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The t r a n s p o r t  of m a t e r i a l s  and s t r u c t u r e s  along axons of  neurons  is an e s sen t i a l  fea ture  of the cy to-  
physiology of ne rve  cei ls  [2, 5, 7]. In the different ia ted neurons of adult an imals  the quantity of substance,  
in pa r t i cu la r  protein,  t r a n s p o r t e d  f rom the pe r ika ryon  into the axons and catabol ized in them evidently c o r r e -  
la tes  with the total  weight of cy top lasm of dendr i tes ,  axons, and t e r m i n a l s .  In the per iod of intensive growth 
and functional ma tu ra t ion  of axons, changes may  be expected in the p a r a m e t e r s  of these  t r a n s p o r t  p r o c e s s e s .  
The quantity of  m a t e r i a l  t r anspo r t ed  along the axons depends on the c a r r y i n g  capaci ty  of the t r a n s p o r t  sy s t em 
if the velocity of axoplasmic  t r a n s p o r t  r e m a i n s  unchanged. Data ci ted by s eve ra l  worke r s  indicate  that  both 
these  ways m a y  be used [4, 5, 9]. Neve r the l e s s ,  the p rob lem as a whole r equ i r e s  fu r the r  study. 

The aim of the p r e s en t  invest igat ion was to c o m p a r e  the veloci t ies  of the axoplasmic  flow of slow and 
fas t  pro te in  f rac t ions  t r a n s p o r t e d  along axons of s enso ry  and mo to r  neurons  of r a t s  in the per iod of m a r k e d  
growth and maturation of the axons of these neurons. 

EXPERIMENTAL METHOD 

Male albino r a t s  aged 2 weeks (weighing 10-15 g) and 4 weeks (weighing 40-60 g) were  used .  Dttring 
this age in terva l  a s ignif icant  i nc r ea s e  in length of the  somat ic  n e r v e  and an i n c r e a s e  in the d i a m e t e r  of the 
n e r v e  f ibers  a r e  obse rved  and a re  accompanied  by m a r k e d  changes in the pro te in  content  in these  axons [1, 
6]. By using a m i c rom an i pu l a t o r ,  under  pentobarbi ta l  anes thes ia ,  a mic ro in jec t ion  of i4C-glyeine  (specif ic  
act ivi ty  84 C i /mmole )  was given into the 5th l u m b a r  spinal  ganglion (in a dose o f  2-4 #Ci) o r  into the an t e r i o r  
horn of the spinal  cord  of the s a m e  segment  (in a dose of 5-8 #Ci) .  

At fixed t ime  in te rva ls  a f te r  mic ro in jec t ion  of the amino acid, a f ragment  of spinal cord  (L5), the ven t ra l  
and dorsa l  roots  of the cor responding  level ,  and the sc ia t ic  ne rve  as f a r  as its division into t ibial  and peronea l  
b ranches ,  were  r e m o v e d  on the side of injection. The roo t s  and nerve  were  cut with a r a z o r  into segments  
3 nun long. The or igin  of vent ra l  root  L5 in the case  of ana lys i s  of t r a n s p o r t  along m o t o r  f ibe r s  o r  the 5th 
lumbar  spinal ganglion in the case  of analys is  of t r a n s p o r t  along senso ry  f ibers  was chosen as the zero point 
("0"). The spinal ganglia  and f r agmen t s  of ne rves  and spinal cords  were  placed in individual counting f lasks .  
The t i s sues  were  solubi l ized by the method desc r ibed  in [3]. Radioact ivi ty  was de te rmined  in B r a y ' s  dioxan 
sc in t i l la tor  (4 g PPO, 200 mg  POPOP,  60 g naphthalene, 100 ml  methanol ,  20 m l  e thylene-glycol ,  and 1 l i te r  
dioxan) on a Mul thnat  (Intertechnique,  F rance)  liquid scint i l la t ion counter .  

The r e su l t s  were  e x p r e s s e d  in conventional units: 
cpmAnin/3-rnm segment 

=100 
cpm/min~anglion or segment of spinal cord 

The m e a n  veloci ty  of  pro te in  t r a n s p o r t  was ca lcula ted  f rom the posi t ion of the radioac t iv i ty  f ront  [5]. 

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

Resul ts  giving some  idea of the velocity of  t r a n s p o r t  of fas t  and slow pro te in  f rac t ions  in the cen t ra l  
and p e r i p h e r a l  axons of s e n s o r y  neurons  of r a t s  aged 2 and 4 weeks a r e  i l lus t ra ted  in F igs .  I and 2, In the 

Depa r tmen t  of  Biology and D e p a r t m e n t  of  P h a r m a c o l o g y ,  N. I. P i r o g o v  Second Moscow Medical  Inst i tute .  
(Presen ted  by Academic ian  of the Academy of Medical  Sciences  of the USSR V. V. Kupriyanov.)  T r a n s l a t e d  
f rom Byul le ten '  Ekspe r imen ta l ' no i  Biologii  i Medits iny,  Vol. 91, No. 1, pp. 59-61, January ,  1981. Or ig ina l  
a r t i c l e  submit ted  M a r c h  6, 1980. 
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Fig. 1. T ransp o r t  of slow (A) and fast  (B) 
f rac t ions  of labeled protein along centra l  and 
per iphera l  axons of sensory  neurons .  Ab- 
sc issa ,  dis tance (in ram) f rom ganglion; o r -  
dinate, radioact ivi ty  (in conventional units).  
1) Animals  aged 2 weeks, killed one day af ter  
microinject ion;  2) animals aged 4 weeks, killed 
two days af ter  injection, 3) animals aged 4 
weeks killed af ter  four days; 4) animals aged 
two weeks kiUed 1 h af te r  mieroinject ion;  5) 
animals  aged 2 weeks Mlled af te r  2 h; 6) ani-  
mals  aged 4 weeks killed af te r  1 h; 7) animals 
aged 4 weeks killed af te r  2 h. 

TABLE 1. Velocity of Axoplasmic Flow (in 
ram/day)  in Sensory  and Motor  F ibers  of 
Rats (lVl • m) 

Test object  

Slow fraction: 
in central sensory 

fibers 
in peripheral sensory 

fibers 

in motor fibers 
Fast fraction: 

in central sensory fibers 

in peripheral sensory fibers 

in motor fibers 

Age of animals,  weeks 

2 4 

4,5.+0,27 3,75"+0 3 5  

4,5__+0,3 4,1.+0,25 
P = 0,23 

5,25__+0,31 ?,45+__0,23 ~ 

126.+14,07 144.+23,34 

126.+12,1 144.+16 34 
P = 0,36 
99.+13,12 P = 0,079 

198.+18.9" 

*P < 0.05 compared  with group of ra t s  aged 
2 weeks.  

animals  aged 4 weeks the absolute velocity of axoplasmic flow cff the slow frac t ion was lower,  and of the fast  
f ract ion higher  than in animals aged 2 weeks.  However,  the di f ferences  were  not significant (Table 1). 

Regarding the moto r  f ibers  of the sciat ic  ne rve  (Figs.  2 and 3, Table  1) a significant dec rease  (P = 0.009) 
was found in the veloci ty  of axoplasmtc flow of the slow labeled prote in  f ract ion,  accompanied by a significant 
(approximately twofold, P = 0.001) inc reased  in the velocity of axoplasmic flow of the fast  f ract ion in 4-week- 
old ra t s  compared  with animals aged 2 weeks.  

In the calculat ions done in this  investigation the t ime  interval  f~om injection of the labeled amino acid 
to the appearance of the f i r s t  labeled proteins in the per ika rya  of the neurons of the an te r io r  horns of the 
spinal cord  of spinal ganglion was not taken into account.  The calculated values of veloci t ies  of axoplasmic 
flow of the slow and, in par t icu lar ,  of the fast  protein f rac t ions  obtained in this investigation were  thus under -  
es t imated.  T h e r e  a re  indications that the maximum of labeled polypeptides in neuron cytoplasm is found 20- 
30 rain a f te r  introduction of radioact ive  amino acid into the cel l  [3]. Allowing for  these data, the actual velocity 
of the axoplasmic flow of the fast  f ract ion would differ  by m o r e  than 10% f rom its calculated value. 
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Fig. 2 Fig. 3 

Fig. 2. Velocity of transport of slow (A) and fast (]3) fractions of labeled protein along sen- 
sory and motor fibers of sciatic nerve of rats aged 2 and 4 weeks. Abscissa, time between 
mieroinjection and sacrifice of animals; ordinate, distance from bodies of neurons (in ram). 
Sensory fibers: I, 7) central axons of animals aged 2 weeks; 2, 8) central axons of animals 
aged 4 weeks; 3, 9) peripheral a~ons of animals aged 2 weeks; 4, I0) peripheral axons of 
animals aged 4 weeks. Motor fibers: 5, II) animals aged 2 weeks; 6, 12) animals aged 4 
weeks. 

Fig. 3. Transport of slow (A) and fast (B) fractions of labeled protein along axons of motor 
neurons. Abscissa, distance (in ram) from anterior horns of spinal cord; ordinate, radio- 
activity (in conventional units).  1) Animals aged 2 weeks killed 2 days af te r  microinjeet ion;  
2) animals aged 2 weeks killed af te r  4 days; 3) animals aged 4 weeks killed af te r  5 days; 4) 
animals  aged 4 weeks killed af te r  10 days; 5) animals  aged 2 weeks killed 2 h a f te r  m i c r o -  
injection; 6) animals  aged 2 weeks killed af ter  4 h; 7) animals  aged 4 weeks killed af ter  2 h; 
8) animals aged 4 weeks killed af te r  4 h. 

The resu l t s  of the p resen t  investigation agree  with those obtained by o ther  worke r s  [4, 1O] who observed  
an inc rease  in the velocity" of axoplasmic flow af the fast  protein f rac t ion during postnatal  development  of 
mammals .  The data obtained by severa l  workers  also point to a dec rease  in the velocity of axoplasmic flow 
of the slow frac t ion with age [3, 4, 9, 10]. 

In the p resen t  investigation changes in the r a t e  of flow were  found for  axons Gf moto r  nerve  cel ls .  Re-  
garding axons of sensory  neurons,  in this case  only a tendency could be found for  the r a t e  of axoplasmic flow 
of prote ins  to change, in the same direct ion.  The slow and fast  f ract ions  include prote ins  differing in local i -  
zation in the s t ruc tu re s  of the a ~ n s  and t e rmina l s  and in the i r  functional ro le .  A p rog res s ive  d ec r ea se  in 
the r a t e s  of growth in ea r ly  postnatal  ontogenyexplains the dec rease  in the veloci ty  of axoplasmie flow of the 
slow fract ion,  a cons iderable  volume of which consis ts  of ma te r i a l  of the s t ruc tu re s  of  the axons and endings 
themse lves  [2, 5, 7]. Components of the fast  f rac t ion mainly  ensure  adequate functioning of the  exci table  
m e m b r a n e  and of the synaptic apparatus in the m a t u r e  nerve  cel l  [2, 5, 7]. It t h e r e fo r e  seems  logical that 
the  veloci ty of expolasmie flow of this f rac t ion should i nc rease  in adult an imals .  

The data given in Fig.  1 and Table  1 indicate that the veloci t ies  of az~plasmic flow of both prote in  
f rac t ions  in the pe r iphera l  and cent ra l  axons of  sensory  neurons  of tie spinal ganglion a re  comparable .  Some 
workers  [9], however,  descr ibe  a higher  veloci ty  of axoplasmic flow of the slow fract ion in per iphera l  axons 
of sensory neurons in adult rats. The disagreement between our own results and those obtained by these 
workers may perhaps be attributable to differences in the age of the rats used in the experiments. 

In the present investigation no significant differences in the velocity of axoplasmic flow of the slow and 
fast protein fractions along sensory and motor fibers of the sciatic nerve could be found for rats of the two 
age groups studied (Table I), in agreement with results obtained by other workers. 
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Thymie humors/ factors (thymosins) influencing differentiation of T lymphocytes are produced, it is 
supposed, not by thymoeytes but by stromal cells of the thymus, but which stromal cells has not yet been es-  
tablished. It has been shown [6, .7, 8, 9] that thymosin is found in culture media of thymus explants. How- 
ever,  all types of stromal cells of the thymus, including macrophages, fibroblasts, and epithelium, are present 
in such cultures [3, 4, 7]. 

Accordingly the investigation described below was undertaken to determine precise  c r i t e r ia  for  dis- 
crimination in vitro between epithelial cells of the thymus and its s tromal fibroblasts and to obtain pure 
cultures of cells of each of these types. 

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

Thymus cells of guinea pigs aged 3-4 weeks were used for explantation. The cells were isolated either 
mechanically or  by trypsinization. In the f i rs t  case the thymus was teased apart by needles in medium 199, 
after which the cell suspension was pipeted. In the second case the thymus was cut into fragments measuring 
0.5-1 mm and agitated on a magnetic mixer  for 30 rain at room temperature .  The medium with the liberated 
cells was separated and the residual fragments of t issue were covered with 0.5% trypsin and agitated on the 
mixer  for  a further  30 rain. The suspensions thus obtained were sedimented by centrifugation, resuspended 
in medium, and fil tered through four layers  of Kapron. Suspensions prepared by all the methods mentioned 
above consisted of isolated cells,  of which over 99% were thymocytes. The cells were explanted by the method 
in [3, 4] in plastic flasks (area of the bottom 25 cm2), into each of which 1 • 105-5 • 105 cells were introduced, 
or  in glass flasks (area of the bottom 40 era2), into each of which 1 • 106-3 • 106 cells were introduced. The 
cells were cultured in medium 199 with 20% embryonic calf serum. The medium was changed once a week. 
Some cultures were repeatedly subeultured, the f i rs t  t ime after 2-3 weeks, and thereaf ter  once a week. During 
subculture the cells were washed with medium 199, treated with 0.25% trypsin solution, and the detached cells 
were t ransfer red  to flasks with twice the previous area.  Living cultures, and also cultures stained by the PA S 
and by Giemsa's methods, and after the indirect immunofluorescence test  with antibodies against ftbronectin 
(isolated from serum obtained by immunizing rabbits with electrophoretically pure fibronectin) and with anti- 
fibroblastic serum (prepared by immunizing rabbits with bone marrow fibroblasts grown in cultures [1, 2]), 
were used for morphological investigation. The antifibroblastic serum also was used for the complement- 
dependent cytotoxic test .  For  this purpose cultures were t reated with antiserum (30 rain at room tempera-  
ture) 4 h after  pr imary  explantation o r  after  routine subculture, complement was added (for 60 rain at 37~ 
and the cultures were then washed, covered with medium, and cultured for 12 days. The colony formation 
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