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SENSORY NEURONS 

OF D I F F E R E N T I A T E D  
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The spinal ganglia of sexually mature eats were autografted into the mesocolon and investi- 
gated after intervals of between 1 day and 9 months. About 30% of differentiated sensory 
neurons survived for long periods after grafting. A distinguishing feature of the trans-  
planted sensory neurons was the intensive regeneration of their processes.  Total myelina- 
tion of the regenerating nerves occurred after 3-5 months. Potential regenerative powers of 
differentiated sensory neurons and the possibility of their long-term transplantation were re-  
vealed. KEY WORDS: spinal ganglia; sensory neurons; mesentery; transplantation. 

Attempts to carry out auto- and heterografting of spinal ganglia have been made since the beginning of 
this century [4-8]. It has been shown that innewborn animals some sensory neurons transplanted into the sub- 
cutaneous fatty areolar  t issue and into the brain survive for 10 to 33 days [5-7]. In the last decade longer sur- 
vival has been obtained of sensory ganglia transplanted into muscle tissues [1], the anterior chamber of the eye 
[3, 9, 10], and the mesocolon [2]. However, the question of the possible duration of survival of differentiated 
sensory neurons has not yet  been finally settled. The morphology of transplanted neurons likewise has re- 
ceived little study. 

The object of this investigation was the long-term transplantation of differentiated sensory neurons in 
adult animals and the detailed study of their  morphological features and the regeneration and myelination of 
their  processes. 

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

Chronic experiments were carried out on 35 sexually mature cats. The operations were performed under 
sterile conditions and the animals were anesthetized by intraperitoneal injection of 10% hexobarbital solution 
(1_ ml/kg}. Laminectomywas performed at the level LS-L6 and the spinal ganglion extirpated and the outer lay- 
ers  of its connective-tissue capsule removed. Laporotemy was then performed and the isolated ganglion placed 
between the two layers of the mesocolon where it was well vascularized. Material for investigation was taken 
after 1, 2, 3, 7, 10, 14, and 20 days, and 1, 1~5, 2, 2.5~ 3, 4, 5, 6j and 9 months. 

The grafts of ganglia together with the surrounding tissue of the mesocolon were fixed in 10% neutral 
formalin, 70% alcohol, and 2.5% glutaraldehyde solution made up in phosphate buffer, pH 7.4. The preparations 
were stained with hematoxylin-eosin, Sudanblackby Becker 's  method, and toluidine blue by Nissl' s method and 
impregnated with silver by the Bielschowsky - Gros method. The I~VM-100 L instrument was used for elec- 
tron microscopy. 

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

Between one and three days after transplantation the structure of the ganglion was indistinguishable from 
normal. Staining by Nissl' s method and impregnation with silver by the Bielschowsky-Gros method showed 
many neurons in the ganglion which were outwardly similar to intact neurons, situated between large my- 
elinated nerve bundles and at the periphery of the ganglion (Fig. la).  In some cells signs of retrograde changes 
were found, chromatolysis and pycnosis of the nucleus. On the tenth day a marked decrease in the number of 
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Fig.  1. Sensory neurons  and regenera t ing  f ibe r s  of spinal  ganglia  at va r ious  
t imes  a f t e r  t ransplanta t ion ,  a) Three  days ( impregnat ion with s i l ve r  by Bi-  
e l s e h o w s k y - G r o s  method, 130x); b) 10 days,  H -  hyper impregna ted  neurons,  
NB) Nageot te '  s b r a c e l e t s  ~impregnated With s i l ve r  by B i e l s c h o w s k y -  Gros  
method,  130x); c) 4 months (stained by N i s s l ' s  method, 130x); d) 3 months,  
a r r o w s  indicate nodes of Ranvie r  (Sudan black,  515x); e) 5 months,  mye l i -  
nated f ibe r  winds around body of ne rve  cell  (Becker, s method, 580x); f) 
u l t r a s t r uc tu r e  of bundles of r egenera t ing  ne rve  f ibe r s ,  P) pe r ineu ra l  
sheaths ,  MF) myel ina ted  f ibe r s ,  C) collagen, AS) axon-Schwann ceil  com-  
p lexes  of unmyel inated ne rve  f ibers ,  8500)<. 

neurons  was obse rved  as a r e su l t  of death of some of them f r o m  hypoxia and deficient  nutr i t ion (Fig. lb) .  At 
the s i tes  of the dying neurons  Nageot te ' s  b r a c e l e t s  were  f o r m e d -  col lect ions of smal l  cel ls  with poorly  s tained 
cy top lasm.  In some  of the res idua l  neurons i schemic  and r e t r o g r a d e  changes were  obse rved  a f t e r  staining by 
N i s s l ' s  method.  Many neurons  were  hype r impregna ted  with s i l ve r  and r eac t ive  outgrowth of cy top la sm and ex- 
ce s s ive  growth of init ial  g lomeru l i  we re  found on them.  Around the bodies  of the nerve  cel ls  p ro l i f e ra t ions  of 
sa te l l i te  ce l l s  could be seen; they were  5 to 10 t imes  m o r e  numerous  then normal ly .  Starting f r o m  the 20th 
day, however ,  m o s t  of the neurons  which st i l l  r ema ined  were  no rma l  in appearance ,  and the number  of patho-  
logical ly changed neurons  diminished gradual ly  in the per iod  a f t e r  t ransplanta t ion.  La te r ,  in the second and 
th i rd  months,  the neuron population was s tabi l ized and r ema ined  constant  in the l a t e r  per iods  of t ransplanta t ion  
also.  Counting the neurons  showed that of the total  number  of ne rve  cei ls  in the no rma l  ganglion 30-32% s u r -  
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vived in the graft .  The neurons were thinly distributed and were located mainly near  the fibrous capsule of the 
ganglion. Starting f rom two months, staining by Nissl '  s method revealed that many nerve cells had a cyto-  
p lasm and nucleus of normal  s t ructure ,  and a round or  elongated body; they differed in size (Fig. lc) .  The di- 
mensions of the neurons var ied depending on the t ime after  transplantation.  F rom 10 to 20 days after  grafting 
they were  most  frequently 30-50 ~ long, growing to 60-75 ~ af ter  three months. Statistical analysis of the 
morphomet r ic  data showed that after  three months the volume of the nerve cells was significantly increased to 
2048 -~ 163 ~3 compared with 1585 ~- 114 #3 (i) < 0.01), but by the fifth month the volume of the neurons had re -  
turned to its previous level, namely 1611 • 112 ~3 (p > 0.05). As a rule the nucleus of the neurons contained 
one nucleolus and in some neurons it lay inthe center  of the per ikaryon,  whereas  in others  it was eccentr ical ly  
situated. The neurons p re se rved  this morphological  appearance in the late periods after  transplantation until 
nine months. 

Disintegrat ion of myelinated f ibers  in the ganglion began at the fourth day and ended by the 18th-20th day 
af ter  transplantation.  Intact myelinated f ibers  were absent during this period, evidence of their  total disinte- 
gration; disintegration of the myelin sheaths took place over  the whole extent of the nerve fiber,  s tar t ing f rom 
the divided segment and continuing as fa r  as the f i r s t  internodal segment.  During this same period regenera -  
tion of the axons began and was manifested ei ther  as dichotomous division of the end of the divided axon into 
two thin branches  or  the formation of lateral  shoots, given off f rom its main trunk. Often a short  regenerat ing 
main axon divided into three branches  not far  f rom its cell  body, and these in turn divided again within the re -  
gion of the graf t  at different distances f rom each other.  As a resul t  of this frequently repeated division a mass  
of chaotically growing unmyelinated nerve f ibers  was formed.  Regenerating axons formed many thin bundles 
which, c ross ing  one another, formed a very  dense plexus within the ganglion; some of them c rossed  into the 
mesocolon. By staining with Sudan black by B e c k e r ' s  method, af ter  the 30th day these thin bundles could be 
seen to contain newly formed myelinated f ibers  (Fig. ld). To begin with the myelination of the regenerat ing 
axons did not take place over  their  whole length but segmentally,  and it began in bundles remote  f rom the cell 
body. Along the axon al together 5 or  6 myelinated segments,  resembling thin tubes 0.8-1.2 ~ in diameter ,  
could be counted. Toward the end of the second month the number  of myelinated f ibers  increased rapidly; my-  
elin sheaths could be seen on long lengths of the nerve f iber  as fa r  as the cell body. The length of the inter-  
nodal segments  was closely connected with their  diameter .  Fo r  instance, the d iameter  of the nerve f ibers in 
graf ts  2-3 months old var ied  f rom 1 to 2.5 # and the length of the internodal segments was 100-110 ~, or  some- 
t imes  120-156~. Starting f rom the fifth month, however,  when the d iameter  of the f iber had increased f rom 
3.5-4 ~ the length of the internodal segments  reached 238-400 ~. The newly formed myelinated f ibers  thus 
differed appreciably f rom intact f ibers ,  whose d iameter  was 5-12 ~ and whose internodal segments  were 500- 
600 ]z long. Total myelination in the graf t  usually occur red  in the third to the fifth month, and it was so abun- 
dant that somet imes  the initial g lomerulus  prol i ferat ing around the body of the neuron somet imes  was my- 
elinated also; the neuron appeared to be surrounded by a sor t  of coil formed by the myelinated fiber (Fig. le).  
The l ight-optical  data were  confirmed by submicroscopic  observat ions which showed that initially many thin 
bundles of unmyelinated nerve f ibers ,  distr ibuted among the numerous bundles of collagen f ibers ,  were formed 
in the graft .  Each nerve bundle was surrounded by its own per ineura l  sheath and consisted of bands of Schwann 
cells  (lemmocytes),  into the cytoplasm and p r o c e s s e s  of which thin axons (0.1-0.8 ~) were invaginated. The 
axon-Schwann ratio in the early period after  t ransplantat ion was 10 : 1 or  30 : 1. After 18 days, the s t ruc tures  
of the bundle changed during myelination, and in some of them axon-Schwann cell complexes were found in the 
rat io of 1 : 1. In graf ts  aged 3-4 months both myelinated and many unmyelinated axons were often present  to- 
ge the r  in the same bundle: the unmyelinated axons were connected with the cytoplasmic p rocesses  of one 
Schwanncel l ,  which could surround a myelinated f iber  in a ring. Each axon-Sehwannee l l  eomplexof thebmldle  
was surrounded by a basement  membrane,  and the subperineural  space was always filled with collagen f ibers 
(Fig. lf), running longitudinally. The per ineura l  sheath also was surrounded by a continuous basement  mem-  
brane,  outside which collagen f ibers  were distributed. The inner subperineural  collagen f ibers ,  in the wri ters ,  
opinion, were formed by Schwann cells,  whereas  the outer f ibers  were synthesized by per ineural  cells.  The 
u l t ras t ruc ture  of the bundles of regenerat ing axons in the subsequent per iods up to 9 months after  t ransplanta-  
tion remained the same,  with only an increase  inthe total number of bundles and the number  of myelinated 
f ibers  in them; the mass  of collagen f ibers  around each discre te  bundle also increased.  

The resul ts  thus indicate that many differentiated sensory  neurons of a ganglion t ransplanted f rom adult 
animals can survive for  nine months and that their  p roces se s  can regenera te  intensively. Morphologically the 
graf ted nerve cells were  pseudounipolar in appearance and s imi lar  to normal  sensory neurons. The react ive  
changes observed in the body of the neurons in the early per iod after  transplantation, the increase  in their  
volumes,  and the excessive growth of the initial g lomerulus  did not prevent  fur ther  long- te rm survival  of the 
nerve cells  af ter  autografting. Regenerat ion of the axons was expressed  as their  excessive col la teral  division 
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and the format ion  of numerous  d i sc re te  thin nerve  bundles,  whose f ibers  began to be myelinated at the 25th- 
30th days af ter  t ransplantat ion.  Isolation of the graf t  f rom the CNS was evidently the reason  for  the uncon- 
t ro l led  growth of the newly fo rmed  myel inated f ibers  in all d i rec t ions  and throughout long per iods  of observa-  
t ion (until nine months). The resu l t s  indicate high functional activity of t ransplanted different iated neurons 
and the potential  powers of regenera t ion  of different iated nerve  cel ls  of adult animals.  This long- te rm t rans -  
plantation of sensory  neurons can se rve  as a model for  the study of the morphological  and functional potential 
of different ia ted neurons and for  the c rea t ion  of new nerve  cen te rs  in the body. 

I. 

LITERATURE CITED 

V. A. Bersenev, in: Neurohumoral Regulation of Function in Health and Disease [in Russian], Yaroslavl' 
(1972), p. 5. 
O. B. II'inskii, N. I. Chalisova, and E. L Chumasov, Dokl. Akad. Nauk SSSR, 234, 237 (1977). 2. 

3. N . I .  Chalisova, Byull. Eksp. Biol. Med., No. 3, 355 (1977). 
4. S. Ramon-y-Caja l ,  Degenerat ion and Regenerat ion of the Nervous System, London (1928). 
5. G. Marinesko,  Rev. Neurol . ,  1__55, 241 (1907). 
6. Y. Nageotte,  C.R. Soc. Biol.,  6__22, 580 (1907). 
7. S.W. Ranson, J.  Comp. Neurol . ,  42, 547 (1914). 
8. C . W .  Tidal, J.  Comp. Neurol . ,  5_55, 531 (1932). 
9. A.A.  Zalewski,  Exp. Neurol . ,  29, 462 (1970). 

10. A.A.  Zalewski,  G. F. Gresswel l ,  H. G. Goshgarion,  et al., Exp. Neurol. ,  5._~4, 397 (1977). 

D I F F E R E N T I A T I O N  OF A T R A N S F O R M E D  C U L T U R E  

OF L - C E L L S  

R.  E .  K a v e t s k i i *  a n d  V.  A. S h u k l i n o v  UDC 616-006-092.4 : 611-013.9 

L -ce l l s  a r i s ing  f rom subcutaneous connective t issue and adipose t issue of C3H mice were  
cul tured in nutr ient  medium with the concentrat ion of bovine se rum increased  to 60%. Dif- 
ferent ia t ion  of some of the cells  into fat cel ls  took place,  with the format ion  of s t ruc tu res  
s imi la r  to normal  adipose t i ssue.  The occu r r ence  of different iat ion was judged f rom the 
format ion  of cha rac t e r i s t i c  s ignet - r ing  cells ,  whose cytoplasm was fi l led with neutral  fat, 
giving a posi t ive react ion for  lipids when stained with a mixture  of Sudan ffl and Sudan IV. 
It is concluded that the long exis tence of the cel ls  in vi tro and the in t race l lu lar  changes 
accompanying the t rans format ion  p rocess ,  including those of mutation charac te r ,  do not 
r ende r  the cel ls  incapable of differentiat ion.  KEY WORDS: L - c e l l s ;  differentiation; adi- 
pose t issue;  s igne t - r ing  cells; neutral  lipids. 

The concept of revers ib i l i ty  of malignant p roper t i es ,  affording new prospects  for  influencing the tumor  
p roc e s s  [3, 7, 9], is based on the epigenetic theory of malignant t rans format ion  of cells  [5]. In some cases ,  
however,  malignant t r ans format ion  is accompanied by changes of mutation charac te r .  F o r  example,  in normal  
cel ls  in cul ture,  kept in v i t ro  for  a long per iod of t ime, and during malignant t ransformat ion  metabolic [6], 
antigenic [14], and genome [8] changes a r i se .  In par t icu la r ,  fo r  cul tures  of L-ce l l s ,  which a re  extensively used 
in scient if ic  r e s e a r ch ,  considerable  changes charac te r i s t i ca l ly  take place in the karotype,  which distinguish 
these  cel ls  f rom the i r  normal  p r e c u r s o r s  [13]. Accordingly the problem of p rese rva t ion  of the i r  ability to 
di f ferent ia te  a r i se s .  

To study this problem exper iments  were  ca r r i ed  out and the i r  resu l t s  a re  descr ibed  below. 
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