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liver MAO act ivi ty  after l imb amputat ion is consistent 
with the notion tha t  amputat ion increases circulating 
catecholamine levels, even though there is no conclusive 
proof that  MAO is acting exclusively on catecholamines. 
In view of the results, it is interesting to speculate that  
the significant and rapid increase in MAO activi ty after 
amputat ion is probably due to act ivation of MA0 pre- 
cursors present in the liver rather than de novo induction 
of the enzyme. 

ant6rieur, on peut noter une augmentat ion appr6ciable 
de l 'activit6 de l 'oxydase monoamine. Cette augmenta- 
tion indique que la tension physiologique produite par 
l ' amputat ion rend actifs dans le foie les pr6curseurs de 
l 'oxydase monoamine qui peuvent, h l e u r  tour, stimuler 
un m6tabolisme plus rapide et augmenter la quantit6 des 
cat6cholamines qui circnlent. 

D. J. PROCACCINI, R. g. PROCACCINI 
and CATHERINE M. DOYLE 

Rdsumd. L'oxydase monoamine se t rouve sous une 
forme active dans le toie d 'un urodble adulte capable 
d 'act ivi t6 normale et r~g6n~ratrice. Au cours des deux 
premieres heures qui suivent l ' amputa t ion  d 'un membre 
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A d r e n a l  E n z y m e s  of Catecholamine Biosynthes is  and Metabol ism in  S p o n t a n e o u s l y  H y p e r t e n s i v e  R a t s  

I t  was reported in our previous paper 1 tha t  the acti- 
vities of tyrosine hydroxylase and dopamine fl-hydroxy- 
lase in the adrenal glands of spontaneously hypertensive 
(SH) rats (a strain of ~¥istar rats, which had been devel- 
oped by OKAMOTO and AoKt 2) are increased about  2-fold 
as cou pared with those of the normotensive Wistar  rats. 
The mxrked hypotensive effect of. the inhibitors of tyro- 
sine hydioxylase and dopamine fl-hydroxylase on SH-rats 
was also notedL This finding prompted us to investigate 
the changes of other enzymes involved in the catechol- 
amine biosynthesis and metabolism in the adrenals of SH- 
rats. This communication describes the activities of DOPA 
decarboxylase, phenylethanolamine N-methyltransferase, 
monoamine oxidase and catechol 0-methyltransferase in 
the adrenals of SH-rats. 

SH-rats used were 4 months old. Their blood pressures 
were between 160 and 200 mm Hg. Normotensive Wistar 
rats, of the same age and raised in the same conditions, 
were used as controls. The rats were sacrificed by decapi- 
tation. The adrenals were quickly removed and stored 
frozen on dry ice. The frozen adrenals were homogenized 
in 2 ml of 0.1M potassium phosphate buffer (pH 7.5). 

DOPA decarboxylase act ivi ty  was measured by the 
method of LOVENBERG et al. 3. The incubation mixture 
contained 100 tzmoles of potassium phosphate buffer 
(pH 7.0), 0.3 ~mole of harmaline, 0.07 ~zmole of pyri- 
doxal phosphate, 1.0 [~mole of L-DOPA, 0.2 ml of the 
homogenate, and water to 1.0 ml. Incubation was carried 
out at 37°C for 20 rnin in air under shaking. As blank, 
L-DOPA was omit ted during the incubation and added 
after the incubation. Phenylethanolamine N-methyl-  
transferase was determined by the method of CONNETT 
and KIRSHNER 4. The incubation mixture contained 
25[zmotes of potassium phosphate buffer (pUT.9), 
115 nmoles of DL-normetanephrine, 1.8 nmoles of S-ade- 
nosyl-L-mcthionine containing 0.1 vCi of S-adenosyl-L- 
methionine (methylA4C), 200 tzI of the homogenate and 
water to 300 V1. Incubation was carried out at  37 °C for 
60 min in air under shaking. As blank, S-adenosyl-L- 
methionine (methyl-X4C) was omit ted during the incuba- 
tion and added after the incubation. Monoamine oxidase 
ac t iv i ty  was measured Iluorometrically by the formation 
of 4-hydroxyquinoline from kynuramine 5. The incuba- 
tion mixture  contained 75 ~zmoles of potassium phos- 
phate buffer (pH 7.4), 0.25 ~xmole of kynuramine and 
0.05 ml of the homogenate in a total  volume of 1.5 ml. 
Catechol O-methyltransferase was measured b y .  the 
method of AXELROD and TOMCHICK 6. The incubation 

mixture (50 vtl) contained 5 txmoles of potassium phos- 
phate buffer (pH 7.6}, 0.5 [zmole of magnesium chloride, 
15 nrnoles of epinephrine, 1.8nmoles of S-adenosyl-L- 
methionine containing 0.1 tzCi of S-adenosyl-L-methio- 
nine (methyl-14C) and 25 lzl .of the homogenatc. Incuba- 
tion was carried out at  37°C for 20 rain in air under 
shaking. As blank, S-adenosyl-L-methionine (methyl-laC) 
was omitted during the incubation and added after the 
incubation. The enzyme activities are expressed in the 
amount  of the product (nmoles or pmoles)/min per both 
adrenals or per mg protein. Protein was measured by the 
method of LowRY et al.L 

As shown in Table I, DOPA dccarboxylase and phenyl- 
ethanolamine N-methyltransferase activities in the adre- 
nal glands of SH-rats were slightly higher than those of 

Table I. The activities of DOPA decarboxylase and phenylcthanol- 
amine N-methyltransferase in the adrenals of spontaneously hyper- 
tensive rats 

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

DOPA decarboxylase 
nmoles/rnin/both adrenals -b S.E.M. 11.9 4- 1.2 
nmoles/min/mg protein 4- S,E.M. 1.95 + 0.17 

Phenylethanolamine N-methyltransferase 
pmoles/min/both adrenals ± S.E.M. 16.3 4- 0.8 
pmoles/min/mg protein 4- S.E.M. 2.67 + 0.10 

16.9 4- 1.4" 
2.53 -t- 0.12 b 

21.1 4- 1.3 
3.15 4- 0.08 a 

The result is the average for 6 animals. * p<0.02, bp<0.05. 
cp<o.02, a p<0.0t. 
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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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