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change  of MAO a c t i v i t y  d u r i n g  ontogenes is  is i l l u s t r a t ed  
in F igure  2. MAO a c t i v i t y  increases  f rom b i r t h  t h r o u g h  
a b o u t  2 weeks  of age. Af te r  d a y  16, however ,  no  signifi- 
c a n t  change  was found  a n d  on  d a y  30 a n d  90 (adu l t  
animals) ,  e n z y m e  a c t i v i t y  was  a l m o s t  t h e  same.  

Discussion. I n  t h i s  s t u d y  we used t r y p t a m i n e  as a 
s u b s t r a t e  for m e a s u r e m e n t  of MAO. Most  of s tud ies  were 
pe r fo rmed  wi th  o t h e r  subs t ra tes ,  b u t  our  resul t s  show 
t h a t  in t h y r o i d  t i ssue  t r y p t a m i n e  is su i t ab l e  (Figure 1). 
A l t h o u g h  MAO has  been  localized in m i t o c h o n d r i a  and  
mic rosomes  s, we used whole h o m o g e n a t e s  because  t h e y  
more  p r o b a b l y  ref lect  t o t a l  a c t i v i t y  of t he  organ.  MAO 
a c t i v i t y  d u r i n g  ontogenes is  has  been  s tud ied  in va r ious  
t i ssues  of severa l  species of e x p e r i m e n t a l  an ima l s ;  how- 
ever,  no  d a t a  h a v e  been  p u b l i s h e d  concern ing  t he  t h y r o i d  
gland.  I n  t he  r a t  GRIPOlS a n d  RoF~I  9 h a v e  m e a s u r e d  
MAO ac t iv i t i es  in  liver,  k i d n e y  a n d  h e a r t  h o m o g e n a t e s  

a n d  found  t h a t  a d u l t  va lues  in  l iver  and  k i d n e y  are 
r eached  a t  t he  18 th  d a y  a f t e r  b i r th ,  whereas  in  the  h e a r t  
t h e y  occur red  later .  I n  our  s tud ies  MAO increased  d u r i n g  
t he  ea r ly  p o s t n a t a l  per iod.  I t s  m a t u r a t i o n  occurred  
du r ing  t h e  f i rs t  2 weeks  a f te r  b i r t h  a n d  a d u l t  levels were 
r eached  on  t he  16 th  day.  The  changes  of  e n z y m a t i c  ac- 
t i v i t y  of MAO d u r i n g  ontogenes is  of r a t  t h y r o i d  sugges t  
t h e  i m p o r t a n c e  of the  role of t h i s  e n z y m e  in  t h y r o i d  
func t ion .  MAO coutd  be s ign i f i can t  in  p r o v i d i n g  t h y r o i d  
h y d r o g e n  pe rox ide  f rom ca t echo l amines  wh ich  h a v e  been  
found  in t he  t h y r o i d  of m a m m a l s  7. 
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Summary. Using r a d i o - i m m u n o  assays  for  p r o s t ag l and in s  and  p r o s t a g l a n d i n  me tabo l i t e s ,  t h r ee  p r o s t a g l a n d i n  m e t a -  
bol izing enzymes  were found  in t he  100,000 x g s u p e r n a t a n t  of r a t  bra in ,  15 -hyd roxy -p ros t ag l and in -dehydrogenase ,  
h l a - r educ ta se  a n d  p r o s t a g l a n d i n  E-9-ke to - reduc tase .  Specific a c t i v i t y  of t h e  l a t t e r  e n z y m e  was h ighes t  in  s t r i a t u m  
a n d  m i d b r a i n  and  lowest  in  cor tex ,  ce rebe l lum a n d  sp ina l  cord. 

R e p o r t s  on  t he  a c t i v i t y  of p r o s t a g l a n d i n  (PG) m e t a b -  
olizing enzymes  in r a t  b r a in  are cont rovers ia l .  SIGGINS 
et  al. 2, us ing  a h i s tochemica l  t echn ique ,  found  15-hyrdoxy-  
P G - d e h y d r o g e n a s e  a c t i v i t y  to  be  low or a b s e n t  in  all 
regions of r a t  b r a in  examined ,  excep t  t he  cerebel lar  cor- 
tex.  NAKANO et  al. 3 r epo r t ed  t h a t  10,000 •  s u p e r n a t a n t  
of h o m o g e n a t e s  of ce rebra l  co r t ex  a n d  ce rebe l lum of b o t h  
r a t  a n d  dog me tabo l i zed  v e r y  l i t t le  P G E  1. Recent ly ,  how- 
ever,  LESLIE and  LEVINE r descr ibed  t he  occurrence  of 
P G E - 9 - k e t o - r e d u c t a s e  in  var ious  r a t  t i ssues  inc lud ing  
bra in .  N A D H  was t h e  on ly  cofac tor  s tud ied .  La te r ,  
N A D P H  d e p e n d e n t  P G E - 9 - k e t o - r e d u c t a s e  a c t i v i t y  was 
d e m o n s t r a t e d  to occur  in t he  cy top la smic  f r ac t ion  of 
severa l  t i ssues  inc lud ing  b r a i n  of p igeon and  m o n k e y  5. 
A s imi lar  e n z y m e  a c t i v i t y  has  been  descr ibed  for sheep 
b lood 6. F u r t h e r m o r e ,  LEE and  LEVINE v d e m o n s t r a t e d  t he  
presence  in  m o n k e y  a n d  h u m a n  b r a i n  of a t y p e  I I  15-hy- 
d r o x y - P G - d e h y d r o g e n a s e ,  which,  c o n t r a r y  to t he  well- 
k n o w n  t y p e  I enzyme,  uses N A D P  as a coenzyme  more  
ef fec t ively  t h a n  NAD.  The  p r e s en t  work  was u n d e r t a k e n  
to measu re  t he  a c t i v i t y  of P G E - 9 - k e t o - r e d u c t a s e  in r a t  
b r a i n  and  to  s t u d y  some of t h e  p roper t i e s  of t h e  e n z y m e  
inc lud ing  i t s  reg ional  d i s t r i bu t ion .  F u r t h e r m o r e ,  a t y p e  I I  
1 5 - h y d r o x y - P G - d e h y d r o g e n a s e  and  A~3-reductase a c t i v i t y  
were found  in t he  100,000 •  s u p e r n a t a n t  of r a t  b ra in .  

Material and methods. Male W i s t a r  r a t s  (250-400 g) 
were ki l led b y  d i s loca t ion  of t h e  neck.  T he  b r a i n s  were 
r ap id ly  r e m o v e d  a n d  homogen ized  in 30 ml  of ice-cold 
B u c h e r  m e d i u m  (0.02 M K H 2 P O  4, 0.072 M K2HPO 4, 
0.0276 M n ico t inamide ,  0.0035 M MgC12 p H  7.4). Af te r  
c e n t r i f u g a t i o n  a t  10,000 •  a t  4~ for 15 m i n  t h e  super-  
n a t a n t  was  r ecen t r i fuged  a t  100,000 x g  for 1 h. 0.15 ml  of 
the  clear  s u p e r n a t a n t  as e n z y m e  source was i n c u b a t e d  
w i t h  1 m M  coenzyme  (NAD or N A D P  for 15-hydroxy-  
PG-dehydrogenase ,  N A D H  or N A D P I t  for P G E - 9 - k e t o -  
r e d u c t a s e  a n d  A13-reductase) and  100 ng  s u b s t r a t e  ( P G E  2 

or PGF2~ for 1 5 - h y d r o x y - P G - d e h y d r o g e n a s e  and  P G E - 9 -  
ke to - reduc tase ,  15-keto-PGF2~ for A13-reductase) a t  
37 ~ E n z y m e  reac t ions  were s topped  b y  i n c u b a t i o n  in a 
boi l ing  w a t e r  b a t h  for  1 min.  The  i ncuba t e s  were d i lu ted  
to 4.0 ml  w i t h  ice-cold dis t i l led water .  P r o d u c t s  and  re- 
m a i n i n g  s u b s t r a t e s  in  a l iquo ts  of t he  samples  were de te r -  
m i n e d  us ing  r a d i o i m m u n o a s s a y s  for P G  a n d  P G  m e t a -  
bol i tes  as descr ibed  p rev ious ly  s. Fo r  s tud ies  on t he  region-  
al  d i s t r i b u t i o n  of P G E - 9 - k e t o - r e d u c t a s e  ac t iv i ty ,  r a t  
b r a ins  were d issec ted  as descr ibed  b y  GLOWlI~SKI a n d  
IVERSEN ~. P r o t e i n  was d e t e r m i n e d  b y  t h e  m e t h o d  of 
LOWRY et  al. 10. All  un labe l l ed  PGs a n d  P G  me tabo l i t e s  
used were a generous  gif t  of Dr.  J. PIKE, U p j o h n  Co., 
Ka lamazoo ,  USA.  

Results and discussion. As shown  in the  Figure,  in-  
c u b a t i o n  of t he  100,000 •  s u p e r n a t a n t  of r a t  b r a in  as 
e n z y m e  source w i t h  1 m M  N A D P H  a n d  100 ng  PGE~ 
resu l t s  in t he  f o r m a t i o n  of PGF2e. The  e n z y m e  reac t ion  is 
l inear  w i t h  t i m e  for  a t  leas t  2 h, a n d  has  a b road  p H  
o p t i m u m  be tween  7.0 and  9.5 a n d  a t e m p e r a t u r e  o p t i m u m  
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a t  37~ 100 ng  P G E  2 is a s a t u r a t i n g  s u b s t r a t e  concen-  
t r a t i o n  a n d  1 m M  N A D P H  is a m a x i m a l l y  effect ive co- 
e n z y m e  concen t r a t i on .  W i t h o u t  t he  add i t i on  of N A D P H ,  
e n z y m e  a c t i v i t y  is less t h a n  10% as c o m p a r e d  to t h a t  in 
t he  presence  of 1 m M  N A D P H .  N A D H  c a n n o t  replace  
N A D P H  as an  effect ive  coenzyme.  Whi le  PGE~ a n d  
15 (S)- 15 -me thy l -PGEe  are also s u b s t r a t e s  for the  enzyme,  
15 -ke to -PGE 2 a n d  13, 14-d ihydro-15-ke to-PGE~ are no t  
c o n v e r t e d  to a m e a s u r a b l e  degree to t he  co r re spond ing  
me tabo l i t e s  of PGF2~. Us ing  on ly  a r a d i o - i m m u n o  assay  
for PGF~e, we c a n n o t  exc lude  t h e  gene ra t i on  of P G F ~  
f rom PGE~ b y  PGE-9 -ke to - r educ t a se .  However ,  t he  
p r o d u c t  of th i s  enzyme  r eac t ion  in o t h e r  o rgans  has  been  
ident i f ied  as P G F ~ ,  b y  HENSBY 6 us ing  c o m b i n e d  gas 
c h r o m a t o g r a p h y - m a s s  s p e c t r o m e t r y  a n d  b y  LEWNE 
et  al. 1~ us ing  immuno log ica l  me thods .  

H igh  c o n c e n t r a t i o n s  of i n d o m e t a c i n  were found  to in- 
h i b i t  r a t  b r a in  P G E - 9 - k e t o - r e d u c t a s e  (IDs0 4 • 10 -~ M) .  
Similar ly ,  i t  has  been  shown  t h a t  h igh  c o n c e n t r a t i o n s  of 
i n d o m e t a c i n  i nh ib i t  o the r  P G - m e t a b o l i z i n g  enzymes  ~2, ~3. 

The  regional  d i s t r i b u t i o n  of t h e  a c t i v i t y  of P G E - 9 -  
ke to - r educ t a se  in  r a t  b r a i n  a n d  sp ina l  cord  is s h o w n  in 
t he  Table.  E n z y m e  a c t i v i t y  can  be  m e a s u r e d  in all  regions 
of the  cen t r a l  ne rvous  s y s t e m  examined .  I t  is h ighes t  in  
s t r i a t u m  a n d  m i d b r a i n  a n d  lowest  in cortex,  sp inal  cord 
a n d  cerebel lum.  The  exac t  loca l iza t ion  of t he  enzyme  
w i t h i n  t he  var ious  c o m p a r t m e n t s  of the  b r a i n  t issue,  as 
well  as t he  possible  presence  of endogenous  m o d u l a t o r s  of 
e n z y m e  ac t iv i ty ,  r e m a i n  u n k n o w n .  LEE and  L E V I N E  14 
found  an  endogenous  s t i m u l a t o r  for PGE-9-ke to - r e -  
duc t a se  in ch icken  h e a r t  a n d  m o n k e y  bra in .  The  same 
a u t h o r s  7 p o s t u l a t e d  t he  presence  of a n  endogenous  inh ib-  
i to r  for t he  t y p e  I I  1 5 - h y d r o x y - P G - d e h y d r o g e n a s e  of 
swine k i d n e y  medu l l a  a n d  m o n k e y  bra in .  W e  canno t ,  
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Fornlation of prostaglandin F2~ on incubation of 100,000 • g super- 
natant of rat brain with prostaglandin Ee as substrate and 1 mM 
NADPH as coenzyme. 

Specific activity of prostaglandin E-9-keto-reductase in the 100,000 
• g supernatant of various regions of rat brain (mean-t= SEM, n = 10) 

therefore ,  exc lude  t he  poss ib i l i ty  t h a t  the  u n e v e n  dis t r i -  
b u t i o n  of P G E - 9 - k e t o - r e d u c t a s e  a c t i v i t y  in  r a t  b r a in  is 
caused b y  an  u n e v e n  d i s t r i b u t i o n  of endogenous  enzyme  
inh ib i to r s  or s t i m u l a t o r s  and  n o t  of the  e n z y m e  itself. 
Never the less ,  t h e  resu l t s  i nd i ca t e  t h a t  e n z y m e  ac t i v i t y  is 
h ighes t  in regions  cons i s t ing  m a i n l y  of g r ay  m a t t e r  l ike 
s t r i a t u m  a n d  midb ra in ,  w i t h  t h e  excep t ion  of medul la -  
pons ,  and  lowest  in  regions c o n t a i n i n g  m u c h  wh i t e  ma t t e r .  
C o n t r a r y  to  t he  r a t  b ra in ,  P G E - 9 - k e t o - r e d u c t a s e  was 
equa l ly  d i s t r i b u t e d  in swine k i d n e y  cor tex  a n d  medu l l a  is. 

U n d e r  t h e  cond i t ions  used, t he  P G E - 9 - k e t o - r e d u c t a s e  
r eac t ion  was  no t  revers ible .  I n c u b a t i o n  of 1 0 0 , 0 0 0 •  
s u p e r n a t a n t  of r a t  b r a i n  as e n z y m e  source w i t h  1 m M  
N A D P  a n d  100 ng  PGF2~ as s u b s t r a t e  did  n o t  resu l t  in  
t he  f o r m a t i o n  of m e a s u r a b l e  a m o u n t s  of P G E  2. Ins t ead ,  
r e l a t ive ly  large a m o u n t s  of 13, 14-d ihydro-15-ke to-  
PGF2a are fo rmed  u n d e r  such  i n c u b a t i o n  cond i t ions  (6.2 
4-1.4 n g / m g  p ro te in /60  min,  m e a n ~ S E M ,  n = 4). The  

enzymes  respons ib le  for th i s  r eac t i on  are a t y p e  I I  15- 
h y d r o x y - P G - d e h y d r o g e n a s e  a n d  A13-reductase. The  15- 
h y d r o x y - P G - d e h y d r o g e n a s e  was ident i f ied  as a t y p e  I I  
e n z y m e  b y  i ts  coenzyme  r e q u i r e m e n t  a n d  s u b s t r a t e  spec- 
ificity. N A D  is less effect ive t h a n  N A D P  as a coenzyme 
in th i s  reac t ion .  PGF2~ is a b e t t e r  s u b s t r a t e  t h a n  PGEe  
for  t he  t y p e  I I  1 5 - h y d r o x y - P G - d e h y d r o g e n a s e  7. The  
a c t i v i t y  of A13-reductase was specif ical ly m e a s u r e d  b y  
i n c u b a t i o n  of 100,000 •  s u p e r n a t a n t  of r a t  b r a i n  w i t h  
1 m M  N A D H  or N A D P H  a n d  100 ng  of 15-keto-PGF2~ 
as subs t ra t e .  U n d e r  such  i n c u b a t i o n  cond i t ions  13, 14-di- 
hydro-15-ke to -PGF~a  is formed.  Specific a c t i v i t y  of r a t  
b r a i n  A13-reductase in  the  100,000 •  s u p e r n a t a n t  was 
found  to be 81.2 • 14.6 ng  13, 14-d ihydro-15-ke to-  
P G F ~  fo rmed  /mg  p ro te in /60  m i n  (mean  • SEM, n 
6). As in our  resul ts ,  HENSBY 6, us ing  enzyme  f rom sheep 
blood, d id  no t  observe  r eve r s ib i l i t y  of t he  PGE-9 -ke to -  
r educ ta se  reac t ion .  On the  o t h e r  h a n d ,  t he  r eac t ion  was 
found  to  be  revers ib le  w i t h  cy top l a smic  f rac t ions  of r a t  
hea r t ,  m o n k e y  l iver  and  p igeon h e a r t  a n d  pur i f ied 
ch icken  h e a r t  PGE-9-ke to - reduc ta se4 , t% The  reason  for 
t he  d i s c r epancy  of the  resu l t s  is no t  clear,  b u t  i t  is no t  t he  
s i m u l t a n e o u s  presence  of a t y p e  I I  15 -hydroxy-PG-de-  
h y d r o g e n a s e  in the  100,000 •  s u p e r n a t a n t  of r a t  bra in ,  
wh ich  decreases  s u b s t r a t e  c o n c e n t r a t i o n  for t he  back-  
wa rd  reac t ion .  Us ing  15(S) -15-methy l -de r iva t ives  of t he  
n a t u r a l  PGs,  wh ich  are no t  s u b s t r a t e  for 15 -hydroxy-PG-  
d e h y d r o g e n a s e  17, we found  convers ion  of 15 (S)- 15-methyl -  
P G E  2 to 15(S)-15-methyl-PGF2~,  b u t  no  m e a s u r a b l e  
b a c k w a r d  r eac t ion  (to be publ i shed) .  

The  func t ion  of t he  t y p e  I I  1 5 - h y d r o x y - P G - d e h y d r o -  
genase and  A13-rednctase of r a t  b r a i n  is p r o b a b l y  biologi- 
cal i n a c t i v a t i o n  of PGs,  since 15-keto- and  13, 14-dihydro-  
15-ke to -metabo l i t e s  h a v e  a lmos t  no  biological  a c t i v i t y  is. 
The  func t i on  of r a t  b r a i n  PGE-9 -ke to - r educ t a se ,  however ,  
wh ich  conve r t s  one biological ly  ac t ive  P G  in to  a n o t h e r  
ac t ive  PG,  r ema ins  to  be e luc ida ted .  I n  v iew of t he  dif- 
f e r en t  a n d  of ten  an t agon i s t i c  ac t ions  of P G E  and  P G F  in 
t h e  cen t r a l  ne rvous  s y s t e m  10, t he  e n z y m e  m i g h t  p lay  an  
i m p o r t a n t  r e g u l a t o r y  role in r a t  b r a i n  funct ion .  

Brain region pg PGF2~ formed/mg wet weight/120 rain 

Striatmn 257.22L43.7 
Midbrain 194.3i29.8 
Medulla-pons 187.3-L38.0 
Hippocampus 133.4• 
Hypothalamus 118.1-L 18.0 
Cortex 116.8~_19.4 
Spinal cord 86.1 ~ 19.6 
Cerebellum 82.6~- 13.4 
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