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react  readi ly  wi th  bo th  p ro te ins  =* and  nucleic acids ==, ~a, 
to possess ant iv i ra l  ac t iv i ty  ~, to inh ib i t  p ro te in  syn thes i s  =~ 
and  cell d i v i s i o n %  and have  been pos tu la t ed  to be 
involved in the  regula t ion of these  processes ev. The role of 
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the  glyoxalases  in p reven t ing  an accumula t ion  of h y d roxy -  
me thy lg lyoxa l  p h o s p h a t e  would therefore  seem to be 
essent ia l  ~or normal  cell funct ion.  The oxida t ion  of enzyme-  
subs t r a t e  carbanions  by  t-IeO~ migh t  also be considered as 
a metabol ic  fea ture  med ia t i ng  the  effect  of an increased 
in t racel lu lar  H~O= concen t ra t ion  in biological processes 
such as oxygen  poisoning ~s, r ad ia t ion  damage  =~, or 
phagocytos i s  by  leukocytes  ~s, i~ 

Zusammen/assung.  H~O~ oxyd ie r t  eine E n z y m - S u b -  
s t r a t -Zwischenve rb indung  der  F r u c t o s e - l , 6 - d i p h o s p h a t -  
Aldolase.  Aus D i h y d r o x y a c e t o n p h o s p h a t  wird dabei  
H y d r o x y m e t h y l g l y o x a l p h o s p h a t  gebildet .  Dieser  Ke to -  
a ldehyd  diirf te  eines der  lunge gesuch ten  Subs t r a t e  fiir 
das Glyoxa lase -Sys tem sein. 
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A 2 4 - H o u r  R h y t h m  in H u m a n  S e r u m  D o p a m i n e - / ? - H y d r o x y l a s e  Act iv i ty  

H u m a n  serum con ta ins  dopamine- /~-hydroxylase  
(DBH),  which  is re leased f rom the  s y m p a t h e t i c  nerve  
endings  and  the  ad rena l  medul la  L The enzyme  ac t iv i ty  in 
se rum can be measured  e i ther  by  enzymat i c  rad ioassays  
using p h e n y l e t h a n o l a m i n e - N - m e t h y t t r a n s f e r a s e  2, a or by  
a mic ro - spec t ropho tome t r i c  assay 4. 

The levels of D B H  ac t iv i ty  in h u m a n  serum are 
especial ly h igh  compared  wi th  var ious  an imal  species 4, 
t h e y  showed a ma rked  ind iv idua l  va r ia t ion  (1-100 U, 
~moles/rnin,  pe r  1 serum), bu t  were ve ry  cons t an t  on 
successive days  for a given ind iv idua l  2-4. The h igh  
enzyme ac t iv i ty  in h u m a n  serum is assumed to  be caused 
by  the  increased s y m p a t h e t i c  nerve  ac t iv i ty  due to the  
erect  pos ture .  Since the  enzyme  is secre ted  f rom the  
s y m p a t h e t i c  nerves  and  the  adrenal  medul la  t oge the r  
wi th  norep inephr ine  and epinephr ine ,  t he  enzyme  ac t iv i ty  
in se rum m a y  be expec ted  to  have  a 24-h r h y t h m  caused 
by  the  changes  in per iphera l  s y m p a t h e t i c  ac t iv i ty .  
However ,  there  has been no repor t  on the  24-h r h y t h m  of 

se rum D B H  ac t iv i ty  in humans .  If  there  is such a r h y t h m ,  
i t  m a y  be an i m p o r t a n t  basic in fo rma t ion  for the  clinical 
s t u d y  of t he  enzyme ac t iv i ty  in h u m a n  serum. We have,  
therefore ,  examined  changes  in t he  enzyme ac t iv i ty  in 
h u m a n  serum dur ing  24-h. 

Dopamine- f i -hydroxylase  ac t iv i ty  in se rum was assayed  
by  a mic ro -pho tomet r i c  m e t h o d  b y  NAGATSU and UDElV- 
FRIEND 4 using t y r a m i n e  as subs t ra te .  10 and 20 bd of 
se rum were used for the  dupl ica te  assays.  This  assay 
m e t h o d  is h igh ly  reproducible ,  and  the  m a x i m u m  
veloci ty  can be ob ta ined  unde r  t he  s a tu r a t ed  subs t r a t e  
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Fig. L Dopamine-~-hydroxylase (DBH) activities in human sera. 
--,  Mean values (~  SEM) of 10 female volunteers at various times 
during 24 h are expressed as the percentage of 24-h mean activity 
of each individual - - -, Actual DBH activities of 4 cases are shown in 
terms of international unit (U, v.moles/min, per 1 serum). Experiments 
were started at 08.00 h. 
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Fig. 2. DBH activities in human sera. Mean values ( i  SEM) of 
13 male volunteers at various times during 24 h are expressed as the 
percentage of 24-h mean activity of each individual. Experiments 
were started at 16.00 h. 
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c o n c e n t r a t i o n  (20 a M )  and  o p t i m u m  p H  (5.0) 4. The  
r ep roduc ib i l i t y  of t he  assay  w i t h  rep l ica tes  of t h e  same  
sample  was 100 :L 1.8% (S. D.). 

I n c u b a t i o n  m i x t u r e  c o n t a i n e d  ( to ta l  vo lume  1.0 ml) :  
d i lu ted  h u m a n  se rum (10 or 20 ~1 of h u m a n  se rum d i lu ted  
w i t h  water) ,  400 ~xl; 1 M ace t a t e  buffer ,  p H  5.0, 200 ~1; 
0.2 M N-e thy lma le imide ,  150 i~l; 0.2 M sod ium fumara te ,  
50 ~1; 0.02 M pargyIine,  50 F1; 0.2 M a s c o r b i c  acid, 50 F1; 
ca ta lase  (1 mg/ml) ,  50 ~l c o n t a i n i n g  1500 un i t s  ; a n d  0.4 M 
t y r a m i n e  HC1, 50 ~1. Boi led d i lu ted  s e rum (95 ~ for 5 min)  
served  for t h e  b lank .  I n c u b a t i o n  was car r ied  ou t  for 
60 ra in  a t  37 ~ in  a i r  w i t h  c o n s t a n t  shaking .  

E x p e r i m e n t s  we re  car r ied  ou t  on  h e a l t h y  13 ma le  and  
10 female  vo lun t ee r s  aged 18-26 years.  T h e y  were all  
s tuden t s .  T h e y  came to  t he  l a b o r a t o r y  a t  08.00 h or 
16.00 h, a n d  t h e  in i t ia l  b lood  sample  ( abou t  1 ml) was  
d r a w n  f rom a n  a n t i c u b i t a l  vein.  Blood samples  were 
t a k e n  eve ry  4 h du r ing  24 h. D u r i n g  day t ime ,  t h e y  h a d  
lec tures  a t  t h e  school. 

The  24-h change  of s e rum D B H  a c t i v i t y  w i t h  10 females  
is shown in F igure  1. T he  e n z y m e  ac t iv i t i es  a t  va r ious  
t imes  d u r i n g  24 h were expressed  as t he  m e a n  va lue  

110 ~, ~ Bed rest ,-- 

100 

9c 
-r-  

r ~  

8008.00 12100 16.00 20.00 24.00 04100 08.00' h 
Clock-time 

Fig. 3. DBH activities ill human sera. Mean values (~: SEM) of 
2 female and 8 male volunteers at various times during 24 h are 
expressed as the percentage of 24-h mean activity of each individual 
A recumbent posture in bed was kept from 09.30 h to 08.00 h next 
morning with each subject. All the subjects slept from 23.30 h to 
08.00 h. 
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Fig. 4. DBt-I activities in human sera from 5 female and 5 male 
volunteers. The experimental conditions were the same as in Figure 3, 
except that the ordinary physical activities and an erect posture 
(sitting or standing) were continued for 24 h, in the class-room during 
the daytime, and in the dormitory at night with each subject 
without sleep. 

( ~: SEM) of t he  pe rcen t age  of 24-h m e a n  a c t i v i t y  of each  
ind iv idua l .  The  24-h m e a n  ac t iv i t i e s  of t h e  sub jec t s  in 
t e r m s  of i n t e r n a t i o n a l  u n i t  (U/1 serum) r a n g e d  f rom 
21.6 :~ 1.6 to  49.8 i 2.9. A c t u a l  ac t iv i t i es  of 4 cases 
w i th  low, middle ,  a n d  h igh  ac t iv i t i e s  (No. 2, 4, 6 and  
10) are also shown  in  F igu re  1. A smal l  b u t  s ign i f i can t  
24-h r h y t h m  of s e rum D B H  a c t i v i t y  was obse rved  w i t h  
all  t h e  subjects .  The  e n z y m e  a c t i v i t y  was s ign i f ican t Iy  
h ighe r  du r ing  t h e  day t ime ,  a n d  decreased  s ign i f ican t ly  a t  
n ight .  The  m a x i m u m  difference d u r i n g  24 h was a b o u t  
15%. 

Essen t i a l ly  s imi la r  resul t s  were o b t a i n e d  w i t h  13 ma le  
vo lun tee r s  as s h o w n  in F igure  2. The  24 h m e a n  ac t iv i t i es  
of t h e  sub jec t s  r a n g e d  f rom 7.3 :L 0.8 to  53.3 • 0.7 U/1 
serum. E x p e r i m e n t s  were s t a r t e d  f rom 16.00 h in t h i s  
case, and  c o n t i n u e d  un t i l  16.00 h n e x t  day.  

i n  order  to  see w h e t h e r  or no t  t h e  24-h r h y t h m  in 
h u m a n  se rum D B H  a c t i v i t y  is due  to  t he  effect  of phys ica l  
a c t i v i t y  (s i t t ing  or s t a n d i n g  d u r i n g  t he  day t ime) ,  a 
second e x p e r i m e n t  was  car r ied  out .  10 v o l u n t e e r s  (8 
males  a n d  2 females)  t ook  bed  res t  for 24 h. At  08.00 h 
t he  in i t ia l  b lood samples  were d rawn,  a n d  the  sub jec t s  
s t a r t e d  t a k i n g  bed  res t  in  a r e c u m b e n t  pos i t ion .  Phys i ca l  
ac t iv i t i es  were k e p t  m i n i m a l  excep t  for t a k i n g  l u n c h  a n d  
suppe r  for  30 m i n  in bed. As shown  in F igure  3, s e rum 
D B H  levels decreased  s l ight ly  b u t  s ign i f i can t ly  ( - - 1 2 % )  
a f te r  t a k i n g  bed  re s t  in t h e  morn ing ,  and  th i s  lowered 
levels c o n t i n u e d  for 24 h. Sleeping a t  n i g h t  d id  no t  
f u r t h e r  lower t h e  se rum D B H  level.  The  resu l t s  i nd i ca t e  
t h a t  t he  low e n z y m e  a c t i v i t y  a t  n i g h t  in  t h e  f i rs t  exper i -  
m e n t  m a y  be  due to t he  decrease  in t he  phys i ca l  a c t i v i t y  
and  t he  change  in t h e  pos tu re  f rom a n  erec t  pos tu re  to  a 
r e c u m b e n t  pos ture .  

To see t h e  effect  of sleep a t  n i g h t  on  t h e  se rum D B H  
ac t iv i ty ,  a t h i r d  e x p e r i m e n t  was  car r ied  out .  5 male  and  
5 female  vo lun tee res  were d e p r i v a t e d  of sleep, and  t h e y  
spen t  all n i g h t  s i t t i ng  on a cha i r  and  r ead ing  j u s t  as in  t h e  
class-room. As s h o w n  in F igure  4, t h e  24-h r h y t h m  was 
no t  observed ,  and  t h e  level  of D B H  ac t i v i t y  d id  no t  
decrease  s ign i f i can t ly  a t  n igh t .  R u n n i n g  for 8 m i n  was 
car r ied  ou t  a t  18.00 h j u s t  before  d r awing  a b lood sample ,  
and  a v e r y  smal l  e l eva t ion  in s e rum D B H  levels was  
obse rved  w i t h  all cases. WOOT~N a n d  CARDON 5 a n d  
FREWIN, DOWNEY a n d  LxVITT 6 also r epo r t ed  a smal l  b u t  
s ign i f ican t  e l eva t ion  in s e rum D B H  levels a f te r  phys ica l  
exercise.  

I n  o rder  to  see w h e t h e r  or no t  t he se  changes  in h u m a n  
se rum D B H  ac t i v i t y  are  specific for D B H  which  is 
secre ted m a i n l y  f rom the  s y m p a t h e t i c  n e r v e  endings,  t he  
e n z y m e  ac t iv i t i es  of leucyl  / L n a p h t h y l a m i d a s e ,  wh ich  is 
a s sumed  to  be  de r ived  m a i n l y  f rom the  l iver,  were examin -  
ed. Leucy l  ~ - n a p h t h y l a m i d a s e  a c t i v i t y  was assayed  
p h o t o m e t r i c a l l y  as descr ibed  before L I n c u b a t i o n  m i x t u r e  
for s e rum leucyl  / L n a p h t h y l a m i d a s e  a c t i v i t y  c o n t a i n e d  
( total  vo lume,  0.90 ml) : 0.2 M tr is -maleate  buffer ,  p H  7.0, 
0.45 ml ;  3 m M  L-leucyl f i - n a p h t h y l a m i d e  HCI, 0.15 ml,  
and  10 ~xl of h u m a n  serum.  I n c u b a t i o n  was car r ied  ou t  a t  
37 ~ for 30 rain.  Mean  e n z y m e  a c t i v i t y  of s e rum leucyl  
/ / - n a p h t h y l a m i d a s e  of 5 male  vo lun t ee r s  in  t h e  f i rs t  
e x p e r i m e n t  a t  04.00 h was 37.8 + 2.0 (SEM) U/l ,  whereas  
t he  m e a n  e n z y m e  a c t i v i t y  a t  12.00 h was 37.2 :J: 2.4 
(SEM) U/1. The  resul t s  i nd i ca t e  t h a t  t h e r e  is no s ign i f ican t  
change  du r ing  24 h w i t h  I e u e y l / ~ - n a p h t h y l a m i d a s e  act iv i -  
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73 (1968). 
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ty.  Therefore,  i t  is conc luded  t h a t  t he  24-h change  observ-  
ed in D B H  a c t i v i t y  in h u m a n  se rum m a y  be  specific for 
t he  e n z y m e  de r ived  f rom t he  sympa the r  nerves .  

In  conclusion,  D]3H a c t i v i t y  in  h u m a n  se rum has  a 
smal l  b u t  s ign i f ican t  24-h r h y t h m ,  be ing  h ighe r  a t  
d a y t i m e  a n d  lower a t  n igh t .  This  24-h r h y t h m  m a y  be due  
to  an  increased  phys i ca l  a c t i v i t y  or due  to a n  erect  
pos tu re  d u r i n g  day t ime ,  a n d  sleep i tself  m a y  h a v e  l i t t l e  
effect  on  t he  e n z y m e  ac t iv i ty .  

Zusammen/assung. Nachweis ,  dass  die Dopamin-/5-  
H y d r o x y l a s e  im m e n s c h l i c h e n  Se rum e inen  T a g - N a c h t -  

R h y t h m u s  aufweis t ,  wobei  die Nach tak t iv i t~ i t  im Ver-  
h~iltnis zu de r jen igen  des Tages  r eduz ie r t  ist. 

T. OKADA, T. FUJITA, T. OHTA, 
T. I~ATO, I~. IKUTA and  T. NAGATSU 

Department o/Neuropsychialry, Faculty of Medicine, 
University o'/Nagoya, Nagoya (Japan), and 
Department o/ Biochemistry, School o/Dentistry, 
Aichi-Gakuin University, Nagoya 464 (Japan), 
7d December ]973. 

Activit6 de la monoamine-oxydase au cours de la 

De n o m b r e u s e s  p u b l i c a t i o n s  d6c r iven t  les c h a n g e m e n t s  
de l ' a c t iv i t6  de la m o n o a m i n e - o x y d a s e  (MAO; EC. 
1.4.3.4.) au  cours  de la croissance.  Cer ta ines  d ' e n t r e  elles 
m o n t r e n t  que  la d i s t r i b u t i o n  des d i f f6rentes  formes  de 
l ' enzyme,  qu i  semble  4tre  par t i cu l i6 re  /~ chaque  organe,  
va r i e  avec  l '~ge de l ' a n i m a l  1. Tr6s s o u v e n t  les dosages ne 
c o n c e r n e n t  que  le d 6 v e l o p p e m e n t  pos t -na ta l ,  ce qui  
d61aisse deux  p6r iodes  que l 'on  sa i t  4tre i m p o r t a n t e s  dans  
l ' 6vo lu t ion  de n o m b r e u s e s  ac t iv i t6s  e n z y m a t i q u e s 2 :  la 
f in de la p6r iode  fcetale et  la p6r iode n6onata le .  D ' a u t r e  
par t ,  le lap in  a 6t6 t r6s  peu 4tudi6  de ce p o i n t  de vue ;  
toutefois ,  l ' 6vo lu t ion  de l ' a c t iv i t6  MAO a 6t6 6tudi6e dans  
p lus ieurs  r6gions du  cerveau,  5~ p a r t i r  du  s t ade  de 3 jour  s 8 : 

cet  age, l ' a c t iv i t6  e n z y m a t i q u e  est  d6j~ s e n s i b l e m e n t  
6gale ou sup6r ieure  ~ celle de l ' adul te ,  selon la r6gion 
6tudi6e:  

La  p r6sen te  6 tude  a 6t6 en t rep r i se  pou r  6 tab l i r  l '6vo- 
l u t i on  de l ' ac t iv i t6  MAO darts t ro is  organes  du  L a p i n  
p e n d a n t  la f in  de la v ie  fcetale, la na i s sance  et  le d 6 b u t  de 
la vie pos t -na ta le .  

Matdriel et mdthodes. Des lap ins  N6o-Z61andais ou t  6t6 
uti l is6s chez lesquels  la dur6e de la ge s t a t i on  est  de 31 
jours.  Les nouveau -n6s  (N) c o r r e s p o n d e n t  /t des ani-  
m a u x  n6s depuis  1 rain,  1 h et  2 h et  le s t ade  de 0 jour  
co r respond  ~ des a n i m a u x  Ag6s de 12 :k 3 h. Les foetus 
son t  pr61ev6s dans  l 'u t6rus ,  apr6s  anes th6s ie  de la more  
au p e n t o b a r b i t a l  (0,5 m l / k g  d ' n n e  so lu t ion  ~. 6%).  Foetus 
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Activit6 MAO au cours de la p6riode peri-natale exprim6e en nmoles 
de produit form4 en 20 rain et par g de tissu frais t intervalle de 
confianee calcul6 pour P 0,05. N, naissance. Les nombres situ6s 
e6t6 des points indiquent le nornbre de eas. Diff6rences statistiqne- 
ment significatives: Foie, 31 j e t  N: P < 0,00t; 0 j et 1 j : P < 0,05. 
Rein, 30 j e t  N: P < 0,02; 0 j et 1 j: P < 0,01. Cceur, 31 j e t  N: 
P < 0,001;0j  et l j  : P  < 0,001. 

p6riode peri-natale chez le Lapin 

et  nouveau-n6s  son t  tu6s  p a r  d6cap i t a t i on  e t l e s  organes  
son t  i r n m 6 d i a t e m e n t  pr61ev6s et  plac6s dans  dn  KC1 
0,14 M ~ 4~ Les 6chan t i l lons  son t  conserv6s  h --20~ 
L ' a c t i v i t 6  MAO est  dos6e p a r  la m 6 t h o d e  de WURTMAN 
et AXELROD 4 u t i l i s an t  de la t r y p t a m i n e - b i s u c c i n a t e  
comme subs t r a t .  Les r6su l ta t s  son t  expr im6s  en  nmoles  
de p r o d u i t  form6 (acide indole-ac6t ique)  p a r  20 ra in  et  
p a r  g de t i ssu  Irais  j= l ' i n t e rva l l e  de conf iance  calcul6 
p o u r  P 0,05. Pou r  c h a q u e  s tade,  les foetus ou n o u v e a u -  
n6s p r o v i e n n e n t  d ' a u  mo ins  t ro is  por t6es  d i f f6rentes  
(6 por t6es  pou r  le s t ade  Naissance) .  

Rdsultats. La  F igure  p r4sen te  l ' 6vo lu t ion  de l ' ac t iv i t6  
MAO de 29 j de vie foetale ~ 2 j de vie n6o-nata le .  P o u r  
le foie, l ' a c t iv i t6  de l ' e n z y m e  a 6t6 dos6e 6ga lement  chez 
des foetus de 17 j. 

L ' a c t i v i t 6  du foie double  en t re  17 et  29 j ;  le t a u x  
d ' a cc ro i s s emen t  g lobal  de l ' ac t iv i t6  e n z y m a t i q u e  p e n d a n t  
ces 12 jours  est  n e t t e m e n t  inf6r ieur  ~ celui de la p6r iode 
29-30 j. A 30 j., l ' a c t iv i t6  du  foie foetal a a t t e i n t  celle de 
l ' adu l t e  qu i  est  de 68,5 • 8 nmoles /20  min/g .  A 2 j de 
vie pos t -na ta le ,  l ' a c t iv i t6  du  re in  est  encore tr6s inf6r ieure  

celle de l ' adu l t e  (88 d= 25 nmoles /20  m i n / g  pou r  le 
cor tex  et  164,6 • 67,7 nmoles /20  m i n / g  pou r  la medul la) .  

T o u t  au long de la p6riode 6tudi6e, les ac t iv i t6s  du  foie 
et  du re in  6vo luen t  de fagon tr~s c o m p a r a b l e :  elles 
a u g m e n t e n t  en t re  29 et  30 j, en t re  la na i s sance  et  0 j 
(les ac t iv i t6s  mesur6es  darts les 3 organes  r e s t e n t  c o n s t a n t e s  
aprgs  1 rain,  1 h et  2 h de vie  pos t -na ta le )  e t  en t re  1 et  2 j. 
El les  d i m i n u e n t  en t re  31 j e t  la na i ssance  et  en t r e  0 .et 
l j .  

A 29 j, l ' a c t iv i t6  e n z y m a t i q u e  du  coeur a a t t e i n t  le 
n iveau  de l ' adu l t e  (10,5 :k 1,3 nmoles /20  rain/g).  A p a r t i r  
de 31 j elle sui t  la in4me 6vo lu t ion  que celles du  foie et  du 
rein,  mais  l ' a m p l i t n d e  des v a r i a t i o n s  observ6es  est  t r6s 
faible. 

Discussion. Les v a r i a t i o n s  de l ' ac t iv i t6  e n z y m a t i q n e  
des 3 organes  p r 6 s e n t e n t  des analogies  tel les que  l ' on  
p e u t  pense r  qne  les causes qui  les d 6 t e r m i n e n t  son t  les 
m8mes.  P a r  cont re ;  les n i v e a u x  d ' a c t i v i t 6  a t t e i n t s  en f in  
de vie  Ioetale sugg6ren t  une  d i s t r i b u t i o n  h6t6rog6ne 
dans  ces 3 organes  au cours  du  d 6 v e l o p p e m e n t  de la fo rme 
ou des formes  de la/VIAO dos6es p a r  la m 6 t h o d e  uti l is6e 
c 'es t  ~ dire  celles qui  d 6 g r a d e n t  ~ une  v i tesse  appr6c iab le  
la t r y p t a m i n e .  
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