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As for t he  f r e q u e n c y  bands ,  t he  m e a n  va lues  a n d  SEM 
were q u a n t i f i e d  for f ac to r  1 in  R M S  ~V a n d  i n t e g r a t e d  
over  t h e  e x p e r i m e n t a l  t i m e  (figure 6A). T he  t i m e  in t eg ra l  
in  r a b b i t s  rece iv ing  D S I P  was  c o m p a r e d  tO t h a t  in  con t ro l  
r abb i t s .  Fo r  f ac to r  i in  t he  neocor tex ,  t h e  di f ference be-  
tween  in t eg ra l  increase  in  D S I P  r a b b i t s  a n d  decrease  in 
con t ro l s  r e ached  53.3 4- 10.7% (figure 6A). T he  s t a t i s t i ca l  
s ignif icance of f ac to r  1 was ca lcu la ted  w i t h  t he  same non-  
p a r a m e t r i c  t e s t  as for  t he  f r equency  bands .  T he  signifi- 
cance  of f ac to r  1 increase  in neoco r t ex  was above  90% 
( p <  0.01), w i t h  b i o r h y t h m i c  m a x i m a  up  to 99 .9% (figure 
6B). I n  t h e  l imbic  cor tex,  for f ac to r  1, t he  dif ference was 
h ighe r  t t l a n  in t he  neoco r t ex  : 78.7 4- 15%. The  s ignif icance 
r eached  a m a x i m u m  va lue  of 99.9%, w i t h o u t  m a r k e d  
b i o r h y t h m i c  oscil lat ions.  
Discussion and conclusions. The  or ig ina l  n o n a p e p t i d e  
(mol .wt  848.98), iden t i f i ed  in  t he  las t  f r ac t ion  of cerebra l  
b lood  d ia lysa te  f rom t h a l a m u s  s t i m u l a t e d  r a b b i t  donors ,  
induces,  besides  b r a d y p n e a  a n d  b r a d y c a r d i a ,  a de l t a  + 
spindle  E E G  sleep, w h e n  infused in to  t h e  mesencepha l i c  
ven t r i c l e  of r a b b i t  recipients .  Because  of i t s  s ign i f ican t  
de l t a  E E G  e n h a n c i n g  a c t i v i t y  (quant i f i ed  in R M S  tzV 
a n d  t ime  in tegral ) ,  t h i s  c o m p o u n d  w a s  cal led or ig ina l  
' de l t a  sleep i nduc ing  pep t ide ' ,  D S I P .  The  pep t i de  level  in  
p l a s m a  of a w a k e n e d  r a b b i t s  (0.05 mg) is 9 t imes  lower  
t h a n  t h a t  of r a b b i t s  s u b m i t t e d  to  s t i m u l a t i o n  of t he  som- 
nogenic  t h a l a m i c  a rea  (0.47 mg). 
S y n t h e t i c  D S I P  induces  a s imi lar  a c t i v i t y  in  t he  de l t a  
and  spindle  f r equency  b a n d s  of t he  r a b b i t ' s  neocor tex ,  
w i t h  u l t r a d i a n  b i o r h y t h m s  of 3-6  cph.  The  de l t a  + spindle  
a c t i v i t y  is even  h igher  in  t he  l imbic  cortex.  T he  specif ic i ty  

of the  or ig ina l  a n d  s y n t h e t i c  D S I P  is e s t ab l i shed  b y  com- 
pa r ing  t h e i r  de l t a  a c t i v i t y  w i t h  t h a t  of pep t ide  ana logues ;  
t h e  l a t t e r  were found  to  be  inac t ive .  
The  or ig ina l  and  s y n t h e t i c  D S I P  h a v e  t he  same  effect ive 
dose ( ~ 6 nmole s /kg  i n t r a v e n t r i c u l a r l y  in fused  in r abb i t ) .  
Def in i te  fea tu res  sugges t  t h a t  D S I P  m i g h t  ac t  as a pro-  
g r a m m i n g  m o d u l a t o r  a t  s u p r a - o p e r a t i o n a l  level  r a t h e r  
t h a n  as a t r a n s m i t t e r  a t  o p e r a t i o n a l  level (long la tency ,  
a c t i v a t i o n  of l a t e n t  b i o r h y t h m i c  oscil lators,  r eve r s ib i l i ty  
of t he  E E G  sleep effect  u n d e r  in f luence  of w a k i n g  st imuli) .  
D S I P  m i g h t  pass  t he  b lood -b ra in  bar r ie r ,  since u l t r a -  
f i l t r a t i on  t h r o u g h  UM-05 f i l ters  is possible  for pep t ides  
w i t h  m o l . w t  a b o v e  1000 or b a c i t r a c i n  w i t h  mol .wt  = 
1400. Th i s  is also s u p p o r t e d  b y  t he  fac t  t h a t  i.v. i n j ec t ion  
of s y n t h e t i c  D S I P  in free m o v i n g  r a b b i t s  induces  an  E E G  
de l t a  a c t i v i t y  up  to  144% d u r i n g  5 h fol lowing a reference  
per iod  of 90 m i n  aga ins t  126% in  con t ro l  r a b b i t s  (unpub-  
l ished da ta ) .  C o n c u r r e n t l y  t he  m o t o r  a c t i v i t y  decreases.  
D S I P  differs  b y  i ts  h igher  mol .wt  f rom fac to r  S of P a p p e n -  
h e i m e r  e t  al.2~ e x t r a c t e d  f rom the  goa t ' s  csf or sheep ' s  b ra in ,  
a n d  f rom t h e  s l eep -p romot ing  m a t e r i a l  of Uch izono  and  co- 
workers  ~1 e x t r a c t e d  f rom the  r a t ' s  b ra in .  I t  f u r t h e r m o r e  
differs f rom fac to r  S b y  t he  f ac t  t h a t ,  in t he  i n t r a v e n t r i -  
cu lar  t e s t s  in  r abb i t s ,  t h e  E E G  de l t a  effects are  de t ec t ab l e  
a l r e ady  d u r i n g  t he  infus ion  per iod  a n d  w i t h o u t  conco- 
m i t a n t  ' ep i l ep t i fo rm episodes ' .  
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Summary. A rap id  accu ra t e  m e t h o d  for h i s tochemica l  loca l iza t ion  of zinc in t he  r a t  b ra in ,  ut i l iz ing 2-carboxy-2 ' -  
h y d r o x y - 5 ' - s u l f o f o r m a z y l b e n z e n e  per fus ion-s ta in ing ,  is descr ibed.  

Zinc is an  essent ia l  e l e m e n t  in a n i m a l  n u t r i t i o n  ; def ic iency 
or i n t o x i c a t i o n  p roduce  cha rac t e r i s t i c  s y m p t o m s .  Th i s  
e l emen t  fo rms  an  in t eg ra l  p a r t  of a n u m b e r  of meta l lo -  
enzymes  such  as ca rbonic  anhydrase ,  a lka l ine  p h o s p h a t a s e ,  
lac t ic  dehyd rogenase  a n d  alcohol  dehyd rogenase  2. The  
d i th i zone  m e t h o d  is c o m m o n l y  used for h i s tochemica l  
d e m o n s t r a t i o n  of zinc 3, b u t  d i th izone  (d ipheny l th io -  
ca rbazone)  fo rms  an  insoluble,  coloured inne r  complex  
sa l t  w i t h  a n u m b e r  of h e a v y  me ta l s  (Zn, Pb ,  Ag, Cu, Hg,  
Au, Cd) .  Zincon (2 -ca rboxy-2 ' -hydroxy-5 ' - su l fo fo rmazy l -  
benzene ,  f igure 1) h a s  r ecen t l y  been  used for s e rum zinc 
d e t e r m i n a t i o n s  4. U n d e r  carefu l ly  cont ro l led  condi t ions ,  
accord ing  to  Searcy  4, t h i s  p rocedure  yields resul t s  w i t h  
a n  accep tab le  degree of precis ion and  accuracy .  F u r t h e r -  
more,  Z incon  ha s  been  successful ly used as a n  i nd i ca to r  
for t he  s p e c t r o p h o t o m e t r i c  d e t e r m i n a t i o n  of t he  zinc con-  
t e n t  of w a t e r  5. 
Materials and methods. P r e p a r a t i o n  of e x p e r i m e n t a l  an i -  
mals .  A t o t a l  of 35 ma le  a lb ino  r a t s  weighing  I00-150  g 
were used for th i s  s tudy .  I. p. in jec t ions  of 5 m g  e l emen ta l  

zinc per  kg  b. w t  in  t he  fo rm of zinc chlor ide  were g iven  
da i ly  for 5-7  days.  Atomic  a b s o r p t i o n  s p e c t r o p h o t o m e t r i c  
e s t i m a t i o n  of t he  level  of zinc in d i f fe rent  regions of t h e  
b r a i n  of 20 r a t s  (10 z inc - t r ea t ed  a n d  10 con t ro l  r a t s  re- 
ce iv ing equa l  vo lumes  of n o r m a l  saline) was  carr ied ou t  
us ing  a P e r k i n - E l m e r  model  303 a tomic  abso rp t ion  spec- 
t r o p h o t o m e t e r .  Deta i l s  of t h i s  e x p e r i m e n t  fo rm p a r t  of a 
s epa ra t e  c o m m u n i c a t i o n  6. 
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P r e p a r a t i o n  of so lu t ions  for perfus ion s ta in ing.  1. Sta.ming 
solut ion.  Dissolve 0.130 g of 2 - ca rboxy -2 ' - hyd rox y -5 ' -  
su l fo fo rmazy lbenzene  (Zincon, ca t  No. 3750, S igma Chem-  
ical Co., St. Louis ,  USA) in 2 m l  1 N N a O H  and  d i lu te  to  
100 ml  w i t h  redis t i l led  water .  2. Buffer .  Di lu te  213 ml  
1 N N a O H  to 600 ml  w i th  redis t i l led  water .  Dissolve 37.3 g 
KC1 and  31.0 g HsBO s in the  so lu t ion  a n d  d i lu te  to  1:1 
w i t h  redis t i l led water .  3. Per fus ion  fluid. To 100 ml  of 
so lu t ion  1 a d d  200 m l  so lu t ion  2 (or e n o u g h  to  b r ing  p H  
to  10.0). 
P rocedu re  for per fus ion  s ta ining.  R a t s  were deep ly  anes-  
t h e t i z e d  w i t h  p e n t o b a r b i t a l  sod ium and,  a f t e r  open ing  
t he  thorac ic  cav i ty ,  a po lye the lene  c a n n u l a  was in se r t ed  

OH 
I 
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N~c//N 
i 
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Fig. 1. The structural formula of 2-carboxy-2'-hydroxy-5'-sulfofor- 
mazylbenzene (Zincon). 

in to  the  a scend ing  a o r t a  t h r o u g h  the  left  vent r ic le .  The  
ra t e  of pe r fus ion  was a d j u s t e d  to 8 ml /min .  The  r i gh t  
auricle  was opened  to al low a low-res is tance  r e t u r n  of t he  
per fus ion  f lu id  f rom t h e  head .  The  per fus ion  was dis- 
c o n t i n u e d  a f t e r  10-15 rain  w h e n  oozing of t h e  f luid was 
a p p a r e n t  f rom a cu t  m a d e  in the  uppe r  lip. The  skul l  was  
opened,  the  b r a i n  r e m o v e d  careful ly  an d  i m m e d i a t e l y  
f rozen on t h e  f reezing s tage of a cold m i c r o t o m e  (Kryo-  
t o m e  Model  1310 I~, Leitz,  Fed.  Rep.  of Ge rmany) .  F rozen  
sect ions  20 ~xm t h i c k  were o b t a i n e d  a f t e r  p r o p e r  t r i m m i n g  
of the  block. T h e y  were col lected on glass s l ides an d  dried.  
Some of t h e  f rozen s e c t i o n s  were f u r t h e r  s t a ined  w i t h  
t h e  same buf fe red  s t a in ing  so lu t ion  (pH 10) for 0.5 rain,  
t h e n  r insed w i t h  deionized water .  Glycerol  ge la t in  (Cata- 
logue No. GG 1, S igma Chemical  Co., St. Louis,  USA)  
was used as t h e  m o u n t i n g  med ium.  
Microscopy a n d  p h o t o m i c r o g r a p h y .  Sect ions  were e x a m -  
ined w i th  an  O r t h o p l a n  un ive r sa l  large field microscope 
(E. Leitz,  We tz l a r ,  Fed.  Rep.  of Germany)  an d  the  p h o t o -  
mic rog raphs  of t h e  a p p r o p r i a t e  regions (figure 2) were 
ob t a ined  us ing  an  O r t h o m a t  W a u t o m a t i c  microscope  
c a m e r a  (E. Leitz).  
Results and discussion. The  Zincon s t a in ing  solut ion,  
wh ich  is deep red, forms a blue complex  w i t h  zinc ions, 
especial ly  in  a lka l ine  so lu t ions  (pH 9-10). Cold knife  or 
cold m i c r o t o m e  sect ions  are u n d o u b t e d l y  bes t  for t h e  
d e m o n s t r a t i o n  of n a t u r a l  t issue zinc. The  zinc co mplex  
is s t ab le  over  a p H  range  of 8.5-10, whereas  t h e  copper -  
Zincon complex  is s t ab le  5 in t h e  p H  range  5.0-9.5.  Th i s  
difference in effect  of p H  p e rmi t s  the  r e a d y  de t ec t i on  of 
zinc a t  p H  9 . 5 - p H  10. The  d i th izone  m e t h o d  wh ich  is 
c o m m o n l y  used for h i s tochemica l  d e m o n s t r a t i o n  of zinc 
is n o t  so specific. The  redd i sh  d i th izone  s t a in ing  so lu t ion  
forms a r edd i sh -purp le  reac t ion  complex  w i t h  n o t  on ly  
zinc b u t  w i t h  a n u m b e r  of o the r  h e a v y  me ta l s  (Pb, Ag, 
Cu, Hg, Au, Cd) as well a. A tomic  a b s o r p t i o n  spect ro-  
p h o t o m e t r i c  ana lys i s  of the  b ra ins  ob t a ined  f rom the  
same group  of r a t s  has  revea led  t h a t  t h e  Zincon m e t h o d  
was h igh ly  sens i t ive  to  as low a c o n c e n t r a t i o n  as 20 ~g 
of zinc/g b r a i n  t issue. A un ique  cha rac t e r i s t i c  of Z incon  is 
i ts  ab i l i ty  to  diffuse un i fo rmly  to a lmos t  eve ry  p a r t  of 
the  b ra in  to  r eac t  w i t h  zinc in t r av i t a l ly .  The  m e t h o d  des- 
c r ibed  in th i s  p a p e r  can  be  a d v a n t a g e o u s l y  used to  loca-  
lize m i n u t e  a m o u n t s  of zinc r ap id ly  an d  accura te ly .  

Fig. 2. Photomicrograph of a frozen section of rat cerebrum showing 
zine-Zincon reaction product in the form of dark blue granuIes and 
radiating fibres. Bar -- 50 ~m. 
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Summary. Tile in t race l lu la r  p H  of t he  L imulus  v e n t r a l  p h o t o r e c e p t o r  was  m e a s u r e d  w i t h  a doub le -ba r re l l ed  p H  micro-  
e lec t rode  and  found  to be 7.01 • 0.04 SE  (n = 9). 

I n  t he  course of s tudies  on the  l ight  t r a n s d u c t i o n  m e c h a -  
n i sms  in L imulus  v e n t r a l  eye, e x p e r i m e n t s  h a v e  been  re- 
p o r t e d  in wh ich  ca lc ium buffers  a, p H  buffers  a,* an d  cal- 
c ium sens i t ive  dye 5 h a v e  been  in jec ted  in to  the  p h o t o -  
r ecep to r  cells. Since t he  p rope r t i e s  of these  in jec ted  sub-  
s tances  depend  on  pH,  i t  is p a r t i c u l a r l y  i n t e r e s t i ng  to 
h a v e  a va lue  for t he  in t r ace l lu la r  p H  of these  cells. 

Materials and methods. The  doub le -ba r re l l ed  p H  micro-  
e lec t rodes  were m a d e  b y  a modi f i ca t ion  of t h e  t e c h n i q u e  
deve loped  b y  Puccaco  an d  Car te r  6. The  pr inc ip le  consis ts  
of seal ing a t h i n  m e m b r a n e  of pH-sens i t i ve  glass ove r  t he  
t ip  of a m i c ro p i p e t t e  m a d e  of a h igh  e lectr ical  res is tance,  
p H - i n s en s i t i v e  glass. A l t h o u g h  the  t e c h n i q u e  worked  well  
for s ingle-barre l led  p H  microelect rodes ,  t h e r e  was some 


