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E l e c t r o r e t i n o g r a m  - F l i c k e r  F u s i o n  F r e q u e n c y  in  A l b i n o  T r o u t  

The role of t he  re t ina l  epi thel ia l  p i g m e n t  (REP)  in t he  
visual process  is no t  comple te ly  under s tood .  The R E P  is 
cons idered  to  shield t h e  scotopic  e lements ,  t he  rods, f rom 
br igh t  l ight  in t he  l i g h t - a d a p t e d  s ta te .  This  occurs as a 
resu l t  of t he  r e t i n o m o t o r  responses  in mos t  teleosts ,  t he  
A n u r a  and  m o s t  b i rds  ~. In  t he  te leos ts  the  R E P  reac ts  to  
l ight  a n d  t e m p e r a t u r e  d i f fe ren t ly  t h a n  do the  rods  and 
cones ~-~. The R E P  in t he  unexposed  eye r e sponds  to  
phot ic  s t imu la t ion  of t he  con t ra - l a t e ra l  eye ~. BROWN 7 has  
recorded  rap id  evoked  po ten t i a l s  f rom the  1REP. These  
po ten t i a l s  could be  recorded  f rom d ry  R E P  and  are  t em-  
p e r a t u r e  d e p e n d a n t  s . 

Albinos  are obvious ly  excel lent  sub jec t s  in inves t iga-  
t ions  of t he  R E P ' s  role in vision. The  r e t i na  of t he  older  
a lbino t r o u t  differs  in s t ruc tu r e  f rom t h a t  of t h e  no rma l  
t rou t .  There  are  fewer  cones and  the  inner  layers  are  poor ly  
deve loped  in t h e  a lbino 9. The  abso rp t ion  s p e c t r u m  of t he  
scotopic  p i g m e n t  of t he  a lbino r a inbow t rou t ,  ob t a in e d  
p h o t o m e t r i c a l l y  b y  CRouz¥ and  AL110, cor responds  to  
t h a t  o b t a i n e d  b y  ~VALD 11 wi th  t h e  e x t r a c t e d  p i g m e n t  of 
t he  no rma l  r a inbow t r o u t  (Salmo gairdneri).  

A l t h o u g h  the  e l ec t ro re t inogram (ERG) of a lbinos  has  
been  recorded  and  found  to  be d i f fe ren t  f rom t h a t  of nor-  
mal  sub jec t s  x~, the i r  E R G -  Fl icker  Fus ion  F r e q u e n c y  
( F F F )  has  n o t  been  s tudied .  In  th is  r epo r t  the  E R G  - F F F  
of l ight-  a n d  d a r k - a d a p t e d  a lbinos  are  p r e sen t ed  and  com- 
pa red  wi th  those  of no rma l  t rou t .  

Albino and  normal  brook  t rout ,  Salve l inus  /ont inal is  
(Mitchill) were o b t a i n e d  f rom the  Provinc ia l  G o v e r n m e n t ' s  
h a t c h e r y  a t  St. F a u s t i n  and  were acc l ima ted  to  t he  t e m p e r a -  
ture  a t  which  the  e x p e r i m e n t s  were  to  be conduc ted .  The 
fish were  12-15 cm long ( total  length) .  All t he  expe r imen t s  
were  carr ied  ou t  b e t w e e n  Ju ly  and  N o v e m b e r  1967. The  
t echn iques  for anaes the t i za t ion ,  c rea t ing  s t imulus  l ight  
and  record ing  E R G s  were similar  to  those  which  we have  
descr ibed  earl ier  ~. 

Before record ing  the  E R G  - F F F s  of l i gh t - adap t ed  fish, 
t h e y  were  exposed  to  f l ickering l ight  (30 c/sec) of t he  same 
in t ens i t y  as t h a t  which  was to be used in t he  e x p e r i m e n t  
for 3-5 rain. There  was a backg round  l ight  t h r o u g h o u t  the  
e x p e r i m e n t  (6 ft-c). Thus,  t he  fish were  in t he  same s ta te  of 
l i gh t - adap ta t ion .  At  each i n t ens i t y  t he  E R G  - F F F s  were  
recorded  twice, once when  the  f r equency  of the  s t imulus  

l ight  was increased and  again as the  f r equency  was de- 
creased.  

In  t he  case of t he  d a r k - a d a p t e d  fish, t h e y  were  dark-  
a d a p t e d  for a t  least  2 h pr ior  to  t h e  exper imen t .  The  fish 
were f ixed to  the  t r a y  and  the  e lec t rodes  p laced  in the i r  
pos i t ions  unde r  deep  red l ight  (25 W). The fish was  lef t  in 
to ta l  da rkness  for 5 min  b e t w e e n  each e x p e r i m e n t  a t  eve ry  
in tens i ty .  Record ing  a t  each  i n t ens i t y  l a s t ed  7-10 sec. 
This was  done  to  keep the  fish in a comple te ly  da rk -adap -  
t ed  s ta te .  A t  each of t he  in tens i t ies  t he  F F F s  were recorded  
twice  wi th  5 rain in te rva l  be tween  the  expe r imen t s .  

A t  l ight  in tens i t ies  lower  t h a n  100 ft-c t h e  E R G  - F F F s  of 
t h e  a lbino are  h igher  t h a n  those  of t h e  n o r m a l  t r o u t  
(Figure 1). The  lower  t he  in tens i ty ,  t h e  g rea te r  is t h e  diffe- 
rence.  The  M a x i m u m  Fus ion  F r e q u e n c y  (MFF) is also 
a t t a i n e d  a t  a m u c h  lower  i n t ens i t y  in t h e  albino (15 ft-c) 
t h a n  in t he  no rma l  t r o u t  (250 ft-c). Vqithin t h e  r ange  of 
l ight  in tens i t ies  used, t h e  a lbino m i g h t  be cons idered  to  
show a decrease  in the  E R G  - F F F  w h e n  t h e  i n t e n s i t y  ex- 
ceeds  100 ft-c.  Whi le  th is  is n o t  s ta t i s t ica l ly  s ignif icant ,  
t he  t r e n d  is e v i d e n t  in t h e  case of t h e  a lbino and  n o t  in  
t h a t  of t h e  normal .  Such a decrease  has  no t  been  obse rved  
in o t h e r  no rma l  fish ~-x~. 

I n  t he  da rk  also the  a lb ino ' s  E R G -  F F F  values  are  h igher  
t h a n  those  of t he  n o r m a l ' s  a t  each  of t h e  l igh t  in tens i t i es  
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Fig. 1. ERG-FFF values for 5 each of 
light-adapted albino and normal brook 
trout (Salvelinus ]ontinalis) at various 
light intensities. Only the left eyes were 
used and 6 experiments were made at 
each intensity. The crosses indicate the 
means. 
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1;ig.2. ERG-FFF values for 6 each of 
dark-adapted albino and normal trout. 
Only the left eyes were used and 2 ex- 
periments were made at each inten- 
sity. The crosses indicate the means. 

used (Figure  2). The  M F F  is a t t a i n e d  a t  10 f t-c in t h e  case 
of t h e  a lb ino  whi le  i t  is a t t a i n e d  a t  a b o u t  460 f t-c in  t he  
n o r m a l  t r o u t ' s  case. T h e  sh i f t  f r om rods  to  cones  occurs  a t  
i n t ens i t i e s  h ighe r  t h a n  0.3 f t-c in t h e  a lb ino  whi le  i t  does  so 
a t  i n t ens i t i e s  h ighe r  t h a n  4.0 f t-c in t h e  case of t he  n o r m a l  
t r o u t  (F igure  2). 

I t  is e v i d e n t  f r o m  these  r e su l t s  t h a t  t h e  lack  of R E P  in 
t h e  a l b i n o  is p r imar i l y ,  if n o t  who l ly  r e spons ib le  for  t h e  
d i f fe rences  o b s e r v e d  (Figures  1 a n d  2). D ue  to  t he  absence  
of t h e  p i g m e n t ,  n o t  on ly  a g r ea t e r  a m o u n t  of l igh t  en t e r s  
t h e  eye, b u t  th i s  l igh t  imp inges  on  t h e  v i sua l  cells twice,  as 
a r e su l t  of i t s  re f lex ion  b y  t h e  sclera.  I n  t h e  n o r m a l  t r o u t  
t h e  l igh t  will be  a b s o r b e d  b y  t h e  R E P  a n d  n o t  ref lected.  
I n  t he  l i g h t - a d a p t e d  s t a t e  t h e  rods  of t he  n o r m a l  f ish are  
sh ie lded  b y  t he  R E P  whi le  in  t h e  d a r k - a d a p t e d  s t a t e  a t  
l eas t  t h e  cone  o u t e r  s e g m e n t s  a re  m a s k e d  b y  t h e  R E P .  
Th i s  will also r educe  t h e  a m o u n t  of response .  I n  t h e  a lb ino,  
b o t h  in t h e  l igh t -  a n d  d a r k - a d a p t e d  s ta tes ,  t h e  rods  as well  
as t h e  cones  will be  r e s p o n d i n g  a n d  to  a l m o s t  twice  t h e  
q u a n t i t y  of l ight .  The  cones,  of course,  will r e s pond  on ly  to  
in t ens i t i e s  w h i c h  exceed  t h e i r  t h r e s h o l d  wh ich  m a y  be  
safely a s s u m e d  to  be  b e t w e e n  0.1 a n d  1.0 f t-c on  t h e  basis  
of ear l ie r  i nves t i ga t i ons  w i t h  r e l a t e d  s a l m o n i d s  2, 3,16 

Rdsztmd. Les F r6quences  de F u s i o n  de l 'E l ec t ro r6 t ino -  
g r a m m e  (FFF)  on t  ~t6 enregis t r6es  chez  les t ru i t e s  mouche -  
t6es (Sah,elinus [ontinalis) n o r m a l e s  e t  a lb inos .  Chez les 
poissons  a d a p t 6 ,  A la lumi~re  a ins i  qu 'A l ' obscur i t6  les va -  
leurs  s o n t  p lus  61ev6es chez  les a lb inos  que  chez  les an i -  
m a u x  n o r m a u x .  Les va l eu r s  m a x i m u m  de  F F F  s o n t  auss i  
a t t e i n t e s  ~ des  in t ens i t6 s  m o i n s  61ev6es chez  les a lb inos .  
Ces di f f6rences  s o n t  a t t r i b u a b l e s  A l ' en t r6e  d ' u n e  p lus  
g r a n d e  q u a n t i t 6  de  lumi~re  a ins i  q u ' ~  sa r6f tec t ion  p a r  la  
scl6rot ique,  ce qu i  est  due  au m a n q u e  de p i g m e n t  6pi the l ia l  
r~t in ien.  
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A n  I m p r o v e d  B i o a s s a y  M e t h o d  f o r  K i n i n s  

Recen t ly ,  n a t u r a l l y  occur r ing  v a s o a c t i v e  po lypep t ides ,  
k inins ,  h a v e  been  supposed  b y  m a n y  resea rchers  to  p l ay  
i m p o r t a n t  roles u n d e r  pa tho log i ca l  cond i t i ons  such  as 
a c u t e  p a n c r e a t i t i s  x, ca rc ino id  s y n d r o m e  ~, va r ious  al ler-  
gic d iseases  3,4, or  i n f l a m m a t i o n s  6. However ,  t h e r e  a re  few 
r e p o r t s  g iv ing  d i r ec t  ev idence  t h a t  k in ins  a re  i n v o l v e d  in 
such  diseases.  

T h e  fol lowing p r o b l e m s  m a k e  i t  d i f f icu l t  t o  s t u d y  t h e  
k in ins :  (1) t h e y  exis t  in  e x t r e m e l y  smal l  a m o u n t s  in  
p l a s m a  a n d  in t i s sue ;  (2) t h e y  are  r a p i d l y  d e s t r o y e d  b y  
k in inase  wh ich  is p r e s e n t  s i m u l t a n e o u s l y  in t h e  b lood  or 
in t h e  fluid.  

I n  1963, BINIA e t  al.S used a dog ' s  h i n d - q u a r t e r  as  a n  
o r g a n  p r e p a r a t i o n  for t h e  b i o a s s a y  of p l a s m a  kin ins .  
Howeve r ,  t h i s  m e t h o d  was  uns u i t ab l e ,  s ince t h e  p r e p a r a -  
t i o n  was  n o t  s ens i t i ve  a n d  p r o d u c e d  no  v a s o d i l a t a t i o n  
w i t h  a m o u n t s  of k i n i n  of less t h a n  10 ng. I n  t h e  p r e s e n t  
s tudy ,  a 20 t i m e s  more  sens i t ive  m e t h o d  for t he  a s s a y  of 
k i n i n  is p r e s e n t e d  u t i l iz ing  t he  h i n d - q u a r t e r  of a r abb i t .  

A lb ino  r a b b i t s  of b o t h  sexes we igh ing  3.0-4.0 kg  were  
used. The  a n i m a l s  were a n a e s t h e t i z e d  b y  a n  i.v. i n j ec t ion  
of u r e t h a n e  (1.0 g /kg  b o d y  weight) .  The  ca ro t id  a r t e r y  
was exposed  a n d  a p o l y e t h y l e n e  c a n n u t a  was inser ted .  
One  f emora l  a r t e r y  was  t h e n  i so la ted  a n d  c a n n u l a t e d  

1 A. P. TIIAL, 15. E. KOBOLD and M. J. HOLLEYBERG, Am. J. Surg. 
105, 708 (1963). 

2 j .  A. OATES, K. ~[ELMON, A. SJOFRDSMA, L. GILLESPIE a n d  
D. T. MASON, L a n c e t  1, 514 (1964). 

3 R. E. MANCINI, H.  HUIDOBRO, E. F .  COLLAZO a n d  R. MONASTIR- 
sKY, Proe. Soe. exp. Biol. Med. 123, 227 (1966). 

4 K. ABE, N. WATANABE, N. KrkIMAGAI, T.  I~.IOURI, T.  ~EKI a n d  
K. YOSHINAGA, Experientia 23, 626 (1967). 

5 H. ZACHARIE, J .  MAL~I~.)ilIST, J .  A. ()ATI~S and W. t)ETTIN(~ER, 
J. Physiol. 190, 81 (1967). 

8 A. BINIA, J. C. FASClOLO and O. A. CARRETERO, Acta physiol. 
latinoam. 13) 101 (1963). 


