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the  h i s tochemica l  results .  The  un i t s  wh ich  were ana lysed  
are genera l ly  r e p r e s e n t a t i v e  of t he  b r o a d  popu la t i on  of 
47 m o t o r  un i t s  p r ev ious ly  s tud ied  in s k u n k  m. gas t ro-  
cnemius% Slow (3) and  fas t  (1) c o n t r a c t i n g  un i t s  w i t h  
va r i ab l e  t w i t c h  t ens ions  and  fa t igue  cha rac te r i s t i c s  were 
s tud ied .  The  on ly  excep t ions  to t he  typ ica l  n a t u r e  (for 
the  skunk)  of t he  phys io logica l  resu l t s  were the  o b s e r v a -  
t ions  of ' sag '  in  a slow m o t o r  u n i t  and  the  presence  of 
p o s t - t e t a n i c  p o t e n t i a t i o n  in 2 of t he  slow t w i t c h  uni ts ,  
Motor  u n i t  2 ( con t r ac t i on  t i m e  = 53 msec) showed  dis- 
t i n c t  sag, a p r o p e r t y  wh ich  ha s  been  used to s epa ra t e  
fas t  f rom slow c o n t r a c t i n g  m o t o r  un i t s  in  the  ca t  ~. 
A n o t h e r  p r o p e r t y  n o r m a l l y  assoc ia ted  w i t h  fas t  con-  
t r a c t i n g  uni t s ,  p o s t - t e t a n i c  potent ia t ionS4,  was found  in 
slow un i t s  1 and  3. 
The  h i s tochemica l  p roper t i e s  of the  c o m p o n e n t  f ibres  of 
each  muscle  u n i t  were r e m a r k a b l y  un i fo rm.  Of t he  f ibres  
s tud ied  in our  4 un i t s  on ly  3 were non-un i fo rm.  These  all  
occur red  in u n i t  4. These  excep t iona l  f ibres were h y p e r -  
t r oph i ed  and  a typ i ca l l y  sphero id  in shape,  a n d  t h e y  were 
cha rac t e r i zed  b y  low s t a in ing  in tens i t i e s  for all  enzymes .  
These  f ibres  were s imi l ia r  in m a n y  respec t s  to  t he  g i an t  
f ibres  p rev ious ly  r epo r t ed  in pig muscle  ~5. I t  is ou r  
conclusion t h a t  t he  gylcogen dep le t ion  shown in these  
f ibres  is n o t  the  r e su l t  of the  s t i m u l a t i o n  r eg imen  b u t  
s imp ly  ref lects  an  overa l l  lack  of s ta in ing .  

Our  f indings  are in  a g r e e m e n t  w i t h  the  d i rec t  cor re la t ion  
of c o n t r a c t i o n  speed w i t h  myof ib r i l l a r  A T P a s e  a c t i v i t y  1~ 
and  wi th  s imi lar  b u t  i nd i r ec t  cor re la t ions  found  in whole  
muscles  or po r t i ons  of muscles  w i t h  d i f fe ren t  m i x t u r e s  
of histochemic,  al  f ibre types~7. F u r t h e r  a n d  mos t  impor -  
t a n t l y  our  r e su l t s  are  c o m p a t i b l e  w i th  t he  p a t t e r n s  of 
phys io logica l  a n d  h i s tochemica l  i n t e r r e l a t eduess  r epo r t ed  
in t h e  r a t  a and  ca t  a us ing  t he  same  t echn iques  employed  
in th i s  s tudy .  
These  resul t s  lend s t rong  s u p p o r t  to  t he  gene ra l i za t ion  
t h a t  h i s tochemica l  m e t h o d s  can  resolve descre te  t ypes  
of muscle  f ibres which  co r re spond  to t h e  muscle  u n i t  
t ypes  genera l ly  found  in m a m m a l i a n  muscle.  T h e  fac t  
t h a t  t h i s  p a t t e r n  is found  in a n  a n i m a l  as func t iona l ly  
a n d  phy logene t i ca l l y  d i s t inc t ,  f rom the  r a t  and  the  ca t  
as is the  s k u n k  suggests  t h a t  the  obse rved  cor re la t ion  
b e t w e e n  h i s tochemiea l  a n d  physio logica l  p roper t i e s  is a 
t r a i t  wh ich  m a y  be sha red  b y  m o s t  m a m m a l s .  
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Visual pigment regeneration: Occurrence in frog retina upside down upon the pigment epithelium~ 
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Summary. Visual  p i g m e n t  r egene ra t i on  in t he  frog requi res  appos i t i on  b e t w e e n  t he  r e t i n a  a n d  re t ina l  p i g m e n t  ep i the -  
l ium. However ,  r e g e n e r a t i o n  occurs  nea r ly  as well  w i t h  t he  r e t i n a  ups ide  d o w n  (i.e. w i t h  t he  i nne r  l imi t ing  m e m b r a n e  
facing t he  p i g m e n t  ep i the l ium)  as r i g h t  side up. 

In  1877, K i i h n e  ~ found  t h a t  b l eached  frog r e t i n a  would  
regenera te  v i sua l  p i g m e n t  on ly  w h e n  i t  was  in appos i t ion  
to  t he  p i g m e n t  ep i the l ium.  Br idges  3 ha s  sugges ted  t h a t  
t he  p i g m e n t  e p i t h e l i u m  m a y  be  necessa ry  because  v i t a m i n  
A m u s t  be es ter i f ied d u r i n g  t he  r egene ra t i on  cycle. W e  
h a v e  h a d  occas ion r ecen t l y  to  r e p e a t  some of K t ihne ' s  ex-  
pe r imen t s ,  a n d  m a d e  a n  a d d i t i o n a l  o b s e r v a t i o n  t h a t  to  
our  knowledge  h a s  n o t  been  r e p o r t e d :  p i g m e n t  regenera-  
t ion  occurs  nea r ly  as well  w i t h  t he  r e t i n a  ups ide  d o w n  
u p o n  t he  p i g m e n t  e p i t h e l i u m  as r i gh t  side up. 
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Qualitative assessment of pigment regeneration in the frog retina. 
The results are from 10 experiments in which placement of the retina 
right side up and upside down upon the pigment epithelium during 
dark-adaptation was compared. Each point represents 1 piece of 
retina from 1 experiment but the number of pieces in each category 
was not necessarily the same in every experiment. 

Material and methods. U n d e r  d im  red i l lumina t ion ,  da rk -  
a d a p t e d  Rana pipiens were decap i t a t ed ,  sec t ions  of eye- 
cup were p repa red ,  a n d  t he  r e t i n a s  were gen t ly  peeled 
f rom t h e  p i g m e n t  e p i t h e l i u m  and  l i g h t - a d a p t e d  for  
15-30 m i n  e i the r  as a n  i so la ted  t i ssue  or a f t e r  r e p l a c e m e n t  
in to  t he  eyecups.  The  r e t i na s  were t h e n  d a r k - a d a p t e d  for  
3-5 h in  a mo i s t  c h a m b e r  a t  r oom t e m p e r a t u r e ,  u n d e r  1 
of 4 cond i t i ons :  1. I so la ted  r e t i n a  on a mo i s t  Nuclepore  
m e m b r a n e .  2. R e t i n a  in ba re  eyecup  (i.e. no  choro id  or 
p i g m e n t  ep i the l ium) .  3. R e t i n a  in i ts  n o r m a l  pos i t ion  (i.e. 
r i gh t  side up) u p o n  t he  p i g m e n t  e p i t h e l i u m  in an  eyecup.  
4. R e t i n a  ups ide  down (i.e. w i t h  t he  inne r  l imi t ing  m e m -  
b r a n e  fac ing  t h e  p i g m e n t  ep i the l ium)  in a n  eyecup.  The  
re t ina l  f r a g m e n t s  ave raged  5 m m  2, a n d  were carefu l ly  
p laced  r i g h t  side up  or ups ide  down  u n d e r  d i rec t  v i sua l  
c o n t r o l  T h e y  he ld  t he i r  pos i t ion  well  a n d  b e c a m e  e v e n l y  
colored a f t e r  r egene ra t i on  so t h a t  a n  edge effect  could no t  
h a v e  a c c o u n t e d  for t h e  resul ts .  
Results and discussion. The  r e su l t s  a f t e r  d a r k - a d a p t a t i o n  
were j u d g e d  qua l i t a t i ve ly ,  r e l a t ive  to t he  a p p e a r a n c e  of 
f reshly  peeled, ful ly  d a r k - a d a p t e d  r e t i n a  ('4') or ful ly 
b leached  r e t i n a  ( '0 ') .  Color p h o t o g r a p h s  of b leached  a n d  
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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  
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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 

1 A. Dahlstrom and K. Fuxe, Acta physiol, scand. 62, suppl. 232 
(1964). 

2 K. Fuxe, Acta physiol, seand. 64, suppl. 247 (1965). 
3 F.E.  Bloom, B. J. Hoffer, G. R. Siggins, J. L. Barker and R. A. 

Nicoll, Fedn Proe. 31, 97 (1972). 
4 H . J .  Haigler and G. K. Aghajanian, J. Pharmac. exp. Ther�9 

188, 688 (1974). 
5 G.L. Gessa and A. Tagliamonte, in: Advances in Biochemical 

Psyehopharmacology, vol. 17, p. 217�9 Ed. E. Costa, G. L. Gessa 
and M. Sandler. Raven Press, New York 1974. 

6 G. Di Chiara, R. Camba and P. F. Spano, Nature 233, 272 (1971). 
7 V. Mallardi, A. Coneu, A. M. Carcassi and M. B. Piras, Boll. Soc. 

ital. Biol�9 sper. 51, 955 (1975). 


