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Fig. 3. Light micrograph of a 14-day-old neonatal rat retina after far 
red light treatment. Note decrease in thickness of the visual Iayer (V). 
• 

Our  d a t a  ind ica te  that l igh t  affects  the  d e v e l o p m e n t  
of the  m a m m a l i a n  re t inas  as well, b u t  p e r h a p s  in m a n y  
d i f fe rent  ways.  Two closely r e l a t ed  l igh t  waves  (red and  
far  red) exe r t  t o t a l l y  d i f fe rent  effects in t h e  deve lop ing  
visual  sys tem.  Red l igh t  ap p ea r s  to  be s t i m u l a t o r y  and  
far  red l igh t  appea r s  to be  inh ib i to ry .  Since our  experi-  
m e n t a l  R 3 subg roup  I I  (only t r e a t e d  w i t h  red l ight  for 
once eve ry  3 days)  an d  R 1 an d  R 2 subgroups  I I I  (only 
t r e a t e d  w i t h  red l igh t  for  10 rain  each t ime) did no t  show 
a n y  s t i m u l a t o r y  effects a f t e r  t h e  red l igh t  t r e a t m e n t ;  
the re fo re  i t  seems t h a t  b o t h  t i m i n g  an d  d u r a t i o n  of t r ea t -  
m e n t  are cr i t ica l  factors.  There  is p r o b a b l y  an  exis t ing  
m i n i m u m  dosage for the  t r e a t m e n t  to  be effective.  

The  m e c h a n i s m  of h o w  2 forms  of l ight  af fec t  the  re t ina ,  
in  p a r t i c u l a r  t h e  ou te r  segments ,  r ema ins  obscure  a t  th i s  
stage.  A possible  f i rs t  t a r g e t  is p e rh ap s  the  myo id  region 
of the  i nne r  segments ,  in which  g roups  of R N A  are located.  
Since t h e r e  is t h e  myo id  R N A  t h a t  is respons ib le  for the  
r egene ra t i on  of t h e  ou te r  s egmen t s  5, i t  is reasonable  to  
p red ic t  t h a t  a n  increase  or decrease  in th ickness  of t he  
ou te r  s egmen t s  will r esu l t  if one mon i to r s  t h e  a m o u n t  of 
R N A  in th i s  region. I t  could be t h a t  t h e  l igh t  t r e a t m e n t  
affects  d i r ec t ly  t h e  myo id  region of the  i nne r  segments  
an d  causes  an  effect  on t h e  ou te r  segments .  

5 R. W. YOUNG, J. Cell Biol. 33, 61 (1967). 
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Summary. Three  t ypes  of g lycogen-con ta in ing  c u t a n e o u s  ne rve  t e r m i n a l s  - two of t h e m  h i t h e r t o  u n k n o w n  - are de- 
scribed.  I t  is shown  t h a t  t he  glycogen is syn thes ized  in t h e  p e r i k a r y o n  an d  t r ans fe r r ed  to t h e  t e r m i n a l s  b y  means  of 
slow axop lasmic  t r a n s p o r t .  

There  are severa l  types  of n e r v e  t e rmina l s  in t he  skin 
of Lacerta sicula c o n t a i n i n g  glycogen (Figures 4, 5 an d  6). 
Since t he  t e r m i n a l s  show no organel les  for glycogen-  
synthes is ,  t he  ques t ion  arizes as to  how glycogen gets  to  
t h e m .  As s h o w n  below, i t  appea r s  v e r y  p r o b a b l e  t h a t  i t  
is b r o u g h t  to  t he  t e r m i n a l s  b y  a x o n a l  t r a n s p o r t .  

WANSON and  DROCH1VIANS 1 showed  t h a t ,  in the  ske le ta l  
muscle  f ibre of t h e  r abb i t ,  g lycogen fi-particles are be ing  
syn thes i zed  on sa rcoplasmic  vesicles (der iva tes  of the  
sa rcoplasmic  re t i cu lum) .  As far  as we know, th i s  fac t  h a s  
no t  been  conf i rmed  for  n e r v e  cells. BERTHOLD ~ found  
t h a t ,  in sp ina l  gangl ia  cells of t he  frog, aggrega t ions  of 
g lycogen par t ic les  o f t en  lie close to  s m o o t h  sur faced  
m e m b r a n e  sys tems .  This  m a y  be  i n t e r p r e t e d  as imp ly ing  
t h a t  in  neu rons  also glycogen is syn thes ized  on m e m b r a n e s  
of t he  s m o o t h  endop lasmic  re t i cu lum.  O b s e r v a t i o n s  m a d e  
b y  IBRAHIM 3, us ing  e n z y m e - h i s t o c h e m i c a l  me thods ,  also 
s u p p o r t  t he  h y p o t h e s i s  of g lycogen-syn thes i s  in  t h e  
pe r ika ryon .  

Glycogen  syn thes i zed  in t he  p e r i k a r y o n  is t r a n s f e r r e d  
to t he  t e r m i n a l s  b y  axop lasmic  t r a n s p o r t .  Morphologica l  
proof  for th i s  h y p o t h e s i s  is g iven  b y  t he  fol lowing ob- 
s e rva t ions :  1. I n  t h e  lower regions of t he  cor ium,  mye l in -  
a t ed  axons  dense ly  packed  w i t h  glycogen are f o u n d  
(Figure  1). These  axons  c o n t a i n  m i t o c h o n d r i a ,  vesicles 
a n d  - depend ing  on  t he  t y p e  of f ixa t ion  and  anes the t i c  
used - n e u r o f i l a m e n t s  and  neuro tubu les .  The  glycogen-  

con ta in ing  sect ions  of t h e  axon  are s o m e w h a t  wider  in 
d iamete r .  2. I n  the  superf ic ia l  cor ium, t h e  axons  a f te r  
h a v i n g  los t  t he i r  mye l in  lamel lae  show bead- l ike  pro-  
t rus ions  (Figure 2) which  c o n t a i n  - in add i t i on  to large 
a m o u n t s  of g lycogen - m i t o c h o n d r i a ,  neurof i l aments ,  
n e u r o t u b u l e s  an d  vesicles. These  ' beads '  are a lways  
covered  b y  a con t inuous  Schwann-ce l l  shea th .  3. 'Beads '  
s imilar  to  those  m e n t i o n e d  above  can  be  found  in t he  
in te rce l lu la r  space of the  ep idermis  (Figure 3). Since t h e  
Schwann-ce l l  s h e a t h  ends  a t  t h e  basa l  l amina ,  n e i t h e r  
t h e  beads  n o r  t h e  axons  are  s u r r o u n d e d  b y  it. 

T h e  presence  of ' beads '  in  a n  axon  is due  to the  dis- 
c o n t i n u o u s  t r a n s p o r t  of glycogen.  Since d i scon t inuous  
t r a n s p o r t  is found  only  in slow axop lasmic  t r a n s p o r t  4, 
i t  can  be  concluded t h a t  g lycogen is t r ans fe r r ed  to t he  
t e r m i n a l s  be  m e a n s  of slow axoplasmic  t r anspo r t .  

A m o n g  t h e  g lycogen-con ta in ing  t e rmina l s ,  t he  follow- 
ing t ypes  can  be d i s t ingu i shed :  1. A t e r m i n a l  po r t i on  
(wi th  i t s  f inger-l ike p ro t rus ions )  of t h e  recep tor  axon  in 
t h e  n o n - e n c a p s u l a t e d  l ame l l a t ed  corpuscles  in the  co r ium 

1 J.-C. V~ANSON and P. ]~)ROCHMANS, J. Cell Biog. 54, 206 (1972). 
2 C. H. BERTHOLD, J. Ultrastruet. Res. 74, 254 (1966). 
a M. Z. M. IBRAHIM, Adv. Anat. Embryol. Cell Biol. 52, 1 (1975). 
4 S. OCHS, in The Peripheral Nervous System (Ed. J. I. HUBBARD; 

Plenum Press, New York 1974), p. 47. 
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(Figure  4). Th i s  p o r t i on  c o n t a i n s  - in add i t i on  to  gIycogen 
- m i t o c h o n d r i a ,  n e u r o f i l a m e n t s  and  sporadic  non -  
g r a n u l a t e d  vesicles  m e a s u r i n g  a b o u t  60 nm.  2. A discoid 
t e r m i n a l  m e a s u r i n g  severa l  ~zm in d~ameter  (Figure  5)5, 6. 
I t  con t a in s  - in ad d i t i on  to g lycogen  - t he  a b o v e - m e n -  
t i oned  organel les .  I t  r ep re sen t s  t he  on ly  t y p e  of ep ide rma l  
t e rmina l .  3. A sphero id  t e r m i n a l  (Figure 6). I t  con t a in s  - 
in add i t i on  to  g lycogen  - t he  a b o v e - m e n t i o n e d  organelles .  
Be ing  a corial  t e rmina l ,  it  is s u r r o u n d e d  b y  a t h i n  
Schwann-ce l l  s h e a t h  wh ich  o f ten  shows  i n t e r r u p t i o n s  
over  large a reas  of i ts  surface.  Tile t e rmina l ,  however ,  is 
s e p a r a t e d  f ro m  th e  s u r r o u n d i n g  co r ium b y  a c o n t i n u o u s  
basa l  l amina .  

The  morpho log ica l  s imi l a r i t y  be tween  discoid a n d  
sphero id  t e r m i n a l  su gges t s  t h a t  b o t h  be long to t he  s a m e  
t y p e  of recep tor  wh ich  occurs  in the  ep ide rmis  as well as 

in t he  cor ium.  T h e  f l a t t e n ing  s h o w n  b y  t he  ep ide rma l  
discoid t e r m i n a l s  is p r o b a b l y  caused  b y  t he  f l a t t e n ing  of 
t he  k e r a t i n o c y t e s  s u r r o u n d i n g  t he  t e r m i n a l  in t he  layers  
j u s t  b e n e a t h  t he  s t r a t u m  c o rne um.  

The  g lycogen  t r a n s f e r r e d  to  the  t e r m i n a l s  m o s t  pro-  
b a b l y  serves  as a n  e ne rgy  s u p p l y  for recep tor  processes.  
E n z y m e - h i s t o c h e m i c a l  s tud ie s  to ba c k  th i s  h y p o t h e s i s  
are a t  p r e s e n t  be ing  carr ied  out .  

a M. yon DORING, Z. Anat. EntwGeseh. 141, 339 (~973); Z. Anat. 
EntwGesch. 745, 299 (1974); Abhdlg. Rhein. Westf. Akad. Wiss. 
53, 123 (1974). 

6 L. LANDMANN and W. VILLIGER, Acta anat. 93, 319 (1975). - 
Experientia 37, 967 (1975). 
Micrograph taken by W. VILLIGER, Anatomisches lnstitut der 
Universit/it Basel. 

Fig. 1. Myelinated axon containing glycogen. G, glycogen; M, mitochondrion; MY, myelin sheath; N, nucleus of Schwann-cell; NF, neuro- 
filaments; S, Schwann-cell; V, vesicles. • 11,500. 

Fig. 2. Axon just beneath the epidermis after losing its myelin sheath with 'bead' containing glycogen v. A, axon; BE, basal lamina of the 
epidermis; BS, basal lamina of the Sehwann-cell; F, fibrocyte; G, glycogen; K, keratinocyte; M, mitochondria; NF, neurofilaments; S, 
Schwann-ceI1; V, vesicles; X, xanthophore, x 11,500. 

Fig. 3. Axon with 'bead' containing glycogen in the intercellular space of the epidermis 7. A, intraepithelial axon; BE, basal lalnina of the 
epidermis; G, glycogen; K, keratinocytes; NF, neurofilarnents; T, tonofilaments; V, vesicles. • 15,500. 

Fig. 4. Terminal portion of receptor axon in a non-encapsulated lamellated corpuscle with fingerlike protrusionL G, glycogen; L, Iamellae; 
M, n~itoehondria; NF, neurofilatnents; P, fingerlike protrusion; RA, receptor axon; TP, terminal portion of receptor axon; V, vesicles. 
• 14,000. 

Fig. 5. In superficial keratinocyte invaginated discoid terminal of the epidermisL A, axon; D, desmosome; G, glycogen; K, keratinocyte; 
M, mitochondria; T, tonofilaments; V, vesicles. • 10,000. 

Fig. 6. Spheroid terminal in the superficial layers of the corium. A, axon; BL, basal lamina; C, collagen; F, fibrocyte; G, glycogen; IR, iri- 
dophore; M, mitochondria; NF, neurofilaments; V, vesicles. • 13,000. 


