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Zusammen/assung. Bei elektrophysiologischer  und bio- 
chemischer  Funkt ionspr i i fung des Bauchmarkes  yon 
Periplaneta americana wird gezeigt, dass die frasshem- 
menden  Chinone Juglon  und 1,4-Naphthochinon sowie 
N-Ae thy lma le imid  sowohl die endogene Nervenaktivi t~t t  
wie auch ATPase  hemmen,  w~hrend Menadion nur  auf 
die Nerven  wirkte.  2-OH-1,4-Naphthochinon und p- 

Chloromercur ibenzoat  h e m m t e n  nur  die ATPase  und 
Iodaceta ln ide  ha t t e  keinerlei  Effekt .  

J.E. BAKER and D.M. NORRIS 
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Some Physical'Chemical Properties of the Rabbit's i~Sleep Hemodialysate~, 

We have  previously  described an improved  method  for 
producing sleep hemodialysate ,  free of waking  factors, 
which provided new evidence of humora l  t ransmission 
of sleep!, ~. We  now a t t e m p t  a pre l iminary  physical-  
chemical  character iza t ion of the 'sleep'  dialysate  in view 
of obta in ing more informat ion  on the  so far hypothet ic ,  
hypnogenic  factor  or factors responsible for humora l  
t ransmission of sleep in our exper imenta l  model.  

Methods and material, a) Production o~ sleep and o~ sleep 
hemodialysate. During ext racorpora l  hemodialysis,  expe- 
r imenta l  sleep is induced in rabbi ts  by electrical s t imu- 
lat ion of the vent ro-medica l  in t ra laminary  tha lamus  1,2. 
Control  animals  are submi t ted  to  sham-s t inmla t ion  of 
the  same region ,i.e. wi th  electrode in place, bu t  w i thou t  
s t imula t ing  current.  Sleep is expressed by changes in the 
electrical brain act ivi t ies  recorded with  an electroence- 
pha lograph of Schwarzer  and submi t ted  to an au tomat ic  
f requency analysis (Faraday Instr. ,  London).  The best 
quan t i t a t i ve  cr i ter ion of ord inary  sleep is the  increase in 
amount o/ slow delta activities in t h e  motor  cortex1, 2. 
Dur ing a p re l iminary  dialysis of 30 min, the  s imultane-  
ously recorded average del ta  ac t iv i ty  is used as reference 
for quant i f ica t ion  of the  increase in 'sleep'  occurr ing during 
the  following chief dialysis and s t imulat ion period of 60 
rain. The average del ta  value  of the  pre-dialysis per 
5 min  is chosen as reference = 100%, for example  170 mm 
deflect ion corresponding to 2030 lxV del ta  activit ies.  Sleep 
is expressed by  a s ignif icant  increase, and arousal  by a 
decrease of these del ta  activit ies.  

b) Permeability o~ the dialyzer membranes. During 
dialysis, venous blood f rom the  bra in  flows in the  internal  
channel,  whereas a protein-free ,serum-like '  dialyzing 
fluid flows eountercur ren t  in the  outer  channel  of the  
dialyzer.  In  all dialysis experiments ,  cel lophane mem-  
branes wi th  25-30 ~ pore size are used. The  membranes  
were found to be impermeable  to ovalbumine(  M.W. 
44.000), bu t  permeable  to myoglobin  (M.W. 17.800). 
Unde r  these conditions,  only blood const i tuents  of low 
molecular  weight  mus t  be assumed to appear  in the  dia- 
lysate. 

c) Assessment o/the dialysate's hypnogenic activity. The 
hypnogenie  effect of fresh or lyophil ized sleep dialysates 
is tested by  infusion into the  meso-diencephalic  vent r icu lar  
system of rabbi t  recipients  3. The electrographic del ta  
act ivi t ies  of the  mi ld ly  restrained animals,  previously  
shown to v a r y  in close correlat ion wi th  the  moto r  ac t iv i ty  
of the f ree-moving an imal  ~ are considered here as a ful ly 
rel iable pa ramete r  of the  hypnogenic  effect. 

The  osmolarity of the  dialysates is control led by  
measur ing the  freezing point  wi th  the  osmometer  of 
Knauer  and expressed in mill iosmols (courtesy of Prof. 
H. REBER). S imul taneous ly  conductivity measurements  are 
carried out, using a conduc t iv i ty -me te r  (Radiometer  Ltd,  
Copenhagen/Denmark) .  This  careful control  before infu- 
sion excludes hypnogenic  tes t  ar tefacts  due to differences 

in concent ra t ion  of low molecular  weight  solutes, such as 
t r ansmembraneous  concent ra t ion  gradients  alone or sub- 
sequent  changes of osmotic  propert ies .  

We inves t iga ted  the  influence of storage, freezing and 
thawing,  mul t ip le  freeze-drying, hea t ing  and ext reme p H  
changes upon the  hypnogenic  ac t iv i ty  of sleep dialysate.  
The  results repor ted  here were obta ined f rom a series of 
13 fresh sleep dialysates,  5 sleep lyophil isates and 6 control  
dialysates.  They  are summar ized  on the Figure  which 
reproduces,  as an example,  the  effects of var ious  influen- 
ces on the  same dialysate.  
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Effects of various physical-chemical conditions oi1 the hypnogenic 
activity of sleep dialysate tested byintraventricular infusion and EEG 
recording of delta activities. A: Lyophilisate from 6 control donors. 
B-F: Example of lyophilisate from the same donor, submitted to dif- 
ferent conditions. 
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Results. - Osmolarity and pH. Sleep dialysates have  an 
average molarity of 309 -~ 1 m O s m  (milliosmol) and a 
corresponding conductivity of 13.5 ~- 1.5 m S  (milli- 
siemens), i.e. values  s imilar  to those of cerebrospinal  fluid. 
They  m a y  therefore  be infused into the  cerebral  vent r icular  
sys tem wi thou t  d is turbing the  equi l ibr ium between the  
vent r icu lar  and per ivent r icu lar  space. 

Dur ing dialysis, the  blood p H  (measured wi th  an EA 
520 electrode equipped wi th  a corresponding compensa tor  
E 388; Met rohm Ltd,  Herisau,  Switzerland) of the cere- 
bral  venous  blood f lowing th rough  the  inner  channel  of t he  
dia lyzer  decreases f rom 7.41 to 7.37 dur ing a dialysis 
t ime  of 60 min, a decrease most  l ikely due to increased 
acid metaboli tes .  By  contrast ,  the  p H  of the dialysates 
f rom sleeping or control  donors shows an increase f rom 
7.39 to 7.50, due to a par t ia l  loss of CO2 which can be pre- 
ven ted  by  adminis t ra t ion  of oxycarbon  during the  dia- 
lysis. However ,  a t  room tempera ture ,  the  dia lysate ' s  p H  
increases again and mus t  be corrected by phospha te  
buffer for in t ravenous  inject ion (7.38) Or in t ravent r icu la r  
infusion (pH 7.24) to recipient  rabbits .  I t  must  be empha-  
sized t h a t  these m i n o r  p H  changes occur bo th  i n  sleep 
and control  dialysates  ; this  fact  and the  p H  read jus tmen t  
performed before inject ion or infusion exclude any possible 
influence of p H  differences s imulat ing a dia lysate ' s  sleep 
effect. 

Storage, [reezing and thawing; lyophilization. The  hypno-  
genic effect of the  hemodia lysa te  s l ight ly decreases af ter  
storage over  a per iod of 2 days at  4~ Fur thermore ,  by  
freezing and thawing  af ter  three weeks storage t ime,  the  
dialysate  loses more than  50% of its hypnogenic  effect. 
In  order to overcome this  loss, the  dialysates mus t  be 
immedia te ly  freeze-dried and the  solid residue stored a t  
--20~ However ,  even af ter  ord inary  lyophilization, there  
is a sl ight  loss of the  hypnogenic  del ta  act ivi ty ,  as shown in 
a first exper iment  (Figure B, C.). Thus, the  del ta  act ivi ty ,  
amount ing  to 221% in recipient  rabbi ts  receiving an 
in t ravent r icu la r  infusion of fresh sleep dialysate,  decreases 
to 143% in those receiving sleep lyophilisate,  redissolved 
wi th  meta l  free disti l led water .  This  fact  suggests t h a t  a 
h ighly  labile compound  is p robably  responsible for humor-  
al t ransmission of sleep. 

Heating. In  a second set of exper iments ,  boiling of the  
sleep lyophil isate  (15 min  a t  100~ in a water  bath,  com- 
ple te ly  abol ishes  the  sleep inducing act ivi ty .  E v e n  a 
milder  t r e a t m e n t  of the  hypnogenic  d ia lysa te  (warming 
up of 2 ml  to 70~ for 15 rain in wate r  bath,  followed by  
cooling) comple te ly  suppresses the  hypnogenic  effect;  
indeed, the  amoun t  of del ta  act ivi t ies  no longer increases, 
bu t  drops to 88% against  143% for the  unt rea ted  lyo- 
phi l isate  (Figure D). This  the rmolab i l i ty  confirms our 
previous assumption.  

Extreme pH changes. In  a th i rd  series of exper iments ,  
2.5 ml  sleep lyophi l isa te  are submi t ted  to acidification 
and brought  to p H  2 by  HC1; final  concentra t ion  0.151 M 
HC1. After  1 h, the  mix tu re  is neutra l ized to p H  7.38 wi th  
NaOH.  An increase of 0.00177 g NaC1/ml results f rom 
this procedure,  which was compensated  for in the corres- 
ponding <~control, dialysate.  Here  again, af ter  f inal  p H  

ad jus tmen t  at  7.24, the  in t raven t r icu la r  infusion of this 
d ia lysate  no longer increases (85%) the  del ta  ac t iv i ty  of 
sleep in recipient  animals,  as shown in Figure  E. 

The hypnogenic  ac t iv i ty  is l ikewise complete ly  abolish- 
ed by  alcalization of 2.5 ml  sleep lyophil isate  to p H  12, 
followed by  neut ra l iza t ion  at ter  1 h in the  same way  as 
described above (delta a m o u n t  81%. Figure F). We  m a y  
therefore conclude tha t  the  hypnogenic  p roper ty  of sleep 
dialysate  is also ex t remely  susceptible to great  changes 
in pH.  

Discussion. The  hypnogenic  ac t iv i ty  of rabb i t ' s  sleep 
dialysate,  under  control led condi t ions  of p H  and osmo- 
larity, seems to be related to one or more compounds  
present  in the  dialysate.  These compounds  lose par t  of 
their  ac t iv i ty  by  freezing and thawing,  also by  lyophili-  
zat ion of the  fresh sleep dialysate,  as a l ready shown by  
MONNIER and HATT ~. The  ac t ive  compounds  are also 
al tered by storage over  a long period of t ime  a t  4~ They  
cannot  be proteins of high molecular  weight,  since these 
could not  pass  th rough  the  dialyzer  membrane.  For  the  
same reason, hypnogenic  ar tefacts  due to bacter ia l  con- 
t amina t ion  dur ing long storage m a y  be excluded.  More- 
over, the  ex t reme hea t  ins tabi l i ty  and susceptibi l i ty  of 
the  act ive  components  to changes of the  p H  strongly 
suggest t h a t  the  hypnogenic  ac t iv i ty  of sleep dialysate  
migh t  be due to specific low molecular  weight  organic 
substances.  

Zusammen/assung. Die hypnogene  Akt iv i t / i t  des Schlaf- 
dialysates  von Kaninchen  h~ngt  nicht  yon geringen )kn- 
derungen des pH,  sondern yon einer oder mehrerer  Ver- 
b indungen des Dia lysa tes  ab. Diese Verbindungen ver-  
l ieren anscheinend einen Tell  ihrer Akt iv i t~ t  durch 
l~ngeres Lagern im Kfihlschrank, wiederholtes l~infrieren 
und Tauen  sowie durch Lyophi l is ieren des frischen 
Dialysates.  Sic sind keine Prote ine  h6heren Molekularge- 
wichtes, da solche die Membranen  des Dialysierger/i tes 
nicht  passieren kCnnen. Schliesslich spricht  die Empf ind-  
l ichkei t  der ak t iven  Verbindungen auf Hi tze  und ext reme 
p H - ~ n d e r u n g e n  fiir eine Beziehnng der  hypnogenen 
Akt iv i t~ t  des Schlafdialysates zu spezifischen organischen 
Verbindungen yon niedrigem Molekulargewicht .  

~V~. MONNIER 4 and G.A. SCHOENENBERGER 5 

Physiological Institute, University o/Basel (Switzerland), 
15 June 79776 . 

4 Head of the Physiological Institute. 
.5 Head of the Biological-Chemical Research Division, Department 

of Surgery, Basel Medical School. 
6 Report at the *Max Planck Institut ffir experimentelle Medizin ~, 

GSttingen (Department of Prof. W. VocT). 
7 We are very much indebted to ~/. MEIILHOSE, A. IV[. HATT and B. 

R6SCH for their technical help, to Dr. M. FALLERT, Research assis- 
tant in our Institute, and Prof. H. REB~R, Head of the Chemical 
Laboratory, Btirgerspital Basel, for their cooperation, to the Direc- 
tion of Hoffmann La Roche AG, Basel and to the Ciba Stifung, Ba- 
sel, for their financial help. 

Serial Reconstruction with the Electron Microscope of Carotid Body Tissue.  The Type I Cell Nerve 
Supply 

The carot id  body is a s t ruc ture  which lies a t  the  oxide and hydrogen  ion in the  blood. In format ion  con- 
bi furcat ion of the  carot id  a r te ry  and samples the  arterial  cerning these chemicals  is re layed through the  sinus nerve  
blood passing to the  head. Wi th in  i t  is a chemoreceptor  to the  brain. The  t radi t ional  v iew of this s t ruc ture  is t ha t  
which senses the  concent ra t ions  of oxygen,  carbon di- the  sensor is a cell, the  Type  I cell, and informat ion  passes 


