ferent  depths. Where the connec-  
t i ve - t i s sue  capsule  was p r e s en t  o r  there  were  w e l l - m a r k e d  s c a r  changes,  penet ra t ion  of a s t roey t e s  was l im-  
ited to the region of the s c a r  in the spinal  cord.  Meanwhi le ,  p r o c e s s e s  of ol igodendrocytes  as a rule  a c c o m -  
panied the regenera t ing  ne rve  f ibers  and could be t r aced  along a lmos t  t he i r  en t i re  length. No marked  obl i te r -  
ation of smal l  v e s s e l s  was observed.  

Autograft ing of a sympathe t ic  ganglion connected with the pregangi ionic  sympathet ic  t runk into the region 
of hemisee t ion  of the spinal  cord  thus leads to the development  of complex p r o c e s s e s  of degenerat ion of r e -  
generat ion,  both in the g ra f t  i t se l f  and in adjacent  segments  of the spinal  cord.  In the cour se  of 2 weeks,  de -  
s t ruct ion of mos t  neurons  and ne rve  f ibers  in the t ransplanted  ganglion is observed.  The remain ing  neurons 
of the g ra f t  p e r s i s t  for  1 y e a r  and, having a n e a r - n o r m a l  s t ruc tu re ,  the i r  p r o c e s s e s  have the abil i ty to r egen -  
e ra te .  Another  source  of r egenera t ion  of ne rve  f ibers  is the pregangl ionic  sympathe t ic  trunk. Regenerat ing 
sympathet ic  ne rve  f ibers  pene t ra te  the whole s t r o m a  of the ganglion and a re  able to pene t ra te  through the 
surrounding connec t ive - t i s sue  s c a r  into the t i ssue  of the spinal  cord,  the reby  forming  nerve  endings whose 
functional ro le  is st i l l  unexplained. F r o m  the side of the injured segments  of the spinal  cord  intensive and 
prolonged regenera t ion  of ne rve  f ibers  d i rec ted  toward the g ra f t  is observed.  In t raspinal  ne rve  f ibers ,  c r o s s -  
ing the s c a r - t i s s u e  b a r r i e r ,  can sp read  "en  passant"  into the spinal  cord  t i ssue  or ramify ,  to fo rm ne rve  end- 
ings in the zone of the s c a r  and in the ganglion i tself .  Regenera t ion  ends with w e l l - m a r k e d  re innerva t ion  and 
and revaseu la r i za t ion  of the t ransplanted  ganglion and of the connec t ive - t i s sue  s c a r  of mic roscop ic  s ize  s u r -  
rounding the ganglion, and with negligible development  of dense connect ive t i ssue.  
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