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n o r m o t e n s i v e  W i s t a r  ra ts .  The increases  in t h e  e n z y m e  
ac t iv i t ies  of b o t h  adrena l s  were  a b o u t  40% and  30%, 
respect ive ly .  In  cont ras t ,  t he  ac t iv i t ies  of m o n o a m i n e  
oxidase  and  ca techol  O-me thy l t r ans fe r a se  in t h e  adrena l s  
of S H - r a t s  d id  n o t  change  s igni f icant ly  as c o m p a r e d  w i t h  
those  of n o r m o t e n s i v e  \Vis ta r  r a t s  (Table II) .  

These  resul ts  showed t h a t ,  a m o n g  t h e  enzymes  involved  
in t h e  b iosyn thes i s  of ca techolamines ,  enzyme  ac t iv i t ies  
of D O P A  deca rboxy lase  and  p h e n y l e t h a n o l a m i n e  N- 
m e t h y l t r a n s f e r a s e  were only  s l ight ly  increased,  as com-  
pa red  w i t h  those  of ty ros ine  h y d r o x y l a s e  and  d o p a m i n e  
f l -hydroxylase ,  which  had  been  shown to  increase abou t  
1.9-fold and  1.8-fold, r espec t ive lyL The enzyme  activi-  

Table II. The activities of monoamine oxidase and catechol 0-me- 
thyltransferase in the adrenals of spontaneously hypertensive rats 

Enzyme activity Normo- Sponta- 
tensive neously 
Wistar hypertensive 
rats rats 

Monoamine oxidase 
nmoles/min/both adrenals -k S.E.M. 1.51 =t= 0.07 
nmoles/min/mg protein + S.E.M. 0.25 =j= 0.01 

Catechol O-methyltransferase 
pmoles/min]both adrenals + S.E.M. 42.6 =L 2.2 
pmoles/min/mg protein :t: S.E.M. 6.99 :t: 0.40 

1.48 -_t: 0.10 
0.22:1:0.01 ~ 

40.0 =t= 3.5 
5.99 ± 0.32 ~' 

The result is the average for 6 animals. *p < 0.20. bp < 0.10. 

t ies  of m o n o a m i n e  oxidase  and  ca techot  O-me thy l t r ans -  
ferase d id  no t  change.  

The  resu l t s  ind ica te  t h a t  t h e  increase in t h e  ac t iv i t ies  
of ty ros ine  h y d r o x y l a s e  and  d o p a m i n e  f l -hydroxylase  in 
t he  a d r e n a l  g lands  of SH - r a t s  are specific, and  t h a t  b o t h  
e n z y me s  m a y  be easi ly  induced  s. 

Zusammen/assung. Es  wird  gezeigt ,  dass  Dopa-Decarbo-  
xylase  und  P h e n y l e t h a n o l a m i n - N - m e t h y l - t r a n s f e r a s e  bei  
s p o n t a n  h y p e r t o n i s c h e n  R a t t e n  im Vergleich zu normo-  
t o n e n  Kon t ro l l en  le icht  e rh6h t  s ind ;  h ingegen  w u r d e  
keine Ver / inderung der  C a t e c h o l a m i n - a b b a u e n d e n  En-  
zyme  fes tgeste l l t .  
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O n  t h e  N a t u r e  o f  Biological Clocks? 

There  has  been  m u c h  specula t ion  on t h e  f u n d a m e n t a l  
cel lular  m e c h a n i s m  under ly ing  Biological  Clocks. Var ious  
m a t h e m a t i c a l  models  have  been  p roposed  x, 2 and  p h y s -  
iological osci l la t ions have  been  c i ted  to  exp la in  the i r  
work ing  a, 4. 

Light ,  d a r k  cold (and even  pressure)  are  all agencies  
t h a t  read i ly  phase  Biological  Clocks 5. Moreover ,  r h y t h m s  
m a y  be ex t ingu i shed  u n d e r  con t inuous  app l i ca t ion  of t he  
agency,  to  be  r e in s t a t ed  in a f resh  phase  w h e n  i t  is 
r emoved6 ,L  A n o t a b l e  genera l  obse rva t ion  m a d e  b y  
BUNNING 5 is t h a t  t h e  physio logica l  ef fect  of cold dur ing  
a l igh t  per iod  coincides  w i t h  t h a t  p roduced  b y  dark.  
Cur ren t  theor ies  of Circadian r h y t h m s  do n o t  however ,  
a d m i t  a resolu t ion  of th i s  pa radox .  A poss ible  genera l  
exp l ana t i on  is however  impl ic i t  in some r ecen t  work  of 
t h e  p r e s e n t  au thor ,  who  has  shown t h a t  in a wide va r i e t y  
of cells and  t issues,  A T P  levels v a r y  inverse ly  w i t h  
t e m p e r a t u r e  8-12, and  decrease unde r  i l lumina t ion  l°-1~. 
B o t h  such  effects  have  been  d e m o n s t r a t e d  in t he  leaves  
of Chenopodium rubrum and  Phaseolus wdgaris 1°, in 
Dictyostelium m y x a m o e b a e  n and  also in chick e m b r y o s  
in ovo 1.. 

All t he  phas ing  agencies  descr ibed have  t h e  c o m m o n  
effect  of a l te r ing  cy top lasmic  viscosity18; and  reference  
to  t he  literature~3, ~4 es tab l i shes  t h a t  the  increases  in 
A T P  level descr ibed  above  in da rk  or cold cor respond  
to  decrease of cy top lasmic  viscosi ty ,  a p red ic tab le  cor- 
re la t ion  knowing  the  effect  of mic ro in jec ted  A T P  is. 

On th is  basis  therefore ,  t he  pa radox ica l  c o m m o n  
effect  of da rk  and  cold appl ied  dur ing  i l lumina t ion  in 

phas ing  r h y t h m i c  p h e n o m e n a  is readi ly  expl icable ,  for 
whereas  t he  e f fec t  of cold is to raise ATP,  i ts  level  in  t he  
d a r k  is also h igher  t h a n  t h a t  u n d e r  i l luminat ion .  The  
effect  of p ressure  in p h a s i n g  clocks", 6 m a y  be on th i s  
bas is  also, for LA~DA~J x~ has  also descr ibed  pressure-  
induced  increases  in A T P  level. 
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A n a t u r a l  e x t e n s i o n  to  t h i s  a r g u m e n t  is to  sugges t  t h a t  
Biological  Clocks o p e r a t e  as a r e su l t  of cyc l ica l  f luc tua -  
t i ons  in  i n t r a c e l l u l a r  A T P  (and  of c o n c o m i t a n t  changes  
in o t h e r  nuc leos ide  phospha t e s ) .  T h e r e  is o t h e r  ev idence  
moreover ,  to  sugges t  t h a t  such  A T P  v a r i a t i o n s  are  a 
c e n t r a l  f e a tu r e  of Biologica l  Clocks. Some ch lo rop las t s  
(which  are  k n o w n  to  c o n t a i n  a n  ac t om yos i n - l i ke  p r o t e i n  ~7) 
show a c i r cad i an  r h y t h m  of e x p a n s i o n  in t h e  d a r k  a n d  
c o n t r a c t i o n  u n d e r  i l l u m i n a t i o n  XS, x9 a p h e n o m e n o n  on ly  
exp l icab le  on  t h e  bas is  sugges ted  above .  

T h a t  t h e  f r e e - r u n n i n g  r h y t h m  m a y  be  q u e n c h e d  b y  
cold (as in  Carcinus maenas a or in  Gonyulax polyhedra 7) 
is also u n d e r s t a n d a b l e ,  for  if t h e  m e t a b o l i c  v a r i a b l e  
reaches  a n d  is m a i n t a i n e d  a t  i t s  m a x i m a l  level,  no  
cycl ical  v a r i a t i o n  is t h e n  poss ible  u n t i l  a r e d u c t i o n  on  
i t s  m e a n  level  occurs.  

I t  was  dec ided  f u r t h e r  to  t e s t  t h i s  genera l  p ropos i t ion .  
I n  m a n ,  a n d  o t h e r  m a m m a l s ,  t h e  m o s t  obv ious  n a t u r a l  
r h y t h m  is t h a t  of sleep, w h i c h  is co r re l a t ed  w i t h  o the r s  
such  as t h a t  of m i t o t i c  a c t i v i t y  ~°. I t  was  decided the re -  
fore to  d e t e r m i n e  if a l t e r n a t i o n s  in  A T P  level  c an  be  
co r r e l a t ed  w i t h  t h e  n a t u r a l  r h y t h m  of sleep a n d  wake-  
fulness.  

A le r t  or s leep ing  Golden  H a m s t e r s  (Mesocricetus aura- 
tus) were  ki l led  b y  s t u n n i n g  w i t h  a n  a i r  p i s to l  pel let .  
T h e  h e a d  was  t h e n  i n s t a n t l y  d e c a p i t a t e d  a n d  d r o p p e d  
i n to  l iqu id  n i t r o g e n  before  r e m o v a l  of t h e  f rozen b r a i n ;  
a n d  t h e  l iver  excized a n d  d r o p p e d  i n to  l iqu id  n i t r o g e n  
in a chi l led  m o r t a r .  B o t h  were  s e p a r a t e l y  g r o u n d  to  a 
f ine powder ,  t r i t u r a t e d  a n d  hom ogen i zed  w h e n  cold w i t h  
0 . 6 M  perch lo r ic  acid for  e x t r a c t i o n  of t h e  nuc leos ide  
p h o s p h a t e s ,  a n d  a f t e r  c e n t r i f ug i ng  a t  4°C, t he  c lear  
s u p e r n a t a n t s  were  used  for  A T P  e s t i m a t i o n ,  t h e  pe l l e t  
b e i n g  used  as t he  bas is  of a d r y  w e i g h t  e s t i m a t i on .  
A T P  levels  were t h e n  d e t e r m i n e d  b y  t he  m e t h o d  of 
ADAM 21 us ing  a n  U V - t e s t  k i t  (Boehr inge r  u n d  S6hne,  
M a n n h e i m ,  G e r m a n y )  a n d  expressed  on  a d r y  w e i g h t  
basis.  F u r t h e r  desc r ip t ions  of t h i s  m e t h o d  h a v e  been  
g iven  e lsewhere  S, a, ~2. A s u m m a r y  of t h e  r e su l t s  is g iven  
in t h e  Table .  

Intracellular ATP levels in the brain and liver of alert and sleeping 
golden hamsters (nmoles/mg dry weight) 

a) Liver 
Alert Sleeping 
5.34 -t- 0.77 7.87 4- 0.45 

b) Brain 
AIert Sleeping 
8.07 -4- 1.78 13.70 :~: 3.21 

I t  wil l  be  seen t h a t  A T P  levels in  b o t h  H a m s t e r  b r a i n  
a n d  l ive r  r ise  s ign i f i can t ly  w i t h  sleep, a n d  c lear ly  i nd i ca t e  
a d i u r n a l  r h y t h m  of A T P  level.  Moreover ,  A T P  levels  
are  also k n o w n  to  be h i g h  in h i b e r n a t i n g  a n i m a l s  a n d  
u n d e r  anaes thes ia22,  ~3. I t  is the re fo re  i n t e r e s t i n g  to  
ref lec t  t h a t  BULLOUGH 21,15 has  obse rved  a d i u r n a l  r h y t h m  
of m i t o t i c  m a x i m a  to  be  p r e s e n t  in n a t u r a l  sleep, a n d  
to be  i n d u c e d  u n d e r  b a r b i t u r a t e  anaesthesiaS°,  24. Much  
ev idence  ha s  m o r e o v e r  been  p re sen t ed  to  sugges t  a 
r e l a t i onsh ip  b e t w e e n  m i t o t i c  inc idence  a n d  ATP~5,2% 
PLESNER 27, moreover ,  ha s  s h o w n  a r h y t h m  of A T P  level  
in s y n c h r o n i z e d  cu l tu re s  of Tetrahymena pyri/ormis which  
cor re la tes  w i t h  t h e  r h y t h m  of cell  d iv is ion.  

P r e l i m i n a r y  ev idence  of s imi la r  c i r cad ian  v a r i a t i o n s  in  
A T P  level  h a s  also been  de t ec t ed  in cockroaches  a n d  in 
t he  shore  c rab ,  Carcinus meanas, a n d  will  be  p u b l i s h e d  
in due  course.  

I t  is t he re fo re  p roposed  t h a t  t he  p r i m a r y  u n d e r l y i n g  
r h y t h m  of Biologica l  Clocks m a y  be  one  of A T P  level 
(and of v a r i a t i o n s  in  t h e  co r r e spond ing  di- a n d  mono-  
phospha t e s ) .  T h e  e x p e r i m e n t a l  resu l t s  c i ted  a b o v e  lend 
s u p p o r t  to  t h i s  p ropos i t ion ,  wh ich  also af fords  a r e a d y  
e x p l a n a t i o n  of t h e  p h a s i n g  effects  of p a r a m e t e r s  of s ta te ,  
and  of t he  m e a n s  of t h e i r  t r a n s d u c t i o n .  

Zusammen[assung. Fes t s t e l lung ,  dass  sch la fende  Gold-  
h a m s t e r  e inen  h 6 h e r e n  A T P - G e h a l t  in  G e h i r n  u n d  L e b e r  
bes i t zen  als w a c h e  Tiere  u n d  dass  Zei tgeber ,  wie L i c h t  
u n d  T e m p e r a t u r ,  sowohl  Zel lv iskos i t i t t  als a u c h  A T P -  
N i v e a u  ve r i inde rn .  
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Liver and Uter ine  Lipid M e t a b o l i s m :  a C o m p a r a t i v e  S tudy  x 

AIZAWA a n d  MUELLER 2 were a m o n g  t h e  f i r s t  of severa l  
worker s  s-s to  s t u d y  t h e  effects  of e s t rogens  on  u t e r i n e  
l ip id  m e t a b o l i s m  b y  us ing  c a s t r a t e d  a n i m a l s  t r e a t e d  w i t h  
exogenous  ho rmones .  On ly  a few pe r sons  h a v e  s t ud i ed  u te -  
r ine  l ip id  m e t a b o l i s m  in n o r m a l  u n t r e a t e d  a n i m a l s  *-9. Since 
t h e  a b o v e  s tud ies  were p e r f o r m e d  to  e luc ida te  e i t h e r  
h o r m o n a l  ac t ions  or  n o r m a l  u t e r i ne  func t ion ,  e i t h e r  un-  
t r e a t e d  a n i m a l s  or  t i m e  was  used  as t he  con t ro l  reference.  
The  fo l lowing s t u d y  was  p e r f o r m e d  to  e v a l u a t e  u t e r ine  

l ip id  m e t a b o l i s m  in t e r m s  of a d i f fe ren t  reference,  i.e. 
l ive r  t i s sue  f rom t h e  s ame  ra t .  

Two to  t h r e e  n o r m a l  a d u l t  female  r a t s  ( H o l t z m a n  
C o m p a n y )  were  sacr i f iced b y  c ran ia l  f r ac tu re  d u r i n g  
each  s tage  of t he  e s t rous  cycle. (For  th i s  paper ,  t h e  d a t a  
are  n o t  e v a l u a t e d  as func t i ons  of t ime. )  Ute r i  a n d  l ivers  
were r e m o v e d  a n d  b l o t t e d  d r y  w i t h  f i l te r  paper .  T h e  
u t e r i  were  s l i t  l ong i tud ina l ly ;  t he  l ivers  were sl iced i n t o  
s t r ips  w h i c h  a p p r o x i m a t e d ,  as nea r ly  as possible,  t h e  


