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Changes in serum proteins 1 h after electro-chemical stimulation of the cerebral cortex and the olfactory bulbs 
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Globulins 
No, Of Total Albumin 
animals proteins cc fl y 

Control 8 99.2 -6 0.40 �9 99.9 -4- 0.53 99.7 -6 1.83 96.9 -4- 1.09 98.0 ~ 1.14 
Stimulation of cortex 8 98.5 4- 0.60 99.7 ~ 0.83 99.8 -4- 1.35 95.7 • 2.29 98.1 4- 1.26 
Stimulation of olfactory bulbs 8 102.5 • 0.50 104.3 -6 1.38 105.1 -6 1.35 96.4 -6 1.32 95.9 -6 1.87 

P < 0.001 P < 0.01 P < 0.05 

a Mean -t- S.E. Values are expressed in percentages of their initial value which is taken as 100%. P = degree of significance resulting from 
comparison of other lots with control. P values are shown only when the difference is significant. 

p r o v i d e d  t he  b lood wh ich  was lef t  to  c lot  before  i so la t ing  
t he  s e rum b y  cen t r i fuga t ion .  

Results and discussion. The  resu l t s  o b t a i n e d  3 h a f t e r  
s t i m u l a t i o n  can  be  seen in t he  Figure.  T he  t o t a l  s e rum 
pro te ins ,  a l b u m i n  a n d  e-globul in  increased  s ign i f i can t ly  
( P  < 0,001) in  e lec t ro -chemica l ly  s t i m u l a t e d  sub jec t s  - i.e. 
a n  oppos i te  effect  was  p roduced  to  t h a t  p rev ious ly  ob-  
se rved  t h r o u g h  lesion or excis ion of t he  o l fac to ry  bulbs .  

The  fi-globulin was una f fec t ed  b y  e lec t ro-chemica l  
s t imu la t ion ,  whereas  in  fo rmer  sub jec t s  w i t h  excized bu lbs  
i t  h a d  decreased  s igni f icant ly .  

Nor  w a s  t h e  ; , -globulin a l t e red  b y  e lec t ro-chemica l  
s t i m u l a t i o n  of t he  bulbs ,  wh ich  was  on ly  to  be  expected ,  
s ince t he  excis ion of t he  same  h a d  n o t  a f fec ted  i t  pre-  
v ious ly  ei ther .  

Lo t s  a) (controls) ,  c) ( p l a t i n u m  electrodes)  and  d) (elec- 
t r o - chemica l  s t i m u l a t i o n  of pa r i e t a l  cor tex)  chowed  a 
d rop  in t o t a l  s e rum p ro t e ins  a n d  s u b t r a c t i o n s  which  was 
a t t r i b u t e d  to  b lood  e x t r a c t i o n s  p rev ious  to  s t imu la t ion .  

O t h e r  3 lots  of r a t s  were also used to  effect  d e t e r m i n a -  
t ions  i a n d  5 h a f t e r  s t i m u l a t i n g  t h e  o l fac to ry  bulbs ,  
to  t r y  to e s t ab l i sh  t he  t i m e  a t  w h i c h  t he  changes  b e g a n  
a n d  t he  l e n g t h  of t h e i r  du ra t ion .  The  resu l t s  found  1 h 
a f t e r  e lec t ro -chemica l  s t i m u l a t i o n  were s imi la r  to  those  
found  3 h a f t e r  t h e  same  opera t ion ,  as can  be  obse rved  in 
t he  Table .  5 h a f t e r  s t imu la t ion ,  t h e  va lues  r e t u r n e d  to 
normal ,  h a v i n g  lost  all  s ign i f ican t  s t a t i s t i ca l  differences.  
MORIMOTO 3, on  a p p l y i n g  electr ic  s t i m u l a t i o n  to  a n o t h e r  

p a r t  of t he  ne rvous  s y s t e m  (hypo tha l amus ) ,  also found  
pass ing  changes  in a l b u m i n  a n d  g lobul ins  3. 

The  lack of increase  in t o t a l  s e rum prote ins ,  a l b u m i n  
and  e-g lobul in  on  s t i m u l a t i n g  t he  cerebra l  cor tex  ind ica tes  
t h a t  t he  changes  found  t h r o u g h  s t i m u l a t i n g  t he  bu lbs  were 
no t  due  to a non-specif ic  s t i m u l a t o r y  effect  of t h e  ne rvous  
t i ssues ;  whi le  t h e  fac t  t h a t  t he  use of p l a t i n u m  elect rodes  
did  n o t  p roduce  a n  increase  e i t he r  ind ica tes  t h a t  such  
effects were no t  due  to  lesion of t he  o l fac to ry  bu lbs  b u t  
to  t h e i r  s t i m u l a t i o n  4. 

Resumen. La  es t imulac idn  e lec t roqufmica  b i l a t e ra l  de 
bu lbos  olfa tor ios  con co r r i en te  d i r ec ta  de 1 m A  d u r a n t e  
10 segundos  en ra tas ,  p roduce  a u m e n t o  de c o n c e n t r a c i d n  
de p ro t e ina s  s6ricas to ta les ,  a lb f lmina  y g lobu l ina  e. 
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T h e  Ef fec t  of  A s p a r t a t e  on  the  E l e c t r o r e t i n o g r a r n  

I n  some cold-b looded ve r t eb ra t e s ,  t he  e l ec t ro r e t i nog ram 
(ERG)  in  response  to  h i g h - i n t e n s i t y  f lashes  exh ib i t s  t he  
a-wave,  t he  P I I I  in  G r a n i t ' s  c lassif icat ion,  cons i s t ing  of 
2 s epa ra t e  n e g a t i v e  def lec t ions  (a 1 a n d  a2) wh ich  h a v e  
d i f f e ren t  p roper t i e s  i. T he  f i rs t  nega t i ve  def lec t ion  (al) 
has  been  cal led t h e  la te  r ecep to r  p o t e n t i a l  ( late RP)  b y  
BROWN et  al. ~, a n d  t h e  c u r r e n t  for  a is p roduced  in  t h e  
i nne r  segment ,  b u t  t h e  p e r m e a b i l i t y  change  is a t  t he  
ou t e r  s e g m e n t  3, 4. As descr ibed  f i rs t  b y  FURUKAWA and  
NANAWA 5, sod ium L-aspa r t a t e  was  d e m o n s t r a t e d  to  h a v e  
a s t rong  a n d  h i g h l y  specific i n h i b i t o r y  effect  on  t he  b-wave 
of t h e  t o a d  re t ina ,  a n d  t h e y  succeeded in keep ing  t h e  
a m p l i t u d e  of an  E R G ,  wh ich  cons is ted  solely of t h e  P I I I  
c o m p o n e n t ,  c o n s t a n t  ove r  3 h. I n  th i s  expe r i m en t ,  we 
found  t h a t  L- a n d  D-aspa r t a t e  are  a p p r o p r i a t e  agen t s  for 
t he  i so la t ion  of t h e  la te  RP .  

Material and method. T h r o u g h o u t  t h i s  s t u d y  70 eyes 
of t h e  bu l l f rog  (Rana catesbiana) were used. T he  i so la ted  
r e t i n a  dep r ived  of t he  p i g m e n t  e p i t h e l i u m  was dissected  
f rom t h e  d a r k - a d a p t e d  an i m a l s  a n d  was s a n d w i c h e d  
be tween  2 ac ry l  res in  pla tes ,  each  of w h i c h  h a d  a hole  of 

of the  V e r t e b r a t e  R e t i n a  

6 m m  d i a m e t e r  in  middle ,  as descr ibed  p rev ious ly  6. The  
r e t i n a  was in i t i a l ly  i m m e r s e d  for 30 m i n  in CONWAY'S : 
so lu t ion  c o n t a i n i n g  26 m M  glucose. Af te r  a s t ab le  con t ro l  
a m p l i t u d e  of E R G  was es tabl i shed,  t h e  so lu t ion  on  b o t h  
sides of t he  r e t i n a  was  replaced  b y  a t e s t  so lu t ion  con-  
t a i n i n g  va r ious  c o n c e n t r a t i o n s  of a s p a r t a t e  or g l u t a m a t e  s. 

1 K. T. BROWN, Jap. J. Ophthal., Suppl. (Proe. of the 4th ISCERG 
Syrup.) 70, 130 (1966); Vision Res. 8, 633 (1968). 
K. T. BROWN, K. WATANABE and M. MURAKAMI, Cold Spring 
Harb. Syrup. quant. Biol. 30, 457 (1965). 

3 G. B. ARDEN and W. ERNST, Nature, Lond. 223, 528 (1969). 
4 A. J. SILLMAN, H. ITO and T. TOMITA, Vision Res. /2, 1443 (1969). 
5 T. FURUKAWA and I. HANAWA, Jap. J. Physiol. 5, 289 (1955). 
6 I. HANAWA, K. KUGE and K. MATSUMURA, Jap. J. Physiol. 77, 1 

(1967). - I. HANAWA, K. MATSUMURA and T. MATSUURA, Jap. J. 
Physiol. 78, 642 (1968). 

v p. j .  BOYLE and E. J. CONWAY, J. Physiol. 100, 1 (1941). 
s The test solutions were prepared by partially replacing sodium 

chloride in CoNwhY'S with sodium aspartate or sodium glutamate. 
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The  b a t h i n g  solut ions,  i sotonic  and  p H  7.8, were s t i r red  
t h r o u g h o u t  t he  e x p e r i m e n t  b y  a s t r e a m  of a m i x t u r e  of 
98% O 2 and  2% CO~. The  pre  ampl i f ie r  a n d  ca thode  r a y  
oscilloscope recorded  t he  dif ference of e lectr ical  p o t e n t i a l  
be tween  t he  so lu t ion  on t he  scleral  side and  t h a t  on  t h e  
v i t r ea l  side of t he  re t ina .  All t he  e x p e r i m e n t s  were car r ied  
ou t  a t  room t e m p e r a t u r e  b e t w e e n  15 and  20 ~ All t h e  
p r e p a r a t i o n s  were s t i m u l a t e d  f rom the  v i t r ea l  side b y  a 
l igh t  f lash  w h i c h  was p roduced  b y  a x e n o n  f lash  l amp.  

Results and discussion. The  oscilloscope t races  repro-  
duced  in F igure  1, A show the  l igh t -evoked  responses  
wh ich  were o b t a i n e d  w i t h  the  h igher  s t imulus  i n t e n s i t y  
(20 Joules).  The  u p p e r  response  was recorded  f rom t h e  
r e t i n a  wh ich  h a d  been  i m m e r s e d  in Conway ' s  for 30 min.  
The  in i t ia l  b iphas ic  def lec t ion was t he  pos i t ive  and  nega-  
t ive  phases  of t he  ear ly  R P  wh ich  was gene ra t ed  w i t h o u t  
a n y  de t ec t ab l e  la tency .  The  nega t i ve  second phase  of 
the  ear ly  R P  was followed i m m e d i a t e l y  b y  a n  a -wave  
cons is t ing  of 2 s epa ra t e  nega t i ve  def lect ions  w i t h  a t i m e  
to t he  m a x i m u m  p e a k  of a p p r o x i m a t e l y  50 msec. T h e  
lower record  is t he  second response  o b t a i n e d  f rom t h e  

Fig. 1. The effect of 5 mM L- and D-aspartate on the frog ERG. 
Amplification condenser-coupled, with time constant 0.3 see, and 
the polarity of records was such that an upward deflexion indicates 
positivity of the vitreal side of the preparation. A) The initial 
portion of the ERG evoked with an intense photic stimulation 
(20 Joules). Upper record was obtained from the retina immersed 
in CONWAY'S and lower one was in 5 mM L-aspartate C O N W A Y ' S ,  

Both records from same retina. 13) The effect of aspartate on the 
b-wave. Both L- and D-aspartate abolished completely the b-wave 
within 10 min, and this effect was reversible. 
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s ame  r e t i n a  30 m i n  a f t e r  t h e  app l i ca t ion  of 5 m M  L-aspar-  
t a t e  in  CONWAY'S solut ion.  I t  is i n t e re s t ing  to no te  t h a t  
t he re  was no  no t iceab le  change  in t h e  shape  or a m p l i t u d e  
of t h e  ea r ly  a n d  la te  RP ,  b u t  t h e  a 2- an d  b-wave com- 
p le te ly  d i sappeared .  Prev ious ly ,  i t  was  shown b y  MURA- 
KAMI a n d  KA~EKO 9, who  used mic roe lec t rode  techniques ,  
t h a t  t h e  P I I I  was  composed  of 2 c o m p o n e n t s :  t h e  d is ta l  
c o m p o n e n t  wh ich  was gene ra t ed  b y  t h e  receptors ,  a n d  
t h e  p r o x i m a l  w h i c h  arose f rom t h e  inne r  nuc lea r  layer .  
GILLMAN et al. 1~ h a v e  r ecen t ly  p r e s e n t e d  ev idence  t h a t  
t h e  obse rved  p o t e n t i a l  consis ts  exclus ively  of t h e  r ecep to r  
response  a f te r  t r e a t m e n t  of t h e  r e t i n a  w i t h  sod ium aspar-  
tare .  T h e  a b o v e - m e n t i o n e d  result ,  therefore ,  c lear ly indi-  
ca tes  t h a t  t h e  a 1- (late RP)  an d  a2-wave recorded  w i t h  
ex t e rna l  e lec t rodes  r ep re sen t  t h e  d i s ta l  an d  p r o x i m a l  
c o m p o n e n t  of P I I I ,  respect ively .  

T h e  changes  of t h e  E R G  caused  b y  t h e  app l i ca t ion  of 
L-aspar ta te  were a lways  revers ible .  I t  is of i n t e r e s t  to  
no te  t h a t  D-aspar ta te  a n d  L-g lu t ama te  are  also effect ive  
in t h e  i so la t ion  of t h e  la te  RP.  F igure  1, B shows t he  
nega t i ve  c o m p o n e n t  of t h e  E R G  isola ted in Conway ' s  
so lu t ion  c o n t a i n i n g  5 m M  L- a n d  D-aspar ta te .  I n  b o t h  
cases, a l m o s t  comple te  r ecovery  of t h e  b-wave was ob- 
se rved  w h e n  t h e  p r e p a r a t i o n  was r e t u r n e d  to  t h e  a s p a r t a t e -  
free solut ion.  However ,  t h e  r ecove ry  r a t e  a f te r  t r e a t m e n t  

w i t h  D-aspar ta te  was  more  r ap id  t h a n  t h a t  w i t h  L-aspar- 
ra te .  Af te r  b o t h  surfaces  of the  r e t i n a  were exposed to  a 
t e s t  so lu t ion  c o n t a i n i n g  a s p a r t a t e  or g lu t ama te ,  t he  
a m p l i t u d e  of t h e  b-wave g radua l ly  declined, an d  t h e n  
s tabi l ized  to  a new s t e a d y  s t a t e  va lue  w i t h i n  a per iod  of 
a p p r o x i m a t e l y  15 rain.  F igure  2 represen t s  e x p e r i m e n t a l  
log dose-response  cu rves  for L-aspa r t a t e  a n d  L-g lu tamate .  
A para l le l  sh i f t  is obse rved  in t h e  cu rves  of these  2 com- 
p o u n d s  a long t h e  log-dose axis, t h o u g h  g l u t a m a t e  is less 
ac t ive  t h a n  a spa r t a t e .  The  Hil l  coeff icient  nH for the  decre- 
m e n t  of response  a m p l i t u d e  f rom i ts  or iginal  value,  com- 
p u t e d  as descr ibed b y  CHANGEUX a n d  PODLESKI n,  is 
a p p r o x i m a t e l y  2.3. 

The  s t r u c t u r a l  homologues  of a spa r t a t e ,  such  as homo-  
serine, th reon ine ,  GABA,  a spa rag ine  an d  succinate ,  a n d  
NH4CI were n o t  effective.  The  comple te  m e c h a n i s m  for 
t h e  a s p a r t a t e  ac t ion  on  t h e  E R G  rema i n s  to  be  clarified, 
b u t  i t  m a y  be  suggested  t h a t  2 ca rboxy l  groups  a n d  1 
a m i n o  group  c o n t a i n e d  in t h e  a s p a r t a t e  molecule  are  of 
special  i m p o r t a n c e  for  t h e  suppress ion  of t h e  a~- a n d  
b-wave, a n d  t h a t  t h e  effect  of a s p a r t a t e  is no t  caused  b y  
an  e n z y m a t i c  m e c h a n i s m  in t h e  re t ina ,  b u t  is associa ted  
w i t h  a revers ib le  b i n d i n g  of a s p a r t a t e  to  t h e  ' ac t ive  si tes '  
loca ted  somewhere  in t h e  s t ruc tu re s  respons ib le  for t he  
a 2- a n d  b-wave. 

Zusammen[assung. ES wird  gefunden,  dass  n a c h  Appl i -  
k a t i o n  des zur  Perfus ionsf l i i ss igkei t  zugef i ig ten  L-Aspar- 
t a t s  auf  die isol ierte F r o s c h r e t i n a  eine au i fa l l ende  Hem-  
m u n g  der  a2- u n d  b-Welle au f t r i t t ,  dies j edoch  ohne  s icht-  
ba r e  Ver~.nderung der  F o r m  u n d  A m p l i t u d e  des ~early 
an d  la te  r ecep to r  potential,>. 
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Fig. 2. Log concentration-response curves of the frog retina for 
L-aspartate (0--0)  and L-glutamate (G--O). The b-wave amplitude 
was measured from the trough of the a-wave to the peak of the 
b-wave and expressed as a percentage of that in CONWAY'S. Each 
point is an average of 5 experiments. 
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