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The Effect of T w o  F o r m s  of Light  on the D e v e l o p m e n t  of the Neonata l  Rat Ret ina 

T. WONG, D. T. Y z w  and Y. S. BAU 

Department o/ Biology, The Chinese University o~ Hong Kong, Shatin, N. T., Hong Kong, 29 March 1976. 

Summary. The effects of red and far red l ight  on the  deve lopmen t  of the  re t inas  were s tudied  in the  neonata l  ra t  models.  
Red l ight appeared  to be s t imu la to ry  and far red l ight  appeared  to be inhibi tory.  

Embryologica l ly ,  ve r t eb ra t e  re t inas  were found  to de- 
velop normal ly  even in the  to ta l  absence of light% 
whereas,  a t  the  o ther  ext reme,  excessive i l luminat ion 
would resul t  in the  decrease in th ickness  of t he  outer  
re t ina l  layers in the  neona ta l  ra tK Does l ight  exe r t  a 
s t imu la to ry  or inh ib i to ry  effect  on the  developing sys tem ? 
And,  do all wave leng ths  in the  visible l ight  spec t rum exer t  
the  same or d i f fe rent  effects  on th is  sys t em ? In  order  to  
shed some l ight  on the  problem,  we chose 2 forms of l ight 
(red, ~ --  660 n m  and far red, ~ = 730 nm) to  s t u d y  the i r  
effects on the  developing ra t  ret inas.  The neona ta l  ra ts  
were chosen because the i r  visual cells developed in the  
neona ta l  per iod 3. 

Material and methods. 7-day-old neona ta l  ra t s  (strain:  
Simonsen) were selected for t he  exper iment .  The  ra ts  
were d iv ided into 3 divisions, t he  red (R), far red (FR) 
and the  controls .  The animals  of the  first  2 divisions were 
subdiv ided  in to  3 groups,  e.g. R1, R 2 and R3, each sub- 
jec ted to d i f fe rent  days  of special l ight  i l luminat ion.  In-  
side each group, the  animals  were again d iv ided into 3 
subgroups,  e.g. •lI, RlII and RIIII, each subjec ted  to dif- 
fe rent  dura t ions  of t r e a tmen t .  A detai l  schedule was set  
up as in Table I. The in tens i ty  of red l ight  i l luminat ion 
was 200 w a t t  cm -2, and the  in t ens i ty  of far red l ight  
i l luminat ion  was 50 w a t t  cm 2. I t  is essent ial  to  po in t  
ou t  t h a t  the  expe r imen ta l  animals  were given the i r  red or 
far red l ight  t r e a t m e n t  along wi th  the  usual day l igh t -da rk  
cycle. The exper imenta l  animals  of each subgroup  were 
compared  wi th  controls  which  came f rom the  same 
mo the r  so as to e l iminate  any  genet ic  var ia t ion.  

Af te r  the  t r ea tmen t s ,  bo th  exper imen ta l  and control  
animals  were killed and the i r  eyeballs  t aken  out.  These 
were then  fixed in Bouin, dehydra t ed ,  cleared and em- 
bedded  in paraff in.  The eyes were then  cross sect ioned at  
r igh t  angle to  the  longi tudinal  axis a t  6 bm th ickness  and 

the  20th sect ions passed the  lens were  selected for obser- 
vat ion,  thus  ensuring a lmos t  ident ica l  regions were used. 
The sect ions Were t h e n  s ta ined  w i t h  H e m a t o x y l i n  and 
Eosin.  The th ickness  of the  outer  s egmen t s  and  the th ick-  
ness of the  re t inas  were measured  wi th  the  aid of an 
ocular  and stage mic rome te r  under  t h e  same magnifica- 
t ions.  The rat ios  of t he  th ickness  of the  ou te r  segments  
to the thickness of the whole retinas were then calculated. 

Results. Histological observations on the retinas of both 
treated and control animals revealed a significant differ- 
ence in the ratios of the thickness of the visual layers to 
the total thickness of the retinas (Figures 1-3). 

The results of careful morphometric study on the ratios 
of the thickness of outer segments to the thickness of the 
retinas were illustrated in Tables II-IV. 

It appeared that red light stimulated the growth of the 
outer segments of all experimental groups except R a sub- 
group II and R 1 and R 2 subgroups IIl. Far red light, on 
the other hand, would inhibit the growth of all outer 
segments when compared with the control animals. 

Discussion. The effect of light takes many forms in the 
visual system of the mammals. It is responsible for the 
changes of both rhodopsin and catecholamine4 Excessive 
light, however, will cause a decrease in thickness of the 
oute r  re t ina l  layers 2. 

1 R. ]~[. EAKIN, J. Cell. Biol. 25, 162 (1965). 
z F. FIFKOVA, Expl Neurol. 35, 450 (1972). 
3 C. R. BRAEKEVELT and M. J. HOLLENBURG, Am. J. Anat. 727, 281 

(1970). 
4 C. W. NICIIOLS, D. JACOBWlTZ and M. HOTTENSTEIN, Invest. 

OphthaI. 6, 642 (1967). 

Fig. 1. Light mierograph of a 
normal 14-day-old neonatal rat 
retina. Note the thickness of the 
visual layer (V) and the thickness 
of the retina. • 450. 

Fig. 2. Light micrograph of a 
14-day-old neonatal rat retina 
after red light treatment. Note 
increase in thickness of the visual 
layer (V). • 
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Tab le  I. Schedule  of l ight  t r e a t m e n t  for  d i f ferent  g roups  

Specia l ia  EXPERIENTIA 32/11 

T y p e  of l igh t  Red  F a r  red Control  

Groups  R I R 2 R a F R  1 F R  2 F R  a 

Days  of l ight  t r e a t m e n t  7 13 ~ 7, 9, 11, 13 7, 10, 13 7-13  7, 9, 11, 13 7, 10, 13 O r d i n a r y  
d a y l i g h t - d a r k  
cycle 

D u r a t i o n  of S u b g r o u p  t 30 30 30 15 15 15 
l igh t  t r e a t m e n t  S u b g r o u p  II  20 20 20 10 10 10 
e a c h t i m e  (min) S u b g r o u p  I I I  10 10 - -  5 5 - -  

P o s t n a t a l  day .  

Tab le  II .  Resul ts  of differences in Ra t io  of 
ou te r  s e g m e n t  th ickness  

to ta l  r e t ina l  th ickness  
be tween  cont ro l  a n d  expe r imen ta l  s u b g r o u p  I 

S u b g r o u p  7(1 XI-X2 P r o b a b i l i t y  f rom t - tes t  Difference be tween  cont ro l  a n d  
expe r imen t a l  s igni f icant  or  no t  

R l s u b g r o u  p 1 0.0283 + 0 . 0 0 3 8  0.05 
R 2 s u b g r o u  p II  0.0310 + 0 . 0 0 6 5  0.001 
R a s u b g r o u  p I I I  0.0468 + 0 . 0 2 2 3  0.001 

F R l s u b g r o u  p I 0.0209 - - 0 . 0 0 3 6  0.02 
F R 2 s u b g r o u  p I I  0.0178 --0.0067 0.01 
F R a s u b g r o u  p I I I  0.0133 - - 0  0112 0.001 

s igni f icant  
s igni f icant  
s igni f icant  

signific an t 
s ign i f ican t  
s igni f icant  

ou te r  s egmen t  th ickness  
~ = m e a n  ra t io  of 

to ta l  re t ina l  th ickness  

ou te r  s egmen t  th ickness  
X2 m e a n  r a t io  of 

to ta l  re t ina l  th ickness  

~ = 0.0245. 

of control .  

of exper imen ta l .  

Tab le  I I I .  Resul ts  of dif ference in r a t io  of 
ou te r  s egmen t  th ickness  

to ta l  re t ina l  th ickness  
be tween  cont ro l  a n d  e x p e r i m e n t a l  s u b g r o u p  II  

S u b g r o u p  ~1 X1-X~ P r o b a b i l i t y  f rom t - tes t  Difference be tween  cont ro l  a n d  
expe r imen t a l  s igni f icant  or  no t  

R 1 s u b g r o u p  II  0.0387 + 0.0020 
R 2 s u b g r o u p  II  0.0457 + 0.0090 
R a s u b g r o u p  I I  0.0354 - -  0.0013 

F R  1 s u b g r o u p  II  0.0229 - -  0.0138 
F R  2 s u b g r o u p  II  0.0185 - -  0.0182 
:FR 3 s u b g r o u p  II  0.0227 - -  0.0140 

0.05 s ign i f ican t  
0.001 s igni f icant  
0.05 not  s igni f icant  (reverse effect) 

0.001 s igni f icant  
0.001 s igni f icant  
0 .00t  s igni f icant  

X2 a n d  5 1  same  as in Tab le  II .  5 2  = 0.0367. 

Tab le  IV. Resul t s  of dif ference in r a t i o  
ou te r  s egmen t  th ickness  

to ta l  re t ina l  th ickness  
be tween  cont ro l  a n d  expe r imen ta l  s u b g r o u p  I I I  

S u b g r o u p  51 X1-X2 Probab i l i t y  f rom t - tes t  Difference be tween  cont ro l  a n d  
expe r imen t a l  s igni f icant  or no t  

R l s u b g r o u  p I I I  0 .0249 - - 0 . 0 0 7 3  
R 2 s u b g r o u  p I I I  0.0219 - - 0 . 0 1 0 3  

F R l s u b g r o u  p I I I  0.0115 - - 0 . 0 2 0 7  
F R 2 s u b g r o u  p I I I  0.0161 - - 0 . 0 1 6 1  

0.001 s igni f icant  
0.001 s igni f icant  

0.001 s ign i f ican t  
0.001 s ign i f ican t  

X2 a n d  ~1  same  as Tab le  II .  5~  = 0.0322. 
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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). 

Morphological Evidence for Axonal Transport of Glycogen in Neurons Innervating Cutaneous 
Receptors in Lacer ta  sicula (Squamata: Reptilia) 

L. LANDMANN 

Anatomisches Institut der Universit?it Basel, Pestalozzistrasse 20, CH-4056 Basel (Switzerland), 4 June 7976. 

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. 


