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The  increase  in u t e r ine  w a t e r  c o n t e n t  fol lowing oes t ra-  
diol admin i s t r a t ion l ,~ ,  4 a n d  t he  c o n c o m i t a n t  rise in N a  + 
a n d  fall  in  K+ c o n c e n t r a t i o n s  b e t w e e n  6 a n d  8 h a f t e r  
t he  a d m i n i s t r a t i o n  of oes t rad io l  1,2 could be  a consequence  
of t h e  fall  in  A T P a s e  a c t i v i t y  obse rved  in these  experi-  
men t s .  The re  is some ev idence  t h a t  t he  Mg ++ a c t i v a t e d  
A T P a s e  is a c o m p o n e n t  of t h e  N a  + p u m p  m e c h a n i s m  5. 

MEANS a n d  HAMILTON h a v e  r epo r t ed  an  increase  in pro-  
t e in  syn thes i s  wh ich  is p receded  b y  s t i m u l a t i o n  of b o t h  t he  
syn thes i s  of nuc lea r  R N A  a n d  u p t a k e  of R N A  precursors  
in t he  u t e rus  w i t h i n  2 m i n  fol lowing a d m i n i s t r a t i o n  of 
oes t radiol-17f l  to  ova r i ec tomized  rats% T h u s  a l t h o u g h  
oes t rogens  are capab le  of s t i m u l a t i n g  n e t  p r o t e i n  syn-  
thes is  in  t h e  u te rus  b y  inc reas ing  t he  r a t e  of f o r m a t i o n  
of t e m p l a t e  RNA,  t he  p re sen t  work  suggests  th i s  is no t  
a un ive r sa l  effect  in  u t e r ine  p ro t e in s  a n d  t h a t  a loss of 
A T P a s e  accompan ie s  these  changes .  A l t h o u g h  th i s  could 
r ep resen t  a d i rec t  i n t e r a c t i o n  of oes t rogen  a n d  enzyme,  
t he  de lay  in onse t  of the  effect  suggests  a se lect ive  inhi -  
b i t i on  of syn thes i s  of e n z y m e  p r o t e i n L  

Zusammen/assung. 17-/5-13stradiol w i rk t  a m  R a t t e n -  
u t e rus  h e m m e n d  auf  die ATPase ,  yon  der  b e k a n n t  ist, 
dass  sie auf  die s o g e n a n n t e  N a t r i u m p u m p e  in der  Zelle 
wirk t .  
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Persistence of a Physiological Circadian Rhythm of Plasma-Free l l-Hydroxycorticosteroid Levels 
in Totally Fasting Obese Subjects 

R h y t h m i c  v a r i a t i o n s  of p i t u i t a r y  A C T H  o u t p u t  are  
t he  l ikely e x p l a n a t i o n  for  t he  h igh  ear ly  m o r n i n g  a n d  
t he  low la te  even ing  levels of b lood cort isol  concen t r a -  
t ions  1. T h e  physiologic  p a t t e r n  of c i r cad ian  v a r i a t i o n s  
of p l a s m a  cor t isol  levels m a y  be  d i s t u r b e d  b y  n u m e r o u s  
cond i t ions  such  as psych ic  stress,  c en t r a l  n e r v o u s  disease 
a n d  a wide  v a r i e t y  of acu te  a n d  chron ic  i l lnesses (for a 
rev iew see SAWlN2). 

Thus ,  i t  was  t e m p t i n g  to specula te  t h a t  long- las t ing  
severe fas t  in  obese  subjects ,  a r a t h e r  wel l -def ined pro-  
cedure  assoc ia t ing  cons iderab le  psychologica l  s t ress  w i t h  
t r e m e n d o u s  me tabo l i c  upset ,  would  also in te r fe re  w i t h  
n o r m a l  p i t u i t a r y - a d r e n a l  func t ion .  

I n  o rder  to  p u t  th i s  h y p o t h e s i s  to  t he  t e s t  t he  n o r m a l  
c i rcad ian  r h y t h m  of free p l a s m a  11-hydroxycor t i cos te ro id  
levels ( fu r the r  re fe r red  to  as 'cort isol ' )  was  f i r s t  de ter -  
m i n e d  b y  f luor imetr ica! ly3 m e a s u r i n g  b lood  s te ro ids  a t  
08.00 a n d  20.00 in a g roup  of 21 h e a l t h y  y o u n g  vo lun tee r s  
i n s t r u c t e d  to  a d h e r e  to  t h e i r  n o r m a l  a c t i v i t y  schedule.  
The  m e a n  cort isol  levels  were:  2 1 . 8 i 4 . 8  txg/100 ml  a t  
08.00 a n d  8 .7- t -4 .2  txg/100 ml  a t  20.00 (mean  decl ine 
60.6 + 15.9%).  All i nd iv idua l s  h a d  def in i te ly  lower va lues  
in  t he  even ing  t h a n  in t he  morn ing .  

The  s ame  p rocedure  was t h e n  appl ied  in 8 hosp i t a l i zed  
obese p a t i e n t s  whose  charac te r i s t i c s  are g iven  in t h e  
Table .  The  p a t i e n t s  were sub jec t ed  to a p r o g r a m  of 
p h y s i o t h e r a p y  a n d  ac t ive  phys ica l  t r a in ing .  Aga in  a 
r a t h e r  u n i f o r m  p a t t e r n  of s te ro id  r h y t h m  was found.  
Af te r  t o t a l  s t a r v a t i o n  (6 subjects)  or 600 Cal. i n t a k e  
(2 subjects)  for 16-33 days  w i t h  a m e a n  w e i g h t  loss of 
8.8 kg t h e  p a t i e n t s  aga in  h a d  t h e i r  m o r n i n g  and  even ing  
b lood  s te ro id  levels measured .  I n  t he  F igu re  t h e  m e a n  
decl ine of t h e  even ing  va lues  before  a n d  a f t e r  s t a r v a t i o n  
is i nd i ca t ed  : The  p a t t e r n  r e m a i n s  r a t h e r  ident ica l ,  excep t  
for p a t i e n t  B .T .  (not  inc luded  in t h e  Figure) .  I l l  t h i s  
case t h e  d i u r n a l  r h y t h m  b e c a m e  reversed.  However ,  t h i s  
p a t i e n t ' s  f a s t  led to  compl i ca t ions  such  as severe  E .C .  

v o l u m e  deple t ion,  h y p o t o n i a  and  h y p o k a l i e m i a  which  
p r o m p t e d  precocious  t e r m i n a t i o n  of t o t a l  s t a rva t ion .  

F u r t h e r m o r e ,  i t  can  be  seen in t h e  Tab le  t h a t  t he  
m e a n  va lues  for abso lu te  'cor t isol '  concen t r a t i ons  in  

3O 

Fg/loom 

' . \  

1 
08.'00 20.00 h 

Circadian rhythm of free ll-hydroxycorticosteroid concentration 
(mean values ~= 1 S.D.) in the blood of normal non-obese controls 
( • ), obese patients before fasting (O) and at the end of a therapeutic 
fast (O). The evening cortisol levels are significantly lower than the 
morning levels in all 3 groups of subjects (p < 0.005). There is no 
significant difference between the 3 groups. 

1 C. T. NICHOLS and F. H. TYLER, A. Rev. Med. 18, 313 (1967). 
C. T. SAWIN, Ann. intern. Med. 68, 624 (1968). 
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Summary of relevant data collected from obese patients treated with total or partial (600 Cal. ~) fast 
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Name Sex Age Height Weight Days Total Mean Plasma cortisol Ixg/100 ml 
em kg of wt. daily 

fast toss wt. before fast after fast 
loss 

08.00 20.00 % 08.00 20.00 % 

B.T. f 37 166 102.8 33 13.8 0.42 21.3 8.1 38.1 24.4 28.5 116.8 
C.M. f 63 161 87.2 22 9.3 0.42 11.6 7.0 60.3 41.6 15.4 37.0 
K.R. f 16 167 107.6 29 12.0 0.41 15.1 9.8 64.9 18.5 6.9 37.3 
M.E. f 23 163 105.4 16 6.7 0.42 16.1 14.8 91.9 16.3 8.8 54.0 
E.W. H1 21 176 105.5 17 10.7 0.63 19.9 8.4 42.4 22.6 11.1 49.1 
F.W. m 33 181 95.0 19 9.2 0.48 24.3 10.8 44.4 23.2 11.0 47.8 
S.E.~ f 59 166 141.1 22 4.8 0.22 15.3 6.5 42.5 13.3 9.4 70.7 
M. A. ~ m 59 168 83.0 23 8.7 0.38 17.2 13.7 79.7 23.4 14.9 63.7 

mean values 103.5 21 8.8 0.42 17.1 10.1 60.8 22.7 11.1 51.4 
(patient B. T. not included) 

-L S.D. : 4.1 3.2 19.6 9.2 3.1 12.6 

m o r n i n g  a n d  even ing  b lood  s a m p l e s  were  t h e  s a m e  before  
a n d  a f t e r  fas t ing .  Tile va l ue s  did n o t  dif fer  f r o m  s te ro id  
levels  f o u n d  in n o r m a l  sub jec t s .  

T h e  d a t a  s h o w  t h a t  m e t h o d s  c u r r e n t l y  used  for  assess-  
ing  p i t u i t a r y - a d r e n a l  f u n c t i o n  fail t o  s h o w  a n y  c o n s i s t e n t  
c h a n g e  in obese  p a t i e n t s  s t a r v e d  for  p r o l o n g e d  pe r i ods  
of  t ime .  T h e  f ind ing  is s o m e w h a t  u n e x p e c t e d  since o b e s i t y  
b y  i tself  has  been  c la imed  to  be a s soc i a t ed  w i t h  a b n o r m a l  
a d r e n a l  f u n c t i o n  4-10. Moreover ,  a d r e n a l  h y p e r f u n c t i o n  
as  well  as  h y p o f u n c t i o n  h a v e  b e e n  r e p e a t e d l y  desc r ibed  
as  be ing  a c o n s e q u e n c e  of s t a r v a t i o n  a n d  u n d e r n u t r i t i o n .  
F o r  ins tance ,  TALBOT et  al. n f o u n d  dec reased  p i t u i t a r y  
a c t i v i t y  in m a l n o u r i s h e d  chi ldren.  S imi la r  f ind ings  were  
r e p o r t e d  b y  COOKE et al. i2, PERLOFF et  al. la, HUSEBY 
et  al. 14, NEUWlRTH et  al. 15 a n d  m a n y  o the r s .  These  r e p o r t s  
are  in keep ing  w i t h  t h e  f ind ings  of  a p i c t u r e  ind is t in -  
g u i s h a b l e  f r o m  p i t u i t a r y  insuf f i c iency  in a n o r e x i a  ner-  
v o s a  16,17. 

O n  the  o t h e r  h a n d ,  r e c e n t  i n v e s t i g a t i o n s  on  b lood  a n d  
u r i n a r y  s t e ro id  levels in ch i ld ren  w i t h  severe  m a l n u t r i -  
t i o n  ~s c o n f i r m e d  ear l ier  f ind ings  of GILLMAN et  al. 19 w h o  
f o u n d  ad rena l  h y p e r f u n c t i o n  a t  l eas t  in  t h e  ini t ia l  p h a s e  
of s t a r v a t i o n .  

I t  is s o m e w h a t  puzz l i ng  to  real ize t h a t  a g r ea t  m a n y  
n o n - e n d o c r i n e  d iseases  do  d i s t u r b  p i t u i t a r y - a d r e n a l  func-  
t ion,  w h e r e a s  t h e  h e a v y  m e t a b o l i c  u p s e t  forced  u p o n  a 
s t a r v i n g  obese  p a t i e n t  20-22 does  not .  F r o m  a s u r v e y  of 
t h e  l i t e r a t u r e  a n d  f r o m  ana lys i s  of  t h e  p r e s e n t  da ta ,  as  
well  as  f r o m  one  o t h e r  s o m e w h a t  s imi l a r  s t u d y  r e p o r t i n g  
on  s h o r t e r  pe r iods  of f a s t  (SCHACHNER et  a1.23), one  m u s t  
conc lude  f i r s t ly  t h a t  no  c o n s i s t e n t  a b n o r m a l i t y  of ad rena l  
f u n c t i o n  occur s  in obese  pa t i en t s ,  a n d  s econd l y  t h a t  th i s  
g l and  c o n t i n u e s  to  f u n c t i o n  n o r m a l l y  even  a f t e r  long-  
l a s t i ng  severe  fast .  There fore ,  if s t e ro id  r h y t h m s  do s h o w  
a b n o r m a l  p a t t e r n s ,  one  m u s t  look  for  one  of t h e  m a n y  
c o m p l i c a t i o n s  n o t  i n f r e q u e n t l y  o c c u r r i n g  in p r o l o n g e d  
f a s t i ng  (see s u b j e c t  B .T . ) .  Th i s  cou ld  well  a c c o u n t  for  
t h e  i n c o n s i s t e n t  f ind ings  on  cor t i so l  b lood  levels r e p o r t e d  
b y  LINQUETTE et  al. 24. 

Zusammen/assung .  Die phys i o l og i s che  r h y t h m i s c h e  Ak-  
t iv i t / i t  der  N e b e n n i e r e n r i n d e  is t  a u c h  bei  a d i p 6 s e n  Pa-  
t i e n t e n  n a c h z u w e i s e n .  Se lbs t  16-33t~igiges t o t a l e s  (6 Pa-  
t i en ten )  ode r  pa r t i e l l es  (2 P a t i e n t e n )  F a s t e n  v e r m a g  

den  T a g e s r h y t h m u s  der  K o r t i s o l s e k r e t i o n  n i c h t  zu ve r -  
~tndern. J e d e  A b w e i c h u n g  y o n  de r  N o r m  we i s t  d a h e r  au f  
eine K o m p l i k a t i o n  der  F a s t e n k u r  h in .  
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