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I n  so far  as t h y r o i d  m e t a b o l i s m  is concerned,  cor t i sone  
reduces  t h e  we igh t  of t he  g land  and  inh ib i t s  i ts  p ro t e in  
synthesis24;  on  t h e  o the r  h a n d ,  i t  is well  k n o w n  t h a t  
ACTH,  as well as cort isone,  ha s  a goi t regenic  ac t ion  ~5 
w i t h  lower iodine u p t a k e  b y  t h y r o i d  gland.  

Thus ,  t h e  increase  in  TCT t h y r o i d  c o n t e n t  m a y  be  
cons idered  a resu l t  of (a) ca lc ium nega t i ve  b a l a n c e  
due  to hypercor t i c i sm,  a n d / o r  (b) t he  i n h i b i t i n g  ac t ion  of 
cor t i sone  or  A C T H  on t h y r o i d  m e t abo l i s m .  I n  fact;  a 
decrease  in t h y r o i d  func t i on  is p r o b a b l y  genera l ly  
followed b y  a n  increased  TCT c o n t e n t  7. On t he  o the r  
h a n d ,  t h y r o x i n e  is d i r ec t ly  i nvo lved  in ca lc ium m e t a -  
bo l i sm 2~-~9, increases  bone  c a t a b o l i s m  in i n t a c t  r a t s  
w i t h o u t  mod i fy ing  ca lcemia  a~ a n d  enhances  t he  hypo-  
ca lcemic  effect  of exogenous  TCT a~-3~. I t  is l ikely t h a t  in  
our  e x p e r i m e n t a l  cond i t ions  t h y r o i d  m e t a b o l i s m  h a d  
b e e n  i n h i b i t e d  b y  h o r m o n a l  t r e a t m e n t  r e su l t ing  in a 
decreased  t h y r o x i n e  p r o d u c t i o n  a n d  increased  TCT 
c o n t e n t  of t h e  gland.  I f  t h i s  a s s u m p t i o n  is correct ,  a 
r educ t i on  in  bone  c a t a b o l i s m  a n d  s u b s e q u e n t  r e d u c t i o n  
in TCT d e m a n d  should  be  expec ted .  

I t  shou ld  be  e m p h a s i z e d  t h a t  e x p e r i m e n t a l l y  i nduced  
hype rco r t i c i sm  is l ike ly  to  affect,  a t  one  t ime,  ca lc ium,  
t h y r o i d  a n d  b o n e  m e t a b o l i s m  t h u s  p r o d u c i n g  t h e  v e r y  
s h a r p  and  s ign i f i can t  increase  in TCT c o n t e n t  of t h e  
t h y r o i d  w h i c h  we were able  to  d e m o n s t r a t e .  I n  our  
opinion,  t he  a c c u m u l a t i o n  of TCT is p r o b a b l y  a sc r ibab le  
to  a s h a r p  decrease  in i ts  ou t pu t ,  since i ts  syn thes i s  was  
p r e s u m a b l y  i n h i b i t e d  24 b y  cort icoids.  F r o m  a p r ac t i c a l  
v iewpoin t ,  our  resu l t s  sugges t  t h a t ,  d u r i n g  cor t i sone  

t he r apy ,  t he  a d m i n i s t r a t i o n  of TCT m i g h t  de lay  t he  onse t  
of osteoporosis .  

Riassunto. I1 t r a t t a m e n t o  con A T C H  o cor t i sone  causa  
u n  a u m e n t o  del c o n t e n u t o  in t i r oca l c i t on ina  delle t i ro id i  
di  r a t to .  Vengono  discusse le possibi l i  impl icaz ioni  dei 
r i su l t a t i  o t t e n u t i .  
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Oxygen Consumption of Genetically Obese Rats 1 

Oxygen  c o n s u m p t i o n  is s ign i f i can t ly  r educed  in 2 
s t r a ins  of gen t ica l ly  obese mice  w h e n  c o m p a r e d  to  t he i r  
lean  l i t t e r m a t e s  (obese 1 a n d  AY 3). Th i s  f ind ing  in genet i -  
cal ly obese  mice  led us to  i nves t i ga t e  t h e  u p t a k e  of o x y g e n  
in gene t ica l ly  obese r a t s  ~. Obes i ty  in  these  r a t s  is in- 
he r i t ed  as a Mende l i an  recessive t r a i t  a n d  t h e  af fec ted  
m e m b e r s  of each  l i t t e r  can  be  de t ec t ed  w i t h i n  t he  f i rs t  few 
weeks of life. W e  found  t h a t  t he  oxygen  c o n s u m p t i o n  of 
these  gene t ica l ly  obese r a t s  was  r educed  w h e n  c o m p a r e d  
to l i t t e r m a t e s  wh ich  b e c a m e  f a t  fol lowing h y p o t h a l a m i c  
lesions. 

Oxygen consumption of obese and thin rats 

r a t  f r om each  l i t ter .  A t  t h e  end  of th i s  e x p e r i m e n t  
b i l a t e ra l  lesions were p laced  in t h e  v e n t r o m e d i a l  nuclei  
of each  of t he  6 lean  l i t t e r m a t e s  ~. These  lesions were m a d e  
us ing  t h e  coord ina tes  of DEGRooT 5 a n d  app ly ing  a 
2 m A m p  c u r r e n t  t h r o u g h  t h e  t ip  of a n  in su la t ed  p l a t i n u m  
needle  for  15-30 sec. All  6 r a t s  b e c a m e  h y p e r p h a g i c  b u t  
on ly  3 b e c a m e  as obese as t h e i r  gene t ica l ly  obese l i t t e r -  
mates .  The  second e x p e r i m e n t  ut i l ized these  3 r a t s  a n d  
the i r  genet ic  obese  l i t t e r m a t e s  for  t h e  m e a s u r e m e n t  of 
oxygen  consumpt ion .  E x p e r i m e n t a l  p rocedures  were 
c o n d u c t e d  on  ra t s  a t  2 and  8 m o n t h s  of age. 

Expert- Animals No. of Age Body weight 
ment No. rats (month) (g) 

Oxygen consumption 
ml O2/g per h ml Ojg ~ per h 

1 Obese-genetic 6 2 314 4- 5 
Lean 6 2 207 4- 6 

2 Obese-genetic 3 8 550 4- 22 
Obese-lesioned 3 8 517 4- 27 

<0.01 1.11 4- 0.025a <0.05 6.22 nh 0.45~ n.s. 
1.48 _}: 0.029 7.35 4- 0.47 
1.03 4- 0.042 7.15 4- 0.29 n.s. < 0.05 < 0.05 1.22 • 0.038 7.95 -t- 0.25 

a Mean 4- S.E.M. 

Materials and methods. A n i m a l s :  Obese female  r a t s  of 
t h e  Zucker  S t r a i n  a n d  t h e i r  l ean  female  l i t t e r m a t e s  ~ were 
housed  in  a r o o m  w i t h  con t ro l led  l igh t  a n d  t e m p e r a t u r e  
a n d  g iven  P u r i n a  L a b o r a t o r y  Chow a n d  t a p  water .  I n  t he  
f i rs t  e x p e r i m e n t  oxygen  cons t i m p t i on  was d e t e r m i n e d  on  
12 r a t s  f rom 6 l i t ters ,  t h e r e  be ing  one lean and  one obese 
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Oxygen  c o n s u m p t i o n  was d e t e r m i n e d  on  i n d i v i d u a l  
r a t s  on  severa l  occasions  fol lowing a n  o v e r n i g h t  fast .  A 
closed c i rcui t  t e c h n i q u e  s imi la r  to  t h a t  descr ibed  b y  
MACLAGEN and SHEAHAN 6, 7 was used and the data are 
expressed in terms of body weight and of surface area 
(body  weight)  ~ 

Results. Oxygen  c o n s u m p t i o n  was m e a s u r e d  in 2 
e x p e r i m e n t s  (Table).  I n  t he  first ,  t h e  gene t ica l ly  obese 
r a t s  we ighed  s ign i f i can t ly  more  t h a n  t h e i r  l ean  l i t t e r -  
m a t e s  b u t  t he  lean  l i t t e r m a t e s  c o n s u m e d  s ign i f i can t ly  
more  oxygen  pe r  g of b o d y  weight .  W h e n  these  u p t a k e s  
of oxygen  were cor rec ted  for surface  a rea  (body weight )  0.7 
t h e  d i f ference  was n o t  s t a t i s t i ca l ly  s ign i f i can t  (t = 1.8). 
I n  t he  second e x p e r i m e n t  t h e  oxygen  c o n s u m p t i o n  of 3 
gene t i ca l ly  obese r a t s  was  c o m p a r e d  w i t h  t h a t  of t he  
3 l i t t e r m a t e s  w h i c h  b e c a m e  fa t  fo l lowing h y p o t h a l a m i c  
lesions. I n  th i s  e x p e r i m e n t  t he  b o d y  we igh t  of t he  genet i -  
cal ly obese r a t s  was  n o t  s ign i f i can t ly  d i f fe ren t  t h a n  t h e i r  
obese  les ioned l i t t e rma te s .  However ,  oxygen  c o n s u m p t i o n  
pe r  g of b o d y  weight ,  or  pe r  u n i t  sur face  area,  was  
s ign i f i can t ly  h ighe r  in  t h e  lesioned obese  ra ts .  

Comment. The  gene t ic  obese r a t s  and  t h e i r  lean  l i t t e r -  
m a t e s  c o n s u m e d  nea r ly  iden t i ca l  q u a n t i t i e s  of oxygen  
pe r  u n i t  of surface  area.  However ,  w h e n  t h e  lean  l i t t e r -  
m a t e s  b e c a m e  obese  fol lowing h y p o t h a l a m i c  lesions, t h e y  
c o n s u m e d  s ign i f i can t ly  more  oxygen  t h a n  t h e i r  gene t ica l ly  

obese siblings.  I n  th i s  r e spec t  t h e  Zucker  r a t s  are s imi la r  
to  t he  obese  yel low (AY) a n d  t he  obese hype rg lycemic  
mice (obob) in  wh ich  h y p o m e t a b o l i s m  has  been  n o t e d  1, 2 
b u t  t h e y  differ  f rom the  New Zea l and  abese  mice  s wh ich  
consume  n o r m a l  or increased  q u a n t i t i e s  of oxygen  When 
c o m p a r e d  to  lean  l i t t e r m a t e s  9, ~0 

Zusammen/assung. Der  S a u e r s t o f f v e r b r a u c h  gene t i sch  
fe t t l e ib iger  R a t t e n  is t  auf fa l lend  n iedr ige r  als der jen ige  
yon  N o r m a l r a t t e n  ( l i t t e rmates) ,  die n a c h  H y p o t h a l a m u s -  
ve r l e t zung  fe t t l e ib ig  vcurden. 

G. A. 13RAY 11 

New England Medical Center Hospitals, 
and the Department o/Medicine, 
Tu/ts University School of Medicine, 
Boston (Massachusetts 027 71, USA), 18 June 1969 

6 N. F. MACLAGEN and M. M. SHEAHAN, J. Endoerin. 6, 456 (1950). 
7 G. A. BRAY, J. din. Invest. d3, 285 (1964). 
s K. SUBRAHAMANYAM, Biochem. J. 76, 548 (1960). 
9 Supported in part by Grant No. AM 09897 from the National 

Institutes of Health. 
10 Rats were provided through the kindness of Dr. Lois ZUCKER, 

Harriet Bird Memorial Laboratory, Stow (Massachusetts, USA). 
n The author thanks Dr. E. B. ASTWOOD for his continuing support 

and encouragement. 

Hemodynamic Changes in Rats Without Adrenal 

As r epo r t ed  prev ious ly ,  r a t s  w i t h o u t  ad r ena l  m edu l l a  
h a d  a longer  su rv iva l  t i m e  t h a n  n o r m a l  controls ,  w h e n  
s u b m i t t e d  to i r revers ib le  h y p o v o l e m i c  shock  2. F u r t h e r -  
more ,  c o n t i n u o u s  i.v. i n j ec t ion  of ep i neph r i ne  decreased  
s u r v i v a l  t i m e  whi le  n o r e p i n e p h r i n e  c o n t i n u o u s  in j ec t ion  
increased  s u r v i v a l  t i m e  in r a t s  w i t h  i r revers ib le  hypo-  
vo lemic  shock  s. I t  is well  k n o w n  t h a t  t h e  a u t o n o m i c  
ne rvous  s y s t e m  p lays  a role in  t he  r egu la t ion  of c i r cu l a to ry  
f u n c t i o n  a n d  t h a t  t he  m e d u l l a r y  p o r t i o n  of t he  ad r ena l  
g l a n d  secretes  m a i n l y  ep inephr ine ,  whi le  t h e  s y m p a t h e t i c  
n e r v e  end ings  l i be ra t e  m a i n l y  n o r e p i n e p h r i n e  a, ~. I n  con-  
sequence  i t  s eemed  in t e r e s t i ng  to s t u d y  t he  h e m o d y n a m i c  
changes  i nduced  b y  i r revers ib le  h y p o v o l e m i c  shock  in 
r a t s  w i t h o u t  ad r ena l  medul la .  

Material and methods. Stud ies  were car r ied  on  42 r a t s  
f rom t h e  s t r a i n  b r e d  a t  t he  ' I n s t i t u t o  de Fisiologia ' .  T h e y  
h a d  free aecess to  w a t e r  a n d  were fed w i t h  t h e  usual  
m i x e d  d ie t  of t h e  I n s t i t u t e .  All  a n i m a l s  were a n e s t h e t i z e d  
i.p. w i t h  s o d i u m  p e n t o b a r b i t a l  (4 rag/100 g b o d y  wt.) .  
H y p o v o l e m i c  shock  was  induced  b y  p e r m a n e n t  occlusion 
of t h e  p o r t a l  vein,  as descr ibed  p rev ious ly  s; s h a m  occlusion 
of t h e  p o r t a l  ve in  cons i s ted  in d issec t ion  of t he  vessel  
a n d  p lac ing  a loose t h r e a d  a r o u n d  it, w i t h o u t  a c t u a l  
occlusion of t i le  vein.  A d r e n a l  m e d u l l e c t o m y  a n d  s h a m  
a d r e n a l  m e d u l l e c t o m y  were done  fol lowing t h e  t e c h n i q u e  
r epo r t ed  p r ev ious l ey  b y  us 2. Blood  vo lume,  ca rd iac  o u t p u t  
a n d  m e a n  a r t e r i a l  b lood  pressure  were  m e a s u r e d  in each  
a n i m a l  45 m i n  a f t e r  occlusion (or s h a m  occlusion) of t he  
p o r t a l  vein,  b u t  no s tud ies  were car r ied  o u t  before  4 weeks  
h a d  e lapsed f rom t he  a d r e n a l  m e d u l l e c t o m y  or s h a m  
a d r e n a l  m e d u l l e c t o m y .  Blood  v o l u m e  a n d  ca rd iac  o u t p u t  
were m e a s u r e d  b y  d i l u t i on  of r a d i o i o d i n a t e d  h u m a n  
s e r u m  a l b u m i n  label led  w i t h  Iodine-131,  as descr ibed  
elsewhere6, ~. Mean  a r t e r i a l  b lood pressure  was m e a s u r e d  
w i t h  a c r i t i ca l ly  d a m p e d  m e r c u r y  m a n o m e t e r  connec t ed  
w i t h  t he  r i g h t  ca ro t id  a r t e r y ;  t o t a l  pe r iphe ra l  r es i s t ance  
was ca lcu la ted  f rom card iac  o u t p u t  a n d  m e a n  a r t e r i a l  

Medula Submitted to Hypovolemic Shock 1 

blood pressure  and  expressed  in dyn .  sec. cm -5 • 10 -4 pe r  
100 g b o d y  wt.  

F o u r  g roups  of an ima l s  were s t ud i ed :  
(A) N o r m a l  controls ,  10 r a t s  ( sham ad rena l  medul lec-  

t o m y  a n d  s h a m  occlusion of t he  p o r t a l  vein) .  (B) H y p o -  
vo lemic  shock,  10 r a t s  ( sham ad rena l  m e d u l l e c t o m y  plus  
occlusion of t he  p o r t a l  vein) .  (C) Medul l ec tomized  con-  
trols,  12 r a t s  (adrena l  m e d u l l e c t o m y  a n d  s h a m  occlusion 
of t h e  p o r t a l  vein) .  (D) H y p o v o l e m i c  s h o c k  in medul lec-  
t omized  r a t s :  10 an ima l s  (adrena l  m e d u l l e c t o m y  plus  
occlusion of t he  p o r t a l  vein) .  Resu l t s  o b t a i n e d  were 
expressed  as m e a n  4 - S . E . ;  t h e  s igni f icance  of t he  dif- 
ferences was assessed w i t h  S t u d e n t ' s  t - test ,  as sugges ted  
b y  BANCROFT s . 

Results. The  s t a t i s t i ca l  ana lys i s  of t he  d a t a  o b t a i n e d  
(Table) showed  no di f ference b e t w e e n  n o r m a l  cont ro l s  
(group A) a n d  medu l l ec tomized  cont ro l s  (group C). I n  
r e l a t i on  to  con t ro l  groups,  h y p o v o l e m i c  shock  p r o v o k e d  
a s h a r p  decrease  (p < 0.001) in  b lood  volume,  ca rd iac  
o u t p u t  a n d  m e a n  a r t e r i a l  b lood  pressure ,  e i t he r  in  s h a m  
medu l l ec tomized  (group 13) or  in  medu l l e c tomized  r a t s  
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