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Growth fac tors  accelera t ing development and differentiation of nerve t issue cel ls  are  cur ren t ly  being in- 
tensively studied. Nerve growth factor  (NGF) [13], glial growth factor  [5], and several  fac tors  isolated from 
brain ext rac t  [4, 6, 12], are of special interest .  The search for nerve growth substances among compounds 
playing an important role in function of the nervous system merit attention in th[s connection. 

It has recenbly been shown that endogenous op[oid peptides and their synthetic analogs accelerate heal- 
ing of ulcers, due to their effect on properties of cells of the intestinal walls [3], i.e., structures where these 
compounds are widely represented normally [8] or, in other words, where these substances exhibit, not only 
their known analgesic properties, but also the properties of growth factors. 

This paper describes an attempt to discover whether endorphins may have a role in changes in nerve 
tissue growth and differentiation. 

EXPERIMENTAL METHOD 

Tissue culture is the most  adequate model with which to study growth proper t ies  of substances. Ac- 
cordingly, an organotypical  culture of sympathetic ganglia, which has been the commonest  object used in in- 
vestigations of this type [2], was used in the present  case. Explants of the super ior  cervical  ganglion of new- 
born Wistar  ra t s  were cultured on slides coated with collagen, in 35-mm Petr i  dishes (Falcon, USA) under 
standard conditions (37~ 5~ CO2, humidity 98~), in growth medium of the following composition [1]: MEM 
medium (from Gibco, USA) 50~, embryonic  calf serum 30%, Hanks' salt solution 20%, glucose 800 mg ~, in- 
sulin 0.2 U/ml;  ~/- and fi-endorphins, Leu- and Met-enkephalins were added to the medium in concentrat ions 
of 2 .10  -18 to 2 .10  -6 M. Commerc ia l  p repara t ions  of enkephalins (from Serva, West Germany) and peptides 
synthesized in the Labora to ry  of Peptide Synthesis by c lass ica l  methods of peptide chemis t ry ,  were investi-  
gated and were charac te r ized  by values of specific rotation, resul ts  of amino-acid analysis,  values of ch rom-  
atographic mobility in various sys tems,  and NMR spectra.  NGF (from Collaborative Research,  USA) was used 
in a concentrat ion of 2" 10 -8 M, and naloxone (from Endo Labora tor ies ,  USA) in concentrat ions of 10 -7 to 10-4M. 

The cul tures  were grown in vitro for 2-3 weeks and the nutrient medium was changed twice a week. The 
cell composit ion and maximal  size of the zone of growth were determined. The intensity of growth was est i-  
mated by a modified Tanaka 's  scheme [11]: the number of intersect ions of radial ly oriented axon-glial bundles 
in the zone of growth was counted in an assigned segment of 200 p, at a distance of 250 ~ from the edge of the 
explant, on the 3rd-4th day of culture. The state of the cul tures  vr studied in prepara t ions  impregnations 
with si lver  by Holmes '  method, and catacholamines  also were demonstrated by a modified Lindval l ' s  method. 
The resu l t s  obtained in six ser ies  of exper iments  on 280 explants were subjected to statist ical  analysis  by 
Student' s te st. 

EXPERIMENTAL RESULTS 

Growth and differentiation of sympathetic ganglia in culture medium of ord inary  composit ion was of the 
standard cha rac te r  for  the given conditions of culture (Fig. la) and corresponded to p r o c e s s e s  descr ibed in the 
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Fig.  1. Effect  of endorphins  on ra t  sympathe t ic  ganglia  (4 days  [n cul ture) :  a) control[, 
b) Met -enkepha l in  (2" 10 -l~ M), c) Leu-enkephal [n  (2" 10 -1~ M), d) NGF (2 .10  -8 M). in-  
t r av i t a l  m ic roscopy .  Phase  cont ras t .  250 • 
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Fig. 2. Dependence of maximal size of zone of growth 
of explant on test peptides (a) and on concentration of 
Met-enkephalin (b). Abscissa: a) test substances: I) 
control, 2) Leu-enkephalin, 3) Met-enkephalin, 4) "/- 
endorphin, 5) fi-endorphin (in equimolar concentration 
of 2" 10 -15 ]VI), 6) NGF (2" 10 -8 M); b) concentration of 
Met-enkephalin: 1) control, 2-5) 2" 10 -6, 2" 10 -1~ 
2.10 -14 , and 2- 10 -18 respectively; ordinate, maximal 
size of zone of growth (in #). 

l i t e r a t u r e  [2]. The exp[ants  developed at a mode ra t e  ra te .  By the 3rd-4 th  day in cul ture  there  were  few axons 
in the zone of growth and the i r  d i s t r ibu t ion  around the c i r c u m f e r e n c e  of the explant  was  uneven. Only m i g r a -  
tion of f i b r o b l a s t - l i k e  c e l l s  and g l ia  into the zone of growth and modera t e  p r o l i f e r a t i o n  of these  c e l l s  were  ob- 
served .  During fu r the r  cul ture  for  2-3 days  a zone of growth g radua l ly  fo rmed  and was  composed  main ly  of 
nonneural  e l ements .  The number  of axons in the zone of growth d e c r e a s e d ,  as  shown by a d e c r e a s e  [n the num- 
b e r  of c a t echo l am ine rg i c  f i b e r s  outs ide  the explant.  The l a r g e s t  s ize of the zone of growth of sympathe t ic  
gangl ia  by the 3rd-4 th  day of cu l ture  under  no rma l  condi t ions va r ied  f rom 300 to 500 t~. The number  of axon- 
gl ia l  bundles  did not exceed 8-10 in a 200-p segment .  
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Fig.  3. Effect of naloxone on ra t  sympathe t ic  gangl ia  (3rd day in cul ture) :  a) control ,  b) na- 
loxone (10 -6 M) and Met -enkepha l in  (2" 10 -8 ~ ) ,  c) naloxone (10 -6 M). In t rav i ta l  m ic roscopy .  
Phase  con t ras t .  250 • 

Addition of endorphins  in opt imal  concen t ra t ions  (10-s-10 -12 M) led to sharp changes in the composi t ion  
and s ize  of the zone of growth,  ~-  and f i -endorphins  and Leu-  and Met -enkepha l ins  apprec iab ly  i nc r ea sed  the 
number  of g l ia l  and f i b r o l a s t - l i k e  c e l l s  in the zone of growth. By the 2nd-3rd  day of cu l ture  c l e a r l y  formed,  
r a d i a l l y  o r i en ted  axon-g l ia l  bundles  could be seen. They fo rmed  a network around the explant,  f r inged by a 
"halo" of widely  mig ra t ing  (by more  than 700 t~) g l ia l  and f i b r o b l a s t - l i k e  c e l l s  (Fig. lb,  c). The zone of growth 
va r i ed  in s ize  f rom 800 to 1300 p (Fig.  2a) and the number  of axon-g l ia l  bundles  reached  30 to 40 pe r  200-p 
segment .  Incidental ly ,  c o m m e r c i a l  p r e p a r a t i o n s  of Leu-  and Met -enkepha l ins  (from Serva,  West  Germany) ,  
which were  used in some expe r imen t s ,  gave a s i m i l a r  effect.  

Compar i son  of the s t imula t ing  act ion of endorphins  with the effect  of NGF, used as the s tandard  (Fig. ld), 
showed that  in the l a t t e r  case  the zone of growth was a l i t t le  l a r g e r  (Fig. 2a, b) and more  " t rans lucen t"  (Fig. 
ld) ,  p robab ly  evidence that  NGF has  no effect  on g l ia l  and f i b r o b l a s t - l i k e  ce l l s .  

The act ion of the four t e s t  pep t ides  was subjec ted  to compara t i ve  ana lys i s  in a s e r i e s  of e x p e r i m e n t s  
in which they were  used in an equ imola r  mean -e f f ec t i ve  concent ra t ion  under  our  condit ions (Fig.  2a). The 
max ima l  s ize  of the zone of growth for  all  agents  in a concent ra t ion  of 2 " 10 - l~ M was found to be about twice 
i t s  s ize  in the control  (464~ 127#), and was 879~ 136 p for  Leu-enkephal in ,  900• 160 # for  Met-enkephal in ,  
959=~ 170 # for  ~/-endorphin, and 1056~137 p for  f l-endorphin.  Under  the influence of NGF the zone of growth 
of 1150~148 p. 

Dependence of the magnitude of the r e sponse  on the dose of pept ide was  studied in the case  of N e t -  
enkephalin,  using concen t ra t ion  of 2 �9 10 - i s  to 2 �9 10 -6 M (Fig. 2). Over  a wide range of concen t ra t ions  (from 
10 - l~ to 10 -14 M) the magnitude of the r e sponse  d i f fered  s t a t i s t i c a l l y  f rom the control  (P -< 0.05). With h igher  
(10 -6 M) and lower  (10 - i s  M) pept ide concen t ra t ions  only a weak tendency (not significant)  was obse rved  for  
the zone of growth to en la rge  compared  with i ts  normal  size.  

The d o s e - e f f e c t  dependence is  thus r e f l ec t ed  by a curve  with a maximum in the range of ve ry  low con- 
cen t ra t ions ;  th is  p robab ly  points  to a pos s ib l e  r e c e p t o r  mechan i sm of the g rowth - s t imu la t ing  action of neuro-  
pep t ides  on nerve  t i s sue  ce l l s .  

To study to what extent  the action of pep t ides  on growth and d i f fe rent ia t ion  of nerve t i s sue  is  connected 
with opiate  r e c e p t o r s  of nerve  ce l l s ,  e x p e r i m e n t s  were  c a r r i e d  out with naloxone, a specif ic  b locke r  of these  
r e c e p t o r s .  These e x p e r i m e n t s  showed that  naloxone, if added to the growth medium toge ther  with the t e s t  
papt ides ,  did not d e p r e s s  the i r  nerve growth effect :  T h e r e w a s  uo d e c r e a s e  in the number  of ca t echo lamine rg i c  
f i b e r s  in the zone of growth. Only a smal l  d e c r e a s e  in the r e sponse  of the gl ia  and f i b r o b l a s t - l i k e  ce l l s  was 
obse rved  (Fig.  3b). It was  a lso  found that  naloxone i tself ,  ove r  a wide range of concen t ra t ions  (from 10 -7 to 
10 -4 M) has  a s t imula t ing  act ion on growth of sympathet ic  gangl ia  in cu l ture  (Fig. 3c). In all  concen t ra t ions  
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studied naloxone caused modera t e  st imulation of growth of axons and an inc rease  in the number  of nonneura[ 
ce l l s  in the zone of growth by the 2nd-3rd day of cul ture.  

It can accordingly be concluded f r o m  the r e s u l t s  of this  investigation that opioid neuropept ides  have a 
sufficiently ma rked  g rowth-promot ing  action on nerve  t i s sue  s t ruc tu re s  in culture.  The effect  of these  sub- 
s tances  is twofold: f i r s t ,  they cause  changes in different ia t ion of the neurons  and s t imulate  growth of axons, 
which is  p robably  comparab le  with the effect  of NGF [13], and second, they cause changes in the number  of 
glial and f [b rob las t - l ike  ce l l s  in the zone of growth, and may  thus be comparab le  with gl ial  growth fac tor  [5]. 
Fu r the r  ana lys i s  of the effect  of endorphins  on growth and functional p r o p e r t i e s  of nerve t i s sue  ce l l s  in cul-  
ture will be undertaken by the use of a radioisotope technique and ana lys i s  of changes in the ra te  of migra t ion,  
so that  it will be poss ib le  to di f ferent ia te  between pro l i fe ra t ion  and migrat ion.  

The unusually low Concentrat ions of pept ides  (10-1~ - i t  M) exer t ing  a g rowth-s t imula t ing  effect  a re  
interest ing.  Resul t s  of expe r imen t s  to study r ecep to r  binding of opia tes  and the i r  antagonis ts  revea l  a l imi t -  
ing value of 10 -l~ M [8, 14], two o r d e r s  of magnitude higher  than the effect ive concentrat ion es tabl ished by 
our  own exper iments .  It can be tentat ively suggested that the sensi t iv i ty  of nerve  t i s sue  to endorphins,  which 
play the ro le  of r egu la to r s  of growth and different iat ion,  is significantly g r e a t e r  than in c a s e s  when these  
compounds exhibit  the p r o p e r t i e s  of analges ics .  

The absence  of a blocking effect  of naloxone, noted in this  investigation, does not rule out the probabi l i ty  
that opioid pept ides  act  through a r ecep to r  mechan i sm,  for  there  a re  indications that naloxone does  not abolish 
the effect  of opiate pept ides  in all [3, 7, 10]. 

F r o m  the analogy with f a c t o r s  isolated f rom brain  ex t r ac t  [4, 12] which, as we know, inc rease  the ra te  
of different ia t ion of neurons  and gila, and also enhance the i r  viability; it can be concluded that the group of 
endogenous subs tances  (opioid and neuropeptide) p o s s e s s e s  the p r o p e r t i e s  of nonspecific nerve  t i ssue  growth 
fac tors .  Recent ly  published data [15], indicating a definite role  of opioid pept ides  in regulat ion of development  
of the nervous  sys tem,  may  be confirmat ion of this view. 

The dis tr ibut ion of endogenous opia tes  in the cent ra l  and pe r iphera l  nervous  sys t em sugges ts  that  en- 
dorphtns  may  play a definite role  in nerve  t i s sue  regenera t ion .  However,  this  hypothes is  r equ i r e s  fu r the r  ex- 
pe r imen ta l  h~vestigation. 
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