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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 .  
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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 
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f rom th i s  cell to  a n e a r b y  ne rve  end ing ;  b o t h  Type  I cell 
a n d  ne rve  t e r m i n a l  are enclosed b y  a Type  I I  cell. D o u b t  
ha s  been  cas t  u p o n  th i s  i n t e r p r e t a t i o n  of t he  s t r u c t u r e  b y  
t he  r ecen t  e x p e r i m e n t s  of BlscoE,  LALL and  SAMPSON1. 
The  more  r ecen t  i n t e r p r e t a t i o n  of s t r u c t u r e  e l a b o r a t e d  b y  
BlaCOg 2 is t h a t  t h e  Type  I cell is no t  t h e  sensor  b u t  p a r t  
of a n  e f fe ren t  s y s t e m  con t ro l l ing  t he  s ens i t i v i t y  of t he  
sensor.  The  n e r v e  end ing  a d j a c e n t  to  t he  Type  I cell is a n  
e f fe ren t  n e r v e  e n d i n g  and  t h e  sensory  end ing  is to  be  found  
elsewhere.  Two ques t ions  arise conce rn ing  t h i s  h y p o t h e s i s  
1. W h a t  is t he  s t r u c u t u r e  of th i s  e f fe ren t  sys t em ? 2. W h i c h  
ne rvous  s t r u c t u r e  is t he  recep tor  ?. I n  a n  a t t e m p t  to  
answer  these  ques t ions  we h a v e  u n d e r t a k e n  a ser ial  
r e con s t ruc t i on  of ca ro t id  body  t i ssue  us ing  t h e  e lec t ron  
microscope.  B y  th i s  m e a n s  t he  e f fe ren t  s y s t e m  should  be  
ful ly  def ined a n d  t he  sensory  ne rve  t e r m i n a t i o n  ident i f ied.  
( In  t he  ful ly deve loped  hypo thes i s  i t  is p roposed  t h a t  t h e  
a l t e r n a t i v e  n e r v e  t e r m i n a t i o n  is n o n - m y e l i n a t e d ,  is v e r y  
smal l  in  d i a m e t e r  (approx.  0.1 txm), is less t h a n  100 [~m 
long, a n d  is s u r r o u n d e d  b y  the  T y p e  I I  cell.) So far  we 
h a v e  been  able  to  e luc ida te  the  ne rve  supp ly  to t h e  Type  I 
cell a n d  t h a t  top ic  is t he  sub jec t  of t h i s  repor t .  

The  s t u d y  was m a d e  on g l u t e r a l dehyde  fixed, ca t  
ca ro t id  b o d y  t i ssue  e m b e d d e d  in E p o n  (see 13ISCOE, LALL 
a n d  SAMPSON 1 for detai ls) .  The  m a t e r i a l  was  cu t  w i t h  a 
d i a m o n d  kn i fe  in  series of 300-400 sect ions  a p p r o x i m a t e l y  
700 • 10-1~ m th ick .  The  sect ions  were m o u n t e d  in g roups  
v a r y i n g  be tween  7 a nd  20 sect ions  on  f o r m v a r  f i lms 
cover ing  single s lot  grids, s t a ined  in u r a n y l  ace t a t e  a n d  
lead c i t ra te ,  a n d  v iewed a n d  p h o t o g r a p h e d  w i t h  a S iemens  
E l m s k o p  I microscope  a t  80 kV. A cell was selected for  
s t u d y  in  t h e  midd le  of t h e  series a n d  p h o t o g r a p h e d .  All  
sect ions  were t h e n  p h o t o g r a p h e d  on  e i the r  side of t h i s  
m i d - p o i n t  un t i l  t h e  cell h a d  been  comple t e ly  inc luded  in 
t he  p h o t o g r a p h i c  series. This  p rocedure  has  been  car r ied  
to comple t i on  on  3 Type  I cells and  pa r t i a l l y  so on  several  
o thers .  Since i t  is obv ious ly  imposs ib le  to  p u b l i s h  all  or 
even  a s u b s t a n t i a l  p a r t  of our  ev idence  in  a s h o r t  com- 
m u n i c a t i o n  we h a v e  deemed  i t  bes t  to  m a k e  a d r awing  
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The drawing embodies our findings from serial section studies of the 
Type I cell in the carotid body of the cat. A nerve fibre, non-myelinat- 
ed at this point, branches to supply nerve endings on adjacent Type I 
cells. There is usually more than one nerve ending on each Type I 
cell. The nerve endings are always of the same type and contain small 
mitochondria, synaptic vesicles and have electron dense junctional 
regions with the Type I cell. The whole structure is enveloped in 
Type II cell whose membranes are not shown for the sake of simpli- 
city. I, Type I cell; II, Type II cell; NE, nerve ending; NF, nerve fibre, 
M, mitochondrion; SV, synaptic vesicles. 

wh ich  embod ie s  all  our  f ind ings  in  so far  as t h e y  re la te  to  
the  Type  I cells a n d  t he  synap t i c  vesicle c o n t a i n i n g  
end ings  associa ted  w i t h  t h e m  (Figure).  E a c h  Type  I cell 
has  app l ied  to i ts surface  1 to  3 ne rve  end ings  of va r i ab l e  
size, 1 a t  l eas t  of wh ich  m a y  be ve ry  large, r a t h e r  l ike a 
v e r y  i r regu la r  saucer,  p l a t e  or disc, appl ied  to  t he  surface  
of a footbal l .  These  ne rve  end ings  are suppl ied  b y  b r a n c h e s  
of t he  s ame  ne rve  fibre,  n o n - m y e l i n a t e d  a t  th i s  poin t .  
The  ne rve  f ibre  m a y  also supp ly  a t  leas t  one and  poss ib ly  
all  of t he  r e m a i n i n g  Type  I cells in a Type  I / T y p e  I I  cell 
group.  The  ra t io  of cell t ypes  in  such  a g roup  will be  4=5/1. 
Serial  sec t ion  t h r o u g h  these  ne rve  endings  m a y  show al l  
of t he  fea tu res  so fa r  desc r ibed  in t he  l i t e ra tu re .  The  
occurence  of va r ious  c o m b i n a t i o n s  of these  fea tures  in  
sect ions  of ne rve  end ings  has  led to t he  asser t ion  b y  some 
au tho r s  t h a t  more  t h a n  one t y p e  of ne rve  end ing  is to  be  
found  on  a Type  I cell (see B i scoE 2). This  is no t  t he  case 
in our  series and  t h e r e  is no  ev idence  to s u p p o r t  t h i s  
claim. T h a t  is to  say  t h e  same  ne rve  end ing  m a y  show 
areas  of few or areas  of m a n y  synap t i c  vesicles;  m a y  be  
app l ied  over  a large area,  t h o u g h  sect ion in a n o t h e r  p l ane  
would  sugges t  a smal l  end ing ;  m a y  h a v e  areas  where  t he re  
are m a n y  m i t o c h o n d r i a  and  where  t he re  are few; will  
a lways  show i n t e r m i t t e n t  e lec t ron  dense  j u n c t i o n a l  
regions w i t h  t he  Type  I cell ; m a y  h a v e  a ne rve  wh ich  also 
suppl ies  o the r  smal le r  end ings  on  the  self-same Type  I 
cell. 

These  resu l t s  sugges t  t h a t  t he  Type  I cells a long  w i t h  
t h e i r  ne rve  end ings  are connec t ed  b y  ne rve  f ibres  in to  a 
uni t .  I f  t hese  ne rve  end ings  are indeed  e f fe ren t  t h e n  t h e  
s t ruc tu re s  fo rm a m o t o r  uni t .  W e  h a v e  ye t  to  show t h a t  
all  t he  T y p e  I cells in  a g roup  are suppl ied  b y  t he  same  
nerve,  t h o u g h  th i s  seems probable ,  and  i t  is poss ible  t h a t  
Type  I cells in  a d j a c e n t  groups  m a y  also receive i nne rva -  
t ion  f rom the  same nerve .  W e  h a v e  ye t  to  seek a correla-  
t ion  of s t r u c t u r e  w i t h  t he  n a t u r e  of t he  Type  I cell a m i n e  
con ten t .  These  p rob l ems  t o g e t h e r  w i t h  t h a t  of r ecep to r  
t e r m i n a t i o n  will  on ly  be  resolved b y  r econs t ruc t ion  of a 
comple te  Type  I / T y p e  I I  cell complex  which  we are un-  
de r tak ing .  

W h a t  does seem qu i t e  clear,  and  wh ich  has  n o t  been  
p rev ious ly  es tab l i shed ,  is t h a t  the re  is only  one ne rve  
s u p p l y i n g  t he  ne rve  end ings  on  a Type  I cell a n d  t h a t  
t h e  ne rve  end ings  are  morpho log ica l ly  of the  same  t y p e  
t h o u g h  di f fer ing in size a n d  shape.  Thus  sect ion in differ- 
en t  p lanes  m a y  d e m o n s t r a t e  d i f fe r ing  aspects  of t he  
s t r u c t u r e  of these  ne rve  endings.  

Zusammen/ass~tng. R e k o n s t r u k t i o n e n  aus  e l ek t ronen-  
mik roskop i schen  S e r i e n s c h n i t t e n  ergeben,  dass  einige 
Zellen yon  T y p  I i m  Glomus  ca ro t i cum d u r c h  eine effe- 
r en t e  Ne rven fa se r  zu e inem K o m p l e x  z u s a m m e n g e f a s s t  
werden.  Unde r sch i ede  in den  S y n a p s e n  a n  der  Oberfl~Lche 
der  Typ  I -Zel len  w u r d e n  n i c h t  gefunden.  
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