
15.7. 1972 Specialia 795 

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-  
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ing t ryps in  (80 U/ml,  Wor th ing ton)  and  incuba ted  at  
room t e m p e r a t u r e  (22~ Af te r  30 to  60 min  the  cor ium 
was washed  wi th  fresh sulfate solut ion to  remove  t rypsin .  
The chambe r  was inver ted  to  expose the  ep i the l ium which  
was cut  a round the  pe r iphery  wi th  scissors and f loated off. 

Results and discussion. Pieces up to  5 cm in d iamete r  
have  been made.  The isolated epidermis  was sandwiched  
be tween  nylon  net  screens for moun t ing  in flux chambers .  
The po ten t i a l  fell s l ight ly  upon scoring bu t  recovered 
dur ing t ryps in  incubat ion.  Mean po ten t i a l  before removal  
of the  ep i the l ium was 102 m V  and  84 m V  15 rain af ter  
(Figure 1). Shor t  circuit  cur ren ts  were comparab le  to  
those  of isolated in tac t  skins. I f  t r yps in  incuba t ion  is 
longer t h a n  30 rain in summer  or 60 min in winter ,  sulfate 

Sulfate permeability of isolated epithelium 

Date Digestion Potential Sulfate 
time (h) ( m V )  permeability 

October 21 1 66 0.69 X 10 -s cm sec -1 
June 23 0.5 32 0.04 • 10 - s  

June 23 1 62 0.156 • 10 .4 
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Fig. 1. Open circuit potentials of exeized frog skin before removal of 
the epidermis (abscissa) is plotted against the potential of that iso- 
lated epidermis 15 minutes after removal (ordinate). 

leakage occurs although potentials and currents are 
maintained (Table). Further incubation decreased the 
potentials, and currents. Whereas intact skins maintained 
the i r  po ten t ia l s  in sulfate  solution,  the  spl i t  skin requi red  
calcium (0.5 mEq/1) in the  inside b a t h i n g  medium.  

Figure 2 shows the  t r ans i t ion  f rom the  in tac t  to t he  
' spl i t '  skin. Cleavage occurs a t  the  b a s e m e n t  m e m b r a n e  
wi th  the  s t r a t u m  ge rmina t i vum going wi th  the  epi thel ium.  
The s t r a t u m  g e r m i n a t i v u m  s ta ins  (toluidine blue) less 
well t h a n  ei ther  the  o ther  layers beside it or t he  s t r a t u m  
ge rmina t i vum in the  in tac t  po r t ion  of t he  skin. Af ter  
longer t ryps in  t r e a t m e n t ,  the  s t r a t u m  ge rmina t i vum was 
absent .  L igh t ly  s ta in ing 'mi tochondr ia - r i ch  cells '~ are 
also seen in the  middle  layers.  In  the  spl i t  epidermis ,  no 
mucous  glands are ev iden t  and one gland has r emained  in 
t he  isolated corium. On the  dermal  surface of the  epidermis,  
numerous  r e m n a n t s  of glands are seen, wi th  b o t h  l ight  
microscopy  and  scanning  e lec t ron microscopy.  The 
dens i ty  is abou t  65 g lands / ram ~, no t  far f rom the  dens i ty  
of 70 / m m  2 repor ted  b y  ENGLEMANN 8 for in t ac t  skin. 
A p p a r e n t l y  the  body  of the  gland is gone and only  a s t u m p  
of the  duc t  remains.  An occasional  mucous  gland (cf. 
Figure 1, Ref. ~) b u t  no serous glands have  been seen, 

Sulfate pe rmeab i l i t y  of the  spl i t  skin compares  favor-  
ab ly  wi th  those  r epor ted  by  USSlNG 9 for in t ac t  skin of 
2.5 • 10 -s cm sec -1. Al though  skin gland duc ts  have  been  
d i s rup ted  in the  spl i t  skin, a p p a r e n t l y  t he  sphinc ters  are 
t igh t ly  closed. MALAM~D and  LINDLEY (personal  com- 
municat ion)  have  found t h a t  the  sph inc te r  consists  of a 
single d o u g h n u t  shaped  cell closed upon itself w i th  t igh t  
j unct ions.  

We  have  used the  spl i t  skill p r epa ra t i on  to  s t u d y  tile 
kinet ics  of Na-22 washou t  1~ 

Zusammenlassung. Nach  T r y p s i n b e h a n d l u n g  abge- 
t r e n n t e  F roschep ide rmis  yon  bis zu 5 cm 2~ zeigt dieselbe 
Potenia ldi f ferenz,  S t romkurzschluss-  und  Sulfa tper-  
meabilit~tt wie die unverh~nderte F roschhau t .  Die pr~pa-  
r ier te  Ep ide rmis  bes i tz t  fas t  keine Hautdr i i sen ,  jedoch 
fas t  v611ig versch lossene  Drtisenausfi ihrungsgXnge.  
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Fig. 2. Cross-section of skin treated with trypsin and epidermis re- 
moved in one part. Calibration line is 100 txm. 
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