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CM X ki = cz X kg 
oder  

cz ki 

CM kE 

Das  Verh~tltnis ki /kE ist  ffir K a l i u m  3 mal  gr6sser  als 
ftir Caesium. Das  bedeu te t ,  dass  Caes ium in der  Zelle 
e n t s p r e c h e n d  weniger angere iche r t  wird  als Ka l ium.  

D e m n a c h  e rgeben  unsere  Versuche,  dass  Caesium zwar  
wie K a l i u m  d u t c h  eine Ouaba in -empf ind l i che  P u m p e  in 
den  Zellen angere iche r t  wird ,  j edoch  is t  seine Anre iche-  
rung  ger inger  als diejenige yon  Ka t ium.  D a h e r  k a n n  die 
am G e s a m t o r g a n i s m u s  gefundene ,  gegeni iber  d e m  Ka l ium  
bevorzug te  Anre iche rung  des Caesiums n i ch t  du rch  den  
Aus tausch  zwischen Se rum u n d  Zelle erklXrt werden .  In  
we i te ren  U n t e r s u c h u n g e n  soll desha lb  die Aussche idung  
dieser  be iden  K a t i o n e n  m i t e i n a n d e r  vergl ichen werden .  

Summary. (1) In  r a b b i t  e ry th rocy te s ,  t he  r a t e  c o n s t a n t  
of t he  inf lux  of po ta s s ium is 4.5 t imes  h igher  t h a n  t h a t  
of ces ium ions. The efflux of po t a s s ium is 1.5 t imes  
higher .  (2) The ces ium t r a n s p o r t  in to  the  cells is com-  
p le te ly  inh ib i t ed  b y  1.36 × 10 -~ m ouabain ,  a concen-  
t r a t i o n  which  also blocks the  po t a s s ium t r anspor t .  (3) I t  
is ca lcu la ted  t h a t  ces ium accumula te s  3 t imes  less t h a n  
p o t a s s i u m  wi th in  the  red  blood cells. 
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The  R e s p o n s e  of Male and F e m a l e  Rats  wi th  
H y p o t h a l a m i c  Les ions  to L o w  and High  Environ-  

menta l  T e m p e r a t u r e s  x,~ 

The role of the  h y p o t h a l a m u s  in t he  regula t ion  of b o d y  
t e m p e r a t u r e  has  been  k n o w n  since the  ear ly  work  of 
ISENSCHMID and  SCHNITZLER 3. RANSON e t  at. 4-: have  
e luc ida ted  the  role of ce r t a in  h y p o t h a l a m i c  areas  in t he  
m a i n t e n a n c e  of b o d y  t e m p e r a t u r e  u n d e r  exposure  to  h o t  
a n d  cold env i ronmen t s .  I t  is general ly  agreed  t h a t  t h e  
an te r io r  h y p o t h a l a m u s  is associa ted  w i t h  p a r a s y m p a -  
the t i c  a u t o n o m i c  funct ions  and  t h a t  des t ruc t ion  here  
resul ts  in inab i l i ty  t o  regula te  aga ins t  h e a t - - ' h e a t  dis-  
s ipa t ing  cen te r ' .  The  pos te r io r  h y p o t h a l a m u s  is associa ted  
wi th  s y m p a t h e t i c  au tonomic  funct ions ,  and  des t ruc t i on  
here  resul ts  in inab i l i ty  to  regula te  aga ins t  c o l d - - ' h e a t  
p rese rva t ion  cen te r ' .  The  response  of animals  w i th  hypo-  
t ha l amic  d e s t r u c t i o n  to  high a n d  low e n v i r o n m e n t a l  
t e m p e r a t u r e s  m a y  d e p e n d  also on  the  t ime  in te rva l  be- 
t w e e n  opera t ion  a n d  t e s t  4. 

The  an imal s  r e p o r t e d  here  were  used  in i t ia l ly  for  a 
s t u d y  concern ing  the  effects  of h y p o t h a l a m i c  lesions in 
wean l ing  ra t s  on s u b s e q u e n t  g r o w t h  and  m a t u r i t y .  The  
p re sen t  note  deals  w i th  t h e  response  of these  h y p o -  

Location of lesions 
Rectal temperature 

No. Before cold After 1 h 
exposure at -- 10 ° C 

1 h after 
cold 
exposure 

Male controls 24 37.7 4- 0.12a 37.2 4- 0.21 37.7 4- 0.22 
Ventromedial N. 4 38.1 4- 0.40 37.7 4- 0.47 38.2 q- 0.14 
Premammillary N. 3 37.8 4- 0.17 37.5:1:0.17 38.8 4- 0.17 
Dorsomedial N. --- - -  
Arcuate N. 10 38.4 4- 0.13 37.4 q- 0.26 38.3 4- O.lI 
Mammillary N. 3 38.5 4- 0.39 37,7 4- 0.31 37.9 4- 0.38 

Female controls 18 38.4 4- 0.24 36.1 4- 0.43 38.8 4- 0.09 
VentromcdiaI N. 5 37.7 4- 0.29 37.4 4- 0.62 38.7 4- 0.10 
Premammillary N. 6 38.0 4- 0.19 35.9 4- 1.43 37.9 4- 0.51 
Dorsomedial N. 2 37.8 :t: 0.~0 34.8 4- 2.96 37.7 4- 0.85 
Arcuate N. 3 38.I 4- 0.00 33.2 4- 6.29 37.4 4- 0.68 
Mammillary N, 6 38.1 4- 6.43 36,0 :Jr 1.01 38.5 4- 0,24 

mean 4- S,E.M. 

tha tamic-Ies ioned an imals  to  low and  h igh  e n v i r o n m e n t a l  
t e m p e r a t u r e s  a t  a p p r o x i m a t e l y  118 days  of life. B o t h  
male  and  female wean l ing  ra t s  received bi la tera l  e lectro-  
lyt ic  lesions a t  var ious  loci w i th in  t he  h y p o t h a l a m u s  a t  
the  age of 25 days  wi th  the  use of a Hors ley-Clarke  
s t e reo tax ic  i n s t rumen t .  The i r  response  to  h e a t  and  cold 
stress was  t e s t ed  roughly  93 d a y s  later .  All an imals  were  
housed  in ind iv idua l  cages in a room m a i n t a i n e d  a t  24 °C 
wi th  12 h l ight  and  12 h dark .  A syn the t i c  h igh  carbo-  
h y d r a t e  d ie t  which  y ie lded 4.2 calories/g a n d  w a t e r  were  
avai lable  ad libitum. Rec ta l  t e m p e r a t u r e s  were  r ecorded  
wi th  a T e l e - t h e r m o m e t e r  (Yellow Spr ings  I n s t r u m e n t  
C o m p a n y  Inc.) ;  in all cases the  recording  t h e r m o m e t e r  
was  inser ted  in to  t he  r e c t u m  for a d i s t ance  of 5 cm. 

(a) The response o/ hypothalamic-lesioned and control 
rats to a cold environment. On the  118th d a y  of life t he  
recta l  t e m p e r a t u r e s  of b o t h  male  and  female  e x p e r i m e n t a l  
a n d  cont ro l  r a t s  were recorded  and  t h e  an imals  p laced  
in a room m a i n t a i n e d  a t  - -10°C.  T e m p e r a t u r e s  were  
again  recorded  1 h a f t e r  t he  beg inn ing  of cold s t ress  and  
1 h a f t e r  r emova l  f rom t h e  cold room.  The  resu l t s  ob-  
t a i n e d  are  shown  in t h e  Table.  There  was  l i t t le  d i I ference  
in t h e  m e a n  rec ta l  t e m p e r a t u r e s  b e t w e e n  a n y  of t he  
e x p e r i m e n t a l  groups  and  the  contro l  g roup  a t  24°C. 
t t oweve r ,  male  ra t s  w i th  lesions in the  a rcua te  and  m a m -  
mi l lary  regions did show sl ight ly  h igher  m e a n  t e m p e r a -  
tures .  E x p o s u r e  of male  ra tes  to  - - 1 0 ° C  for 1 h h a d  
l i t t le effect  on rec ta l  t empe ra tu r e ,  w i t h  t he  excep t ion  of 
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those  males  w i t h  lesions in the  a r cua t e  a n d  m a m m i l l a r y  
nuclei.  I n  these  l a t t e r  two groups  the  rec ta l  t e m p e r a t u r e s  
fell a p p r o x i m a t e l y  1 °C. 

The  female  r a t s  h o w e v e r  showed  a m a r k e d  hypo-  
t h e r m i c  r e sponse  to  a n  e n v i r o n m e n t a l  t e m p e r a t u r e  of 
- - 1 0 ° C  w h i c h  was no t  cha rac t e r i s t i c  of t he  e x p e r i m e n t a l  
an ima l s  alone.  1 h in  t h i s  e n v i r o n m e n t  resu l ted  in a fall  
in  the  m e a n  of t he  r ec ta l  t e m p e r a t u r e s  of t he  18 female  
cont ro ls  of 2.3°C. The  leas t  response  was seen in those  
r a t s  w i t h  a b l a t i o n  in t he  region of t he  v e n t r o m e d i a l  
nucleus  ( - -0 .3°C)  a n d  t he  g r e a t e s t  in  those  w i t h  lesions 
in the  a r c u a t e  nucle i  (-- 5.9°C). 1 h a f t e r  t he  end  of cold 
exposure ,  t h e  m e a n  r ec t a l  t e m p e r a t u r e s  of all  g roups  b o t h  
male  a n d  female  h a d  r e t u r n e d  to  or  nea r  to  t h e i r  in i t ia l  
p re -exposure  level.  T h u s  a m a r k e d  inab i l i ty  to  r egu la te  
aga ins t  t h i s  degree of cold exposure  could no t  be d e m o n -  
s t r a t e d  in  a n y  of t he  ma le  or female  an ima l s  w i t h  lesions 
in the  midd le  a n d  pos te r io r  h y p o t h a l a m u s  a p p r o x i m a t e l y  
93 days  a f t e r  opera t ion .  "What is more  obv ious  is t he  
cons i s t en t  d i f fe rence  be t w een  male  a n d  female  rats .  
Female  ra ts ,  w h e t h e r  con t ro l  or  bea r ing  h y p o t h a l a m i c  
lesions, showed  a g rea te r  fall  in t e m p e r a t u r e  t h a n  d id  
t he i r  ma le  c o u n t e r p a r t s .  

(b) The response o/ rats with lesions in the supraoptic 
area to a hot environment. The  effect  of a h igh  env i ron-  
m e n t a l  t e m p e r a t u r e  was s tud ied  in on ly  one g roup  of 
h y p o t h a l a m i c  a n i m a l s - - t h a t  g roup  w i t h  lesions p laced  
in the  s u p r a o p t i c  area.  This  was accompl i shed  b y  p lac ing  
the  r a t s  in  i n d i v i d u a l  cages in a large box  m a i n t a i n e d  a t  
40°C b y  m e a n s  of s t rong  l igh t  bu lbs  and  a t h e r m o s t a t .  
At  t he  end  of 20 ra in  t h e  an i m a l s  were r emoved ,  t he i r  
rec ta l  t e m p e r a t u r e s  r eco rded  a n d  r e t u r n e d  to  the  h o t  
e n v i r o n m e n t  for  a n o t h e r  25 min .  At  t he  end  of the  second 
25 rain  t h e  a n i m a l s  were  r emoved ,  a n d  rec ta l  t e m p e r a -  
tu res  aga in  recorded.  

The  resu l t s  o b t a i n e d  are s h o w n  in t he  Figure.  At  24°C 
there  was no  s t a t i s t i c a l  d i f ference b e t w e e n  t he  m e a n  rec ta l  
t e m p e r a t u r e s  of r a t s  w i t h  s u p r a o p t i c  lesions and  the i r  
i n t a c t  controls .  A t  t h e  end  of t he  f i rs t  20 m i n  of exposure  
the  m e a n  r ec t a l  t e m p e r a t u r e s  of b o t h  t he  e x p e r i m e n t a l  
and  con t ro l  g roups  were e l eva t ed  b u t  t he re  was no  
s ta t i s t i ca l  d i f fe rence  b e t w e e n  t h e  two groups.  B y  45 rain  
t he  m e a n  r ec t a l  t e m p e r a t u r e  of t he  e x p e r i m e n t a l  r a t s  

w i t h  lesions in the  sup raop t i c  nucleus  was s ta t i s t ica l ly  
s igni f icant ly  h ighe r  t h a n  t h a t  of the  controls .  These 
resul ts  s u p p o r t  the  cu r r en t l y  held  view t h a t  the  a n t e r i o r  
h y p o t h a l a m u s  is associa ted  wi th  homeos ta t i c  mechan i sms  
wh ich  regu la te  aga ins t  h y p c r t h e r m i a .  

(c) The response o/ rats with lesions in the supraoptic 
area to a cold environment. The  rec ta l  t e m p e r a t u r e s  of tile 
five r a t s  descr ibed in (b) w i t h  lesions in the  supraop t i c  
nucleus  a n d  of t h e i r  controls  were recorded a t  noon and  
a t  m i d n i g h t  for six consecut ive  days  a t  a n  e n v i r o n m e n t a l  
t e m p e r a t u r e  of 24°C and  a t  5°C. Tempera tu r e s  recorded 
a t  m i d n i g h t  in  b o t h  e x p e r i m e n t a l  and  control  groups 
were s l ight ly  b u t  no t  s igni f icant ly  h igher  t h a n  those  
recorded  a t  noon.  At  m i d n i g h t  the  t e m p e r a t u r e s  were 
38.4 -~- 0.13 and  38.2 + 0.07°C for expe r imen ta l  and  
cont ro l s  respect ively .  The  cor responding  t empe ra tu r e s  
a t  noon  were 37.4 4- 0.14 and  37.2 ~ 0.17°C. However,  
a t  ne i t he r  t i m e  did  the  t e m p e r a t u r e s  of these expe r imen ta l  
r a t s  dif fer  s ign i f ican t ly  f rom those  of the  controls.  T h e s e '  
e x p e r i m e n t s  fai led to d e m o n s t r a t e  any  appreciable  dif- 
ference be tween  ra t s  wi th  lesions in the  middle  or poster ior  
h y p o t h a l a m u s  a n d  n o r m a l  ra t s  in response to severe 
cold exposure .  Th i s  is p r o b a b l y  due to the  re la t ive ly  
smal l  lesions a n d  the  l eng th  of t ime  be tween  opera t ion  
a n d  cold exposure .  CLARK et  al.4 h a v e  repor ted  t h a t  in 
ca ts  w i t h  des t ruc t i on  of b o t h  m a m m i l l a r y  nuclei no dis- 
t u r b a n c e  of t e m p e r a t u r e  regu la t ion  could be de tec ted  by  
ho t  a n d  cold exposure  tes ts  30 days  a f te r  the  operat ion.  
T h e y  conc luded  t h a t  ' . . .  h a d  these  been  made  wi th in  a 
day  or two a f t e r  the  opera t ion  t r a n s i e n t  abnorma l i t i e s  
would h a v e  been  de tec ted ' .  

W h a t  is more  s t r ik ing  is the  obse rva t ion  t h a t  female 
r a t s  w h e t h e r  n o r m a l  or bear ing  h y p o t h a l a m i c  lesions did 
no t  to le ra te  cold exposure  as well as males.  This  is a 
l i t t le  surpr i s ing  in view of the  fact  t h a t  females usually 
h a v e  a g rea te r  insu la t ion  in the  form of subcu taneous  fat  
t h a n  do males.  In  spi te  of this ,  one exp lana t ion  m a y  be 
t h a t  the  female r a t s  were cons iderab ly  l ighter  t h a n  the i r  
male  c o u n t e r p a r t s  of the  same age. T h e y  would therefore  
h a v e  a grea te r  surface area  to mass  ra t io  and  would thus  
lose hea t  to  the  e n v i r o n m e n t  more  rap id ly  t h a n  the  
males.  A difference in spon taneous  ac t iv i ty  be tween  
males  and  females  m a y  also be a c o n t r i b u t o r y  factor.  
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Rectal temperature of normal rats and rats with lesions in the supra- 
optic hypothalamic nucleus exposed to a hot environment. Solid dots 

indicate standard error. 

Zusammen/assung. Es wird gezcigt, dass  n o r m a l e  
weibl iche R a t t e n  weniger  kSl tcres is tent  s ind als gleich- 
a l t r ige m~tnnliche R a t t e n  desse lben S tammes .  Dies gi l t  
auch  fiir weibl iche Tiere m i t  e l ek t ro ly t i schen  Liisionen 
in ve rsch iedenen  Loci des H y p o t h a l a m u s .  Am 25. Tag  in 
den  Nuclei  supraop t ic i  Ittdierte R a t t e n  zeigen eine aus-  
gepr~gte  Unf~higkei t ,  Hi tze  zu e r t ragen .  Dies s t e h t  in 
~ b e r e i n s t i m m u n g  m i t  dcr  gcgcnw~irtigen Auffitssung, 
dass  der  vordcre  H y p o t h a l a m u s  bci  dcr  Bcsc i t igung dcr  
12berhi tzung einc Relic spielt .  
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