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Oxygen tens ion  d i s t r ibu t ions  for normoxia  and for 
hypox ia  (Pa = 46.5 m m  Hg) are d e m o n s t r a t e d  (Figure 2). 
Dur ing  resp i ra to ry  hypox i a  the  oxygen  supply  of some 
regions is not  sufficient.  F r o m  the  oxygen  tens ion  distr i-  
bu t ion  of the  d i f ferent  capi l lary sys tems  the  h i s tograms  
were derived.  Oxygen tens ion  h i s tograms  are i l lus t ra ted  
for con- and coun te rcu r ren t  as well as capi l lary ne twork  
sys tems  (Figure 3). Fur the rmore ,  in the  same figure an 
oxygen  tens ion  h i s tog ram for the  hypox ia  case is shown. 

The figures demons t r a t e  typ ica l  differences be tween  
oxygen tens ion h i s tograms  of the  d i f fe rent  capi l lary  t issue 
models:  the  concur ren t  h i s tog ram is charac ter ized  by  a 
homogeneous  oxygen  tens ion  d i s t r ibu t ion  wi th  a oxygen 
tens ion  spec t rum be tween  23 m m  Hg  and  ar ter ia l  oxygen 
tens ion value of 100 m m  Hg. Tissue poin ts  w i th  values  
below the  venous oxygen  tens ion  ar rarely seen. In  the  
range be tween  the  venous and  the  ar ter ia l  oxygen  tens ion  
the  f requency  of oxygen tens ion  values decreases more  
rap id ly  t h a n  in the  concur ren t  h is togram.  

An ex t r eme  difference exis ts  be tween  homogeneous ly  
per fused  con- or coun te rcu r ren t  sys tems  and the  inhomo-  
geneously per fused  capi l lary ne twork .  The capi l lary net -  
work has a broad  spec t rum ranging  be tween  zero m m  Hg 
and the  ar ter ia l  oxygen tens ion  of 100 m m  Hg. 

The analysis  led to  the  conclusion t h a t  the  f requen t ly  
observed low oxygen  tens ion  values  in bra in  t ens ion  
(HEIDENREICH, ERDMANN, METZGER and TH~WS I~ and 
METZGERll) migh t  be caused by  inhomogenei t ies  in cere- 
bral  blood flow. A number  of res t r ic t ions  of th is  analysis  
should be kep t  in mind  : homogene i ty  of oxygen consump-  
tion, i so t ropy  of oxygen  diffusion, equal  solubi l i ty  in all 
compar tmen t s ,  two-d imens iona l  t issue area. Never theless ,  
the  p resen t  s tudy  of oxygen tens ion  h i s tograms  help  to  
be t t e r  u n d e r s t a n d  the  expe r imen ta l  microelec t rode  
results .  This  inves t iga t ion  demons t r a t e s  the  t r e m o n d o u s  
influence of microcircula t ion and  capi l lary  a rch i tec ture  
Oil oxygen  tens ion  d is t r ibu t ion  and  h is togram.  A final  
proof  of th is  conclusion will be ob ta ined  in a s tudy  on 
th ree-d imens iona l  capi l lary a r rangements .  

Zusammen/assung .  Mit Sauers tof f -Mikroelekt roden wet -  
den die lokalen W e r t e  des Sauers tof fpar t ia ldruckes  im 
Mikrobereich der Organe gemessen und  graphisch  als H~Lu- 
f igkei t sver te i lungen (His togramme)  dargestel l t .  Theore-  
t i sch  wird  der  Einf luss  der  Kap i l l a r ano rdnung  (Gleich-, 
Gegens t romsys t em und  Kapi l la rne tzwerk)  ant  die t-I~u- 
I igkei tsver te i lung der P% "vVerte un te rsuch t .  Die fiir zwei- 

d imensionale  Modelle durchgef t ihr te  Analyse  zeigt, dass  
Unte r sch iede  in der  Durchb lu tung ,  wie sie in den einzel- 
nen Zweigen der Kap i l l a rne tzwerke  auf t re ten ,  einen star-  
ken Einf luss  auf die H i s t o g r a m m e  haben.  
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Notations and constants: c = relative O 2 concentration or 02 partial 
pressure, x, y = coordinates in tissue, n, s = capillary coordinates. 
l = capillary length = 60 ,urn. d = capillary side length = 6 Ixm. c~ = 
oxygen solubility coefficient = 0.025 ml/ml • Arm. diffusion coeffi- 
cient = 2.10 -5 em2/see. P~ = arterial oxygen tension = 100 mm Hg. 
P~ = venous oxygen tension = 34 mm Hg. P~: = critical oxygen 
tension = 1 mm Hg. m = Hill exponent = 2.83. K = Hill constant 
-- 0.87 • 10 -3. CRb = hemoglobin concentration = 14 g%. A = me- 
tabolic rate (grey matter) = lnl/100 g x mira As = change of satu- 
ration of hemoglobin = 0.53. AG = 3.18. CH = 0.01. AK = 18 
AG•215 = 0.59;< 10 a. 
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T h e  I m p a i r m e n t  of the  T h e r m o r e g u l a t o r y  ' S e t - P o i n t '  of a Sheep  in the  A p p a r e n t  A b s e n c e  of A n y  
Inter ference  w i t h  the  P a t h w a y s  B e t w e e n  T e m p e r a t u r e  S e n s o r s  and T h e r m o r e g u l a t o r y  Ef fec tors  

Core t e m p e r a t u r e  of h o m e o t h e r m i c  m a m m a l s  appears  
to be regula ted  at  or near  to an inheren t  bu t  var iable  set-  
point ,  the  neurona l  na tu re  of which  remains  obscure. 
VZNDRIK I, inspired by  BAZ~TT 2, has  suggested t h a t  th is  
se t -po in t  func t ion  m a y  depend  on the  ac t i v i t y / t empera -  
ture  character is t ics  of t empera tu re - sens i t i ve  neurones  in 
the  preopt ic  area of the  anter ior  h y p o t h a l a m u s  (POAtt) ,  
and  some h y p o t h a l a m i c  neurones  have  ac t iv i ty / t empera -  
ture  relat ions which  are cons i s ten t  w i th  th is  proposal  ~. An 
a l t e rna t ive  hypothes is ,  based  on the  exis tence of t empera -  
ture- insens i t ive  neurolleS in the  P O A H  ~, is t h a t  these  ceils 
m a y  exer t  an inh ib i to ry  inf luence on the  t e m p e r a t u r e  
sensor to t he rm oregu l a to ry  effector  p a t h w a y s  5,~ thus  
crea t ing  th reshold  levels above which  hea t  loss effectors,  
and below which  hea t  p roduc t ion  effectors,  are ac t iva ted .  
(For a more  deta i led  discussion of these  ideas see BL=GH 7). 

TO s tudy  the  effects on the rmoregu la t ion  of in te rac t ions  
be tween  changes  in h y p o t h a l a m i c  t e m p e r a t u r e  (Tl, y).and 
inject ions  in to  a la teral  cerebral, vent r ic le  of pu t a t i v e  
t r a n s m i t t e r  substances ,  a mul t ip le  t h e r m o d e  assembly  was 
in t roduced  in to  the  P O A H  of sheep s. This  inev i t ab ly  
involves  some local b ra in  damage  b u t  does no t  usual ly  

impai r  t he  capac i ty  to  the rmoregula te .  One sheep was 
unable,  pos t -opera t ive ly ,  to regula te  b o d y  t e m p e r a t u r e  a t  
the  normal  level for th is  species. The observa t ions  made  
on th is  an imal  ind ica te  t h a t  the  se t -po in t  mechan i sm m a y  
be d is t inc t  f rom the  t empera tu re - senso r  to  t he rmo-  
regula tory-ef fec tor  pa thways .  

The f irs t  indica t ion  of a pos t -opera t ive  d i s tu rbance  was  
a h igh  recta l  t e m p e r a t u r e  (Tre) of 41.5~ which  could have  
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been evidence of a fever. However, in contrast to the fever 
syndrome in which respiratory frequency (IRF) is greatly 
depressed, the  R F  of this  sheep a t  20~ ambien t  t empera -  
ture  (T~) was wi th in  the  normal  range (60-80 brea ths /  
min). A local increase of Thu by  1.5~ evoked pan t ing  
(200 breaths /min)  and a fall in ]'re to about  40.5~ Cessa-. 
t ion of hypo tha l amic  hea t ing  was followed by  a fall in 
respi ra tory  f requency  to its pre-hea t ing  level, bu t  T,e 
remained  at  i ts new level. A second period of hypo tha lamic  
hea t ing  again caused pan t ing  and a fall in Tre to 39.5~ a t  
which level  i t  r emained  even af ter  hypo tha l amic  hea t ing  
was stopped.  This  observa t ion  indicated a d is turbance  to 
the  se t -point  mechan i sm bu t  no dis turbance to the  pa th -  
way  from warm-sensors  to heat-loss effectors. 

A neuronal  mode l  of the  pa thways  be tween  tempera -  
ture  sensors and the rmoregu la to ry  effectors has been 
based on the  the rmoregu la to ry  effects of in t r aven t r i cu la r  
inject ions of pu t a t i ve  t r ansmi t t e r  and re la ted substan-  
ces0, s, 10. The  effects in this sheep of 2 of these substan-  
ces, 5 -hyd roxy t ryp t amine  (5-HT) and eserine, were 
unal te red  by  the  lesion bu t  there  was no recovery  f rom 
the  displacements  of T~ which t h e y  produced.  An intra-  
ven t r icu la r  in ject ion of 300 ~zg 5-HT caused the  expec ted  
per ipherM vasodi la ta t ion ,  increase in R F  and a fall in Tre 
which persisted af ter  the o ther  effects of 5-HT had passed. 
An in t r aven t r i cu la r  in ject ion of 300 ~g eserine caused the  
expec ted  per ipheral  vasodi la ta t ion ,  onset  of shivering, 
decrease in R F  and a rise in Tr~ which again persisted 
af ter  the  o ther  effects of the  in jec t ion  had passed. These 
observat ions  were considered to be evidence of the integ- 
r i t y  of hypo tha l amic  synapses in the  neura l  pa thways  
f rom t empera tu re  sensors to the rmoregu la to ry  effectors, 
and of the  pa thways  f rom these synapses to the  effectors. 

Since pyrogens  are considered to interfere  wi th  set- 
point  mechan i sm and the  se t -point  mechan i sm appeared 
to be impai red  in this  animal,  we gave  an i.v. dose of T A B  
vaccine  sufficient  to evoke a fever  response in a normal  
sheep. No fever  developed.  In  fact, the  response was the  
converse to fever :  R F  increased and Tre fell sl ightly.  

Fo r  this syndrome to be a t t r ibu tab le  s imply  to the  
inac t iva t ion  of the  t empe ra tu r e  se t -point  mechanism,  the  

-init ial  observa t ion  of a high Tre must  be explained.  The  
cri t ical  T~ of the  ful ly fleeced sheep is below 5~ so a t  
the  t empe ra tu r e  of the  an imal  house (15-20~ a normal  
sheep is p robab ly  ac t ive ly  losing h e a t  to remain  in t he rma l  
balance.  In  the  absence of an  effect ive set-point  mechan ism 
and l i t t le  or not  ac t ive  hea t  loss, core t empera tu re  migh t  
be expec ted  to rise unt i l  passive hea t  loss equals hea t  
product ion.  To tes t  this explanat ion ,  the  sheep was shorn. 
I n  tilts condition,  T a of 15-20~ is below thermoneut ra l i ty ,  
and some shiver ing was present,  bu t  not  sufficient  to 
p r even t  Tre f rom fall ing below the  normal  range. W h e n  
Thv was raised the  shorn an imal  ceased to shiver and 

there  was a fur ther  fall in Tt~ to below 38~ There was no 
ac t ive  recovery  of Tre af ter  hypo tha lamic  hea t ing  had 
ceased. 

On the  68th day af ter  the  surgery, the ' sheep  died qui te  
suddenly  al though,  apar t  f rom the  impa i rmen t  of temper-  
a ture  control,  the  an imal  had  seemed in good heal th.  A 
post  m o r t e m  examina t ion  revealed extens ive  lesions in the  
anter ior  hypo tha l amus  immed ia t e ly  caudal  to the  rear pair  
of thermodes.  

Our conclusion is t h a t  by  a chance c i rcumstance  which 
m a y  not  be readi ly  repeatable,  we had produced a hypo-  
tha lamic  lesion which inac t iva ted  or seriously dis turbed 
the  t empera tu re  se t -point  mechan ism wi thou t  causing a 
detectable  interference wi th  the  pa thways  f rom tempera-  
ture  sensors to the rmoregu la to ry  effectors. This indicates 
t ha t  the  normal  set-point  mechanism,  and the  pyrogen 
induced interference wi th  normal  body  tempera ture ,  
depend on s t ructures  o ther  t han  the  p r imary  hypo tha l amic  
t empera tu re  sensors and the  pa thways  f rom these sensors 
to the rmoregu la to ry  effectors. However ,  this syndrome is 
not  consis tent  wi th  the  concept  of a se t -point  signal which 
exerts  an inhib i tory  influence on the  sensor-effector 
pa thways ,  since the  remova l  of such an influence would be 
expected  to increase ra ther  t han  decrease the  responsive-  
ness of the  the rmoregu la to ry  processes to changes in body  
tempera ture .  

Zusammenfassung.  Aus diesem Versuch wird geschlos- 
sen, unbeabs icht ig te  hypotha lamische  L~Lsion du tch  
The rmoden - Imp lan t a t i on  verursach t  zu haben, die beim 
Schaf auffal lende thermoregula tor i sche  St6rungen her- 
vorriefen, so dass der thermoregula tor i sche  Sollwert- 
Mechanismus ausgeschal te t  wurde, die Bahnen  zwischen 
den hypo tha lamischen  Thermosensoren  und den thermo-  
regulators ichen Ef fek toren  hingegen durch die L~ision 
nicht  beeintr~ichtigt waren, was eine ana tomische  Dif- 
ferenzierung zwischen Sol lwert-Mechanismus und Sensor- 
Ef fek to r -Bahnen  erlaubt.  
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Isolation of Large Sheets of Frog Skin Epidermis 

Studies of ac t ive  t ranspor t  using in tac t  isolated frog 
skin 1 have  been hampered  by  the  presence of the  ce r ium 
which const i tu tes  no t  only  a diffusion barr ier  3, bu t  also a 
metabol ica l ly  ac t ive  store of electrolytes.  Previous  ef- 
forts 1, 8-6 to spl i t  off the  epidermis of frog skin has resul ted 
in only smal l  pieces. We  have  isolated large sheets of 
epidermis  by  t ryps in  hydrolysis .  The  p rob lem was the  te la  
subcutanea  which is v i r tua l ly  impermeable  to bovine  
serum a lbumin  (LINDLXY and HOSHIKO, unpublished).  

Methods. The te la  subcutanea  of abdomina l  skin of R. 
pipiens was l igh t ly  scored wi th  a scalpel to make  a grid of 
fine cuts. The skin was moun ted  in an open cyl indrical  
chamber  (with the  ce r ium facing into the  chamber)  Inuch 
like a piece of c loth in an embroidery  hoop. The chamber  
was placed wi th  the  epi thel ia l  surface down in a pet r i  dish 
conta in ing  sulfate  solution (55 mEq/1 Na2SO 4, 5 mEq/1 
I42 SO1, 5 m M  tris buffer, p H  7.8) bubbled wi th  compressed 
air. The  ce r ium was covered wi th  sulfate solution contain-  


