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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 .  

15 O. SuzuKI, F: N~.GASE and K. YAGI, Brain Res., 39, 445 (1975). 
x~ O. SuzuKI and K. YA~I, J. Neuroehem. 25, 189 (1975). 
1~ C. GoRImS and N. H. NEFF, Neuropharmacology 10, 557 (1971). 
is B. JARROT, J. Neuroehem. 18, 7 (1971). 

Occurrence of Octopamine in the Soft ITissues of thei Gastropo6' Molluscl Peristernia ~nassatula 

Lamarck 1 
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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 
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80% m e t h a n o l  The  e x t r a c t s  were mixed  and  f i l tered.  
P a r t  of t h e  c rude  e x t r a c t s  was  s tud ied  as such,  a n o t h e r  
p a r t  was  s u b m i t t e d  to c h r o m a t o g r a p h y  on  a lka l ine  
a l u m i n a  cg lumn  w h i c h  was t h e n  e lu ted  w i t h  descend ing  
c o n c e n t r a t i o n s  of e thanol .  

B o t h  c rude  e x t r a c t s  and  e lua tes  were s u b m i t t e d  to 
p a p e r  c h r o m a t o g r a p h y ,  t h i n - l a y e r  c h r o m a t o g r a p h y  a n d  
h igh  vo l tage  e lectrophoresis .  S y n t h e t i c  o c t o p a m i n e  
was ava i l ab le  for compar i son .  

Results and discussion. Fol lowing c h r o m a t o g r a p h y  on 
a l u m i n a  co lumn,  t h e  p h e n o l  d e r i v a t i v e  supposed  to  be 
o c t o p a m i n e  emerged  in t h e  70% e t h a n o l  e luate .  I t s  
i den t i f i ca t ion  as o c t o p a m i n e  is ba sed  on  ~he fol lowing 
c r i te r ia :  a) b o t h  t h e  u n k n o w n  p h e n o l  d e r i v a t i v e  a n d  
s y n t h e t i c  o c t o p a m i n e  s h o w e d  t h e  same colour  shades  
w i t h  t h e  P a u l y  r e a g e n t  (yellow), Gibbs  r eagen t  (sky blue) 
and  d iazot ized  p -n i t roan i l i ne  (lillac). b) on  h i g h  vo l t age  
e lectrophoresis ,  t h e  u n k n w o n  s u b s t a n c e  showed  t h e  same  
m o b i l i t y  t o w a r d s  t h e  c a t h o d e  as s y n t h e t i c  o c t o p a m i n e :  
El .  ~ = 0.9 p - t y r a m i n e ,  Ks. 8 = 0.89 p - t y r a m i n e ,  c) on  
p a p e r  c h r o m a t o g r a p h y ,  Rf  va lues  were  exac t ly  t he  same  
for  t he  u n k n o w n  s u b s t a n c e  a n d  for s y n t h e t i c  o c t o p a m i n e  
in 4 so lven t  sys t ems :  0 .42-0.49 in n - b u t a n o l : a c e t i c  
acid : w a t e r  (4 : 1 : 5) ; 0 .21-0.23 in n - b u t a n o l  : 35 % m e t h y l -  
a m i n e  (8 : 3), 0.74-0.7 8 in 1 - pen t hano l  : py r id ine  : w a t e r  
(4 :4 :1 ) ,  a n d  0.77-0.80 in 20% KC1. d) supe r imposab l e  R f  
va lues  were  o b t M n e d  also in t h i n - l a y e r  c h r o m a t o g r a p h y  
on  sil ica gel : 0 .12-0.14 in benzene  : e t h a n o l :  m e t h y l a m i n e  
(22 : 7 : 1) ;0 .45-0.47 in n - b u t a n o l - a c e t i c  acid :wa te r  (4:1 : 5). 

The  c o n t e n t s  of o c t o p a m i n e  in t he  d i f fe rent  b a t c h e s  
were  30, 60 a n d  45 ~g pe r  g f resh t issue,  respect ively .  

I n  a b o u t  6-7  spec imens  of Peristernia, t h e  hypo-  
b r a n c h i a l  b o d y  was s epa ra t ed  f rom t h e  r e m a i n i n g  soft  
t i ssues  (0.4 g versus  2.0 g) a n d  ana lyzed .  I t  c o n t a i n e d  5 
t imes  as m u c h  o c t o p a m i n e  as t h e  o t h e r  t i ssues  (125 versus  
25 ~zg/g). Thus ,  i t  appea r s  p r o b a b l e  t h a t ,  l ike o the r  ac t ive  
c o m p o u n d s  ( m u r e x i n e ,  d i h y d r o m u r e x i n e ,  pu rp le  pre-  
p igments )  also o c t o p a m i n e  is c o n c e n t r a t e d  in t h e  hypo-  
b r a n c h i a l  gland.  

I n  add i t i on  to oc topamine ,  t he  soft  t i ssues  of Peristernia 
c o n t a i n e d  smal l  a m o u n t s  of imid~zolepropionic  acid, i ts  
m e t h y l  ester ,  and  choline.  I t  is possible  t h a t  all these  
c o m p o u n d s  are p o s t m o r t a l  a r t i f ac t s  de r iv ing  f rom d ihydro -  
m u r e x i n e  b y  hydro lys i s  a n d  t r a n s m e t h y l a t i o n  processes  9. 

Smal l  a m o u n t s  of o c t o p a m i n e  could be  de t ec t ed  also in  
t he  sof t  t i ssues  of o t h e r  gas t ropod  molluscs  of t h e  P h i l i p -  
pines,  such  as Bulls adamsi (5-7 [xg and  2 ~.g per  g t o t a l  
sof t  t issues,  respect ively ,  in 2 d i f fe ren t  .batches)  a n d  
Latirus polygonatus (4 ~g pe r  g t o t a l  sof t  t issues).  

I t  appea r s  t h a t  o c t o p a m i n e  or ig ina tes  in  t i ssues  f rom 
p - t y r a m i n e  b y  the  ac t ion  of dopamine- f l -hydroxy lase  1~ 
p - T y r a m i n e  has not been  found in Peristernia nassatula, 
b u t  i t  is p r e sen t  in cons iderab le  a m o u n t s  (30 ~xg/g) in t he  
soft  tiss0xes of Bulls adamsi. 

The  func t io  n of o c t o p a m i n e  in t he  h y p o b r a n c h i a l  b o d y  
of ga s t ropod  molluscs  is as obscure  as t h a t  in  t he  pos te r io r  
s a l i va ry  g lands  of oc topoda .  I t  would  be  of i n t e r e s t  to  
check  w h e t h e r  th i s  p o t e n t i a l  ad renerg ic  t r a n s m i t t e r  could 
be  used here  for defense  or for c a p t u r i n g  prey.  

Af te r  21 days  of i ncuba t ion ,  50 ~Ci Na2~5SO4 ( B E N ,  
specific a c t i v i t y  859 m C i / m M )  were added  to  t h e  m e d i u m  
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S y n t h e s i s  of Sul fated G l y c o s a m i n o g l y c a n s  by  the T h r e e  Cell  T y p e s  of the Rabbi t  Cornea  in Culture  1 
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Summary. R a b b i t  cornea l  cells were c u l t i v a t e d  for 21 days  a n d  t h e n  exposed to  Na235SO4, a p recursor  of su l fa ted  glycos- 
a m i n o g l y c a n s  (GAG). All  3 cell t ypes  of t h e  cornea,  t he  f ibroblas ts ,  t h e  ep i the l ia l  as well  as t h e  endo the l i a l  cells, 
syn thes ize  GAG. T h e  I r a c t i o n a t i o n - p a t t e r n s  of t he  ep i the l ia l  a n d  endo the l i a l  G A G  are a l m o s t  iden t i ca l  a n d  differ  
c lear ly  f rom the  one of f ibro las t ic  GAG. 

B iosyn thes i s  of col lagen a n d  g lycosaminog lycans  (GAG) 
is t h o u g h t  to  be  t h e  d o m a i n  of m e s o d e r m a I  ceils, b u t  
ev idence  exis ts  t h a t  also e c t o d e r m a l  ceils, i.e. t h e  epi- 
t h e l i u m  of t h e  ch ick  and  t he  r a b b i t  cornea,  p roduce  these  
m a t r i x  c o m p o n e n t s  3-6. I t  is n o t  ye t  es tabl i shed,  however ,  
w h e t h e r  all t h r ee  ceil t ypes  of t he  r a b b i t  co rnea  do syn-  
thes ize  G A G  a n d  h o w  far  t h e  I r a c t i o n a t i o n - p a t t e r n s  of 
t he  GAG syn thes i zed  b y  these  cells differ  f rom each  
other .  

Material and methods. Epi the l i a l  a n d  f ib rob las t i c  
cu l tu res  f rom t h e  r a b b i t  co rnea  were m a d e  as descr ibed 
elsewhere 3. E n d o t h e l i a l  cu l tu res  were p r e p a r e d  b y  t r e a t i n g  
t h e  Desceme t ' s  m e m b r a n e ,  s t r i pped  off f rom t he  cornea l  
s t roma,  w i t h  0.005 M N a~E D T A  and  1 .25% t r y p s i n  
for  30 ra in  a t  37~ These  s u b s t a n c e s  were  d issolved in  
m i n i m a l  Eag le ' s  med ium,  H a n k s  BSS.  T h e  n u t r i e n t  

m e d i u m  was TC 199 c o n t a i n i n g  20% fe• calf  s e r u m  a n d  
an t ib io t ics .  

The  cells o r ig ina t ed  f rom the  corneas  of 5 r abb i t s .  All  
cu l tu res  were p r imary ,  21 days  old a n d  a t  a b o u t s a t u r a -  
t i on  dens i t y  a t  t he  t i m e  of labell ing.  Thus  t h e  exper imen-  
t a l  cond i t ions  were iden t ica l  for all  t h r e e  cell types .  
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