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Electrophys io log ica l  Evidence for a Neural  Stage  
in Dark Adaptat ion ~ 

Evidence  h a s  been  p r e s e n t e d  wh ich  sugges t s  t h a t  t he  
t ime  course  of d a r k  a d a p t a t i o n  is no t  comp le t e ly  ex- 
p la ined  b y  the  r h o d o p s i n  r egene ra t i on  as p o s t u l a t e d  b y  
t he  p h o t o c h e m i c a l  t h e o r y  o f  HECHT 2. Th i s  ev idence  is 
based  on e lec t rophys io logica l  and  p s y c h o p h y s i c a l  d a t a  
(for references  see 3). 

A m e a n s  of t e s t i ng  th i s  h y p o t h e s i s  ha s  been  m a d e  
ava i lab le  b y  t h e  f ind ings  of BROWN a n d  WATANABE 4'5, 
who recen t ly  succeeded  in  i so la t ing  t he  la te  recep tor  
po t en t i a l  in ca t  a n d  m o n k e y  re t inas  b y  occ lud ing  t he  
re t ina l  a r te ry .  Th i s  procedure ,  wh ich  abol i shes  t he  b-wave 
c o m p o n e n t  of t h e  e l ec t ro r e t i nog ram (ERG),  l eaves  i n t a c t  
t he  recep tor  c o m p o n e n t  ( P I I I  in t he  t e r m i n o l o g y  of 
GRANIT). Th e  recep tor  l ayer  of these  r e t inas  is m a i n t a i n e d  
b y  the  choroid  c i rcula t ion.  F u r t h e r m o r e ,  r ecen t  i nves t i ga -  
t ions  6 h a v e  g iven  ev idence  t h a t  the  b-wave c o m p o n e n t  
of the  E R G  is g en e ra t ed  a t  the  level of the  inne r  layer  of 
b ipolar  cells. I n  the  p r e sen t  paper ,  t he  a m p l i t u d e  var ia -  
t ions  of the  b-wave a n d  of t he  late receptor  p o t e n t i a l  are 
c o m p a r e d  d u r in g  d a r k  a d a p t a t i o n .  I t  will be s h o w n  t h a t  
these  a m p l i t u d e s  v a r y  i n d e p e n d e n t l y  in a m a n n e r  wh ich  
ind ica tes  a neu ra l  s t age  of d a r k  a d a p t a t i o n .  

The  e x p e r i m e n t s  were pe r fo rmed  in ca ts  a n a e s t h e t i z e d  
wi th  p e n t o b a r b i t a l  (35 mg/kg) .  The  re t ina l  a r t e r y  of one 

T h e  o rgan iza t ion  of t he  e x p e r i m e n t s  was  as follows: 
a f t e r  15 m i n  of da rk  a d a p t a t i o n ,  t he  r e t i na  was  exposed  to 
a b l each ing  i l l u m i n a t i o n  of a p p r o x i m a t e l y  4000 lux  for 
3 min .  The  E R G  response  was  t h e n  t e s t e d  in one of t he  
eyes  w i th  s ingle f l ashes  a t  i n t e rva l s  r a n g i n g  f rom 5-30 sec 
a nd  for per iods  as long as 20 min .  Th i s  p rocedure  was  t h e n  
r e pe a t e d  for t he  o the r  eye. F igu re  1 shows  s a m p l e s  of t he  
E R G  responses  f r om t h e  p h o t o c o a g u l a t e d  eye (Figure  
1A, B) a nd  f rom the  n o r m a l  eye (Figure  1C, D). T h e  lower 
r e sponses  in each  case  (Fig. 1B a nd  1D) were recorded  
a f te r  5 sec of d a r k  a d a p t a t i o n ,  a nd  t he  u p p e r  ones  
(Figure  1A a nd  1C) were o b t a i n e d  a f te r  30 sec. The  recep-  
tor  response  is c lear ly  p r e s e n t  a f t e r  5 see while, a t  t he  
s a m e  t ime,  t he  b-wave re sponse  of t he  n o r m a l  eye is no t  
read i ly  de tec tab le .  

I n  F igu re  2, t he  a m p l i t u d e  of the  b-wave a n d  of t he  
la te  recep tor  po t e n t i a l  (measured ,  in each  case, f r om the  
base  line to t he  m a x i m u m )  is r epo r t ed  for t he  f i rs t  100 
sec of da rk  a d a p t a t i o n .  The  o rd ina t e  ind ica te s  t he  ampl i -  
t ude  of t he  r e sponses  as 1% of a reference  r e sponse  t a k e n  
a f te r  10 m i n  of da rk  a d a p t a t i o n .  Not ice  t h a t  while  t h e  
recep tor  r e sponse  is in i t ia l ly  p r e s e n t  w i t h  a m a g n i t u d e  of 
15 25% of the  reference response ,  t h e  b-wave re sponse  is 
a l m o s t  u n d e t e c t a b l e  for a t  l eas t  t he  f i rs t  10 sec of d a r k  
a d a p t a t i o n .  For  t he  f i rs t  60 80 sec of d a r k  a d a p t a t i o n ,  
the  la te  recep tor  p o t e n t i a l  r e sponse  r e m a i n s  p ropor -  
t i ona l ly  la rger  t h a n  the  b-wave response .  Af te r  a b o u t  100 
sec the  re la t ive  va lue s  of t he  2 r e sponses  converge  
quickly ,  a nd  af te r  2-3 m i n  of d a r k  a d a p t a t i o n  t h e y  are 
ne a r l y  ident ical .  
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Fig. 1. Early stages of dark adaptation of the late receptor potential 
and b-wave of the electroretinogram. Recordings of the late receptor 
potential (A and B) and b-wave (C and D) are shown for two stages 
of dark adaptation. The records reproduced in B arid D were obtained 
5 see after the commencement of dark adaptation. Those shown in A 
and C were obtained at 30 sec. The reproducibility of the results for 
the late receptor potential is enlphasized by the similarity of the 2 
responses recorded in A and B during different dark adaptation se- 
quences. The vertical bars represent equal amplitudes for each pair of 

records and the pulses in all cases were of 2 msee duration. 

Fig. 2. Dark adaptation of the late receptor potential and b-wave of 
the electrorefinogram. The amplitude of the late receptor potential 
and of the b-wave were measured from the base line to the maxinlum 
and plotted as % of a reference response obtained after 10 rain of 
dark adaptation (ordinate). These amplitudes are plotted as a func- 
tion of time (in see) after comnlencement of dark adaptation. Up to 
40 sec, the points represent the means of the results of 3 experiments 
and here the vertical bars show the total range of these results. For 
later times, a single point from one experiment only is plotted. See 

text for further explanation. 

eye was  p h o t o c o a g u l a t e d  and  the  pupi ls  of b o t h  eyes  
were d i la ted  w i th  a t ropine .  The  E R G  responses  were de- 
t ec ted  t h r o u g h  a glass  p ipe t te ,  filled w i th  1% agar  dis- 
solved in R i n g e r ' s  so lu t ion ,  wh ich  was  inse r ted  in to  the  
v i t r eous  b o d y  t h r o u g h  a hole  near  the  l i m b u s  of the  
sclera. T h e  ind i f fe ren t  e lectrode was on the  b a c k  of t he  
eye. Pu l ses  of l ight ,  2 msec  in d u r a t i o n  a n d  of 50 lux  
in t ens i ty ,  were p r e sen t ed  to the  eye by  an  e lec t ronica l ly  
d r iven  S y l v a n i a  glow t u b e  ( type 1130). 
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Our resul ts  show clearly t h a t  the  s t rong a t t enua t i on  of 
the  sens i t iv i ty  of the  eye in the  early pa r t  of da rk  adap ta -  
t ion is no t  only due to  the  loss of receptor  sensi t ivi ty .  I t  
is also due to a neural  process occurr ing in the  re t ina l  
visual pa thway ,  e i ther  be tween  the  receptors  and  the  
inner  nuclear  layer  or wi th in  the  inner  nuclear  layer  itself. 

Riassunto. Rispos te  e le t t rore t inograf iche  sono s ta te  
regis t ra te  dal l 'occhio di gat to.  Sono s ta te  s tud ia te  le 
variazioni  di ampiezza  de l l 'onda  b e del  potenzia le  del 
r ice t tore  (isolato t r ami t e  fotocoagulazione de l l ' a r te r ia  

retinica) du ran te  l ' a d a t t a m e n t o  all 'oscuro. L 'anal is i  dei 
r isul ta t i  ha  d imos t r a to  l ' es is tenza di uno s tadio nervoso 
n e l l ' a d a t t a m e n t o  all 'oscuro con sede ana tomica  f r a i l  
r ice t tore  e lo s t r a to  dei granuli  interni .  
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Thymidine H 3 Incorporation in the Nurse Cells 
of Amphigonic and Parthenogenetic Ovaries of 

Megoura viciae (Hom. Aph.) 

Auto rad iog raphy  has  shown t h a t  the  nucleus of the  
nurse cells of some insects  incorpora tes  t hymid ine  H a 
dur ing the  ovocyte  growth.  This has  been a t t r i bu t ed  to  
cont inuous  endomi to t i c  divisions. Such researches were 
res t r ic ted,  however ,  to  nurse  cells of amphigonic  insects.  

I t  therefore  appeared  par t i cu la r ly  in teres t ing  to ex t en d  
the  s t u d y  of the  func t ion ing  of nurse cells to species of 
aphids.  In  such species b o t h  amphigonic  and  pa r theno-  
genetic female individuals  are present .  The former  car ry  
ovaries wi th  large polyploid  nurse  cells and the  la t t e r  are 
v iv iparous  and carry  ovaries wi th  ve ry  small  nurse  cells 
which  are diploid as a rule and always the  same size. Only 
in Aphis [abae par thenogene t i c  individuals  were te t rap lo id  
nurse cells shown to be p resen t  1. The presen t  research was 
carr ied ou t  on Megoura viciae, which  is easily bred  in 
control led env i ronment .  

Amphigon ic  and  pa r thenogene t i c  females of the  species 
a t  var ious  s tages of deve lopmen t  were in jec ted  in the  ab- 
domen  wi th  0.1 /~C of t h y m i d i n e  H a. At  in tervals  of t ime 
ranging f rom 1 h to  4 days  af ter  the  injection,  the  animals  
were f ixed and e m b e d d e d  in paraff in.  The slides were 
sub jec ted  to au torad iographic  processing,  using the  
' s t r ipp ing  f i lm'  technique .  Some were s ta ined  wi th  the  
Feulgen reac t ion  before au to rad iography ,  and  some wi th  
the  U n n a  m e t h o d  af ter  au torad iography .  

A very  clear t h y m i d i n e  H a incorpora t ion  was observed  
in the  nuclei of the  d i f fe ren t ia t ing  nurse ceils of ve ry  
young  amphigonic  females.  Incorpora t ion  can also be 
d is t inc t ly  observed  in fully developed nurse  cells which  
are connec ted  by  a cy top lasmat i c  br idge to  the  growing 
ovocyte  (Figure 1). 

Not  all the  nuclei, however ,  were affected,  as previous ly  
shown in Dytiscus3. I t  should also be po in ted  out  tha t ,  
once the  process  of vi tel logenesis  is over, no fu r the r  incor- 
pora t ion  of t h y m i d i n e  occurs in the  nuclei of the  nurse  
cells. 

In  the  ovaries of pa r thenogene t i c  females, in which 
ovocytes  a t  var ious s tages of vi tel logenesis  and embryos  
a t  var ious s tages of deve lopmen t  are present ,  a ve ry  clear 
incorpora t ion  of t h y m i d i n e  in the  nuclei of the  nurse  cells 
occurs (Figure 2). Incorpora t ion  is no t  synchronous  
t h r o u g h o u t  the  nurse  ceils; cells wi th  an unlabel led 
nucleus m a y  be found side by  side wi th  others  which  have  
ac t ive ly  incorpora ted  t h y m i d i n e  in one and the  same 
ovary.  So DNA synthes is  is asynchronous  in these  as in 
polyploid  nurse  cells. 

Conclusions. In  the  amphigonic  females of M. viciae an 
act ive nuclear  incorpora t ion  of t h y m i d i n e  H a occurs 
dur ing g rowth  which m a y  be a t t r i bu t ed  to  cont inuous  
endomi to t ic  divisions. However ,  even when  the  nurse  
cells are funct ioning fully, and when  the  nuclei appear  to 
have  achieved m a x i m u m  deve lopment ,  incorpora t ion  of 
tile t hymid ine  H a continues,  and,  as was seen in o ther  
insects,  does no t  affect  all the  nuclei. Incorpora t ion  
would therefore  seem to be due no t  to the  cont inuance  
of eudomito t ic  divisions bu t  r a t h e r  to the  synthes is  of 
metabol ic  DNA. On the  o ther  hand ,  even if one supposes  
t h a t  in the  nurse  cells of the  amphigonic  ovary  endomito-  
tic processes cont inue  r igh t  up to the  end of vitellogenesis 
of the  amphigonic  win te r  egg, th is  is qui te  out  of the  
ques t ion so far as the  pa r thenogene t i c  ovary  is concerned.  

Fig. 1. Amphigonic ovary showing thymidine H 3 incorporation in 
polyploid nuclei of nurse cells. Notice the unlabelled nucleolus. 

Stained by Unna. x 310. n.c. = nurse ceils; ov = ovoeyte. 
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