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Isolation and Physical-Chemical  Characterization of a Humoral ,  Sleep Inducing Substance in 
Rabbits (Factor 'delta') 

I n  1910 i t  w a s  for  t h e  f i r s t  t i m e  s u g g e s t e d  t h a t  t r a n s -  
f u s ion  of c e r e b r o - s p i n a l  f lu id  (CSF)  f r o m  s l e e p - d e p r i v e d  
to  n o r m a l  dogs  i n d u c e d  b e h a v i o r a l  s l eep  in  t h e  r e c i p i e n t s  1. 
S l e e p - d e p r i v a t i o n  was  t h o u g h t  to  i nc r ea se  t h e  p r o d u c t i o n  
of  h u m o r a l  s l eep  t r a n s m i t t i n g  fac to r s .  I n  1965 i t  b e c a m e  
pos s ib l e  to  t r a n s m i t  s leep  to  r e c i p i e n t s  b y  i.v. i n j e c t i o n  of  
an  e x t r a c o r p o r a l  h e m o d i a l y s a t e  o b t a i n e d  f r o m  r a b b i t s  
s u b m i t t e d  to  e l ec t r i ca l  s t i m u l a t i o n  of  t h e  t h a l a m i c  s leep  
a r e a  d u r i n g  d ia lys i s  ". M o r e  r ecen t l y ,  s leep  was  a g a i n  
succes s fu l l y  t r a n s m i t t e d  b y  i n t r a v e n t r i c u l a r  i n fu s ion  of  
C S F  f r o m  s l e e p - d e p r i v e d  g o a t s  to  r a t s  ~, ~ or  of  d i a l y s a t e  
f r o m  s l e e p i n g  r a b b i t s  s u b m i t t e d  to  t h a l a m i c  s t i m u l a t i o n  
to  r e c i p i e n t s  oI t h e  s a m e  species~,% S i m u l t a n e o u s l y ,  
e v i d e n c e  w a s  p r e s e n t e d  b y  t h e s e  a u t h o r s  t h a t  one  or  m o r e  

s u b s t a n c e s  of sma l l  m o l e c u l a r  w e i g h t  m i g h t  be  r e s p o n s i b l e  
for  t h e  h u m o r a l  t r a n s m i s s i o n  of s l e epL  I n  o r d e r  t o  c o m -  
p l e t e  t h e  l a t t e r  e x p e r i m e n t s  a n d  to  c h e c k  w h e t h e r  
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Fig. 1. a) Percentage of the increased delta 
amount in donor-rabbits during electrical 
stimulation of the thalamie sleep area (--) 
compared with non-stimulated control ani- 
mals (---) .  b) Transmission of sleep ('delta 
sleep') by intraventricular inlusion of an 
extracorporal dialysate from donors to reci- 
pients (--);  control = infusion of dialysate 
from non stimulated donors (- - -). e) Increase 
of delta amount in recipients (--} after infu- 
sion of Pool I (Sephadex G-10). Controls (- - -L 
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humora l  factors are ac tualyl  involved  in the  phenomenon  
of sleep, a t t empt s  were made  to isolate and character ize 
the  act ive  substance,  or substances in the  ext racorpora l  
dialysate.  

Methods c~r results. Rabbi t s  were submi t t ed  before and 
during electrical s t imula t ion  of the  tha lamic  sleep area of 
t IEss  8 to an ext racorpora l  hemodialysis  according to 
KUHN 9. After  a pres t imula t ion  per iod of 30 rain, t h e y  were 
in t e rmi t t en t ly  s t imula ted  during 50 rain: vol tage  0.7 V;  
pulse f requency 6/s ; pulse dura t ion  7 ms ; s t imulat ion epi- 
sode: 10 s; to ta l  s t imula t ion  t ime  277 s; to ta l  s t imula t ion  
charge (11.6 • 0.25 mA) ~ 2,9 inC. This mild s t imulat ion 
induced in the  donor an 'o r thodox  del ta  sleep'  in cont ras t  
to the  'paradoxica l  sleep'  described by Jo~Jv~T ~~ 

The dialysate  or  the  fract ions obta ined  theref rom were 
infused wi th  an au tomat ic  p u m p  (0.05 ml/25 min) into 
the  meso-diencephalic  vent r icu lar  sys tem of mi ld ly  
restrained or f ree-moving rabbi t  recipients.  The  hypno-  

�9 genic ac t iv i ty  was expressed by  the  amoun t  of electrical 
del ta  ac t iv i ty  of the  cortex,  recorded wi th  an electro- 
encephalograph (EEGj  and quant i f ied  by  an au tomat ic  
f requency analyzer  (~zV/5 min)11, 2. The concomi tan t  
decrease in motor  ac t iv i ty  was recorded wi th  a kinesi- 
graph  ~. The  control  animals  were donor rabbi ts  in which 
electrodes were implan ted  in the  tha lamus,  bu t  no 
s t imula t ion  was applied. 

The de l t a -amount  was expressed in percent  of the  
average increase (~V/5 rain) referred to the  average va lue  
of the  pres t imula t ion  period in the  donor or the  preintusion 
period in the  recipient  ( =  100%). The  s ta t is t ical  signifi- 
cance of t he  differences of de l ta -amounts  in sleeping and 
controI animals  was calculated ~S. Dur ing  fract ionat ion,  
the  lyophitized dry  mater ia l  of the  corresponding fract ion 
was dissolved in an e lect rolyte  solution, ident ical  to CSF  
in content ,  p H  and in a concent ra t ion  propor t iona l  (w/w) 
to the  d ry  substance of the  p r imary  s leep-inducing 
dialysate.  Artefacts ,  even tua l ly  in t roduced by  t h e  pro- 
cedure in the  course of f rac t ionat ion  were e l imina ted  by  
tes t ing the  'b lank procedure ' ,  i.e. f rac t ionat ion  wi thou t  
substance.  

The lyophil ized p r imary  sleep dialysate  was dissol- 
ved in disti l led water ,  centr i fuged and the  superna- 
t a u t  desal ted by  gel ch romatography  on Sephadex  
G-10 (Pharmacia,  Uppsala,  Sweden). The  co lumn was 
equi l ibra ted and eluted wi th  disti l led water .  The  higher  

molecular  weight  f ract ion (M~VV>CI-), denomina ted  
Ponl  I, conta ined  the  to ta l  hypnogeuic  ac t iv i ty .  I n  
Figure  la,  the  increase of del ta  ac t iv i ty  in sleeping donors 
during s t imula t ion  (156%) was compared  to the  corre- 
sponding del ta  ac t iv i ty  of control-donors  (92%). The 
recipients  of sleep dialysate  and of control  d ia lysate  
showed a del ta  difference of 153% to 98%, respect ively,  
(Figure lb) and recipients  of the desal ted Pool  I (Figure lc) 
showed an increase of the del ta  a m o u n t  of 173 % compared  
to 97% in the  control.  

The desal ted hypnogenic  mater ia l  (20 rag/5 donors) was 
separated by p repara t ive  th in- layer  ch roma tog raphy  (TLC) 
on commerc ia l ly  avai lable  (PSC) Silica-Gel plates  (Merck, 
Darmstadt ) .  l~unning med ium:  a c e t o n - w a t e r  (7 -4-3). Six 
n inhydr in-pos i t ive  fract ions wi th  different  1Rf-values were 
thus  separated.  Only i of the  6 fractions,  f ract ion 2, the  
R f - v a h e  of which differed clearly f rom t h a t  of Serotonin,  
contained the  hypnogenic  act ivi ty .  The  analyt ica l  high 
vol tage  electrophoresis  revealed the  presence of 6 nin- 
hydr in-posi t ive  substances in this  fraction. Fu r the r  
f rac t ionat ion  on a Sephadex  G-15 column, equi l ibra ted  
and eluted wi th  water ,  elicited 3 n inhydr in-pos i t ive  
peaks (Figure 2). Only Peak  1, wi th  the  smallest  Ve, which 
was no t  present  in the  TLC fractions 1, 3, 4, 5 and 6, 
conta ined the  whole hypnogenic  act ivi ty .  Vo (Blue 
Dext ran)  > Ve(~) of the  'hypnogenic  peak '  suggested a 
molecular  weight  below 1500 ~. A more precise eva lua t ion  
of the  molecular  weight  of the  hypnogenic  mater ia l  could 
be obta ined by  r ech roma tog raphy  over  a longer G-15 
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Fig. 2. Gel chromatography on Sephadex G-15 of a hypnogenic 
fraction 2 (--) separated by thin layer chromatography and a non 
hypnogenic fraction 3 (- - -) ; separation into 3 and 2 peaks, resp., with 
different molecular weights. 
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Fig. 3. Estimation of the molecular weight of the hypnogenic fraction 
(Peak la) by analytical GeI chroma(ography over Sephadex G-15; 
reference substances: blue dextran (MW 2 • 106), Gly-Leu-Met-NH 2 
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Fig. 4. Percentage of increase of delta amount 
after infusion of the purified and characterized 
fraction 2 (--); eontroIs (---) = non hypnogenie 
fractions with similar physical-chemical pro- 
perties, separated by high voltage electro- 
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column (Figure 3). The co lumn was cal ibra ted wi th  
Alanine (MW 89), a t r ipep t ide  (MW 355) and blue dex t ran  
(MW > 2 • 106). A peak  wi th  2 shoulders was elated. The 
first  apex conta ined the  hypnogenic  mater ia l  and appeared 
before the  pept ide  marker .  The molecular  weight  must ,  
therefore,  be above  355. The  separa t ion  of the  two 
shoulders was not  successful. I t  was however  achieved by  
p repara t ive  high vol tage  paper  electrophoresis  on Wha t -  
man  2 MM-Paper  (20•  40 cm) at  p H  2.0 (2% formic ac id ;  
2500 u  mA/75 rain). Four  e lect rophoret ic  different  
fract ions appeared.  The  hypnogenic  ac iv i ty  resided only 
in f ract ion I I  (from the  s ta r t ing  point)  wi th  a del ta  in- 
crease of 170~o as compared  to 71~o for the  controls 
(Fract ions I, I I I  and IV) (Figure 4). 

Bo th  the  analysis or the  hypnogenic  n inhydr in-  
posi t ive  peak  1 (a + b) ob t a ined  f rom Sephadex G-15 
(Figure 3), before paper  e lec t rophore t ic  pur i f ica t ion  and 
t h a t  of the  purif ied f ract ion 2 after  h igh vol tage  electro- 
phoresis, on the  amino  acid analyzer,  before and af ter  
acid hydrolysis ,  showed the  release of a t  least  7 di f ferent  
amino acid residues by  the  hydro ly t ic  procedure  15. 
Addit ional ly ,  f ract ion 2 showed af ter  dansyla t ion  before 
acid hydrolysis  the  presence of con tamina t ing  amino acids 
f rom the  electrophoresis  paper,  bu t  one dansyl -pos i t ive  
substance,  which could not  be identified,  yielded again 
af ter  e lut ion f rom the  cellulose plate,  hydrolysis  and 
redansyla t ion  at  least  7 free D N S - a m i n o  acid residues~S. 
A quan t i t a t i ve  analysis was not  ye t  achieved,  due to the  
small  a m o u n t  of purif ied substance available.  

Conclusion. Mult iple  f ract ionat ions,  a t  each step of 
which different  physica l -chemical  proper t ies  of the  
molecules  were made  use of, showed tha t  the  hypnogenic  
ac t iv i ty  was always associated wi th  a n inhydr in-pos i t ive  
fraction.  The  molecular  weight  of the  hypnogenic  ac t ive  
substance could be es t imated  by  Sephadex  G-15 and the  
presence of a t  least  7 di f ferent  amino acid residues was 
revealed  after  amino acid hydrolysis .  On the  basis of t he  
la t te r  fact, ver i f ied wi th  two dif ferent  techniques  and of 
o ther  data,  we feel en t i t l ed  to draw the  fol lowing con- 
clusions : humora l  t ransmiss ion  of sleep in our  model  seems 
to be due to a speci/ic transmitter o/peptide nature L The 
molecular  weight  of the  ac t ive  substance,  which we charac-  
ter ized as 'sleep factor  delta ' ,  lies be tween  355 and 150017. 
The  assumpt ion  t h a t  such a substance migh t  be respons- 
ible for humora l  t ransmiss ion of sleep is sustained by  the  
fact  t h a t  the  effect ive dosis is 10-TM/1 or 5.8 ng/kg  for 
in t raven t r i cu la r  infusion. The u l t ima te  proof  will  be 
provided  by  fur ther  p roduc t ion  and pur i f ica t ion  of 
sufficient quant i t ies  of the  compound,  a l lowing elucidat ion 
of t he  s t ructure,  followed by  synthesis  of the  ac t ive  sleep 
substance.  

Zusammenfassung. Das HXmodialysa t  schlafender  I(a-  
n inchen (unter Einflnss tha lamischer  Reiznng) wurde 
unter  Kontro l le  der ,Del ta -Schla i~- induzierenden  Akt iv i -  
t~t  f rakt ionier t .  Nach  Entsa lzung  fiber Sephadex  G-10 
wurde die hypnogene  F rak t ion  du tch  anschliessende pre-  
pa ra t ive  Di innsch ich tchromatographie  in 6 verschiedene 
n inhydr in-pos i t ive  Frak t ionen  ge t rennt  (MG > CI-). E ine  
davon  enthie l t  die hypnogene  Akt iv i t~ t .  Diese F rak t ion  2 
wurde fiber Sephadex  G-15 in 3 n inhydr in-pos i t ive  Gipfel 
aufgetrennt .  Nur  die F rak t ion  mi t  dem geringsten V~ 
enthie l t  die hypnogene  Akt iv i t~ t .  Durch  Vergleich mi t  
dam Elu t ionsvo lumen  von  Markersubs tanzen konnte  ftir 
die ak t ive  Substanz  ein Molekulargewicht  zwischen 355 
und 1500 gesch/~tzt werden. Pr / tpara t ive  Hochspannungs-  
Papiere lekt rophorese  t rennte  das ak t ive  Mater ia l  in vier  
Unte r f rak t ionen .  N u t  eine e lekt rophoret isch and  chro- 
matographisch  einhei t l iche F rak t ion  (2) enthie l t  die 
hypnogene  Aktivit&t.  Aus dieser F rak t i on  wurden  nach 
saurer  Hydro lyse  mindes tens  7 verschiedene Aminos&ure- 
tas te  freigesetzt .  Dieses Resu l t a t  wurde  dutch  Dansyl ie-  
rung v o r u n d  nach  saurer  t t yd ro lyse  ver i f iz ier t ;  gleich- 
zeitig wurden  Ar te fak te  durch  kon tamin ie rende  Amino-  
s~turen aus dem Papier  ausgeschlossen. Die Ergebnisse  
lassen auf die Pep t idna tu r  einer humora len  ~Delta- 
Schlaf~-induzierenden Subs tanz  schliessen (sleep factor  
'del ta ' ) .  
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