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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 .  
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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 
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and the discont inuous procedure  of Laemmli13 were em- 
ployed.  Samples  were boiled a t  100~ for 4 min ~4,15 in 
the  presence of 2-mercaptoe thanol  (0.3 M) and 2% sodium 
lauryl  sulfate (w/v), then mixed  wi th  sample mixture13, 
and then  slabs were run at  10 mA unt i l  a Bromophenol  
blue marker  reached about  1 cm below the origin of the  
10% gel and thereaf te r  at  2O mA unt i l  the  marker  reached 
6-7.5 cm from the  origin of the 10% gel. Gels were s tained 
wi th  Coomassie Bri l l iant  Blue R2501~ and de-stained by  
diffusion at  56~ in 10% acetic acid (v/v). Bovine  serum 
albumin,  human  IgG3, and cy tochrome-C (cyt-C) served 
as markers .  
Results  and  discussion. Samples  separated by gradient  
f rac t ionat ion  were frozen and thawed before protein 
analyses. Gradient  profiles of to ta l  protein possessed 
several  peaks ;  i .e. ,  at  the  interfaces of 0.6 : 0.8 M, 0.8 : 1.0 
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Fig. 1. Representative results of polyacrylamide slab gel electrophoresis of polypeptides of subcellular fractions of the brains Of dif- 
ferentially-housed mice. Gradient fractions Nos. 20 and 25 of an 'isolated' (lI) and an 'aggregated' (4A) mouse were analyzed. The P2 
fraction of an 'aggregated' mouse (4A) is included for comparison. The total amounts of protein (in ~zg) in 40 [xl of these fractions, and 
the markers ,BSA,  light (L) and heavy (H) chains of IgG3, and eytoehrome C (cyt C), are indicated; bands are numbered. No quali tat ive 
differences existed between bands from 'isolated' and 'aggregated' mice. 
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Fig. 2. Representative results of polyacrylamide slab gel electrophoresis of polypeptides of subcellular 'juetional complexes' prepared 
from the brains of 'isolated' (2I) and 'aggregated' (SA) mice. 20 ~1 of a P2 fraction frorri an 'aggregated' mouse (4A), which was not treated 
with Triton X-100, is presented for comparison. The volumes (in [zl) and the total protein contents (in [xg) of samples, and the markers, 
BSA, light (L) and heavy (H) chains of IgG3, and cytochrome C (cyt C), are indicated. The anmunts of markers used were: cyt C (2.4 [/.g) ; 
IgG3 (3 [xg) ; BSA (1.2 [zg). Bands are numbered, and some estimates of molecular weights are provided. Note that no qualitative differences 
existed between samples prepared from the brains of 'isolated' and 'aggregated' mice. 

M, and 1.0:1.2 M sucrose and jus t  above the  1.2:1.6 M 
interface.  The only  s ignif icant  difference occurred in t he  
region of the  1.2:1.6 M interface  a t  which a grea ter  
a m o u n t  of pro te in  was p resen t  in part icles  f rom the  bra ins  
of ' aggrega ted '  mice than  in those f rom ' isolated '  mice 
(combined f ract ions  Nos. 24-26 conta ined  1.09 -t-0.16 
mg pro te in  for ' aggrega ted '  mice vs 0.63 • 0.08 mg pro-  
te in  for ' i solated '  mice;  means  i SEM, n ~ 5 in each 
case;  p < 0.02). F rac t ions  Nos. 20 and 25, represen t ing  
pro te in  peaks  localized a t  the  1.0:1.2 3/I interface and 
above the  1.2:1.6 M interface,  were analyzed by  gel 
e leetrophoresis .  Fo r  resul ts  shown in figure 1, 40 ~xl of 
samples  were mixed  wi th  20 ~1 of a solut ion wh ich  pro-  
v ided a final concen t ra t ion  of 2.25% SDS and 0.284 M 
2-mercaptoe thanol ,  and  the  samples  were run on a single 
slab. A good corre la t ion exis ted be tween  to ta l  Lowry  
pro te in  and the  general  in tens i ty  of po lypep t ide  staining 
in the  slabs. A l though  f rac t ion No. 25 f rom ' aggrega ted '  
mice conta ined  more  p ro te in  t h a n  t h a t  of ' i solated '  mice, 
no qua l i ta t ive  differences exis ted in any  of the  30 b a n d s  
t h a t  were resolved. Also, t h o u g h  fract ions Nos. 20 and  25 
f r o m  ' i sola ted '  and  ' aggrega ted '  mice were of similar poly-  
pep t ide  composi t ion,  no t  all bands  p resen t  in f ract ion No. 
20 were p resen t  in f rac t ion No. 25. Figure  2 provides  re- 
suits  ob ta ined  wi th  samples  prepared  for the  non-soluble  
Tri ton X-100 f rac t ion  ( ' junct ional  complex14,1~. Much 
less pro te in  was p re sen t  in m a n y  of the  bands  a f te r  ex- 

t rac t ion  wi th  Tri ton X-100, and  some bands  be tween the  
l ight chain o ! IgG3 (L) and cyt -C markers  were p resen t  in 
f ract ion 20 bu t  absen t  f rom fract ion 25. 
Al though  quan t i t a t i ve  differences in to ta l  prote in  were 
evident ,  no qua l i ta t ive  differences in p ro te in  subfrac t ions  
were observed be tween  cerebral  samples  prepared  f rom 
' isolated '  and ' aggrega ted '  mice. Since fract ion No. 25, 
localized at  a region of the  gradients  known to con ta in  
nerve-endings  1~ differed quan t i t a t ive ly ,  bu t  no t  quali-  
ta t ively ,  be tween  ' i sola ted '  and  ' aggregated '  mice, this  
difference appears  to  be due to a change in the number of 
nerve-endings  r a the r  t h a n  to  a modif icat ion of their  molec- 
ular  composi t ion.  This  f inding migh t  be due to  a de-  
crease in the  synthes is  and /o r  axoplasmic  flow of p ro te in  
in the  brains  of ' i sola ted '  mice, which have  been shown 
previous ly  to have  a decreased metabol ic  ra te  s. 
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