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Fig. 1. Daily variation in the number of mitotic figures per 
crypt. Open circles are previously reported results. Shaded area 
represents the dark cycle in the animal rooms. 

Fig. 3. Diurnal flucuation in dpm per crypt, Open circles are pre- 
viously reported results. Shaded area represents the dark cycle in 
the animal rooms. 

Fig, 2. Variation in the number of cells synthesizing DNA (S-eelIs) 
as a function of time of day. Open circles are previously reported 
results. Shaded area represents the dark cycle in the animal rooms. 

the t ic  phase  of the  cell cycle, This cohor t  would t h e n  b e  
expec ted  to peak  in mitosis  af ter  0.5 Ts + TG2 + 0.5 T• 
has  elapsed. Suggest ive  evidence for th is  hypo thes i s  was 
ob ta ined  in our previous  s tudy.  However ,  when  hour ly  
in tervals  are t e s t ed  no difference was no ted  ,be tween 
the  peak  in mitosis  and  the  peak  in D N A  synthesis .  This  
argues aga ins t  the  proposed  m e c h a n i s m  occurr ing in 
t he  gut.  

GELFANT 9 has  d e m o n s t r a t e d  in t he  mouse  epidermis  
2 d i s t inc t  popula t ions  of cells which  are blocked in G 1 

and  G~, and  which  can be t r iggered into S or M respect ively  
by  appropr ia te  st imuli .  This t h eo ry  fits our resul ts ;  bu t  
s tudies  of LESHER 1~ would seem to argue agains t  i ts  
occurrence in t he  in tes t ine  because : 1. The pe rcen t  labeled 
mi tos is  curve reaches  100% in 1-2 h af ter  3 t ITdR injec- 
t ion,  and  2. a f te r  4 in ject ions  of a H T d R  each separa ted  
by  2 h, the  ent i re  prol i fera t ive  c o m p a r t m e n t  is labeled. 

A more  recent  s tudy  of PEDERSON and  GELFANT11 had  
d e m o n s t r a t e d  a popu la t ion  of G 1 and G 2 ceils in the  
in tes t ine  and k idney  which  are non-cycling.  Release of 
the  block could cause a wave  of cells into S and M 
resul t ing in the  s imul taneous  peaks  noted,  however ,  i t  
is ex t r eme ly  doubt fu l  t h a t  t he  smal l  n u m b e r  (4 %) of these  
non-cycl ing  cells could account  for the  large dai ly var ia-  
t ion  noted.  

Zusammen/assung. I m  T a g e s r h y t h m u s  der Prol ifera-  
t ionstXtigkei t  yon  Darmepi the l i en  wurde  in drei  ver-  
schiedenen P a r a m e t e r n  um 02.00 U h r  ein M a x i m u m  ge- 
tunden .  M6gliche Mechan i smen  werden  er6rtert .  

C. 1 ~. SIGDESTAD 12 and  S. LESttF~R 

Cellular and Radiation Biology Laboratories, 
Allegheny General Hospital, 
Pittsburgh (Pennsylvania 75212, USA), 8 May 7970. 

9 S. GELFA~% International Society for Ceil Biology (Academic 
Press, NewYork 1963), vol. 2, p. 299. 

10 S. LESHER and JANIE BAIJMAN, in Normal and Malignant Cell 
Growth (Eds. R. J. M. FRY', M. L. GRIEM and W. H. KIRSTIN; 
Springer-Verlag, NewYork 1969), p. 49. 

11 T. PEDERSON and S. GELFANT, Expl Cell Res. 59, 32 (1970). 
13 Present address: Radiation Center, School of Medicine, The 

University of Louisville, Louisville (Kentucky 40202, USA). 

Sex  and Age  Di f ferences  in H y p e r t h e r m i a  R e s p o n s e  to  Ether  A n e s t h e s i a  in W e a n l i n g  Rats  w i t h  V e n t r o -  
m e d i a l  H y p o t h a l a m i c  L e s i o n s  1 

The role of t he  h y p o t h a l a m u s  in t e m p e r a t u r e  regula t ion 1 This investigation was supported by U.S.P.H.S. Grants No. HE 06 
has  been  known  since the  early work  of ISENSCHMID and 975 and No. HD 03331, N.I.tt. 
t52REHL 2, who  d e m o n s t r a t e d  t h a t  lesions in t h e  pos ter ior  ~ R. ISENSCHMID and L. KREHL, Arch. exp. Path. Pharmak. 70, 
h y p o t h a l a m u s  p reven t ed  appropr i a t e  homeos ta t i c  re- 109 (1912). 
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s p o n s e s  t o  coo l ing .  D e s t r u c t i o n  of  t h e  a n t e r i o r  h y p o t h a l a -  
m u s ,  o n  t h e  o t h e r  h a n d ,  Was  s h o w n  to  l e a d  to  a n  i m p a i r -  
m e n t  of  t h e  a n i m a l ' s  a b i l i t y  to  c o u n t e r a c t  o v e r - h e a t i n g  ~. 

T h e  a s s o c i a t i o n  o f  t h e  v e n t r o m e d i a l  h y p o t h a l a m i c  a r e a  
w i t h  f e e d i n g  m e c h a n i s m s  a n d  of  f e e d i n g  w i t h  c h a n g e s  in  
b o d y  t e m p e r a t u r e  ~ h a s  l ed  t o  s t u d i e s  in  t e m p e r a t u r e  
r e g u l a t i o n  f o l l o w i n g  l e s i ons  in  t h e  v e n t r o m e d i a l  h y p o -  
t h a l a m u s .  T h u s ,  MAYER a n d  GREENBERG ~ h a v e  d e m o n -  
s t r a t e d  t h a t  l i g h t  e t h e r  a n e s t h e s i a ,  in  m a t u r e  f e m a l e  
h y p o t h a l a m i c - h y p e r p h a g i c  r a t s  r e s u l t e d  in  a n  i n c r e a s e d  
co lon i c  t e m p e r a t u r e  e v e n  in  a n o r m a l  e n v i r o n m e n t a l  
t e m p e r a t u r e ;  n o n - h y p e r p h a g i c  r a t s  w i t h  v e n t r o m e d i a l  
h y p o t h a l a m i c  l e s i o n s  a n d  c o n t r o l  a n i m a l s  d i d  n o t  s h o w  
t h i s  r e s p o n s e ,  n e i t h e r  in  t h e  f ed  n o r  in  t h e  24 h o u r - f a s t e d  
s t a t e .  

W h i l e  t h e  a b o v e  s t u d i e s  w e r e  c a r r i e d  o u t  in  t h e  m a t u r e  
r a t ,  c o m p a r a b l e  i n v e s t i g a t i o n s  h a v e  n o t  b e e n  p e r f o r m e d  
in  t h e  w e a n l i n g  r a t  w i t h  v e n t r o m e d i a l  h y p o t h a l a m i c  
l e s ions .  T h e  l a t t e r  a n i m a l s  a r e  o f  p a r t i c u l a r  i n t e r e s t  s i n c e  
t h e y  a r e  o b e s e  d e s p i t e  n o r m a l  b o d y  w e i g h t  g a i n s  a n d  
n o r m o p h a g i a  ~-s, s h o w  r e d u c e d  l i n e a r  g r o w t h  ~, s, d e c r e a s e d  
p i t u i t a r y  a n d  p l a s m a  g r o w t h  h o r m o n e  l eve l s  a n d  h y p e r -  
i n s u l i n e m i a  ~, h y p e r t r i g l y c e r i d e m i a  ~0 a n d  h y p e r c h o l e s t e r -  
o l e m i a  n .  T h e s e  a n i m a l s  s h o w  a l so  a n  i n c r e a s e d  inco r -  
p o r a t i o n  o f  g l u c o s e - U - C  z* i n t o  a d i p o s e  t i s s u e  a n d  o x i d a t i o n  
t o  CO~ as  wel l  a s  i n c r e a s e d  i n c o r p o r a t i o n  of  p a l m i t a t e -  
1-C ~* i n t o  a d i p o s e  t i s s u e ~ .  

S ince  t h e  h y p e r t h e r m i a  d u r i n g  e t h e r  a n e s t h e s i a  h a d  
o r i g i n M l y  b e e n  d e m o n s t r a t e d  i n  m a t u r e  r a t s  w f t h  v e n t r o -  
m e d i a l  h y p o t h a l a m i c  l es ions ,  i t  w a s  of  i n t e r e s t  to  s t u d y  
t h e  r e s p o n s e  n o t  o n l y  in  t h e  w e a n l i n g  f e m a l e  r a t  b u t  a l so  
t o  i n v e s t i g a t e  t h e  p o s s i b i l i t y  of  a s e x  d i f f e r ence .  

W e a n l i n g  m a l e  a n d  f e m a l e  H o l t z m a n  r a t s  r e c e i v e d  
b i l a t e r a l  e l e c t r o l y t i c  l e s i ons  in  t h e  v e n t r o m e d i a l  h y p o -  
t h a l a m u s  a t  t h e  a g e  o f  27 d a y s ,  u s i n g  a d i r e c t  a n o d a l  
c u r r e n t  of  1.5 m A m p  t h a t  f l o w e d  for  10 sec.  A l e n g t h  of  
s t a i n l e s s  s t e e l  w i r e  of  0 .38 m m  d i a m e t e r  t h a t  w a s  s p a r  
v a r n i s h - c o a t e d  e x c e p t  fo r  t h e  t i p  s e r v e d  as  e l ec t rode .  
S h a m - o p e r a t e d  a n i m a l s  of  t h e  s a m e  age  w e r e  u s e d  as  
c o n t r o l s .  T h e  r a t s  w e r e  a c c o m o d a t e d  i n  i n d i v i d u a l  c a g e s  
in  a t e m p e r a t u r e  (23~ a n d  l i g h t  cyc l e  ( 0 6 . 0 0 - 1 8 . 0 0  h 

l i gh t ,  1 8 . 0 0 - 0 6 . 0 0  h d a r k )  c o n t r o l l e d  r o o m .  T h e y  w e r e  
f a s t e d  for  24 h a f t e r  t h e  o p e r a t i o n  a n d  t h e n  g i v e n  T e k l a d  
L a b  C h o w  a n d  t a p  w a t e r  a d  l i b i t u m .  F o o d  i n t a k e  w a s  
m e a s u r e d  t h r o u g h o u t  t h e  e x p e r i m e n t  a n d  r e c o r d e d  
w e e k l y ,  as  w e r e  t h e  o b e s i t y  i n d e x  7, ~ a n d  t h e  co lon ic  
t e m p e r a t u r e .  T h e  l a t t e r  w a s  m e a s u r e d  w i t h  a Y e l l o w  
S p r i n g s  C o m p a n y  t e l e t h e r m o m e t e r ,  a v a s e l i n e - l u b r i c a t e d  
p r o b e  b e i n g  i n s e r t e d  i n t o  t h e  r e c t u m  fo r  a d i s t a n c e  of  5 c m .  
Al l  m e a s u r e m e n t s  w e r e  m a d e  u n d e r  l i g h t  e t h e r  a n e s t h e s i a  
a n d  d u r i n g  t h e  s a m e  t i m e  of  t h e  d a y .  A f t e r  6 w e e k s ,  t h e  
r a t s  w e r e  k i l l ed  a n d  t h e  b r a i n s  w e r e  t r e a t e d  in  a s t a n d a r d  
m a n n e r  ~4 fo r  t h e  h i s t o l o g i c a l  a n a l y s i s  of  t h e  l es ions ,  u s i n g  
t h e  a t l a s  o f  D ~  GROOT~L R a t s  w i t h  a s y m m e t r i c a l  l e s i o n s  
a n d  t h o s e  t h a t  e n c r o a c h e d  o n  t h e  b a s e  of  t h e  b r a i n  w e r e  
e x c l u d e d  f r o m  t h e  f i na l  s t a t i s t i c a l  a n a l y s i s .  

1. M a l e  r a t s .  T a b l e  I s h o w s  t h a t  e t h e r - a n e s t h e t i z e d  
w e a n l i n g  r a t s  w i t h  v e n t r o m e d i a l  h y p o t h a l a m i c  l e s i o n s  
( V M N L )  s h o w e d  s i g n i f i c a n t  h y p e r t h e r m i a  d u r i n g  t h e  
l a t t e r  p a r t  of  t h e  6 - w e e k  e x p e r i m e n t a l  pe r i od .  A l t h o u g h  
food  i n t a k e  w a s  n o r m a l  d u r i n g  5 o u t  o f  6 w e e k l y  m e a s u r e -  
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Table I. Comparisons between VMNL and SCON rats  for each 
weekly measurement  

Group ~ Male weanling r a t s  

No. 1 b 2 3 4 5 6 

Colonic temperature (~ 
VMNL 6 36.4 ~ 37.3 37.3 38.2~ 38.2 

0.27 0.12 0.20 0.08 0.11 
SCON 6 36..7 37.1 37.1 37.6 37.7 

0.19 0.15 0.16 0.12 0.17 

Food intake (g/day) 
VMNL 6 11.3 16.1 e 19.3 16.8 19.1 

1.12 0.92 1.01 1.57 1.57 
SCON 6 11.3 13.8 17.9 16.2 17.8 

0.38 0.38 0.63 0.64 0.53 

Obesity index a 
VMNL 6 318 f 324~ 329g 333~ 336~ 

2 2 7 6 7 
SCON 6 307 301 304 308 310 

2 4 1 2 2 

Table II. Comparisons between VMNL and SCON rats  for each 
weekly measurement 

Group �9 Female weanling rats 

No. 1 b 2 3 4 5 6 

Colonic temperature (~ 
37.8 e VMNL 10 36.3 ~ 36.7 37.4 37.4 36.8 37.1 

0.08 0.27 0.21 0.15 0.13 
37.5 SCON 12 36.4 36.6 37.1 36.9 37.2 37.4 

0.11 0.20 0.24 0.18 0.30 0.17 0.14 

Food intake (g/day) 
20.6 VMNL 10 9.5g 17.7 16.5 14.6 - 16.9 

3.33 0.93 1.83 0.87 1.00 1.41 
22.2 SCON 12 16.3 14.7 15.1 13.5 16.4 12.6 

2.16 1.36 0.87 0.66 0.58 0.99 2.64 

Obesity index a 
361g VMNL 10 327g 336g 335g 341g 347g 349g 

2 3 3 6 3 7 3 
312 SCON 12 312 308 303 301 304 298 

2 2 2 4 2 2 2 

VMNL, rats with ventromedial hypothalamic lesions; SCON, 
sham-operated controls, b Weekly measurements,  c Mean i S.E.M. 
a Cube root of body weight divided by naso-anal length times 1000. 
e p < 0 . 0 5 ,  r p < 0 . 0 1 ,  g p < 0 . 0 0 1 .  

VMNL, rats with ventromedial hypothalamic lesions; SCON, 
sham-operated controls, b Weekly measurements,  o Mean ~ S.E.M. 
a Cube root of body weight divided by naso-anal length times 1000. 
e p < 0 . 0 5 .  ~p<0 .01 .  ~p<0 .001 .  
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men t s ,  t he  obes i ty  index  was g rea t ly  e leva ted  t h r o u g h o u t  
the  expe r imen t .  

2. Fema le  rats .  Tab le  I I  ind ica tes  t h a t  e the r  anes thes ia  
did  no t  s igni f icant ly  a l t e r  t he  colonic t e m p e r a t u r e  in  
female  V M N L  rats .  Similar  to  t h e  male  V M N L  ra t ,  how- 
ever, were t he  n o r m o p h a g i a  and  t he  g rea t ly  e l eva ted  
obes i ty  index.  

The  da te  ind ica te  an  age difference in t he  h y p e r t h e r m i c  
response  in female  V M N L  ra t s  and  a sex dif ference in 
wean l ing  V M N L  animals .  

The  age dif ference is p r o b a b l y  r e l a t ed  to the  in ter -  
ference b y  t he  Iesion a t  an  ear ly  age w i t h  t he  ' s e t t ing '  of 
t he  cen t r a l  t e m p e r a t u r e  con t ro l  mechan i sm(s ) ;  wean l ing  
V M N L  ra t s  would  t h e n  be  u n a b l e  to  r e spond  w i t h  hype r -  
t h e r m i a  as do m a t u r e  female  V M N L  ra t s  5. I t  m i g h t  also 
be  re la ted  to t h e  lack of h y p e r p h a g i a  in  t h e  wean l ing  
V M N L  rat ,  since MAYER and  GREENBERG 5 were u n a b l e  
to  f ind h y p e r t h e r m i a  in n o r m o p h a g i c  m a t u r e  female  
V M N L  rats .  W e a n l i n g  V M N L  animals ,  however ,  are con- 
s i s t en t ly  n o r m o p h a g i c  7-10,16. 

The  sex dif ference in t h e  h y p e r t h e r m i c  response  in t he  
weanl ing  r a t  could poss ibly  be re la ted  to  a d i f fe rent  
sens i t iv i ty  of t he  cen t r a l  r egu la to ry  mechan i sm(s )  to  t he  
les ioning procedure .  This  appea r s  in keep ing  w i t h  t he  
r epo r t  b y  T~o~al~SON and  STEVENSON 17 t h a t  t h e  exercized 
m a t u r e  female  r a t  can  to le ra te  a h igher  t e m p e r a t u r e  before  
c o m m e n c i n g  v a s o d i l a t a t i o n  and  is able  to  regu la te  core 
t e m p e r a t u r e  a t  a h igher  level  t h a n  t he  m a t u r e  ma le  r a t  

as exersize cont inues .  The  d a t a  show f ina l ly  t h a t  t he  
h y p e r t h e r m i c  response  (mMe V M N L  rats)  or t he  lack 
thereof  (female V M N L  rats)  is no t  r e l a t ed  to  fo~d i n t a k e  
and  t h e  obes i ty  s t a t u s  of t he  an ima l s  ~. 

Zusammen/assung. E n t w 6 h n t e  j unge  weibl iche IRatten 
m i t  v e n t r o m e d i a l e n  h y p o t h a l a m i s c h e n  L~sionen zeigten 
ke ine  H y p e r t h e r m i e ,  wie sic bei  geschlechts re i fen  weib-  
l ichen R a t t e n  bei  & t h e r n a r k o s e  b e o b a c h t e t  wird. In  m g n n -  
l ichen e n t w S h n t e n ,  j u n g e n  IRatten m i t  Lgs ionen  war  
j edoch  eine s ign i f ikante  H y p e r t h e r m i e  nachweisbar ,  wel- 
che ill be iden  Gesch lech te rn  yon  der  F u t t e r m e n g e  und  
d e m  Ausmass  der  h y p o t h a l a m i s c h e n  F e t t s u c h t  unabh~tn- 
gig war.  Lgs ionen  im v e n t r o m e d i a l e n  H y p o t h a l a m u s  der  
weib l ichen  j u n g e n  R a t t e  sche inen  e inen zen t r a l en  Mecha-  
n i smus  zu beeinf lussen,  welcher  es i h n e n  n i c h t  erm6gl icht ,  
auf  A t h e r n a r k o s e  n i t  H y p e r t h e r m i e  zu reagieren.  
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Calc ium Evoked  Release  of 5 - H y d r o x y t r y p t a m i n e  f r o m  the Brain of the Unanes thet i zed  Cat I 

The  ionic mil ieu of neu rones  in t h e  ne rvous  sys t em is 
a n  i m p o r t a n t  d e t e r m i n a n t  of t r a n s m i t t e r  a c t i v i t y  a t  
synapses  ~. I t  is known,  for ins tance ,  t h a t  Ca ions can  
affect  t he  release f rom ne rve  t i ssue  of ce r t a in  subs t ances  
such  as ace ty leho l ine  a, n o r a d r e n a l i n e  ~ or y - a m i n o - b u t y r i c  
acid 5. However ,  l i t t le  is k n o w n  a b o u t  t h e  role of Ca ions 
in  t he  release of 5 - h y d r o x y t r y p t a m i n e  (5-HT) pa r t i cu l a r l y  
w i t h i n  t he  i n t a c t  b ra in .  W e  now p resen t  ev idence  t h a t  t he  
level  of Ca ions in ex t race l lu la r  f luid can  inf luence  m a r k e d l y  
t he  release of 5 -HT f rom si tes s ca t t e r ed  t h r o u g h o u t  t he  
h y p o t h a l a m u s  of t h e  u n a n e s t h e t i z e d  cat ,  and  t h a t  t he  
neura l  a c t i v i t y  of th i s  amine  could depend  upon  t he  levels 
of ex t race l lu la r  Ca w i t h i n  t he  b ra in - s t em.  

Materials and method. I n  ca ts  of e i the r  sex, modi f ied  
push-pu l l  c annu lae  s were i m p l a n t e d  {nto t h e  rost ra l ,  
cauda l  a n d  la te ra l  areas of t he  h y p o t h a l a m u s  accord ing  
to m e t h o d s  descr ibed ear l ier  7. 5-7 days  later ,  a 1 m m  
sphere  of t i ssue  a t  t he  t ips  of t he  c a n n u l a e  was per fused  
w i t h  Krebs -Hense l e i t  so lu t ion  p r e p a r e d  w i t h  glass-dis- 
t i l led,  i on -exchange  water .  Pyrogen- f ree  glassware,  syr- 
inges a n d  t u b i n g  were used in all expe r imen t s ,  and  t he  
r a t e  of per fus ion  was  50 bd pe r  m i n  du r ing  a 30 mil l  in te rva l .  
Samples  were accep ted  for a s say  on ly  if t h e  v o l u m e  of 
t he  e f f luen t  m a t c h e d  t h a t  of t he  inflow, a n d  if t he  per-  
fusa te  was  clear a n d  devoid  of t i ssue  f ragments .  D u r i n g  
t he  course of a perfus ion,  the  a n i m a l  was he ld  gen t ly  and  
showed no u n t o w a r d  signs of d i s t u r b a n c e  or d iscomfor t .  
The  ef f luents  were col lected on  ice a n d  if no t  t e s t ed  on  t he  
same day,  were k e p t  a t  - - 1 0 ~  u n t i l  assayed.  A t  t h e  
conclus ion  of each  series of expe r imen t s ,  t h e  pe r fus ion  
si te  was  ver i f ied fol lowing s t a n d a r d  h is to logica l  proce-  
dures.  

The  c o n t e n t  of 5 -HT in each  30 m i n  sample  was  de ter -  
m i n e d  b y  t he  sens i t ive  assay  m e t h o d  of VANE ~, t he  i so la ted  
r a t  s t o m a c h  f u n d u s  s tr ip.  T he  con t rac t i l e  a c t i v i t y  of a 
pe r fusa t e  was  cons idered  to  be  due to 5 -HT only  if : a) t he  

c o n t r a c t i o n  p roduced  b y  a sample  was of a s imi la r  shape  
and  m a g n i t u d e  to  t h a t  caused b y  5-HT;  and  b) i t  was  
abol i shed  b y  e i the r  me thyse rg ide  or b rom- lyse rg ic  acid 
added  to t h e  b a t h  in doses of 10 to 20 ag. Values  for 5 -HT 
were ca lcu la ted  in t e r m s  of t he  c rea t in ine  p h o s p h a t e  salt.  

Results and discussion. A t  19 si tes in  t he  h y p o t h a l a m n s  
e x t e n d i n g  f rom t h e  an t e r i o r  region,  b e t w e e n  t he  an t e r io r  
commissue  and  opt ic  chiasm,  to  t he  pos te r io r  area  dorsa l  
to  t he  corpora  mammi l l a r i a ,  t he  res t ing  release of 5 -HT 
per  30 m i n  i n t e r v a l  va r i ed  in t h e  con t ro l  per fus ions  f rom 
0.1 to  2.0 rig. However ,  w h e n  Ca was  p r e sen t  in  t he  Krebs-  
Hense le i t  pe r fusa t e  in 2.6 or 10.4 m M  in excess of t he  
n o r m a l  m M  va lue  of ex t race l lu la r  fluid,  t he  level  of 5-I-IT 
in t he  pe r fusa te  va r i ed  be tween  0.5 and  3.6 ng  pe r  30 m i n  
in te rva l .  The  ave rage  re s t ing  o u t p u t  was 0.56 • 0.11 ng  
pe r  30 min  in those  19 si tes a t  wh ich  5 -HT was released. 

Three  d i s t i nc t  types  of loci could be  ident i f ied.  The  
Tab le  p resen t s  t he  m e a n  va lues  of 5 -HT released f rom:  
1. those  sites a t  wh ich  Ca evoked  a s ign i f ican t  increase  
in t he  l i be ra t ion  of 5 -HT f rom the  h y p o t h a l a m u s ;  2. those  
a t  wh ich  l i t t le  change  in 5 -HT o u t p u t  was  obse rved ;  a n d  
3. those  si tes a t  wh ich  t he  release of 5 -HT declined.  Of 
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