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10-12 min a f te r  tu rn ing  off CO S flow, bo th  the  waves  show 
a cont inuous  recovery  phase.  However ,  the  slope of th is  
phase,  marked  wi th  broken  lines in figure 2, indicates  t h a t  
the  'b '  wave  had  a s ignif icant ly  slower recovery  ra te  t h a n  
'a '  wave. 

Discussion. The effect  of CO S on E R G  in scorpion is some- 
w h a t  s imilar  to t h a t  r epo r t ed  in worker  honeybee  s . 
However ,  in th is  p repara t ion ,  the  'off '  effect  of t he  re t inal  
ac t ion po ten t i a l  comple te ly  d i sappeared  dur ing  the  ex- 
posure and  reappeared  af ter  t u rn ing  off CO~. Based on 
th is  different ia l  sens i t iv i ty  of the  sus ta ined nega t iv i ty  
and  the  'off '  effect,  Goldsmi th  p roposed  t h a t  these  2 
waves  have  d i f ferent  origins. As the  effects of CO S are 
p ronounced  on second and  h igher  order  neurons,  the  ' o f f  
effect  which  was to ta l ly  abol ished by  the  same is con- 
s idered to have  a more  cent ra l  origin. Such selective 
poisoning of cer ta in  neural  p a t h w a y s  leaving o thers  i n t ac t  
was a t t e m p t e d  by  o ther  workers ,  using such agents  as 
cocaine and  procaine 5. Whi le  s tudy ing  the  effect  of 
cocaine, Be rnha rd  sugges ted  t h a t  t he  negat ive  c o m p o n e n t  
of the  re t ina l  ac t ion  po ten t i a l  in Dyt i scus  or iginates  in t he  
layer  of the  re t inula  cells 6. Swihar t  d e m o n s t r a t e d  t h a t  
procaine,  when  in t roduced  into the  eye via  a corneal  hole 
in Danaus  p lexippus  L. quickly removes  posi t ive  com- 
ponen t s  f rom the  E R G  waveformT. This selective act ion 
of procaine  on the  posi t ive  c o m p o n e n t s  was considered as 

proof  for the i r  origin dis ta l  to  the  b a s e m e n t  membrane .  
In  the  p re sen t  results ,  i t  is s ignif icant  t h a t  the  recovery  
of 'b '  wave  no t  only  proceeds  a t  a much  slower ra te  b u t  
is also delayed by  2-3 rain, when  compared  to the  recovery  
p roces s  in 'a '  wave.  E v e n  a dura t ion  of 2-3 min  m a y  be 
qui te  s ignif icant  in t e rms  of electrical  even ts  in neural  
s t ructures .  I t  appears  therefore  t h a t  CO 2 has  a more  
p ronounced  effect  on the  'b '  wave  and m a y  possibly 
originate,  therefore ,  a t  a locus more  cent ra l  to t he  same 
f rom where 'a '  wave  originates.  This  conclusion f inds 
cor robora t ion  in the  resul ts  of the  dep th - record ing  in th is  
eye wi th  the  microelect rode s. Thus  the  p re sen t  s tudy  
poss ibly  indica tes  t h a t  the  t emp o ra l  aspects  of the  effect  
of exposure  to and recovery  f rom CO S m a y  be helpful  in 
de l ineat ing  the  per iphera l  electrical  events ,  even if such 
exposure  does no t  resul t  in to ta l  suppress ion of one or 
more  componen t s .  
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Summary. 5 - H y d r o x y t r y p t a m i n e  (5-HT) was found in chick re t ina .  5-HT level in chick re t ina  was increased by  the  
admin i s t r a t i on  of pargyl ine  and  decreased by  reserpine,  bu t  r emained  unchanged  wi th  t r y p t o p h a n .  

The exis tence  of ca techolamine2-6,  y -aminobu ty r i c  
acid ~-~o and  acetytchol ine  11,1~ as p u t a t i v e  neuro t rans -  
mi t t e r s  in the  re t inas  of several  species of animals  is well 
documented .  In  regard to  5 - h y d r o x y t r y p t a m i n e  (5-HT) 
in tile ret ina,  however ,  comparab le  in format ion  is lacking. 
While the re  are a few reportslS,  14, including the  de ter -  
mina t ion  of 5-HT in the  re t inas  of some ver tebra tes ,  
H/iggendal  and  Malmfors  a could no t  de t ec t  any  5-HT in 
r abb i t  re t ina.  By  the  h i s toehemica l  m e t h o d  of Falck and  
Hil larp,  Hausch i ld  and  LatieslS suggested the  occurrence 
of 5-HT in a special t y p e  of cells in chick ret ina.  The 
p resen t  paper  deals w i th  q u a n t i t a t i v e  analysis  of 5-HT 
in chick ret ina,  and the  effects  of some drugs on its level. 
Material and methods. Chicks of the  W h i t e  Rock breed 
weighing app rox ima te ly  1 kg were used. Animals  were 
in jec ted  i .p. wi th  pargyline-HC1 (100 mg/kg) 2 h, re- 
serpine (5 mg/kg) 5 h or L - t r y p t o p h a n  (200 mg/kg) 2 h 
before killing. I m m e d i a t e l y  af ter  decapi ta t ion ,  the  eye 
was enucleated,  and  the  re t ina  was rap id ly  r emoved  and 
frozen on d ry  ice. More t h a n  300 mg of re t inal  t issue was 
collected for a sample.  5-HT was ana lyzed  wi th in  24 h af ter  
the  sacrifice. The f luorometr ic  assay using n inhydr in  reac-  
t ion 16 was adop ted  for the  de t e rmina t i on  of 5-HT in the  re t -  
ina, for the  me thod  is qui te  specific for 5-HT and excludes  
the  con t amina t i on  of o the r  indo leamines lL  The re t ina  was 
homogenized  in 5.0 ml of cold acidif ied n -bu tano l  is b y  
using a glass homogenizer  f i t ted  wi th  a Teflon pest le  and  
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5-HT in chick retina 

Treatment 5-HT (ng/g wet wt) 

None 176=E 12 
Pargyline 223:t: 19" 
Reserpine 1094- 7** 
L-Tryptophan 163•  22 

Pargyline-HCl (100 mg/kg) was injected i. p, 2 h, reserpine (5 mg/kg) 
5 h and L-tryptophan (200 mg/kg) 2 h before killing. Means 4- SD 
are given. Each value was obtained from 4 experiments. Significance 
from the value obtained without treatment (Student's t-test); 
*p < 0.02; **p < 0.001. 

cen t r i fuged  (3000 rpm,  5 min) .  The  s u p e r n a t a n t  was de-  
c a n t e d  in to  a glass cen t r i fuge  tube ,  s h a k e n  v igorous ly  w i t h  
5.0 ml  of t he  b o r a t e  buf fe r  so lu t ion  19 (pH 10.0) s a t u r a t e d  
w i t h  NaC1, and  cen t r i fuged  (3000 rpm,  5 min) .  A 3.0-m! 
a l iquo t  of t he  s u p e r n a t a n t  was  t r an s f e r r ed  to  a n o t h e r  cen-  
t r i fuge  t u b e  c o n t a i n i n g  1.5 ml of 0.05 M sod ium p h o s p h a t e  
buf fe r  (pH 7.0) a n d  6.0 ml  of n -hep tane ,  s h a k e n  vigor-  
ous ly  and  cen t r i fuged  (3000 rpm,  5 min) .  1 ml  of t he  
aqueous  phase  was t r a n s f e r r e d  to  a t e s t  t u b e  c o n t a i n i n g  
0.2 ml  of 0.1 M n i n h y d r i n  solut ion,  h e a t e d  a t  75~ for 
30 min  in an  oil b a t h ,  cooled w i t h  t a p  water ,  and  lef t  a t  
room t e m p e r a t u r e  for  15 rain.  The  f luorescence of t he  
so lu t ion  was m e a s u r e d  w i th  exc i t a t i on  a t  385 n m  a n d  
emiss ion a t  490 n m  26 
Results and discussion. The  resu l t  is shown  in the  tab le .  
A n  apprec iab le  a m o u n t  of 5 -HT was found  in the  r e t i n a  
of the  u n t r e a t e d  chick,  t h o u g h  t he  level  is m u c h  lower 
t h a n  t h a t  in  the  b ra in .  The  5 -HT level  was  increased b y  
t he  a d m i n i s t r a t i o n  of pargy l ine ,  a p o t e n t  i nh ib i t o r  of 
m o n o a m i n e  oxidase.  This  shou ld  be  c o m p a r e d  w i t h  t he  
resu l t  o b t a i n e d  w i t h  t he  p inea l  body ,  because  of t h e  
s imi l a r i t y  in  embryo log ica l  or igins  of t he  r e t i n a  and  p inea l  
b o d y  2~ I n  the  p inea l  body ,  5 -HT localizes in  p inea locy te  

c y t o p l a s m  a n d  p lays  exc lus ive ly  the  role of t he  p recurso r  
of m e l a t o n i n  ~1. The  level of 5 -HT in p inea l  b o d y  is n o t  
increased  b y  t h e  a d m i n i s t r a t i o n  of a m o n o a m i n e  oxidase  
i n h i b i t o r  ~. Thus,  the  increase  in 5 -HT found  in ch ick  
r e t i n a  a f t e r  t he  a d m i n i s t r a t i o n  of pa rgy l ine  suggests  t he  
role of 5 -HT in t he  r e t i n a  o the r  t h a n  t he  p recursor  of 
m e l a t o n i n  syn thes i s  ~3. 
5 -HT in t he  r e t i n a  was decreased  b y  t he  a d m i n i s t r a t i o n  
of reserpine .  This  resu l t  i nd ica tes  t he  presence  of t he  
rese rp ine-sens i t ive  s torage  m e c h a n i s m  ~4 of 5 -HT in ch ick  
re t ina .  Th i s  resu l t  also suppor t s  the  idea t h a t  5 -HT in the  
r e t i n a  m i g h t  ac t  as a n e u r o t r a n s m i t t e r .  
5 -HT in ch ick  r e t i n a  r e m a i n e d  u n c h a n g e d  a f te r  t he  ad-  
m i n i s t r a t i o n  of t r y p t o p h a n .  Th i s  r e su l t  ind ica tes  t h a t  t h e  
level  of 5 -HT in ch ick  r e t i n a  is n o t  d e p e n d e n t  on t h e  
level  of t r y p t o p h a n ,  p r o b a b l y  due  to  t he  h ighe r  concen t r a -  
t i on  of t r y p t o p h a n  in u n t r e a t e d  ch ick  retina25 t h a n  t h a t  
in  the  b ra in ,  w h i c h  m a y  cause  t h e  s a t u r a t i o n  of t r y p t o p h a n  
h y d r o x y l a s e  w i t h  i ts  subs t r a t e .  
Chick  r e t i n a  seems to  be  an  a p p r o p r i a t e  m a t e r i a l  for t he  
s t u d y  of the  phys io logica l  role of 5 - I tT  in t he  re t ina ,  
s ince 5 -HT level  in ch ick  r e t i n a  seems to be  m u c h  h igher  
t h a n  t h a t  in  r a t  or r a b b i t  r e t ina ,  and  in add i t ion ,  ch ick  
r e t i n a  is r e l a t ive ly  large  in size a n d  can  be  easi ly  excised.  
The  possible  role of 5 -HT in t h e  r e t i n a  is u n d e r  inves t iga -  
t i on  i n  our  l abo ra to ry .  

19 D.F. Bogdanski, A. Pletscher, B. B. Brodie and S. Udenfriend, 
J. Pharmac. exp. Ther. 177, 82 (1956). 

20 R.J .  Wurtman, J. Axelrod and D. E. Kelly, in: The Pineal, p. 
2. Academic Press, New York 1968. 

21 W.B.  Quay, in: Pineal Chemistry, p. 143. Charles C. Thomas, 
Springfield 1974. 

22 S.H. Snyder, J. Axelrod and M. Zweig, J. Pharmac. exp. Ther. 
758, 206 (1967). 

23 D.P. Cardinali and J. M. Rosner, J. Neurochem. 18, 1769 (1971). 
24 R.J .  Baldessarini, in: Handbook of Psychopharmacology, Bio- 

chemistry of Biogenic Amines, vol. 3, p. 37. Ed. L. L. Iversen, 
S. D. Iversen and S. H. Snyder. Plenum Press, New York 1975. 

25 O. Suzuki, E. Noguchi and K. Yagi, unpublished result. 

Polypept ides  of cerebral  subcel lular  fract ions  of d i f ferent ia l ly -housed  mice  1 

F. P. Conde and  F. V. D e F e u d i s  

Istituto Nazionale per lo Studio e la Cura dei Tumori,  Oncologia Sperimentale A ,  Mi lan  (Italy), and Facultad de Medicina 
Universidad A ut6noma y Centro Nacional 'Ramdn y Ca]al', Madrid (Spain), 6 December 7976 

Summary .  The  di f ference in p ro te in  of ce rebra l  ne rve - end ing  f rac t ions  caused  b y  d i f fe ren t ia l  hous ing  Of male  mice  
is of a q u a n t i t a t i v e  n a t u r e  a n d  m i g h t  ref lect  a change  in t he  n u m b e r  of ne rve -end ings .  

R e c e n t  s tud ies  h a v e  revea led  t h a t  s y n a p t o s o m a l  f r ac t ions  
of t he  b r a i n s  of aggress ive  ' i so la ted '  mice con t a in  less 
p ro t e in  t h a n  those  of t he i r  ' agg rega t ed '  coun te rpa r t s~ ,  3. 
Th i s  e n v i r o n m e n t a l l y - i n d u c e d  change  ha s  been  cor re la ted  
w i th  changes  in t he  ' b i n d i n g '  of p u t a t i v e  cen t r a l  neuro -  
t r a n s m i t t e r s  (e.g., ~ - a m i n o b u t y r i c  acid,  glycine,  ace ty l -  
chol ine  4,5) and  p sycho -ac t i ve  agen t s  (e.g., d - a m p h e t a -  
m ine  and  Li +~,7 to  subce l lu la r  s t r u c t u r e s  of the  b ra in .  
Such  f ind ings  h a v e  led to t he  c o n t e n t i o n  t h a t  i nd iv idua l  
hous ing  of mice causes  a decrease  in t he  n u m b e r ,  size, or 
d e v e l o p m e n t  of ce rebra l  ne rve -end ings  8. To e luc ida te  
f u r t h e r  th i s  p o s t u l a t e d  morpholog ica l  change ,  t h e  p ro t e in  
c o n t e n t s  a n d  p o l y p e p t i d e  profi les of ce rebra l  ne rve-  
end ing  f rac t ions  of d i f fe ren t i a l ly -housed  mice h a v e  been  
examined .  

Materials and methods. Male, Swiss a lb ino  mice were dif- 
f e ren t i a l ly -housed  f rom wean l ing  age (21-22 days) for 
6-7  weeks 9. Af te r  decap i t a t i on ,  t he i r  b ra ins  ( rost ra l  to  t h e  
infer ior  colliculi;  exc lud ing  cerebel lum) were excised, 
Weighed, a n d  homogen i zed  a t  0~ in 20 vol. i somot ic  
(0.32 OsM) sucrose solut ion.  Po r t i ons  (5 ml) of h o m o -  
gena tes  were used to  p r epa re  ' s y n a p t o s o m a l '  (P,) f rac-  
t ions  1~ These  were r e suspended  in 1.5 ml  of 0.32 M 
sucrose solut ion,  a n d  1.2-ml a l iquo ts  were cen t r i fuged  a t  
53 ,000•  1 h, on  d i scon t inous  g rad ien t s  cons is t ing  of 
(from top  to b o t t o m ) :  3.0 ml  0.6 M, 3.0 ml  0.8 M, 3.0 ml  
1.0 M, 3.0 ml  1.2 M a n d  4.5 ml  1.6 M sucrose solut ions .  
G r a d i e n t  f r ac t ions  (0.5 ml) were col lected and  the i r  pro-  
t e in  c o n t e n t s  were e s t i m a t e d  11. Fo r  po lyac ry l amide  gel 
e lectrophoresis ,  t h e  a p p a r a t u s  descr ibed  b y  S tud ie r  12 


