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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.  
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Recent ly ,  a new reac t ion  b e t w e e n  fucosterol-24,  28 epox-  
ide a n d  B F  3 ha s  been  p u b l i s h e d ~  (V) a n d  28-oxo-fl-sitos- 
t e ro l  are  fo rmed  , the  s i m u l t a n e o u s  e l i m i n a t i o n  of c a r b o n  
a t o m s  28 a n d  29 a p p e a r i n g  as a t y p e  of b i o m i m e t i c  degra-  
d a t i o n  of fucos tero l  to  a C27 sterol.  I n  order  to  d e m o n s t r a t e  
t he  poss ib i l i ty  oI a biological  conve r s ion  C29 --> C27 f rom a 
24, 28-epoxide an  i n c o r p o r a t i o n  of 3-aH-fucosterol-24,  28 
epoxide  was p e r f o r m e d  in t he  Locust .  Meanwhi le ,  t he  re- 
sul ts  of para l le l  e x p e r i m e n t s  w i t h  Bombyx mori 7 h a v e  been  
pub l i shed .  I n  b o t h  cases r a d i o a c t i v e  choles tero l  was  iso- 
la ted.  W e  wish  to descr ibe  here  t he  resul t s  of our  own  
expe r imen t s ,  as well  as those  of a second series us ing  
3-~H-28-oxo-fi-sitosteroI. I n  connec t ion  w i t h  t h e  resu l t s  so 
far  o b t a i n e d  in our  l abo ra to ry ,  a d e g r a d a t i o n  scheme is 
p roposed  as hypo thes i s .  

R (I) R (IT) 

R ('~i R (V)+ 

CH3_C//0 
\H 

R = 3 ~-hydroxy As-steroid nucleus 

Conversion of fucosterol-2d, 2 8  epoxide into cholesterol. 
8 m g  of 3-sH-fucosterol-24,  28 epoxide  p r o p i o n a t e  5 (speci- 
fic a c t i v i t y  8,6 • 105 d p m / m g  s) are suspended  in 1 ml  of 
R inge r  so lu t ion  w i t h  1 d rop  of Tween  80. The  so lu t ion  of 
t he  p recurso r  is in j ec ted  in to  t he  a b d o m e n  of 40 l a rvae  
(5th ins tar )  of t he  locust  Locusta migratoria. Afte r  8 days,  
t he  insec ts  are e x t r a c t e d  as usua l  w i t h  a lcohol  a n d  ether .  
The  ace tone-so lub le  l ip ids  are t h e n  f r a c t i o n a t e d  on a SiO 2 
c o l u m n  The  free s terols  (40 mg, r a d i o a c t i v i t y  1.25 X 104 
d p m / m g )  are p r o p i o n y l a t e d  ; 2 m g  of fucos terol  p r o p i o n a t e  
a n d  2 m g  of desmos te ro l  p r o p i o n a t e  are  a d d e d  for d i lu t ion .  
The  m i x t u r e  is f u r t h e r  s u b m i t t e d  to  a AI~Oa/AgNO ~ 3:1 
p r e p a r a t i v e  TLC"  (hexane -e thy l  a ce t a t e  25 : 1). A b o u t  95 % 
of t he  t o t a l  r a d i o a c t i v i t y  is recovered  in t he  A 5 mono-ene  
s terol  p rop iona t e s  f r ac t ion  (Rf  0.78). S e p a r a t i o n  of t he  
p rop iona t e s  is car r ied  ou t  b y  p r e p a r a t i v e  GLC" (gas c h r o m  
Q, OV 101 1 .3%, 250~ All t he  r a d i o a c t i v i t y  is found  
in choles tero l  p r o p i o n a t e  (18% of t he  l ip ids  t o t a l  radio-  
ac t iv i ty ) .  I t  is no t i ceab le  t h a t  no l abe l l ing  could be  de- 
t e c t e d  in t he  C2s and  C29 sterols.  Traces  of r a d i o a c t i v i t y  
are found  in desmos te ro l  p rop iona te .  

Conversion o/ 28-oxo-~-sitosterol into cholesterol. 2.6 m g  of 
28-oxo-fl-si tosterol  p r o p i o n a t e  5 (specific a c t i v i t y  1.9 • 106 
d p m / m g )  suspended  as above  in R i n g e r  so lu t ion  are in- 
j ec ted  i n t o  t h e  a b d o m e n  of 29 l a rvae  (5th ins tar )  of t he  
locust .  Af te r  an  8-day incuba t ion ,  t he  s terols  are i so la ted  
as descr ibed  prev ious ly .  25 m g  of s terol  p r op i ona t e s  
(3 .1•  d p m / m g )  were ob ta ined .  A b o u t  98% of t h i s  
r a d i o a c t i v i t y  was recovered  in t he  A 5 mono-ene  s terol  pro- 
p iona te s  (0.2% of t he  t o t a l  l ip ids  r ad ioac t iv i ty ) .  Af te r  
f r a c t i o n a t i o n  t h r o u g h  GLC, r a d i o a c t i v e  cholesterol ,  cam-  
pes te ro l  and tS-sitosterol were  isolated.  

Discussion. The  p r e s e n t  e x p e r i m e n t s  i nd i ca t e  t h a t  
fucostero1-24, 28 epoxide  is a poss ible  p recurso r  of choles- 
t e ro l  in t he  locust ,  Locusts rnigratoria. I t  m a y  t h u s  be  an  
i n t e r m e d i a t e  in t he  d e a l k y l a t i o n  of (I). 

The  28-oxo-fi-s i tosterol  seems no t  to  be  a p recurso r  of 
choles tero l  for t he  fo l lowing reasons ;  1. Compared  to t he  

t r a n s f o r m a t i o n  of fucosterol-24,  28 epoxide,  t he  28-oxo- 
/ / -s i tosterol  d e g r a d a t i o n  in to  choles te ro l  shows a m u c h  
poore r  yield.  2. The  obse rved  t r a n s f o r m a t i o n  is unspecif ic .  
3. The  s te ro l  compos i t i on  a f t e r  i n j ec t ion  of 28-oxo-fl-sitos- 
t e ro l  is m o d i f i e d ; t h e  t o t a l  choles terol  decreases  f rom 90-  
92% to  8 0 - 8 2 %  a n d  t h e  C28+C29 sterols  increase  f rom 10 
to 20% (values ver i f ied  t h r o u g h  d i f fe ren t  repe t i t ions) .  I t  
m a y  be  t h a t  28-oxo-fl-si tosterol  is an  i n h i b i t o r  of t he  C24 
d e a l k y l a t i o n  in  t h e  locust .  Our  resul t s  are in a g r e e m e n t  
w i t h  those  of IKEKAWA et  alY w i t h  Bombyx mori a n d  also 
w i t h  t he  obse rva t i ons  of RANDALL et  al. 1~ conce rn ing  t h e  
m i g r a t i o n  of t he  h y d r o g e n  a t o m  f rom pos i t i on  C25 to  C24 
d u r i n g  t he  t r a n s f o r m a t i o n  of i sofucosterol  in to  (VI) in  
Tenebrio molitor la rvae .  The  poor  a n d  non-speci f ic  conver -  
s ion of 28-oxo-/~-sitosterol a n d  i ts  possible  i n h i b i t o r y  effect  
on  d e a l k y l a t i o n  show t h a t  t h e  scheme  2 p roposed  b y  RAN- 
DALL e t  al. 1~ (in wh ich  28-oxo-fi-s i tosterol  is a n  in t e rme-  
diate)  c a n n o t  be  r e t a i n e d  for t he  locust .  W e  propose  t he  
fol lowing scheme for t h e  convers ion  of fl-sitosteroI in to  
choles tero l  in  t h i s  insect .  

I n  th i s  scheme,  (III) a n d  (IV) wh ich  are  in b r a c k e t s  m a y  
cor respond  to  t he  p r o d u c t s  of t h e  open ing  of a 24, 28-epo- 
x ide  of fucosterol ,  b u t  in  f ac t  t h e  l a t t e r  has  n e v e r  been  iso- 
l a t ed  f rom a n  ~ insect .  T h e  i n t e r m e d i a t e s  (III) a n d  (IV) 
would  r a t h e r  be  expec ted  to  exis t  in a n  e n z y m e - s u b s t r a t e  

- + 
complex  in wh ich  a dipole O-C2s-Cz4 would appear .  Th i s  
complex  would  b r e a k  down  w i t h  l i be ra t i on  of (V) plus  one 
mole of a c e t a l d e h y d e  or i t s  equ iva len t .  The  obse rved  in- 
h i b i t o r y  effect  of 28-oxo-fl-si tosterol  c an  be exp la ined  b y  
p r e v e n t i n g  t h e  e n z y m e - s u b s t r a t e  complex  f o r m a t i o n  or 
t he  dipole f o r m a t i o n  n.  

Rdsumd. Le Cr ique t  Locusta migratoria L: t r a n s f o r m e  
l '6poxyde-24,  28 du fucost6rol  en c h o l e s t 6 r o l  le desmostd-  
rol  est  u n  in te rm6dia i re .  Ce mSme Insec te  ne  t r a n s f o r m e  
pas  sp6c i f iquemen t  le c6to-28 fl-sitost6rol en  cholest6rol ;  
on  observe  dans  ce cas une  i n h i b i t i o n  de la d@salkylation 
en  24 du fi-sitost6rol. U n  sch6ma  de d6g rada t i on  du  fl-sitos- 
t4rol  p a r  Locusta migratoria est  pr6sent6.  
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