
15. 1. 1976 Speeialia 13 

S P E C I A L I A  
Les a u t e u r s  son t  seuls r e sponsab les  des opin ions  expr im6es  dans  ces b r6ves  commun ica t i ons .  - Ff i r  die K u r z m i t t e i l u n g e n  
is t  ausschl iess l ich de r  A u t o r  v e r a n t w o r t l i c h .  - P e r  le b rev i  comunieaz ion i  6 responsab i le  solo l ' au to re .  - The  edi tors  
do no t  ho ld  t h e m s e l v e s  respons ib le  for t h e  op in ions  expressed  in t h e  a u t h o r s '  b r ie f  repor t s .  - OTBeTCTBeHH0CTB aa 

K0p0TKHe coo6menna HeC~T HCKJnOqHTeJIbH0 aBTOp. -- E1 responsab le  de los i n fo rmes  redueidos ,  estA el au tor .  
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Summary. The  d i s t r i b u t i o n  of t y p e  A a n d  B m o n o a m i n e  oxidase  (MAO) ac t iv i t i e s  in  t he  Central  n e r v o u s  s y s t e m  (CNS) 
of r a t  a n d  ch i ck  w a s  i n v e s t i g a t e d  us ing  5 - h y d r o x y t r y p t a m i n e  a n d  f i - pheny le thy l amine  as specific subs t ra t e s .  The  
d i s t r i b u t i o n  of t y p e  A MAO was s imi la r  to  t h a t  of t y p e  B MAO in r a t  CNS, b u t  qu i te  d i f fe ren t  in ch ick  CNS. This  
m a y  be  ascr ibed  to t he  di f ference in a n i m a l  species. The  m a j o r  p a r t  of MAO ac t i v i t y  in  t he  sp ina l  cord  was found  to  be  
t y p e  A. 

Recen t ly ,  a n u m b e r  of r epo r t s  h a v e  a c c u m u l a t e d  on  
mul t ip le  forms of m o n o a m i n e  oxidase  (MAO) in t he  
b r a i n  ~-1~ I n  these  papers ,  t h e  ex i s t ence  of 2 t y p e s  of 
MAO act iv i t ies ,  w h i c h  are  d e s i g n a t e d  as t y p e  A a n d  B 
enzymes ,  h a s  been  t h e  focus of interest1,3,5,7-10. E v e n  
t h o u g h  i t  is n o t  c lear  w h e t h e r  each  t y p e  of MAO h a s  i t s  
own e n z y m e  pro te in ,  i t  is u n e q u i v o c a l l y  accep ted  t h a t  
s u b s t r a t e  specif ic i ty  a n d  select ive  i n h i b i t i o n  of each  t y p e  
of MAO are  d e m o n s t r a b l e  b o t h  in v i t ro  a n d  in vivo.  Type  
A MAO is sens i t ive  to  t he  i n h i b i t o r  drug,  c lorgyl ine ;  a n d  
5 - h y d r o x y t r y p t a m i n e  (5-IIT) as wel l  as n o r e p i n e p h r i n e  
are p re fe r red  s u b s t r a t e s  for th i s  enzyme.  I n  c o n t r a s t  to  
t y p e  A enzyme,  t y p e  13 MAO is sens i t ive  to  t he  i n h i b i t o r  
drug,  dep reny l ;  and  f i - p h e n y l e t h y l a m i n e  (PEA)  is a 
p re fe r red  b iogenic  subs t r a t e .  

A l t h o u g h  t h e  d i s t r i b u t i o n  of MAO ac t iv i t i e s  t o w a r d s  
severa l  m o n o a m i n e s  in t h e  b r a i n  h a s  b e e n  r e p o r t e d  on 
dog  n,  r a t  1~ a n d  h u m a n  ~, t h e  d i s t r i b u t i o n  of MAO a c t i v i t y  
t owards  P E A ,  whic  h r ep resen t s  t he  a c t i v i t y  Of t y p e  13 
MAO, has  n e v e r  been  inves t iga t ed .  The  p r e s e n t  p a p e r  
br ie f ly  deals  w i t h  t he  d i s t r i b u t i o n  of MAO ac t iv i t i e s  in  
t he  cen t r a l  ne rvous  s y s t e m  (CNS) of r a t  a n d  ch ick  t o w a r d s  
P E A  in  c o m p a r i s o n  w i t h  those  t o w a r d s  5-HT, as an  
a t t e m p t  to  k n o w  t h e  r e l a t i ons h i p  b e t w e e n  t he  m u l t i p l i c i t y  
and  phys io logica l  roles of MAO in va r ious  regions  of CNS. 

Male W i s t a r  r a t s  weighing  100-150 g a n d  n e w b o r n  
chicks of t h e  W h i t e  R o c k  b reed  were ki l led b y  decap i t a -  
t ion .  The  b r a i n  a n d  sp ina l  cord  were r a p i d l y  r e m o v e d  a n d  
k e p t  f rozen u n t i l  ana lyzed .  F rozen  r a t  b r a in  was d issected  

i n t o  4 p a r t s  accord ing  to t h e  a t l a s  of GLOWINSKI a n d  
IVERSEN 13, viz.  ce rebra l  hemisphere ,  cerebel lum,  m e d u l l a  
o b l o n g a t a  p lus  ports a n d  b r a i n s t e m .  T h e  ce rebra l  hemi -  
sphere  did  n o t  c o n t a i n  t h e  h i p p o c a m p u s .  The  b r a i n s t e m  
inc luded  t h e  basa l  gang l ia  a n d  h y p o t h a l a m u s .  Chick 
b r a i n  was  also d issected  in to  4 pa r t s ,  viz. ce rebra l  hemi -  
sphere,  cerebel lum,  opt ic  lobe a n d  b r a i n s t e m .  The  
b r a i n s t e m  inc luded  t he  basa l  ganglia ,  h y p o t h a l a m u s ,  
medu l l a  o b l o n g a t a  a n d  pons .  

NIAO a c t i v i t y  us ing  5 -HT as s u b s t r a t e  was  m e a s u r e d  
accord ing  to t h e  m e t h o d  of KARKI e t  al. ~4 w i t h  s l i g h t  
modif icat ion~S;  t h e  c o n c e n t r a t i o n  of 5 -HT in r eac t ion  
m i x t u r e  was 0.2 m M .  The  d e t e r m i n a t i o n  of MAO a c t i v i t y  
us ing  P E A  as s u b s t r a t e  was  ca r r ied  ou t  b y  m e a s u r i n g  
P E A  d i sappearance .  T he  d i s a p p e a r a n c e  of P E A  was 
m e a s u r e d  b y  a newly  devised  m e t h o d .  I n h i b i t i o n  b y  
pa rgy l ine  (4 x 10 -4 M) ,  a p o t e n t  i n h i b i t o r  of MAO, was 

used  as a c r i t e r ion  of e n z y m e  specifici ty.  The  comple te  
i n h i b i t i o n  of P E A  d i s a p p e a r a n c e  b y  pa rgy l ine  was ob-  
served,  i n d i c a t i n g  t h e r e b y  t h e  speci f ic i ty  of t h e  a s say  for  
MAO a c t i v i t y  t o w a r d s  P E A .  Tissues  were  homogen ized  
w i t h  0 .9% NaC1 in a P o t t e r - E l v e h j e m  homogen ize r  
f i t t ed  w i t h  a Tef lon  pest le .  The  r eac t ion  m i x t u r e  (3.5 ml) 
c o n t a i n e d  20-50 m g  of t issue,  0.3 ml  of 0.3 M sod ium 
p h o s p h a t e  buffer  (pH 7.4) a n d  77 ~g of P E A  (free base) 
(final concen t r a t i on ,  0.2 raM).  The  r eac t ion  m i x t u r e  was 
i n c u b a t e d  a t  37 ~ for  30 rain.  The  r eac t ion  was s t opped  
b y  t he  add i t i on  of.0.2 m l  of 60% perch lo r ic  acid a n d  t h e  
m i x t u r e  was cen t r i fuged  (3,000 rpm,  5 min) .  2 ml  of t h e  
clear  s u p e r n a t a n t  were t r an s f e r r ed  to a glas s cen t r i fuge  
tube ,  a n d  0.5 ml  of 5 N N a O H  a n d  5 ml  of n - b u t a n o l  
were added.  The  m i x t u r e  was s h a k e n  v igorous ly  for  30 sec 
a n d  cen t r i fuged  (3,000 rpm,  5 rain).  3 ml  of n - b u t a n o l  
l ayer  were t r a n s f e r r e d  to  a n o t h e r  glass cen t r i fuge  t ube ,  
a n d  6 ml  of n - h e p t a n e  a n d  1 m l  of 0.1 N HC1 were  added.  
The  t u b e  was s h a k e n  and  cen t r i fuged  in t he  same  m a n n e r .  
Subsequen t ly ,  0.2 ml  of t he  0.1 N HCI layer  was  t r a n s f e r r e d  
to a t e s t  tube ,  a n d  0.2 ml  of 0.05 M n i n h y d r i n  so lu t ion  
a n d  0.5 ml  of 0.5 N sod ium p h o s p h a t e  buf fe r  (pH 8.0) 
were added.  Then ,  t h e  m i x t u r e  was i n c u b a t e d  a t  60~ 
for 60 min in an oil bath, cooled with tap water, left at 
room temperature for 15 rain and subjected to the mea- 
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Distribution of type A and B ~AO activities in CNS of rat and chick 

EXPERIENTIA 32/1 

Rat Chick 

MAO ac}ivity 
(~moles/g wet weight/30 rain) 

MAO Activity 
(~moles/g wet weight/30 rain) 

Regions Type A Type B Regions Type A Type B 
(5-HT) (PEA) (5-HT) (PEA) 

Spinal cord 3.18 -4- 0.18 0.53 4- 0.16 Spinal cord 6.54 4- 0.47 2.41 4- 0.38 
CerebraI hemisphere 4.82 4- 0.46 1.14 4- 0.25 Cerebral l~emisphere 2.97 4- 0.47 7.78 4- 0.76 
Cerebellum 4.244- 0.26 1.17 4- 0.15 CerebelImn 2.51 4- 0.54 3.09=~ 0.60 
Medulla oblongata plus pons 4.18 4- 0.21 1.11 4- 0.11 Optic lobe 3.49 4- 0.55 4.52 =~ 0.45 
Brainstem 5.25 4- 0.51 1.36 4- 0.31 Brainstem 5.33 4- 0.44 10.05 4- 1.39 

The concentration of the substrates, 5-HT and PEA, in the reaction mixture for the estimation of type A and B lagAO activities was 0.2 
raM. Means 4- SD are given. Each value was obtained from 4 experiments. 

s u r e m e n t  of i ts  f luorescence w i t h  e x c i t a t i o n  a t  390 n m  
a n d  emiss ion  a t  490 nm.  MAO a c t i v i t y  t o w a r d s  P E A  was  
expressed  as vmoles  of P E A  m e t abo l i z ed  in  30 m i n  pe r  g 
f resh  t issue.  The  resu l t s  are s u m m a r i z e d  in t he  Table .  

I n  r a t  CNS, t h e  r eac t ion  r a t e  for P E A  was smal le r  
than that for 5-HT, and the pattern of distribution of 
MAO activity towards PEA was similar to that towards 
5-HT. It should be noted that the activities are highest 
in the brainstem and lowest in the spinal cord. The pattern 
of distribution of MAO activity towards 5-HT observed 
in  t h e  p r e s e n t  s t u d y  is s imi la r  to  t h a t  r epo r t ed  b y  
HARADA et  al.~K 

Differ ing f rom the resu l t s  of r a t  b ra in ,  t h e  a c t i v i t y  
t o w a r d s  P E A  was  genera l ly  h i g h e r  t h a n  t h a t  t o w a r d s  
5 -HT in ch ick  b ra in .  I t  is also n o t e d  t h a t  t h e  r a t i o  of 
t y p e  A to  t y p e  B MA O  a c t i v i t y  is d i f fe ren t  in  va r ious  
areas  of ch ick  CNS. T h i s - m a y  n o t  be  d u e  to  i m m a t u r i t y  
of CNS of n e w b o r n  ch ick  d u r i n g  i t s  on togen ic  deve lop-  
m e n t ,  b u t  to  t he  dif ference of a n i m a l  species, s ince  t he  
m e t a b o l i s m  of m o n o a m i n e s  in  CNS of n e w b o r n  ch i ck  is 
t h o u g h t  to  be  well  e s t ab l i shed  a n d  s imi la r  to  t h a t  of t h e  
a d u l t  a n i m a l  ~5, ~,  

MAO a c t i v i t y  t o w a r d s  5 -HT in  ch i ck  sp ina l  co rd  was  
h ighe r  than t h a t  in  a n y  region of ch ick  b ra in ,  con f i rming  
our  p rev ious  r e su l t  16, whereas  t h e  a c t i v i t y  t owards  P E A  
in ch ick  sp ina l  cord  was lower  t h a n  t h a t  in  a n y  reg ion  of 
ch ick  b ra in .  Accordingly ,  a large  r a t io  of t y p e  A to  t y p e  B 
MAO a c t i v i t y  was  observed .  Th i s  is also t r u e  in  t h e  case of 
r a t  sp ina l  cord. These  resu l t s  sugges t  t h a t  MAO in t h e  
sp ina l  cord  m a y  be  assoc ia ted  w i t h  t he  s y m p a t h e t i c  
ne rvous  sys tem,  since MAO in t h e  s y m p a t h e t i c  ne rves  was  
r epo r t ed  to  be  a l m o s t  exc lus ive ly  t y p e  A ~7, ~s. 

MAO a c t i v i t y  t o w a r d s  P E A  in ch ick  ce rebra l  hemi -  
sphere  was  m a r k e d l y  h i g h e r  t h a n  t h a t  in  a n y  region of 
CNS w i t h  t he  excep t ion  of t h e  b r a i n s t e m .  This  shou ld  be  
n o t e d  while  i nves t i ga t i ng  t h e  physio logica l  s ignif icance of 
t y p e  B MAO as well as P E A  in t h e  b ra in .  
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Occurrence of Octopamine in the Soft ITissues of thei Gastropo6' Molluscl Peristernia ~nassatula 

Lamarck 1 

M. ROSEGHINI a n d  A. C. ALCALA 

Istituto di tTarmaeologia Medics I dell' U~iversit~, Citth Universitaria, 1-00185 Rdma (Italy), and Department o/ Biology, 
SilISman University, Dumaguete City (Philippines), 21 August 7975. 

Summary. The  sof t  t i ssues  of t h e  gas t ropod  mol lusc  Peristernia nassatula c o n t a i n  large a m o u n t s  (30-60 ~g/g) of octo- 
pamine ,  which,  in  all  p robab i l i t y ,  is c o n c e n t r a t e d  in t h e  h y p o b r a n c h i a l  g land.  Smal le r  a m o u n t s  of t he  a m i n e  are pre-  
sen t  also in  t h e  sof t  t i ssues  of t h e  gas t ropods  Bulls adamsi a n d  Latirus polygonatus. 

After  i t s  f i rs t  i den t i f i ca t ion  in  ace tone  e x t r a c t s  of t h e  
pos te r io r  s a l i va ry  g lands  of Octopus vulgaris 2, o c t o p a m i n e  
( p - h y d r o x y p h e n y l e t h a n o l a m i n e )  was  de t ec t ed  in t h e  
ne rvous  t i ssue  a n d  in o the r  t i ssues  of v e r t e b r a t e s  a n d  
inve r t eb ra tes3 -% E v e n  h u m a n  b lood  seems to c o n t a i n  
de t ec t ab l e  a m o u n t s  of t h e  a m i n e  7. Accord ing  to  SAAVE- 
DRA et  al. s, o c t o p a m i n e  m a y  h a v e  n e u r o t r a n s m i t t e r  
func t ion  of i ts  own  in t h e  cen t ra I  ne r vous  s y s t e m  of 
molluscs.  

Th i s  c o m m u n i c a t i o n  descr ibes  t h e  occur rence  of large  
a m o u n t s  of o c t o p a m i n e  in e x t r a c t s  of t h e  sof t  t i ssues  of 

Perister*zia 6assatuIa L a m a r c k ,  a gas t ropod  mol lusc  of 
the family Fasciolaridae. 

Materials and methods. T h r e e  b a t c h e s  of Peristernia 
nassatula were col lected nea r  D u m a g u e t e  C i ty  (Negros 
Or ienta l ,  Phi l ippines)  in  N o v e m b e r  1973 (139 specimens,  
39,1 g), J a n u a r y  1974 (53 specimens,  29,6 g) a n d  J u l y  
1974 (197 specimens,  79 g). The  whole  sof t  t i ssues  were  
r e m o v e d  f rom t h e  l iv ing  an ima l s  a f t e r  cau t ious  r u p t u r e  of 
t h e  shell  a n d  i m m e d i a t e l y  e x t r a c t e d  w i t h  5 p a r t s  (w/v) 
of p u r e  m e t h a n o l .  Af te r  5-10 days  t h e  s u p e r n a t a n t  l iqu id  
was d e c a n t e d  a n d  t he  t i ssue  r e - e x t r a c t e d  w i t h  5 p a r t s  of 


