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Summary. B o t h  t he  or ig ina l  a n d  t he  s y n t h e t i c  n o n a p e p t i d e  Trp -Ala -Gly -Gly -Asp-Ala -Se r -Gly -Glu  enhance ,  in  r ec ip ien t  
r abb i t s ,  sp indle  a n d  de l t a  E E G  a c t i v i t y  as in  o r t h o d o x  slow wave  sleep. 

I n  1963, h u m o r a l  t r a n s m i s s i o n  of sleep was suggested  b y  
e x p e r i m e n t s  w i t h  c ross -c i rcu la t ion  *. I n  a n e x t  step,  r ab -  
b i t  donors ,  k e p t  ' as leep '  b y  electr ic  s t i m u l a t i o n  of t h e  
v e n t r o c e n t r o - m e d i a n  i n t r a l a m i n a r  t h a l a m u s  (somno- 
genic a rea  of Hess),  were s u b m i t t e d  d u r i n g  60 m i n  to  
e x t r a c o r p o r a l  d ia lys is  of t he  occ ip i ta l  venous  s inus  b lood 
u n d e r  E E G  con t ro l  5, e. The  h e m o d i a l y s a t e  t h u s  o b t a i n e d  
was f i rs t  in jec ted  i.v. to  r a b b i t  r ec ip ien t s  ; la ter ,  t h e  d ia ly-  
sa te  or i ts  desa l t ed  f r ac t ion  ( factor  del ta)  was infused in to  
t he  meso-d iencepha l i c  ven t r i c l e  of r e s t r a i n e d  or  free 
m o v i n g  r a b b i t s  ~-9. Th i s  in fus ion  induced  e lect roence-  
p h a l o g r a p h i c  (EEG) and  b e h a v i o r a l  changes  ( reduced 
m o t o r  ac t iv i ty ) ,  sugges t ing  o r t h o d o x  slow wave  sleep b y  
c o n t r a s t  to  pa r adox i ca l  sleep. T he  pep t ide  n a t u r e  of fac to r  
del ta ,  a sce r t a ined  b y  s u b s e q u e n t  pur i f ica t ions ,  i ts  mol .wt  
(800-900),  amino  acid compos i t i on  w i t h  9 amino  acids 
a n d  p r e s u m a b l y  t r y p t o p h a n  as a m i n o  t e rmina l ,  were re- 
p o r t e d  in 197410,11 as well  as i t s  de l t a  E E G  sleep effect  x2. 
Th i s  r e p o r t  will deal  f i rs t  w i t h  t he  or ig ina l  D S I P  f rom the  
las t  i so la ted  f ract ion,  i t s  q u a n t i t a t i v e  a m i n o  acid analyses ,  
molecu la r  weight ,  amino  acid sequence,  biological  ac- 
t iv i ty ,  ef fect ive  dose a n d  specif ici ty.  I t s  p roper t i e s  will 
t h e n  be c o m p a r e d  to  those  of t he  D S I P  s y n t h e t i z e d  in 
1975. 
Methods and material. I .  Orig. D S I P .  A. B iochemica l  m e t h -  
ods. The  amino  acid ana lyses  of t he  las t  f r ac t ion  o b t a i n e d  
f rom the  occipi ta l  venous  s inus b lood  of s t i m u l a t e d  r a b b i t s  
a f te r  17 f r a c t i o n a t i o n  steps,  were pe r fo rmed  on a D u r r u m  
D-500 ana lyze r  w i t h  buffers  f rom Pierce.  T he  quan t i f i -  
c a t ion  of t he  c o n t a m i n a t i n g  free amino  acids was o b t a i n e d  
b y  ana lyz ing  b o t h  un i l yd ro lyzed  a n d  hyd ro lyzed  (6 N 
HC1 a t  l l 0 ~  for 22 h u n d e r  v a c u u m )  po r t i ons  of t h e  
or ig inal  samples .  Nor leuc ine  was added  as i n t e rna l  s t an -  
da rd  pr io r  to  r e m o v i n g  a l iquo ts  for e i the r  of t he  sample  
m a n i p u l a t i o n s  (de tec t ion  l imi t  0.1 nmole) .  T r p  as a m i n o  
t e r m i n a l  res idue was conf i rmed  a f te r  t lc  of t he  end  pro-  
duct ,  b y  spec t ro f luoromet ry ,  U V - a b s o r p t i o n  a t  280 rim, 
and  d i s appea rance  of the  D N S - c o m p o u n d  a~ter dansy l -  
a t ion  and  hydro lys i s  13. 
Sequence.  3 d i f fe ren t  sequences  were ca r r ied  ou t  w i t h  50, 
75 a n d  80 nmoles  of pept ide ,  us ing  the  s u b t r a c t i v e  E d m a n  
procedure .  D a n s y l  de r iva t i ve s  a t  each  s tep  were ident i f ied  
b y  t h i n  l ayer  c h r o m a t o g r a p h y  on  po lyamide  sheets .  
T r y p t o p h a n  as amino  t e r m i n a l  was conf i rmed  b y  Mut ing  
t he  pur i f ied  d a n s y l  pep t ide  f rom the  t lc  p l a t e  and  b y  t h e  
absence  of a n y  d a n s y l  amino  acid a f t e r  acid hydro lys i s  14. 
B. Biological  me thods .  T h e  h e m o d i a l y s a t e s  o b t a i n e d  f rom 
t h a l a m i c  s t i m u l a t e d  rabb i t s ,  p r e p a r e d  t he  d a y  be-  
fore 5, s, 15, and  t h e i r  f r ac t ions  were s u b m i t t e d  to 82 E E G  
and  b e h a v i o r a l  b ioassays  on  ' ch ron ic '  r ec ip ien t  r ab -  
b i t s  7, 9,16. As controls ,  hem od i a l y s a t e s  f r o m  n o n - s t i m u l a -  
t ed  or s h a m - s t i m u l a t e d  r a b b i t s  were used. The  de l t a  
E E G  a c t i v i t y  was q u a n t i f i e d  w i t h  a ca l i b r a t ed  a u t o m a t i c  
f r e q u e n z y  ana lyze r  in m m  def lexion for t he  2 and  3 Hz  
f requencies  per  t i m e  u n i t  (10, 50, 300 sec). T he  m e a n  in- 
t e g r a t e d  vo l t age  of t he  ca l ib ra t ion  s ignal  was  ca lcu la ted  

as t he  roo t  m e a n  square  (RMS) of one-ha l f  i ts  peak  va lue .  
The  cor t ica l  de l t a  ac t iv i t i es  were t h u s  expressed in R M S  
~V. T h e  t e s t  cons is ted  of a 20 m i n  pre - in fus ion  pe r iod  
(P r lP ) ,  followed b y  a 20 m i n  in fus ion  (I) (3.5 min)  + 
pos t - in fus ion  per iod  ( P o l P )  (16.5 min) ,  t a k e n  as re- 
ference for t h e  s u b s e q u e n t  50 ra in  per iod  of specific ac- 
t i v i t y  (SpAP)  (figure 2). The  de l t a  E E G  va lues  were sum-  
med  over  5 min ,  ca lcu la ted  b y  a U n i v a c  c o m p u t e r  s y s t e m  
in R M S  ~zV a n d  p l o t t e d  in vtV on t he  ord ina te ,  aga in s t  
t i le whole  e x p e r i m e n t a l  t i m e  (90 min)  on  the  abscissa .  
F u r t h e r m o r e ,  t he  t i m e  in tegrals ,  i.e. t h e  a c t i v i t y  s u m m e d  
over  t h e  t i m e  :k SE, se rved  for ca lcu la t ion  of t h e  dif-  
ference b e t w e e n  t he  de l t a  E E G  a c t i v i t y  a c c u m u l a t e d  
over  90 mil l  in t he  pep t ide  g roup  a n d  t he  con t ro l  group.  
I I .  S y n t h e t i c  D S I P .  A. B iochemica l  me thods .  The  syn-  
theses  of D S I P  were pe r fo rmed  b y  B a c h e m  Chemica ls  
L t d  (Liestal ,  Swi tzer land)  accord ing  to our  amino  acid 
sequence,  as well  as those  of long a n d  s h o r t  ol igopept ides .  
Besides,  2 n o n a p e p t i d e  analogues ,  1 wi th  T y r  i n s t ead  of 
Asp, a n d  1 w i t h  s u b s t i t u t i o n  of Arg  to  Gly  a n d  Gly to  Asp, 
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w e r e  s y n t h e t i z e d  in  t h e  R e s e a r c h  L a b o r a t o r i e s  of  M e r c k  
S h a r p  a n d  D o h m e ,  U S A  (Dr  C. D.  B e n n e t t ) .  T h e  s y n -  
t h e s e s  w e r e  c a r r i e d  o u t  b y  c o n v e n t i o n a l  m e t h o d s ,  u s i n g  
b e n z y l  e s t e r s  for  p r o t e c t i n g  t h e  s ide  c h a i n s .  Al l  t h e  i n t e r -  
m e d i a t e s  we re  p u r i f i e d  b y  c r y s t a l l i z a t i o n  a n d  t i c  e l e c t ro -  
p h o r e s i s ,  a n d  i d e n t i f i e d  b y  t lc  on  s i l icagel .  ( R e a g e n t s :  
N i n h y d r i n ,  F l u o r e s c a m i n e  R o c h e ,  E h r l i c h  a n d  Gre i f -  
L e a d b a c k . )  A t r i p e p t i d e  T r p - S e r - G l u  w a s  s y n t h e t i z e d  
e l s e w h e r e  ~ .  
B .  B io log i ca l  m e t h o d s .  11 r a b b i t s  we re  i n f u s e d  w i t h  D S I P  
a n d  c o m p a r e d  w i t h  14 c o n t r o l  r a b b i t s .  24 r a b b i t s  r e c e i v e d  
l o n g  o l i g o p e p t i d e s  a n d  12 s h o r t  o l i g o p e p t i d e s .  T h e  ac -  
t i v i t y  of  al l  s y n t h e t i c  p e p t i d e s  w a s  t e s t e d  b y  i n t r a v e n t r i -  
c u l a r  i n f u s i o n  of  6 n m o l e s / k g  in 0.05 m l  cs f  l ike  s o l u t i o n  
to  r e c i p i e n t  r a b b i t s  o v e r  3.5 m i n .  A l t o g e t h e r  61 t e s t s  we re  
p e r f o r m e d  u n d e r  d o u b l e  b l i n d  c o n d i t i o n .  T h e  E E G s  f r o m  
t h e  f r o n t a l  n e o c o r t e x  a n d  l i m b i e  a r c h i c o r t e x  we re  re-  
c o r d e d  b o t h  o n  p a p e r  a n d  m a g n e t i c  t a p e  fo r  f u r t h e r  p r o -  
c e s s ing .  T h e y  we re  a n a l y z e d  b y  a d i g i t a l  c o m p u t e r  s y s t e m  
e q u i p p e d  w i t h  A / D  c o n v e r t e r  a n d  s u b m i t t e d  to  a f a s t  
F o u r i e r  T r a n s f o r m .  T h e  p o w e r  s p e c t r a  b e t w e e n  0 a n d  125 
H z  we re  a v e r a g e d  o v e r  2 m i n  p e r  1 H z  a n d  f u r t h e r  p r o -  
c e s s e d  on  a U n i v a c  1108 c o m p u t e r  s y s t e m .  T h e  a v e r a g e  
s p e c t r u m  p e r  2 r a in  f i n a l l y  c o n s i s t e d  of  56 v a l u e s .  I n  a 
f i r s t  o p e r a t i o n ,  3 f r e q u e n c y  b a n d s  (del ta ,  s p i n d l e s ,  be t a )  
w e r e  s u b m i t t e d  to  m a t h e m a t i c a l  a n a l y s i s .  T h e  m e a n  
v a l u e s  in  R M S  ~tV a n d  t i m e  i n t e g r a l  were  c a l c u l a t e d  for  
t h e  3 f r e q u e n c y  b a n d s ,  a s  wel l  as  t h e  s t a n d a r d  e r r o r  of  t h e  
m e a n  (SE) .  T h e  n e x t  o p e r a t i o n s  we re  d e v o t e d  to  f a c t o r  
a n a l y s i s  of  t h e  p o w e r  s p e c t r a ,  c o n s i d e r e d  as  m u l t i d i m e n -  
s i o n a l  r a n d o m  v a r i a b l e s .  A f a c t o r  a n a l y s i s  m o d e l  for  s p e c -  
t r a l  e n e r g y  v a r i a t i o n s  in  12 f r e q u e n c y  b a n d s  of 2 H z  
m a d e  i t  p o s s i b l e  to  d e s c r i b e  w i t h  o n l y  3 f a c t o r s  m o r e  t h a n  
9 0 %  of t h e  v a r i a n c e  f r o m  t h e  p o w e r  s p e c t r a  of  t h e  n e o -  

c o r t e x  a n d  l i m b i c  c o r t e x  E E G .  T h e  v a l u e s  of  t h e  f a c t o r s  
we re  s u b m i t t e d  t o  a W i l c o x o n - W h i t n e y - M a n n  t e s t  fo r  
i n t e r g r o u p  c o m p a r i s o n s  1'. 
Results.  I. T h e  o r i g i n a l  D S I P  f r o m  t h e  l a s t  i s o l a t e d  f r ac -  
t i on .  A. B i o c h e m i c a l  f i n d i n g s .  3 d i f f e r e n t  s e q u e n c e  a n a l -  
y s e s  c a r r i e d  o u t  o n  t h e  l a s t  f r a c t i o n  of  r a b b i t ' s  h e m o -  
d i a l y s a t e  r e v e a l e d  t h e  f o l l o w i n g  s e q u e n c e  of t h e  n o n a p e p -  
t i d e  D S I P :  T r p - A l a - G l y - G l y - A s p - A l a - S e r - G l y - G l u .  m o l .  
w t :  848.98.  T r y p t o p h a n  w a s  c o n f i r m e d  as  a m i n o  t e r m i n a l  
r e s i d u e  la, ~4, ~0 

17 V.M. Monnier, Synthesis of the Tdpept ide L-Trp-L-Ser-L-Glu. 
Comparison of the biological activity with that  of the delta- 
sleep inducing pep tide DS I P. Experientia Suppl. 29. Birkh/iuser, 
Basel 1977. 

18 M. Monnier and G. A. Schoenenberger, 3rd Eur. Congr. Sleep 
Res., Montpellier, 7 September 1976. 

19 B .S .  Hartley, Biochem. j~. 51,441 (1970). 
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Fig. 1. Example of biological effects of original DSIP from last 
isolated fraction. A In the EEG test, total deRa activity in one 
rabbit infused with DSIP reaches 224% during infnsion and post- 
infusion period. B Concurrent increase in spindle activity (442%). 
C Moderate decrease in heart  (93%) and respiration rate (72%). 

- 2 O0 
-20 -10 0 10 20 

Microvolts ~xV ref. to prciufnsion period (PrIP) 

Control = 106.27 RMSp.V~SE = O 
Bias: Peptide 106.54 

30 40 50min 

200 

100 

-I00 

- 200 

Time integral I~'MS p.V i SE 

~ f / J  
f~ 

Control 6.2 i 3.4 = 5.8 i 3-2% 
Peptide + 39.6 • 9.9 = + 37.3 ]c 9.3% + 43.1 • 6.250/0 . 

Fig. 2. Activity of the original DSIP (infused in 4 rabbits compared 
to 20 control rabbits: 11 infused with csf like solution and 9 with a 
tyrosfile-peptide analogue). A Delta EEG activity measured in 
RMS btV =L SE, plotted on ordinate in btV and on abscissa every 5 
min. The values of tile specific activity period (SpAP) lasting 50 rain 
are compared to those of the 15 rain preinfusion period (PrlP) and 
20 rain infusion I + post-infusion (PoIP) period for the DSIP group 
(P) and the control group (C). B The time integrals of the values 
exhibit an increased delta EEG activity in group P; this starts  5 rain 
after onset of the SpAP, becomes significant after 15 min, reaches 
+ 37.3 • 9.3% after 50 rain in group P, against - 5.8 i 3.2% in 
group C. Total delta increase in % : 43.1 • 6.2% . 
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Yield.  The  yield of t h i s  n o n a p e p t i d e  was  160 nmoles /g .  
d r y  d ia lysa te ,  i.e. 122.2 nm o l e s / r abb i t .  This  cor responds ,  
for  a m o l . w t  of 848.98, to  0.1037 m g / r a b b i t .  Cons ider ing  
t h a t ,  a f t e r  t h e  i so la t ion  p rocedure  (7 m a i n  f ract ions) ,  on ly  
30% of t h e  m a t e r i a l  e x t r a c t e d  r ep resen t s  t he  f ina l  yield,  
a n d  t h a t  t he  e x t r a c t i n g  c a p a c i t y  of t he  d ia lyzer  is 78%,  
i t  follows t h a t  0.103 m g  = 22% (100-78) of t he  p l a s m a  
concen t r a t i on .  Therefore ,  t he  t o t a l  p l a s m a  c o n c e n t r a t i o n  
of pep t i de  in e lec t r ica l ly  s t i m u l a t e d  r a b b i t s  (100%) is 
0.471 rag. B y  con t r a s t ,  t h e  pep t i de  p l a s m a  level  of t h e  
n o n - s t i m u l a t e d  r a b b i t  (yield = 19 nmotes /g  d iMysa te  = 
14.55 n m o l e s / r a b b i t  = 0.01235 m g / r a b b i t )  co r responds  to 
to  0.05 m g  ( =  100%).  This  compar i son  shows t h a t ,  even  
in t he  n o n - s t i m u l a t e d  a w a k e n e d  r abb i t ,  t he re  is a def in i te  
pep t ide  level  (0.05 mg), w h i c h  increases  b y  a b o u t  9 t imes  
(0.47) u n d e r  t h e  inf luence  of t he  de l t a  E E G  sleep in-  
duc ing  t h a l a m i c  s t imu la t i on .  
B. Biological  effects  of t h e  or ig ina l  D S I P .  A n  example  of 
t h e  biological  effects  of t he  or ig inal  D S I P ,  in fused  in to  
t he  mesencepha l i c  ven t r i c l e  of one  r a b b i t  r ec ip ien t  (6 
nmoles /kg  in 0.05 csf l ike so lu t ion  w i t h i n  25 min)  shows 
a m a r k e d  increased  of de l t a  a c t i v i t y  (224%) d u r i n g  t he  
in fus ion  a n d  pos t - in fus ion  per iod  (50 rain) referred,  to  a 
p re - in fus ion  per iod  of 25 m i n  (figure 1A). C o n c u r r e n t l y  
w i t h  th i s  increase,  t h e r e  is a para l le l  rise of sp indle  ac- 
t i v i t y  (442%) (figure 1B), w i t h  m o d e r a t e  b r a d y c a r d i a  
(93%) and  b r a d y p n e a  (72%) (figure 1C). A f u r t h e r  q u a n -  
t i f i ca t ion  in abso lu te  R M S  vV a n d  in teg ra l  va lues  was 
car r ied  ou t  in  a g roup  of 4 r a b b i t s  t r e a t e d  w i th  or ig ina l  
D S I P  and  a g roup  of 20 con t ro l  r abb i t s .  This  g roup  of 
con t ro l  r a b b i t s  cons is ted  of 11 an ima l s  rece iv ing  csf l ike 
so lu t ion  alone,  a n d  9 an i m a l s  infused w i t h  a csf like so- 
l u t i on  + a s y n t h e t i c  n o n a p e p t i d e  ana logue  (con ta in ing  
1 T y r  i n s t ead  of 1 Asp).  Compar i son  of t he  de l t a  a c t i v i t y  
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Fig. 3. Activity of synthetic DSIP. Linear power spectra from neo- 
cortex EEG for frequency bands delta ( ), spindles (-.-.-.-), 
beta ( . . . . .  ) A Control rabbit No. 4. Low level of all frequency bands. 
B Rabbit No. 41, infused with synthetic DSIP: progressive delta + 
spindles increase with 6 eph biorhythm. 

of b o t h  g roups  was  necessa ry  to  exc lude  a possible  en-  
h a n c i n g  ac t ion  of n o n a p e p t i d e  ana logues ;  th i s  com- 
pa r i son  showed  no s ign i f ican t  di f ference be tween  t h e  
R M S  ~V curves  or  t i m e  in t eg ra l  cu rves  of b o t h  con t ro l  
groups.  There fo re  t h e y  w e r e  c o m b i n e d  as reference 
level  for  c o m p a r i s o n  w i t h  t he  D S I P  g roup  (figure 2A). 
The  de l t a  E E G  a c t i v i t y  of t h e  con t ro l  g roup  (C) is 
c o m p a r e d  to  t h a t  of t he  pep t i de  g roup  (P). I n  t he  
la t te r ,  t h e  de l t a  ac t iv i ty ,  p l o t t e d  in y.V • SE,  s t a r t s  to  
increase  5 m i n  a f t e r  the  onse t  of t he  specific a c t i v i t y  
per iod  (SpAP)  a n d  d i sc r imina te s  s ign i f i can t ly  f rom t h e  
con t ro l  a f t e r  25 m i n  (100-150 ~xV, refer red  to t he  pre-  
infus ion  period.  Base  l ine 0 = b ias  106.54 ~V.) I l l  f igure 
2B, t he  t i m e  i n t eg ra l s  of t he  va lues  shown  in f igure 2A for  
t i le pep t ide  group  e x h i b i t  a s t e a d y  increase  ii1 de l ta  E E G  
ac t iv i ty ,  s t a r t i n g  5 mil l  a f te r  onse t  of t he  SpAP.  The  
d i s c r i m i n a t i o n  f rom t h e  con t ro l  g roup  becomes  s igni f icant  
15 m i n  a f t e r  onse t  of t h e  SpAP.  The  t o t a l  abso lu te  de l t a  
increase  ove r  50 m i n  in t he  p e p t i d e  g roup  is:  + 39.6 ~z 
9.9 R M S  ExV, aga in s t  con t ro l :  -6 .2  + 3.4 R M S  FV. Th i s  
gives a d i f ference of 45.8 -4- 6.5 R M S  vV b e t w e e n  pep t ide  
a n d  con t ro l  g roups  for t he  f ron t a l  neocor tex .  The  in-  
crease in  i n t eg ra l  pe r cen t  is, for  t h e  pep t ide  g roup :  + 
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Fig. 4. 3-dimensional power spectra of the corresponding linear 
power spectra of figure 3. A Control rabbit No. 4. B DSIP rabbit 
No. 41 : Progressive delta and spindle crests. 
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37.3 =E: 9.3% aga ins t  control :  -5.8 :t: 3.2%. This gives a 
difference of 43.1 4- 6.25% be tween  pep t ide  and  cont ro l  
groups. 
II .  The syn the t i c  D S I P .  A. Biochemical  f indings.  Syn- 
the t ic  D S I P  showed only  one band  on Po lyac ry lamide  
electrophoresis ,  and  one spo t  on 2-dimensional  t lc and  
t l -electrophoresis .  Analysis  gave the  following molar  
con t en t  of amino acids referred to Glu = 1 = Asp 0.79; 
Set  0.80; Glu 1.00; Gly 2.88; Ala 1.85; (NHa 1.48). (Ser 
was corrected for 7% loss dur ing hydrolysis .)  A last  
a m i n o - a c i d  analysis  by  Merck Sharp  and D o h m e  Re- 
search Labora tor ies  conf i rmed the  composi t ion,  and elec- 
trophoresis a t  p H  1.9 and 6.5 showed only a single spot.  
However ,  e lectrophoresis  a t  p H  3.8 and sequencing b o t h  
revealed the  presence  of 2 componen t s  in the  ra t io  20 : 80, 
suggest ing t h a t  the  sample  conta ined  only  20% of the  
na tura l  sequence and 80% of an isomer wi th  Asp l inked 
th rough  the  be ta  carboxyl .  
B. Biological da ta .  Power  spec t ra  and f requency  bands .  
The power  spec t ra  for the  3 IEEG f requency  bands  (delta, 
spindles,  beta) over  the exper imen ta l  t ime are shown bi- 
d imens ional ly  for the neocor tex  of r abb i t  No. 4 infused 
wi th  csf like solut ion (figure 3A). Figure  313 reproduces  
the  power  spec t ra  f rom rabb i t  No. 41 infused wi th  syn-  
the t ic  D S I P .  In  con t r a s t  to the  control ,  there  was a 
dras t ic  progressive increase in del ta  and spindle act ivi t ies  
wi th  a clear u l t radian  b io rhy thmic  ac t iv i ty  (6 cph), while 
the  high f requency  be ta  ac t iv i ty  remained low. In  figure 

4B, the  cor responding  t r id imens iona l  power  spec t ra  in 
D S I P  r ab b i t  41 conf i rm the  a b r u p t  increase s t a r t ing  
10 min  a f te r  infusion onse t  and  progress ing in form of a 
h igh  del ta  crest,  w i th  a ma rk ed  b i o r h y t h m  (5-6 cph) and 
a parallel  smaller  spindle crest.  These sys t emat i c  fea tures  
are no t  de tec tab le  in the  power  spec t ra  of the  con t ro l  
r abb i t  (figure 4A). 
A compar i son  of the  difference in t ime  integrals  (mean 
values) be tween  the  del ta  f requency  b a n d s  (2-4 Hz) of the  
D S I P  and  control  groups  showed an increase of 53.9 4- 
10.7% for t he  neocor tex  ( D S I P  4- 32.7 -t- 15.4% agains t  
control  -21.2 zk 6.1%) (figure 5A). This  de l ta  integral  
increase (4-32.7%) induced  by  syn the t i c  D S I P  has the  
same magn i tude  as t he  increase induced  by  original  D S I P  
(4-37.3%) in figure 2B. The significance of the  del ta  in- 
crease was above 90% wi th  b io rhy thmic  max i ma  up to  
99.9% (p<0.01) ,  as shown b y  the  -~Nileoxon-~Vhitney- 
Mann test .  A similar, bu t  s t ronger  increase was de tec ted  
for t he  spindle  f requency  band  of the  neoeor tex  (61.8 4- 
16.3%) (figure 5B). 3 factors  were de tec ted  by  fac tor  
analysis  among  the  var iables  of the  mul t id imens iona l  
power  spec t ra  involving numerous  f r equency  bands ,  re- 
duced to 12 bands  of 2 Hz  each. A m o n g  these 3 factors,  
under s tood  as coordinates  of a t r id imens iona l  space, re- 
p resen ta t ive  of the  vigilance s ta te ,  only factor  1, wi th  its 
de l ta  and spindle componen t s ,  was found meaningfu l  of 
changes  in vigilance, wi th  a s t rong dr i f t  t owards  'o r tho-  
dox '  spindle-slow wave sleep ~s. 
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Fig. 5. Difference in time integral of frequency bands delta and 
spindles from neocortex between DSIP and control groups. A In 
group P, the increasing delta integral reaches -F 32.7 4- 15.4%. 
(This value has the same magnitude as that of the original peptide in 
figure 2B (+ 37.3 9 o/ q: .3/o). In group C, the delta integral decreases: 
-21.2 ~- 6.1%. Difference = 53.9 i 10.7~ . B In group P, the 
spindle integral reaches + 46.1 4- 22.5% against - 15.7 i 10.1% 
in group C. The difference 61.8 4- 16.3% is greater for spindles than 
for delta. 
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Fig. 6. Difference in time integral of factor 1 from neocortex and 
significance for synthetic DSIP and control groups. A The difference 
between the maximal DSIP group integral (P) and the minimal con- 
trol group integral (C) reaches 53.3% 4- 10, a value symptomatic of 
spindle-delta EEG sleep. /3 Significance of the difference in factor 1 
values between DSIP group and control group is above 90%, with 
biorhythmic 3 cph maxima up to 99.9%. 
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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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PRO EXPERIMENTIS 

A method for demonstrat ing zinc content of the brain using 2-carboxy-2'-hydroxy-5'-  
sulfoformazylbenzene perfusion-stainin.g 

M. Hasan 1 
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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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