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d a r k - a d a p t e d  re t inas  have  been publ ished elsewhere in 
conjunc t ion  wi th  an his tor ical  review 4. We conf i rmed the  
presence  of a 500-rim p i g m e n t  in a few regenera ted  ret inas,  
b u t  these  expe r imen t s  had  no t  been p lanned  as a bio- 
chemical  s t u d y  and  our  purpose  here is only  to  r epor t  
qua l i t a t ive  results�9 
The figure shows t h a t  re t inas  which  had  been sepa ra ted  
f rom the  p igmen t  ep i the l ium showed poor  regenera t ion  
of p igmen t  (scores in the  v ic in i ty  of 1). This conf i rms t h a t  
b leaching had  occurred during the  per iod of l i gh t - adap ta -  
t ion and t h a t  a bare eyecup will no t  suppor t  regenera t ion .  
The re t inas  which had  been n e x t  to the  p igmen t  ep i the l ium 
showed good regenera t ion  of p igmen t  (scores of 2-3), re- 
gardless of whe the r  the  pho to recep to r s  had  ac tua l ly  con- 
t ac t ed  the  p igmen t  ep i the l ium or had  been  separa ted  f rom 
it  by  the  th ickness  of the  retina�9 

4 M.F. Marmor and L. J. Martin, Surv. Ophthal. 22, 279 (1978). 

The r ep lacemen t  of peeled re t inal  t issue upon  the  p i g men t  
ep i the l ium can never  be precise a t  a cellular level, so t h a t  
even Ki ihne ' s  original  work  impl ied the  exis tence of dif- 
fusible factors�9 Our resul ts  w i th  upside down  re t inas  indi-  
cate  t h a t  these factors  can t raverse  the  th ickness  of r e t ina  
and  do no t  depend  on m e m b r a n e  co n t ac t  be tween  the  
pho to recep to r s  and  the  apical  microvil l i  of the  p i g m e n t  
epi thel ium�9 Inves t iga to r s  have  t r ied since Ki ihne ' s  t ime  
to isolate the  subs tances  which diffuse be tween  re t ina  and  
p i g m e n t  ep i the l ium dur ing  da rk -adap ta t i on ,  bu t  have  had  
l imi ted  success 3. We hope t h a t  our  observa t ion ,  which  
po in t s  ou t  t h a t  the  p i g men t  ep i the l ium can s u p p o r t  re- 
genera t ion  across a tangib le  dis tance,  will help inves t i -  
gators  working on the  b iochemis t ry  of rhodopsin .  The  
abi l i ty  to  ob ta in  regenera t ion  across a s ign i f i can t  gap of 
t issue m a y  allow some new approaches  such as micro- 
f i l t ra t ion or the  chemical  analysis  of subs tances  wi th in  t he  
gap. 
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Summary. Changes in brain  serotonin  levels are corre la ted  wi th  tile l a tency  of an ear ly  c o m p o n e n t  of aud i to ry  evoked 
poten t ia l s  (EAEP)  in rats.  In  fact  5 - h i d r o x y t r y p t o p h a n  provokes  an increase bo th  in serotonin  bra in  synthes is  and 
in the  la tency  of E A E P .  On the  o ther  hand,  P C P A  provokes  an opposi te  effect. 

Previous  f indings by  his tof luorescence me thods  have  
revealed serotoninergic  s t ruc tures  in some areas of CNS 
wi th in  the  acoust ic  pa thways �9  Serotoninergic neurons  have  
been observed,  dorsa l ly  and  ven t ro la te ra l ly  in respect  
to the  t rapezoid  body,  in the  caudal  por t ion  of the  pos-  
ter ior  collicle and the  medial  geniculate  body  z, while 
sero tonmergic  nervous  endings  have  been  fourtd in the  
dorsal  coclear nucleus, in t he  inferior ol ivar  complex,  in 
the  poster ior  collicle and  in t he  medial  geniculate  body  2. 
Many  au thors  have  hypo thes i zed  t h a t  cerebral  sero tonin  
(5-HT) plays  an i m p o r t a n t  role in inh ib i to ry  modu la t ion  
upon  the  discharge p a t t e r n s  of those  nervous  s t ruc tu res  

. ' . , "  : 
1. : ' : ' " , ;  �9176 . . 

Peak 

�9 ~ 

 I10 v 

t oward  which its fibres tuna,  4, thus  of ten  giving rise, a t  
a behavioura l  level, to act ivi t ies  of an inh ib i to ry  type  5, 8. 
We have  s tudied  the  la tency  var ia t ions  of an early com- 
p o n e n t  of tile cort ical  acoust ic-evoked po ten t ia l s  (EAEP)  
in the  ra t  according to the  levels of b ra in  5-HT, in order  
to es tabl ish  a possible re la t ionship  be tween  serotoninergic  
ac t iv i ty  and the cent ra l  acoust ic  function�9 
Materials and methods�9 Sprague-Dawley  adul t  male rats,  
weighing 250-300 g, were imp lan ted  wi th  3 chronic  
s ta inless-s teel  e lectrodes:  1 in the  b r eg ma  and 1 in the  
nasion,  closely connec ted  wi th  the  dura  mater ,  and  the  
3rd inser ted  under  the  per iaur icular  skin v. The experi-  
m e n t  took place a t  least  1 week following surgery:  20 
clicks a t  0.5 Hz, o r ig ina t ing  f rom a square  pulse of 0.12 
msec dura t ion  and wi th  an in t ens i ty  of 100 db  (sensat ion 
level), were admin i s t e red  by  a small  speaker  p laced at  
20 cm f rom the  animal  in an anechoic  room. Brain  res- 
ponses  were amplif ied by  art E E G  wi th  a f lat  f r equency  
f rom 3.2 to 3200 Hz and  averaged  by  a c o m p u t e r  wi th  
a pos t - s t imul i  analysis  t ime of 50 msec. Averaged  res- 
ponses  were led in to  an oscilloscope and  recorded wi th  a 
camera�9 The e x p e r i m e n t  s t a r t ed  af ter  30 min a d a p t a t i o n  
to the  new e n v i r o n m e n t  condi t ions ,  when  the  exp lo ra to ry  
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Fig. 1. The averaged response to 20 clicks of 100 db (sensation level) 
with a post-stimuli analysis time of 50 msee recorded on dura m a t e r  
at bregma in albino rats is represented�9 
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act ivi t ies  ceased and the  1st E E G  signs of drowsiness  
appeared .  In  order  to change brain 5-HT synthesis ,  the  
following drugs were used : 5 - h y d r o x y t r y p t o p h a n  (5-HTP) 
was given at  a dose of 50 mg/kg  b .wt ;  L - t r y p t o p h a n  
(L-Try) a t  t he  dose of 100 mg/kg  b .wt ;  p -ch lorophenyl -  
a lan ine(PCPA),  a r a the r  seIective t r y p t o p h a n  hydroxy lase  
inhib i tor  s, a t  a dose of 100 mg/kg  dai ly  for 3 days.  For  
all t r e a tmen t s ,  the  route  of admin i s t r a t ion  was i.p. a t  a 
vo lume of 2 ml/100 g b .wt .  A group of 4 rats  (A) were 
t r e a t ed  1st w i th  saline, to es tabl ish if the  expe r imen ta l  
hand l ing  of the  animals  migh t  inf luence the  E A E P ' s  
la tency,  t hen  wi th  5 -HTP and f inal ly wi th  L-Try,  a t  
in te rva ls  of 48 h according to a lat in square  design.  A 
t r ia l  of 2 consecut ive  E A E P  was recorded  at  30 and 60 
min  af ter  each t r e a t m e n t .  A 2nd group of 4 an imals  (B) 
was  t r e a t e d  wi th  P C P A  and 2 consecut ive  recordings  
were ob ta ined  24 h af ter  the  last  drug  admin i s t r a t ion .  
15 min af ter  the  last  click, the  animals  received 5 -HTP 
a t  a dose of 50 mg/kg,  and a t r ial  of 2 consecut ive  aud i to ry-  
evoked po ten t i a l s  was recorded 30 and 60 min a f te r  th is  
t r e a t m e n t .  Af te r  each t r e a t m e n t ,  groups  of 4 animals  
were s t imula ted ,  and then  killed a t  d i f fe rent  t ime  inter-  
vals. Controls  animals  were only  acoust ica l ly  s t imula ted .  
The bra in  was immed ia t e ly  taken,  to  measure  cerebral  
5-HT according to the  m e t h o d  of Curzon and Green 9. 

Sta t is t ica l  eva lu ta t ion  was made  by  S tuden t ' s  t - tes t .  
Results.  At first,  2 check records  were ob ta ined  before 
each drug  admin is t ra t ion .  As seen in figure 1, the  sequence 
of aud i to ry -evoked  po ten t i a l s  showed a negat ive  wave  
(EAEP)  a t  the  onset ,  and  the  peak  mean  latencies  were 
ve ry  s imilar  to  those  descr ibed by  Kern  et  al. in guinea-  
pigs 1~ Resul ts  of drug t r e a t m e n t  on the  l a tency  of E A E P  
are recorded in figures 2 and 3. The admin i s t r a t ion  of 
5 -HTP to group A caused l a t ency  increase of the  onset(os) 
and the  peak(p) of E A E P ' s  a t  30(os = + 6 .8%;  p = + 
7.8%) or 60 min(os = + 6 . 8 % ;  p = + 12.3%) a f te r  
its admin i s t ra t ion .  The increases of 5-HT were, res- 
pect ively,  67.3% at  30 min,  and 70.7% a t  60 min.  L -Try  
admin i s t r a t ion  did no t  cause in these  animals  any  ap- 
preciable var ia t ion  in the  E A E P ' s  la tency.  Af ter  th is  
t r e a t m e n t ,  the  increase of 5-HT were 17.8% and 13.2% 
at  30 and 60 min  respect ively.  Saline did no t  modi fy  
e i ther  E A E P ' s  l a tency  or 5-HT levels. After  P C P A  
admin i s t r a t i on  to the  animals  of group B, we observed 
a shor ten ing  of E A E P ' s  peak  la tency  (p = -- 4.7%). Such 
decrease was blocked and  reversed by  a subsequen t  
admin i s t r a t ion  of 5 -HTP,  the  E A E P ' s  l a tency  being 
grea ter  t h a n  t h a t  of t he  u n t r e a t e d  animals  af ter  this  
t r e a t m e n t .  This  increase reached a m a x i m u m  af ter  30 min 
(os = + 8.9% ; p = + 7.8%), being still h igher  af ter  
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I~'ig. 2. The graphs represent the mean latency trend of EAEP's on- 
set and peak; vertical bars are SEM; asterisks indicate statistically 
significant differences from untreated animals (*p < 0.05, **p < 
0.005). The columns represent the brain 5-HT levels express in 
~g/g; vertical bars are SEM. For the doses used, the time intervals 
and other details, see the text. 
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Fig. 3. The graphs represent the mean latency trend of EAEP's on- 
set and peak; vertical bars are SEM; asterisks indicate statistically 
significant differences from untreated animals (*p < 0.05, **p < 
0.005). The columns represent the brain 5-HT levels express in ~g/g; 
vertical bars are SEM. For the doses used, the time intervals and 
other details, see the text. 



15.3. 1978 Speeialia 377 

6 0 m i n ( o s  = + 6 .1%;  p = + 4 . 3 % ) .  Af te r  P C P A  ad-  
min i s t r a t i on ,  5 -HT levels decreased  27.4%.  Af te r  a 
s u b s e q u e n t  a d m i n i s t r a t i o n  of 5 -HTP,  b r a i n  levels of 
5 -HT reached  va lues  of 66% a n d  62% a t  30 and  60 min,  
respect ively ,  as c o m p a r e d  w i t h  t he  controls .  
Discussion. Our  d a t a  s t rong ly  s u p p o r t  a d i rec t  r e l a t ionsh ip  
b e t w e e n  t h e  levels of b r a i n  5-HT a n d  E A E P ' s  l a tency .  
The  a d m i n i s t r a t i o n  of 5 -HTP,  which  causes  a s t rong  
increase  of the  levels of b r a i n  5-HT, is able  to  raise  the  
E A E P ' s  l a t ency  (onset  a n d  peak) ,  b o t h  in e x p e r i m e n t  A 
a n d  in e x p e r i m e n t  B. T he  on ly  dif ference in to  t he  effect  
of 5 - H T P  t r e a t m e n t  in e x p e r i m e n t  B seems to be a sho r t e r  
l a s t ing  effect  on  la tency.  The  fac t  t h a t  t he  5 -HT c o n t e n t  
a f t e r  P C P A  t r e a t m e n t  c a n n o t  be res to red  to  n o r m a l l e v e l  
b y  the  fol lowing 5 - H T P  a d m i n i s t r a t i o n ,  m a y  be  respons ib le  
for t he  sho r t  d u r a t i o n  of t he  effect. On t he  o the r  h a n d ,  
PCPA,  which  causes  a s t rong  decrease  of ce rebra l  5-HT, 
is able  to reduce  the  E A E P ' s  peak  la tency .  However ,  
t he  increase  of E A E P ' s  l a tency ,  caused  b y  t he  a d m i n i s t r a -  
t ion  of 5 -HTP,  was higher ,  in abso lu te  values ,  as c o m p a r e d  
w i th  t he  decrease  of E A E P ' s  l a t ency  caused  b y  t h e  ad-  
m i n i s t r a t i o n  of PCPA.  T he  evoked  cor t ica l  responses  are 
a n  ob jec t ive  p a r a m e t e r  of t he  func t ion  of these  n e r v o u s  

p a t h w a y s .  The  lag b e t w e e n  t he  s t imul i  a n d  t he  responses  
are  in  d i r ec t  r e l a t i onsh ip  w i t h  t he  i n d u c t i o n  or t he  in-  
h i b i t i o n  of t he  ne rvous  p a t h w a y s  a f fe ren t  to  t he  i n t e r e s t e d  
sys tem.  Our  resu l t s  show m a i n l y  t he  i n h i b i t o r  e f f e c t u p o n  
t he  cen t r a l  acous t ic  p a t h w a y s  b y  increas ing  t he  syn thes i s  of 
b r a i n  5-HT. The  lack of a s t rong  co r r e spond ing  decrease  
of E A E P ' s  l a t e n c y  b y  d imin i sh ing  t he  levels of th i s  
m o n o a m i n e  m a y  p r o b a b l y  be  due  to  t h e  k n o w n  p rope r t i e s  
of t he  CNS, as t he  conduc t ion  ve loc i ty  of a s t imu lus  
does no t  increase  b e y o n d  a l imit ,  due  to t he  b iophys ica l  
p rope r t i e s  of t he  ne rve  fibres.  Such  i n h i b i t o r y  ac t ion  can  
be  exe r t ed  t h r o u g h  t he  a c t i v a t i o n  of se ro ton inerg ic  
s t ruc tu res ,  whose  presence  ha s  been  obse rved  a long  t h e  
n e r v o u s  acous t ic  p a t h w a y s .  F ina l ly ,  i t  can  be h y p o t h e -  
sized t h a t  f e edback  mechan i sms ,  t h r o u g h  t he  5 -HT 
synthes is ,  r egu la te  the  s t imul i  a d a p t a t i o n  in the  an ima l s  11. 
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Lipofuscin accumulation in squirrel monkey spinal cord consequent to protein malnutrit ion during 
gestation 1 
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Summary. The  f o r m a t i o n  of l ipofuscin p i g m e n t  in t he  an t e r io r  h o r n  cells of t he  cerv ica l  sp ina l  cord  has  shown  in t he  
fetuses and  n e o n a t e s  u n d e r  the  ex t r ins ic  inf luence  of m a t e r n a l  p ro t e in  d e p r i v a t i o n  du r ing  the  ges t a t ion  per iod  in t he  
squir re l  monkeys .  

A l t h o u g h  t he  h e a l t h y  squi r re l  m o n k e y s  of t he  genus  
Saimiri, in t h e i r  a d u l t  life, are cha rac t e r i zed  b y  t he  
presence  of l ipofuscin  p i g m e n t  in the  va r ious  areas  of t he  
ne rvous  sys tem,  i ts  a p p e a r a n c e  as ear ly  as the  fe ta l  or 
n e o n a t a l  per iod  has  no t  been  obse rved  or descr ibed  b y  
ear l ier  workers .  L ipofusc in  p igmen t ,  genera l ly  refer red  
to as t he  ' ag ing  p i g m e n t ' ,  appea r s  in smal l  a m o u n t s  in 
the  neu rons  of t he  a d u l t  an i m a l s  inc lud ing  the  h u m a n s  
and  increases  q u a n t i t a t i v e l y  as t he  o r g a n i s m  ages2, a. 
Such  a n  a c c u m u l a t i o n  of l ipofuscin  p i g m e n t  in  t he  aging 
ne rve  cells could  lead to s ign i f ican t  changes  in n o r m a l  
cel lular  phys io logy ,  wh ich  h a v e  a d i r ec t  bea r ing  on  im- 
p o r t a n t  neurophys io log ica l  func t ions  4. I n  n o r m a l  h e a l t h y  
animals ,  l ipofuscin  p i g m e n t  is no t  obse rved  un t i l  a f t e r  
the  age of 3 m o n t h s  in  rhesus  m o n k e y s  ~ a n d  2 or 2.5 
years  in  hogs a n d  dogs ~, ~. 
We  r epo r t  t h a t  typ ica l  l ipofuscin  p igmen t ,  h i s tochemica l ly  
iden t i ca l  to  t he  aging  or 'wear  and  t ea r '  p i g m e n t  8, ac- 
c u m u l a t e s  in t he  an t e r i o r  h o r n  cells of t he  sp ina l  cord 
of t he  squi r re l  m o n k e y s  b o r n  to m o t h e r s  g iven  p ro t e in  
def ic ien t  d ie ts  d u r i n g  m o s t  of the  ge s t a t i on  period.  The  
day  of concep t ion  was d e t e r m i n e d  by  phys ica l  p a l p a t i o n  
of t he  u t e rus  on  a f ixed day  eve ry  week  a n d  cytologic  
e x a m i n a t i o n  of t he  vag ina l  smears .  Before  concept ion ,  
the  squi r re l  m o n k e y s  weighed 620-710 g. Beg inn ing  a t  
d a y  35 of concept ion ,  t he  cr i t ica l  pe r iod  of rap id  b ra in  
growth ,  59 squi r re l  m o n k e y s  were m a i n t a i n e d  in 2 groups  
p icked  up  a t  r a n d o m  f rom t he  co lony on  ad  l i b i t u m  h igh  
p ro t e in  (25% calories f rom casein as a p r o t e i n  source) 
a n d  low p ro t e in  (8% calories f rom pro te ins)  r eg imens  

w i t h  40% calor ies  f rom a fa t  source a n d  s u p p l e m e n t e d  
w i t h  v i t a m i n s  a n d  minera ls .  The  h ighe r  level  of calories 
f rom fa t  appea r s  to  i m p r o v e  the  t a s t e  of food and  he lps  
increase  t he  t o t a l  calor ic  i n t ake  9,1~ Fe tuses  f rom 2 
an ima l s  in each  group  were r e m o v e d  b y  cesa r ian  sec t ion  
a t  115 days  and  140 days  of ges ta t ion .  T o g e t h e r  w i t h  t he  
n e o n a t e s  these  c o n s t i t u t e d  t he  28 an ima l s  we inves t iga ted .  
W h e r e a s  t he  h e a l t h y  n e o n a t e s  weighed  a b o u t  115 g, t he  
m a l n o u r i s h e d  n e o n a t e s  weighed a r o u n d  80 g. The  calor ic  
i n t a k e  of t he  m o t h e r s  in h igh  and  low p r o t e i n  g roup  
r a n g e d  f rom 80 to 120 calories pe r  a n i m a l  per  day.  No 
s t a t i s t i ca l ly  s ign i f i can t  di f ference in t he  t o t a l  ca lor ic  
i n t a k e  was obse rved  in t he  2 groups,  excep t  d u r i n g  t he  
f i rs t  30 days  in t he  low p ro t e in  group.  The  ave rage  i n t a k e  
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