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F o r m a t i o n  of  G a t e c h o l a m i n e s  a n d  A c i d  M e t a b o l i t e s  b y  Octopus B r a i n  

D o p a m i n e  (DM) was the  f i r s t  ca techo lamine  found in 
mol luscan  gangliaS, ~ atad was considered to be the  
adrenerg ic  t r a n s m i t t e r  in i nve r t eb ra t e s  a. Subsequen t ly  
smal l  concen t ra t ions  of noradrena l ine  (NA) were de tec ted  
in Spisula 1, Helix~, 5 and  in several  cepha lopods  1,5,". 
Recen t  work  has shown t h a t  ganglia  of Mercenaria form 
labelled DM af ter  incuba t ion  wi th  rad ioac t ive  ty ros ine  7 
or D O P A  ~, s NA has no t  been de tec ted  in t he  gangl ia  of 
th is  l amel l ib ranch  ~ and  no s ignif icant  accumula t ion  of 
label led NA: could be measured  in these  studies.  The 
ganglia  of Octopus vulgaris conta in  re la t ive ly  h igh  NA 
concen t ra t ions  6 and  the  p re sen t  inves t iga t ion  descr ibes  
t he  syn thes i s  of labelled NA, as well  as t h a t  of DM and  
d i h y d r o x y p h e n y l a c e t i c  acid (DOPAC). 

O. vulgaris of 0.3-0.7 kg, e i ther  sex, were  killed by  de- 
cap i t a t ion  and  the  bra in  or c i rcumoesophagea l  ganglia  
d issected f r e e  The bra in  was b i sec ted  sagi ta l ly  and  the  
opt ic  lobes sect ioned hor i zon ta l ly  to al low pene t r a t i on  of 
the  incuba t ion  medium.  The slices were kept  in oxy-  
gena ted  f i l tered sea wa te r  oil ice un t i l  i ncuba t ion  com- 
menced.  The isotopes  L-tyrosine-3, 5-3H (52 Ci/mmole)  
and  ~L-dihydroxyphenylalanine-2-14C (3.t mCi/mmole)  
were  d i lu ted  wi th  steri le 3.5% NaC1 which  in t he  l a t t e r  
case con ta ined  ascorbic acid (5 mg/ml) .  The t issue was 
incuba ted  at  20-24 ~ in 2 ml  o x y g e n a t e d  f i l te red  sea 
wa te r  con ta in ing  the  i sotopes  a t  f inal  concen t ra t ions  of 
I5 ~zCi aH- ty ros ine /ml  or 0.2 FCi ~4C-DOPA/ml. Af te r  
incuba t ion  per iods  of 30, 60 or 180 rain the  t issue was 
r insed in sea wa te r  and  weighed.  A p p r o x i m a t e l y  80% of 
the  r ad ioac t iv i ty  r emained  in the  m e d i u m  af ter  3 h 
incubat ion .  Tissues were  homogenized  in 0.1 N HC1 and 
depro te in ised  wi th  perchlor ic  acid. Acid metabo l i t e s  were 
ex t r ac t ed  wi th  e thy l ace t a t e  and  sepa ra ted  by  pape r  
c h r o m a t o g r a p h y  s in n -bu tano l :  acetic acid : water ,  4 : 1 : 1. 
Once the  acidic c o m p o u n d s  had  been ex t r ac t ed  n i t rogen  
was b lown on to the  r emain ing  aqueous  ex t r ac t  to  

e l iminate  e thy lace ta te .  The amines  were t h e n  ace ty la ted  
and  sepa ra t ed  b y  p a p e r  c h r o m a t o g r a p h y  6. Ne i the r  t he  
e s t ima t ions  of the  concen t ra t ions  or r ad ioac t iv i ty  of the  
amines  and acid metabo l i t e s  were correc ted  for recoveries 
dur ing  the  ex t rac t ions .  Ch ro ma t o g rams  were  cut  in to  
1 cm str ips  and  the  r ad ioac t iv i ty  de t e rmined  by  l iquid 
scint i l la t ion spec t romet ry .  

E x p e r i m e n t s  on live animals  were pe r fo rmed  by  
exposing the  cephal ic  aor ta  t h rough  a small  dorsal  
incision in the  man t l e  muscle  and  venous  sinous under  
u re thane  anaes thes ia .  A H a m i l t o n  syringe was used to  
inject  50 ~1 of isotope in to  t he  aorta.  An imals  were  e i the r  

k i l l e d  5 min  la ter  or were resusci ta ted ,  a f ter  su tur ing  the  
opening  in t he  mant le ,  and  t h e n  killed af ter  30, 60 or 
180 rain. 

Results. The d i s t r ibu t ion  of r ad ioac t iv i ty  af ter  sepa-  
ra t ion  of the  amines  ex t r ac t ed  f rom Octopus ganglia 
i ncuba t ed  for 1 h w i th  ~H-tyrosine is shown  in Figure  1. 
The isotope was ma in ly  localised in 2 peaks  which  
cor responded  in pos i t ion  to  t he  ace ta tes  of DM and NA 
run on paral le l  marke r  str ips.  The peak  neares t  t he  origin 
was p roduced  b y  D O P A  which  was  ace ty l a t ed  and 
par t i a l ly  ex t r ac t ed  wi th  t he  amines.  
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Fig. 1. Chromatography of total catecholamines from Octopus brain (0.47 g) incubated with ~H-tyrosine for 1 h. Positions of standard 
dihydroxyphenylalanine (DOPA), noradrenaline (NA), dopamine (DM) and tyramine (TM) are marked below. The distance from the 
origin to the soIvent front was 30 era. 

Fig. 2. Chromatography of total acid metabolites from Octopus brain (0.32 g) incubated with z4C-DOPA for 1 h. Positions of standard 
dihydroxyphenylaIanine (DOPA), dihydroxymandelic acid (DOMA), dihydroxyphenylaeetie acid (DOPAC) and homovanillic acid (HVA) 
are marked beiow Figure 3. 

Fig. 3. Chromatography of incubation medium after incubation of Octopus brain with 14C-DOPA for 1 h. As in Figure 2 the distance 
from the origin to the solvent front was 20 cm. 
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Table I. Ivretabolism of 14C-DOPA by Octopus brain in vitro 
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Time (min) Radioactivity (dpm • 10-3/g brain) Concentration (~xg/g brain) 

DM DOPAC NA DM DOPAC NA 

30 11.6 4- 1.1 11.9 ::t= 1.9 0.92 =in 0.1 8.78 ::~ 0.64 1.23 ~ 0.12 1.95 4- 0.21 
60 19~4 4- 2.8 15.3 :~ 0.9 1.63 4- 0.2 8.31 4- 0.72 1.96 i 0.21 1.97 4- 0.11 

180 31.6 4- 3.9 30.4 4- 6.1 4.00 ::t= 0.4 7.52 4- 1.09 2.49 i 0.60 1.95 4- 0.28 

Values are means 4- S.E.M. of 4 animals per group. Each brain was incubated with 0.2 txCi ~C-DOPA/ml. 

C h r o m a t o g r a p h y  of t he  acid m e t abo l i t e s  (Figure 2) 
showed  labe l l ing  of D O P A C  b u t  v e r y  l i t t Ie  in  t h e  regions  
where  homovan i l l i c  acid (HVA) a n d  d i h y d r o x y m a n d e l i c  
acid (DOMA) s t a n d a r d s  ran .  S e p a r a t i o n  of a sample  of 
t he  m e d i u m  a f t e r  i n c u b a t i o n  (Figure 3) showed  t h a t  on ly  
label led  D O P A  was p r e s en t  in  s ign i f ican t  a m o u n t s .  

The  t ime-course  of t h e  in v i t ro  f o r m a t i o n  of amines  and  
acid m e t a b o l i t e s  b y  Octopus gangl ia  is shown  in Tab le  I. 
The  a m o u n t s  of r ad ioac t i ve  DM, D O P A  a n d  N A  increased  
s tead i ly  f rom 30 to  180 ra in  a l t h o u g h  t h e  syn thes i s  of 
labe l led  DM and  D O P A C  was  a t  all  t i m e s  g rea te r  t h a n  
t h a t  of NA. The  c o n c e n t r a t i o n s  of t h e  a m i n e s  ill t h e  
t i ssue  d id  n o t  change  s ign i f i can t ly  d u r i n g  t h e  course of 
t he  i ncuba t ion .  

Af te r  t4C-DOPA h a d  been  in jec ted  in v ivo  t he  f o r m a t i o n  
of r ad ioac t i ve  DM, D O P A C  a n d  N A  was e x a m i n e d  a t  
5, 30, 60 a n d  180 ra in  (Table  !I) .  S u b s t a n t i a l  labell ir /g of 
N A  a n d  DlVI was  o b t a i n e d  as ea r ly  as 5 m i n  a f te r  in jec t ion .  
T h e  m a x i m a l  a c c u m u l a t i o n  of r a d i o a c t i v e  DM was 
de t ec t ed  a t  30 rain,  l a s t ed  a b o u t  1 h and  was r educed  to 
nea r ly  ha l f  i ts  m a x i m a l  level  3 h a f te r  t h e  in jec t ion .  The  
h ighes t  level  of r a d i o a c t i v e  D O P A C  was obse rved  a t  
30 m i n  coincid ing w i t h  t h e  labe l l ing  of DM. I n  c o n t r a s t  
t i le level  of r ad ioac t i ve  N A  showed no s ign i f ican t  change  
f rom 5 to 180 ra in  a f t e r  p recurso r  a d m i n i s t r a t i o n .  

Discussion. The  conve r s ion  of r ad i oac t i ve  tyros i l le  and  
D O P A  to  t h e  c a t e c h o l a m i n e s  D M  a n d  N A  suggests  t h a t  
Octopus gangl ia  con t a i n  enzym es  w i t h  t y ros ine  hyd rox -  
ylase, D O P A  deca rboxy lase  and  d o p a m i n e  f l -hydroxylase  
ac t iv i ty .  B o t h  in v ivo  a n d  in v i t ro  e x p e r i m e n t s  show t h a t  
D O P A  is r ap id ly  d e c a r b o x y l a t e d  to  DM which  in t u r n  is 
me t abo l i z ed  b y  a m o n o a m i n e  oxidase.  E n d o g e n o u s  

Table II. Metabolism of x4C-DOPA by Octopus brain in vivo 

Time (rain) Radioactivity (dpm x 10-3/g brain) 
DR[ DOPAC NA 

5 15.3 4- 2.7 0.93 4- 0.1 2.60 -4- 0.4 
30 25.5 • 3.5 15.8 4- 1.4 1.90 4- 0.3 
60 23.6 4- 8.2 5.17 4- 1.7 1.71 ::E 0.4 

180 14.1 ::L 5.0 3.43 4- 0.9 1.77 ~ 0.5 

Values are means • S.E.M. of 4 animals per group. Each animal was 
injected with 1 txCi 14C-DOPA. 

D O P A C  has  been  de t ec t ed  in t i le opt ic  lobes of Octopus 
b u t  H V A  has  n o t  been  found  s, even  a f t e r  t h e  admin i s -  
t r a t i o n  of 200 m g / k g  of 1-DOPA (A. V. JuoRio ,  u n p u b -  
l ishod observa t ion) .  The  p r e sen t  resul t s  conf i rm t h a t  in  
Octopus gangl ia  r ad ioac t ive  DM is m a i n l y  me tabo l i zed  
to  D O P A C  a n d  no t  to  HVA,  sugges t ing  t h a t  D O P A C  is 
n o r m a l l y  r e m o v e d  f rom gangl ia  w i t h o u t  me thoxy la t io l l .  

The  resu l t s  o b t a i n e d  in v i t ro  are  cons i s t en t  w i t h  t he  
syn thes i s  of N A  f rom DM, a s suming  t h a t  t he  lower r a t e  
of l abe l l ing  of N A  is due  to t h e  l im i t i ng  r a t e  of DM-fl- 
h y d r o x y l a t i o n .  I n  vivo,  however ,  t h e  m a x i m u m  per iod 
of DM labe l l ing  (30-60 mill) is no t  followed b y  a cor- 
r e s p o n d i n g  increase  in  NA. The  resu l t s  sugges t  t h a t  
t he re  are 2 pools  of DM w i t h  d i f fe ren t  specific act ivi t ies .  
One pool  of h i g h  specific a c t i v i t y  in  dopamine rg i c  nerves,  
where  DM has  a t r a n s m i t t e r  f u n c t i o n  a n d  is r ap id ly  
me tabo l i z ed  to  DOPAC.  The  other ,  a low specific ac t i c i ty  
pool, in  no rad rene rg i c  ne rves  where  DM func t ions  as a 
p recurso r  to  NA. Assuming  t h a t  m o s t  of t he  b r a i n  DM 
is in  dopamine rg i c  ne rves  t he  h igher  endogenous  level  of 
DM c o m b i n e d  w i t h  t he  h igher  specific a c t i v i t y  would  
i m p l y  t h a t  t h e  dopamine rg i c  ne rves  m u s t  also h a v e  a 
g rea te r  u p t a k e  of 14C-DOPA t h a n  no rad rene rg i c  nerves.  
W h e n  a large exogenous  pool  of 14C-DOPA is avai lable ,  
as is t h e  case in t he  in v i t ro  expe r imen t s ,  t he  syn thes i s  of 
r ad ioac t ive  N A  increases  w i t h  t i m e  as does t h e  syn thes i s  
of DMK 

Resumen. Los gangl ios  cerebra les  del pu lpo  (Octopus 
vulgaris) s in te t iza l l  la d o p a m i n a  y la n o r a d r e n a l i n a  
r ad ioac t i va s  luego de la  a d m i n i s t r a c i 6 n  in v ivo  o la 
i n c u b a c i 6 n  in  v i t ro  con sus precursores  marcados .  L a  
d o p a m i n a  es luego m e t a b o l i z a d a  a ~cido d ih idroxi feni l -  
ac6tico mie l l t r as  que el co r re spond ien te  de r ivado  de la 
n o r a d r e n a l i n a  no  fu6 encon t rado .  
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Fucos tero l -24 ,28  Epoxide  and 2 8 - O x o - f l - S i t o s t e r o l  as Poss ib le  In termedia te s  in the  
Convers ion  of f l -S i tos tero l  into  Cholesterol  in the  Locust  Locusts migratoria L. 

P h y t o p h a g o u s  insects  t r a n s f o r m  fl-si tosterol  (I) i n to  Th i s  seems to i nd i ca t e  t he  s i m u l t a n e o u s  e l im ina t i on  of 
choles tero l  (VI) 1-~. I n  t he  locust  Locusta migratoria L., c a r b o n  a t o m s  28 and  29. Such  a r eac t ion  should  s t a r t  w i t h  
us ing  3-atI precursors ,  t i le  conve r s ion  of (I) ha s  been  shown a n  ox ida t ion ,  b u t  i t  is r a t h e r  d i f f icul t  to  p red ic t  a t  w h a t  
to  proceed  t h r o u g h  fucosterol  (II) a n d  desmosterol (V)  4, ~. c a r b o n  a t o m  the  a t t a c k  would  begin.  


