
15. 5. 1975 Specialia 551 

Neurohumoral  Correlates of Sleep: Increase of Proteins During Rapid Eye Movement Sleep ~ 

The neu rohumora l  basis  of sleep has been a topic  of 
in te res t  par t icu lar ly  dur ing  the  last  15 years.  Dur ing  th is  
t ime,  special in te res t  has  been  given to  the  biogenic amines.  
However ,  o ther  subs tances  of a pept id ic  na tu re  have  been 
repor ted  to be i m p o r t a n t l y  re la ted  to  sleep ~-4. In  recen t  
years,  we have  d e m o n s t r a t e d  t h a t  a per fusa te  ex t rac ted ,  
by  way  of a 'push-pul l '  cannula,  f rom the  midbra in  
re t icular  fo rma t ion  (MRF) of s leeping cats,  can induce 
sleep when  re-perfused in to  the  homologous  M R F  of an 
awake  rec ip ient  catS, 6. We  have  fu r ther  shown, t h a t  
these  per fusa tes  con ta in  large amoun t s  of proteins ,  and 
tha t ,  dur ing  a 24-hour pe r fu s ion -EEG recording  session, 
t he  p ro te in  levels va ry  in a cyclic fashion and  the  peaks  
of p ro te in  levels have  a t e n d e n c y  to correlate  wi th  periods 
in which  rap id  eye m o v e m e n t  (REM) sleep occupies a 
large per iod  of timeT, S. In  view of the  suggest ion t h a t  
R E M  sleep m a y  be accompan ied  by  increases in proteins ,  
th is  s t u d y  was des igned to  inves t iga te  whe the r  p ro te in  
levels in per fusa tes  var ied  when  compar i sons  were m a d e  
be tween  wakefulness  and  R E M  sleep only. 

M e t h o d s  a n d  results .  14 cats  weighing be tween  2.5 and  
3.5 kg were used in th is  s tudy.  U n d e r  n e m b u t a l  anesthesia ,  
ca ts  were s te reotaxica l ly  imp lan t ed  wi th  a push-pul l  
cannu la  sys t em in the  re t icular  format ion% In  addi t ion ,  
t h e y  were suppl ied wi th  electrodes for recording cort ical  
E E G ,  eye m o v e m e n t s  (EM) and e lec t romyogram (EMG) 
of neck muscles.  The e lect rodes  were soldered to  a minia-  
ture  connec tor  and  the  whole  assembly  was f ixed to the  
skull wi th  den ta l  acrylic. Af ter  a m i n i m u m  of 10 days  of 
pos t -ope ra t ive  recovery,  the  an imals  were in t roduced  
in to  a cage in a quiet  l abo ra to ry  room, and connec ted  to 
a Model 7 Grass po lygraph .  In  addi t ion,  t he  push-pul l  
cannu la  was connec ted  th rough  po lye thy lene  tubes  to a 
H a r v a r d  in fus ion-wi thdrawal  p u m p .  The push  side is 
filled wi th  Ringer  solution% W h e n  the  ca t  is awake (as 
d e t e r m i n e d  by  E E G  recordings),  the  perfus ion is s ta r ted ,  

wi th  the  p u m p  working at  a f low ra te  of 20 [xl/min. Thus  
a 1 ml  sample  is collected while the  cat  is awake.  As soon 
as th is  sample  is collected, the  an imal  is al lowed to sleep. 
At  this  point ,  perfusions  are carr ied out  only while the  
an imal  is in R E M  sleep. In  these  cases, perfusions  are 
done in as m a n y  R E M  periods as will p e rmi t  the  collection 
of 1 ml. As dur ing  wakefulness ,  R E M  is de t e rmined  
behavioura l ly  and  electrophysiologically.  E a c h  sample  is 
t hen  analyzed i n d ep en d en t l y  by  the  LowRY 9 m e t h o d  in 
order  to de te rmine  to ta l  p ro te in  con ten t  in the  perfusate .  

As can be seen f rom the  Table,  in 21 out  of 23 cases 
p ro te in  levels in the  per fusa tes  were h igher  dur ing  R E M  
sleep t h a n  dur ing  wakefulness.  A paired t- test  be tween  the  
mean  awake and mean  R E M  pro te ins  showed a h ighly  
signif icant  difference (p < 0.0001). I t  should be no ted  t h a t  
pro te in  levels var ied be tween  cats  as well as wi th in  the  
same ca t  per fused  on d i f ferent  occasions. Despi te  these  
var ia t ions ,  however ,  the  a w a k e - R E M  rat io was always 
prac t ica l ly  double  if no t  more. 

Conclus ion .  These exper imen t s  d e m o n s t r a t e  t h a t  t he  
H E M  phase  of sleep is accompanied  by  an increase in the  
levels of extracel lu lar  p ro te ins  in t he  midbra in  ret icular  
format ion .  E v e n  t h o u g h  it is not  possible  f rom the  results  
to  de te rmine  the  processes whereby  these prote ins  acquire  
a h igher  level dur ing  R E M  sleep, it  could be suggested 
t h a t  increased prote in  synthes is  m a y  be involved.  This  
suggest ion is suppor t ed  by  expe r imen t s  which  have  
shown t h a t  the  a m o u n t  of soluble proteins ,  in an area 4 to  
5 t imes  greater  t h a n  t h a t  occupied by  the  push-pul l  
cannula,  is some 15 t imes  smaller  7. Moreover,  it  has  been 
shown t h a t  s i tua t ions  which show high levels of p ro te in  
synthesis ,  such as in alcohol abs t inence  1~ neona ta l  
per iod n and dur ing  recovery  f rom cycloheximide  t rea t -  
m e n t  12, are accompan ied  by  e levated R E M  per iods  12-~4. 
Fur the rmore ,  it  has  recent ly  been shown t h a t  anisomycin,  
a p ro te in  synthes is  inh ib i to r  blocks R E M  sleep in ra t s  ~ 

Protein levels in the perfusates during REM Sleep and wakefulness 
tzg Protein/ml perfusate 

Cat No. Awake REM 

1 76 133 
1 40 128 
1 12 43 
1 58 23 
2 51 197 
2 35 162 
3 36 96 
6 98 262 
7 143 170 
7 11 46 
9 53 166 

10 127 123 
12 106 232 
12 123 176 
13 48 253 
13 83 140 
14 88 130 
23 7 34 
24 29 46 
24 19 53 
27 5 15 
28 7 34 

Mean 56.34 124.91 
S.E. 8.46 14.87 
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while  g rowth  h o r m o n e  (an anabol ic  ho rmone)  increases  
R E M  sleep in rats~5 a n d  catsUP. I n  sum, our  expe r imen t s  
suggest  t h a t  p ro te ins  m a y  be  i m p o r t a n t l y  re la ted  to 
sleep and  in p a r t i c u l a r  to  REM.  

Rdsumd. Des cha t s  auque ls  On a i m p l a n t 6  s te reo tax i -  
q u e m e n t  u n  sys t6me de cannules  <~push-pulb> dans  la 
f o r m a t i o n  ret icul6e m6sencepha l ique  on t  6t6 soumis  5~ des 
p6riodes de per fus ion  p e n d a n t  la veille ou p e n d a n t  la 
phase  R E M  du sommeil .  Les exp6riences  0n t  d6mon t r6  que  

la ~VV. C. STERN, J.  C. JALOWIEC, H. SHABSHALOWITZ and P.J.  
MORGANE, Hormones  Behav.,  in press, 1975. 

la phase  R E M  est  accompagn4e  d ' u n e  a u g m e n t a t i o n  t r6s  
s igni f ica t ive  (p < 0.0001) des p ro te ines  en c o m p a r a i s o n  
avec  la veille. Ces r6su l t a t s  son t  discut6s  p a r  r a p p o r t  au  
r61e possible  de la syn th6se  des pro t6 ines  p e n d a n t  la 
phase  de sommeil .  
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P o t e n t i a t i n g  Effect of f l - A d r e n e r g i c  S t i m u l a n t  on 
R e s i s t a n c e  to a - A d r e n e r g i c  S t i m u l a n t  

I t  is well k n o w n  t h a t  a s t i m u l a t i o n  of adrenerg ic  
fl-receptors causes t he  r e l a x a t i o n  ot vascu la r  s m o o t h  
muscles,  pa r t i cu l a r l y  in  the  ske le ta l  muscle  and  co rona ry  
ar te r ies  wh ich  h a v e  re la t ive ly  increased myogen ic  tone.  
On t he  o the r  h a n d ,  t he  myogen ic  tone  of t he  cu t aneous  
res i s tance  vessels is r e la t ive ly  decreased and  a s t i mu la t i on  
of t he i r  a d r e n e r g i c  fi-receptors does no t  necessar i ly  
p roduce  t he  re laxa t ion .  F u r t h e r m o r e ,  t he  c u t a n e o u s  
a r t e r y  is one of t he  ar te r ies  wh ich  h a v e  t he  mos t  sens i t ive  
response  to vasocons t r i c to r  agen ts  in t he  body.  Recent ly ,  
m a n y  inves t iga to r s  h a v e  r epo r t ed  t h a t  the  fi-receptor 
adrenerg ic  b lock ing  agen ts  h a v e  h y p o t e n s i v e  ac t ion  in 
h y p e r t e n s i v e  p a t i e n t s  l-a. I t  is, therefore ,  of i n t e r e s t  to  
e luc ida te  t he  pha rmaco log ica l  charac te r i s t i c s  of t he  
adrenerg ic  f l-receptors in t he  res i s tance  vessels. 

The  purpose  of th i s  p a p e r  is to  eva lua t e  an  ef tect  of 
f l -adrenergic s t i m u l a t i o n  on  t he  response  to ca techol-  
amines  (CA) us ing  t he  isola ted r a b b i t  ear, wh ich  consis ts  
a l m o s t  en t i re ly  of the  c u t a n e o u s  vascu la r  beds.  Male 
r a b b i t s  weighing  2.0 to  3.0 kg were anes t he t i z ed  w i t h  
sod ium i somi ta l  (1.0 m g / k g  i.v.) fol lowing h e p a r i n  injec- 
t i on  (1000 U /kg  i.v.). T he  cen t r a l  a r te r ies  of b i l a t e ra l  ears 
were c a n n u l a t e d  w i t h  f ine po l ye t hy l ene  t u b i n g  and  a b o u t  
1 cm of c a n n u l a  was inse r t ed  in to  t h e m ,  t h e n  t he  ears were 
r e m o v e d  a t  t he i r  bases.  T h e y  were s tored  a t  3 -4~  in 
n o r m a l  Krebs  b i c a r b o n a t e  so lu t ion  for 24 to 48 h. U n d e r  
these  condi t ions ,  t he  degene ra t i on  of s y m p a t h e t i c  
ne rves  h a d  occur red  and  t h e i r  func t ion  had  failed 4. The  
cen t r a l  ar ter ies  were per fused  w i t h  n o r m a l  Krebs  bi-  
c a r b o n a t e  solut ion,  equ i l ib ra t ed  w i t h  a gas m i x t u r e  of 
95% 02 + 5% CO S, a t  37~ b y  m e a n s  of a rol ler  p u m p  
de l iver ing  a c o n s t a n t  r a t e  of flow (1.25 ml /min) .  This  
so lu t ion  h a d  the  fol lowing composi t ion ,  in  m M :  Na+ 162.0, 
K + 5.9, Ca ++ 2.5, Mg ++ 1.25, CI-  150.4, HCO a- 25.0 a n d  glu- 

the  R e s p o n s e  of the  C u t a n e o u s  Vascu lar  

cose 8.3 (pH 7.4). P r io r  to  each  expe r imen t ,  per fus ion  was 
a lways  m a d e  for 2 h in order  to  o b t a i n  a c o n s t a n t  condi-  
t ion.  Changes  in t he  vascu la r  res i s tance  were recorded  on  
t he  k y m o g r a p h  as changes  in per fus ion  pressure  w i t h  a 
m e r c u r y  m a n o m e t e r .  0.1 ml  of su i t ab le  c o n c e n t r a t i o n s  of 
CA, f reshly  p r e p a r e d  in n o r m a l  Krebs  solut ion,  was 
in jec ted  i n t r a a r t e r i a l l y  t h r o u g h  a r u b b e r  t u b e  connec t ed  
close to t he  cen t r a l  a r t e r ia l  cannula .  To observe  an  effect  
of t he  drugs  on t he  response  to CA, t he  pe r fus ion  was 
pe r fo rmed  w i t h  n o r m a l  Krebs  so lu t ion  con ta in ing  t h e i r  
su i tab le  c o n c e n t r a t i o n s  for 30 min,  a n d  t h e n  t he  responses  
were c o m p a r e d  be tween  those  before  and  d u r i n g  t h e  
perfus ion.  

I n  the  p re sen t  expe r imen t ,  t he  re la t ive  potenc ies  of 
ad rena l ine  (A) (0.1 ~g), n o r a d r e n a l i n e  (NA) (0.1 ~zg), 
m e t h o x a m i n e  (MX) (0.1 ~zg) and  M X  (1.0 ~zg) were 
a p p r o x i m a t e l y  2.0: 1.0: 0.3: 0.5. In  compar i son  w i t h  N A  
(0.1 ~zg), t he  response  to A (0.1 [zg) was  s ign i f ican t ly  
g rea te r  (p < 0.01), and  t he  responses  to  0.1 ~g and  1.0 ~g 
of M X  were s ign i f ican t ly  smal le r  (p < 0.01). I n  t he  
presence  of L-isoproterenol  (IP) of 10 -1~ to  10 -6 g/ml,  
per fus ion  pressure  did  no t  change.  As shown  in F igure  1, 
I P  (2 • 10 -1~ g/ml) p o t e n t i a t e d  t he  responses  to b o t h  N A  
and  MX.  I t  was r epo r t ed  t h a t  a few min  a f te r  t he  s t imula -  
t i on  of t he  adrenerg ic  fi-receptors, cyclic adenos ine  3', 5'- 
m o n o p h o s p h a t e  (cyclic AMP) levels in  t he  vascu la r  s m o o t h  
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Fig. i. Effect of L-isoproterenol on 
the responses of peripheral vascular 
resistance to cateeholamines. Nor- 
adrenaline was repeatedly applied 
every 15 rain. 


