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Acid hydro lys i s  of (II)  gave  pyr ro l id ine  a n d  ca t a ly t i c  
r educ t i on  a f forded  t he  d i h y d r o  d e r i v a t i v e  m.p.  163 ~ The  
presence  of a d i s u b s t i t u t e d  double  b o n d  was conf i rmed  
b y  o s m y l a t i o n  to the  diol  m.p.  167 ~ w h i c h  on  c leavage  
w i t h  pe r ioda t e  gave  t h e  d i a ldehyde  m.p.  119 ~ Cyclo- 
s t a ch ine  A on r educ t ion  w i t h  LiA1H 4 fo rmed  t h e  amine  
(III)  i so la ted  as i ts  su lpha te ,  m.p .  110 ~ t h e  s t r u c t u r e  of 
wh ich  ha s  been  d e t e r m i n e d  b y  X - r a y  c rys t a l  analysis .  
E(C22H30NO~)+ (HSO4)" H 2 0 ;  monocl in ic ,  a ~ 15.874, 
b ~ 6.584, c = 21.729 ~_; fi ~ 98.33 ~ , Z = 4; space 
group  P21/a (which conf i rms  the  r acemic  n a t u r e  of these  

c o m p o u n d s ) ;  ref ined to R 0.046 for 2958 re f l ex ion@ 
The  f igure dep ic t ing  molecule  I I I  as found  in t he  c rys ta l  
shows t h a t  a t o m s  C (7-10, 15) in the  u n s a t u r a t e d  r ing  
are c o p l a n a r  and  C(1), C(14) and  C(17) are  all ax ia l ly  
subs t i t u t ed .  This  is in  c o n t r a s t  to  N M R  resul t s  wh ich  
show t h a t  I I  in so lu t ion  has  these  t h r ee  s u b s t i t u e n t  
a t o m s  equa to r i a l  - a r a t h e r  c rowded  con fo rma t ion .  

The  di f ference is p r e s u m a b l y  due  to  t he  g rea te r  v o l u m e  
r equ i r ed  b y  t h e  n o n - p l a n a r  a m i n e  r ing  c o m p a r e d  w i th  
t he  amide  form,  a n d  t he  need  to  p r o x i m a t e  t h e  su lpha t e  
ion. to  t h e  n i t r ogen  a t o m  for  t he  ionic  a n d  h y d r o g e n  b o n d -  
ed l inkage.  

The  s t r u c t u r e  of cyc los tach ine  A has  been  i n d e p e n d e n t l y  
conf i rmed  b y  syn thes i s .  I n t r a m o l e c u l a r  Die ls -Alder  
r eac t ion  of t h e  es te r  (IV)3 y ie lded  a m i x t u r e  of (V) m.p.  
137 ~ a n d  (VI) m.p .  88 ~ Hydro lys i s  of (V) gave  t h e  acid 
(VII) ,  m.p:  141-142 ~ t h e  chlor ide  of w h i c h  was condensed  
w i t h  py r ro l i d ine  to  yield (II) iden t i ca l  in  all  r espec t s  w i t h  
t he  n a t u r a l  sample  4. 

Summary. A nove l  a lkaloid  d e s i g n a t e d  cyc los t ach ine  A 
has  been  p r o v e d  to h a v e  t he  s t r u c t u r e  (II) on  t h e  basis  
of spec t ra l  a n d  d e g r a d a t i v e  da ta .  The  s t r u c t u r e  ha s  b e e n  
conf i rmed  b y  syn thes i s ,  and  b y  N - r a y  ana lys i s  of t he  
der ived  a m i n e  s u l p h a t e  ( I I I ) .  
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T h e  I d e n t i f i c a t i o n  of  D a n s y l  S a r c o s i n e  a n d  i t s  O c c u r r e n c e  i n  M o l l u s c s  

A conven ien t ,  sens i t ive  p rocedure  for t h e  ana lys i s  of 
t i ssue  amines  and  amino  acids, i nvo lv ing  t h e  two-d imen-  
s ional  c h r o m a t o g r a p h y  of t he i r  d a n s y l  der iva t ives ,  ha s  
been  deve loped  and  op t imised  b y  NEUHOFF e t  al. 1, 2. This  
t e c h n i q u e  h a s  been  used to screen for t he  ex is tence  and  
d i s t r i b u t i o n  of p u t a t i v e  n e u r o t r a n s m i t t e r s  in n e r v o u s  
t i ssue  a-e. To fac i l i ta te  i n t e r p r e t a t i o n  of t h e  resu l t ing  
c h r o m a t o g r a p h s ,  severa l  reference m a p s  h a v e  been  p u b -  
l ished 1, 2, v, ba sed  on  t he  m i g r a t i o n  of s t a n d a r d s .  However ,  
t he re  are severa l  u n k n o w n s  a m o n g  t he  f r e q u e n t l y  obse rved  
c h r o m a t o g r a p h i c  spots.  I n  t r y i n g  to  i den t i fy  t he  t r a n s m i t -  
t e r  a t  t he  squid  g i a n t  synapse  (G. A. COTTRI~LL, u n p u b -  
l i shed observa t ions ) ,  we e n c o u n t e r e d  an  i n t r i gu ing  un-  
k n o w n  t h a t  appea red  to  be  localized to  t h e  p o s t - s y n a p t i c  
axon  b u t  a b s e n t  f rom t he  p r e - s ynap t i c  axon.  Pur i f i ca t ion  
and  c h a r a c t e r i z a t i o n  of t he  c o m p o u n d  sugges t  i t  is t h e  
N - d a n s y l a t e d  d e r i v a t i v e  of sarcosine  (N-me thy l  glycine).  
Th i s  r e p o r t  gives t he  ev idence  for t h e  iden t i f i ca t ion  and  
some p r e l i m i n a r y  resu l t s  of t he  d i s t r i b u t i o n  in mol luscan  
ne rvous  sys tems.  

Materials and methods. Spec imens  of Eledone cirrhosa 
were o b t a i n e d  local ly  a n d  m a i n t a i n e d  in aquar i a .  Helix 
pomatia were o b t a i n e d  f rom G er r a r d  and  Ha ig  (Surrey,  
Eng land) ,  and  Loligo f rom Naples,  I ta ly .  

D a n s y l a t i o n  a n d  s u b s e q u e n t  c h r o m a t o g r a p h y  were 
execu ted  as descr ibed  e lsewhere  2, 7. 

Fluorimetry. Compar i sons  of t h e  u n k n o w n  a n d  s t and  ards  
were p e r f o r m e d  in 0.17 m l  q u a r t z  m i c r o c u v e t t e s  on  a n  
A m i n c o - B o w m a n  spec t ropho to f luo rome te r .  Since cepha-  
lopod b r a i n  was a r ich  source of t h e  u n k n o w n ,  h o m o g e n a t e s  
of oc topus  (Eledone cirrhosa) b r a i n  were d a n s y l a t e d  a n d  
c h r o m a t o g r a p h e d .  Pooled u n k n o w n  spots  were  e x t r a c t e d  
w i t h  abso lu te  e t h a n o l  2 a n d  c o m p a r e d  to  s t a n d a r d  dansy l -  
sarcosine  in t e r m s  of t he i r  e x c i t a t i o n  spec t ra  (emission 
set  a t  522 nm)  and  emiss ion  spec t ra  (exc i ta t ion  se t  a t  
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340 rim). No f luorescence was observed in contro l  e thanol ic  
ex t rac t s  of b lank  polyamide .  

M a s s  spectrometry. 10 Eledone brains  were homogenized  
and  dansy la t ed  in bulk  8. The alkaline dansy la t ion  solut ion 
was ex t r ac t ed  wi th  chloroform:  t e r t - b u t a n o l  (6:4) a f te r  
reaction.  This  quan t i t a t i ve ly  ex t r ac t ed  the  unknown,  
and par t ia l ly  ex t r ac t ed  the  dansy l  der iva t ives  of leucine, 
isoleucine, valine, proline, tyrosine,  phenyla lanine ,  and  
alanine. The unknown  was purif ied b y  p repa ra t ive  th in-  
layer  c h r o m a t o g r a p h y  on Silica Gel G wi th  deve lopmen t  
in chloroform ; benzyl  alcohol:  acetic acid (70 : 30 : 3). The 
ch romatograph ica l ly  pure  u n k n o w n  and  s t anda rd  were 
ex t r ac t ed  f rom the  gel wi th  methanol ,  t aken  to  dryness  
in vacuo, and  dissolved in a smal l  vo lume of acetone.  
Al iquots  of th is  were in t roduced  wi th  the  direct  inlet  
p robe  into a A.E:I .  Type  MS902 mass  spec t rometer .  
P robe  t e m p e r a t u r e  was  150~ electron source t empera -  
ture  250~ and  the  beam energy  was 70 eV. 

Results.  In  t he  reference m a p  of dansyl  der iva t ives  
(Figure), unknown  spo t  36 was ident i f ied as dansyl  sar- 
cosine based on:  1. co-migra t ion  in d i f fe rent  so lvent  
sys t ems  (Table). 2. coincidence of the i r  exci ta t ion  and 

Mobilities of unknown spot 36 compared to standard dansyl-sarcosine 

Solvent system Unknown Rf Dans-sarcosine RI 

1 0.78 0.79 
2 0.17 0.167 
3 0.385 0.385 
4 0.84 0.835 
5 0.95 0.95 
6 0.55 0.56 

Values were obtained on polyamide thin layers (Carl Sehleieher & 
Schull F1700) and Silica Gel G (Merck) using different solvent 
systems; 1. ethyl acetate :methanol:acetic acid (20 : 1 : 1) ; 2. benzene : 
triethylamine (5:1); 3. carbon tetrachloride:methanol (15:1); 4. 
benzene : pyridine : acetic acid (80 : 20:1) ; 5. chloroform :tert-butanol : 
acetic acid (6:3 : 1), and 6. n-butanol :n-heptane :acetic acid (3 : 3 : 1). 

C!D CD29 

Standard ehromatogram 8 to show the relative positions of substances 
reacted with dansyl chloride~ Two-dimensional development was in 
water/formic acid (100 : 3 v/v) in the horizontM direction and benzene/ 
acetic acid (9 : 1 v/v) in the vertical direction. Spot i is the origin and 
the dansyl products are 2-taurine, 3-dansyl-OH, 5-tryptophan, 6- 
lysine, 7-ornithine, 8-phenylalanine, 9-bis-histidine, 10-1eucine , l l -  
isoleucine, 13-5-OH indole, 14-proline, 15-valine, 16-GABA, 17- 
alanine, dansyl-NH2, 18:ethanolamine, 19-giycine, 20/21-aspartic and 
glutamic acids, 22-25-giutamine, asparagine, serine, threonine, 
citrulline, 26-e-lysine, arginine, 28-putrescine, 29-cadaverine, 33- 
unknown, 34-unknown, 35-methionine, 36-sarcosine. 

emission spectra ,  and  3. coincidence of the i r  f r agmenta t ion  
p a t t e rn s  9. The posi t ion of dansy l  sarcosine, using the  
c o m m o n  2 solvent  sys tems  ~, 2, 7, was clearly b racke ted  by  
the  der iva t ives  of proline, valine, and GABA. This has 
been  previous ly  des igna ted  as ' spo t  13' z0, ' unknown  U~' n 
' s p o t  31' ~, and  ' spo t  36'1~. 

The  reac t ion  p roceeded  q u a n t i t a t i v e l y  over  a range of 
dansy l  chloride and  sarcosine concent ra t ions ,  wi th  a 
fas ter  ra te  t h a n  for glycine or alanine.  The N - m e t h y l  
subs t i tu t ion  raises t he  p K  of the  amino  group f rom 9.8 
to 10.2, mak ing  i t  a b e t t e r  base and  more  react ive  nucleo- 
phile for dansyla t ion.  Thus,  sarcosine can be quan t i t a t i ve ly  
e s t ima ted  f rom the  yield of its dansy l  der ivat ive.  

Samples  of t he  pre-  and  pos t - synap t i c  axons  and cell 
bodies were t aken  f rom the  squid g ian t  synapse  (a junct ion  
be tween  second- and  th i rd -o rder  g ian t  fibres in Loligo 
stel late  ganglion) 18 and  ana lyzed  by  the  dansyl  chromato-  
g r ap h y  technique.  P re l imina ry  resul ts  indica ted  sarcosine 
was found only  in pos t synap t i c  tissue. A more  extens ive  
examina t ion  in an o t h e r  cephalopod,  Eledone cirrhosa, 
revealed t h a t  sarcosine was a symmet r i ca l ly  d i s t r ibu ted  
t h r o u g h o u t  bra in  regions, bu t  was uni formly  higher  in 
bra in  t h a n  in o the r  t issues. I t s  levels were  h ighes t  in t he  
median  super ior  f ronta l  lobes and  the  buccM lobes, and it 
was absen t  f rom the  connect ive  t issue and pro tec t ive  
cranial  jel ly su r round ing  the  brain.  

In  Hel ix  pomatia,  sarcosine was h ighes t  in the  circumo- 
esophageal  and  buccal  ganglia,  a l though  there  were 
de tec tab le  levels in the  blood. I t  was no t  found in o ther  
tissues. Studies  on indiv idual  neurones  showed it  to  be 
absen t  f rom the  g ian t  buccal cells 14 and  f rom the  meta-  
cerebral  g ian t  neurones,  bu t  p resen t  in suboesophageal  
neurone  'E  'a. Sarcosine was t e s t ed  on individual  Hel ix  
neurones  dur ing  intracel lular  recording and  on the  isolated 
c lam hea r t  w i t h o u t  effect.  

Discussion.  In  consider ing the  significance of f luctuat ions  
in sacrosine levels, it  is i m p o r t a n t  to  know its metabol ic  
origin. Sarcosine can arise by  e i ther  the  ca tabol i sm of 
cho l ine  th rough  betaine,  or t he  direct  N-me thy l a t i on  of 
glycine. High  levels of bo th  po ten t i a l  precursors  zS,zs in 
the  mollusc t issues we examined  obscures clear inter-  
pre ta t ion .  Consequent ly ,  sarcosine m a y  reflect  me tabo l i sm 
of choline a n d / o r  glycine (both compounds  of neur0- 
chemical  interest) .  

The p r e d o m i n a n t  localization of sarcosine to nervous 
tissue, and its nonun i fo rm d i s t r ibu t ion  therein,  suggest  it  
is the  p roduc t  of a largely neurochemica l  p a t h w ay .  I t  m a y  
in fact  have  an ac t iv i ty  of its own,  bu t  efforts to de tec t  a 
pharmacologica l  ac t iv i ty  have  no t  been  successful. In  
th is  regard,  it  is in te res t ing  to note  t h a t  glycine N-methy l -  
t ransferase  has been p roposed  as a ' r egula tory  enzyme '  
in aging ve r t eb ra t e  tissues~L In  brain,  N-me thy la t ion  
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m a y  c o n t r i b u t e  t o  t e r m i n a t i n g  t h e  a c t i o n  o f  t h e  p u t a t i v e  
n e u r o t r a n s m i t t e r  g lyc ine .  T h e  s i g n i f i c a n c e  of t h e  p o s t -  
s y n a p t i c  l o c a l i z a t i o n  o f  s a r c o s i n e  in  t h e  s q u i d  g i a n t  s y n a p s e  
is u n k n o w n .  

E x a m i n a t i o n  of  p r e v i o u s l y  p u b l i s h e d  d a n s y l  c h r o m a t o -  
g r a m s  s h o w  s a r c o s i n e  is r e s t r i c t e d  to  t h e  b r a i n  in  Helix ~2 
t i s s u e s  a n d  p r e s e n t  in  t h e  b l o o d  1~ I t  is u n a f f e c t e d  b y  
e l ec t r i c a l  s t i m u l a t i o n  o f  t h e  b r a i n  ~8, o r  b y  t r e a t m e n t  w i t h  
L S D - 2 5 1 1 .  O u r  o w n  a n d  ea r l i e r  c o m p a r a t i v e  s t u d i e s  s h o w  
i t  t o  be  t h e  h i g h e s t  in  c r u s t a c e a n s  a n d  c e p h a l o p o d s  ~9 ; b u t  
a b s e n t  f r o m  t h e  l e ech  s e g m e n t a l  n e r v e  c h a i n  20, d o r s a l  r o o t  
g a n g l i a L  a n d  t h e  o p t i c  p a t h w a y 2 ,  5. 

Summary. A n  u n k n o w n  d a n s y l  d e r i v a t i v e  w a s  i d e n t i f i e d  
as  d a n s y l  s a r c o s i n e .  I n  m o l l u s c s ,  s a r c o s i n e  w a s  f o u n d  t o  
be  l a r g e l y  loca l i zed  t o  t h e  n e r v o u s  s y s t e m .  E x a m i n a t i o n  
of  i n d i v i d u a l  sna i l  n e u r o n e s ,  r e g i o n s  of t h e  o c t o p u s  b r a i n  

a n d  t h e  s q u i d  g i a n t  s y n a p s e  s h o w e d  d r a m a t i c  v a r i a t i o n s  
in  s a r c o s i n e  leve ls .  
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Effect of S o m e  P h o s p h o d i e s t e r a s e  Inhib i tors  on 
3 ' , 5 ' - M o n o p h o s p h a t e  P h o s p h o d i e s t e r a s e  

M a n y  ce l l u l a r  f u n c t i o n s  a r e  r e g u l a t e d  b y  a d e n o s i n e  
Y, 5 ' - cyc l i c  m o n o p h o s p h a t e  (cycl ic  A M P ) .  T h e  i n t r a -  
c e l l u l a r  c o n c e n t r a t i o n  of  cyc l ic  A M P  is g e n e r a l l y  u n d e r  
h o r m o n a l  con t ro l .  T h e r e f o r e  i t  s e e m s  of  spec i a l  i n t e r e s t  t o  
s t u d y  t h e  e f f ec t  of  c h e m i c a l s ,  e s p e c i a l l y  t h e r a p e u t i c  
a g e n t s ,  o n  t h e  r e g u l a t i o n  of  cyc l ic  A M P  in  in  v i t r o  s y s t e m s  
a n d  in  i n t a c t  cells.  

Cyc l i c  A M P  p h o s p h o d i e s t e r a s e  ( P D E ) ,  t h e  e n z y m e  
w h i c h  d e g r a d e s  cyc l ic  A M P  to  Y - A M P ,  r e p r e s e n t s  a 
p o s s i b l e  t a r g e t  for  i n f l u e n c i n g  t h e  i n t r a c e l l u l a r  c o n c e n -  
t r a t i o n  of  cyc l ic  A M P  b y  c h e m i c a l  m e a n s .  W h e n  c o m -  
p o u n d s  a re  t e s t e d  for  t h e i r  a c t i v i t y  as  i n h i b i t o r s  of  P D E ,  
o f t e n  t h e  c o n c e n t r a t i o n  o f  t h e  c o m p o u n d  n e c e s s a r y  to  
i n h i b i t  P D E  a c t i v i t y  b y  5 0 %  (I~0) is d e t e r m i n e d  l-a.  

P D E  s e e m s  to  e x i s t  in  a v a r i e t y  of  i s o e n z y m i c  f o r m s  
w h i c h  m a y  o c c u r  s i m u l t a n e o u s l y  in  a p a r t i c u l a r  t i s s u e  4 6. 
T o  e v a l u a t e  t h e  p o t e n c y  of  a c o m p o u n d  as  P D E  i n h i b i t o r  
in a spec i f ic  t i s s u e ,  i t  s e e m s  d e s i r a b l e  to  m e a s u r e  i t s  P D E  
i n h i b i t i n g  a c t i v i t y  o n  m o r e  t h a n  one  p r e p a r a t i o n  of P D E .  
S u c h  a s t u d y ,  u s i n g  t w o  d i f f e r e n t  P D E  p r e p a r a t i o n s ,  is 
p r e s e n t e d  in  t h i s  p a p e r .  

Materials and methods. T w o  d i f f e r e n t  P D E  p r e p a r a t i o n s  
f r o m  r a t  b r a i n  c o r t e x  we re  u s e d .  O n e  w a s  p r e p a r e d  ac -  
c o r d i n g  to  K A K I U C m  7 w h i c h  i n c l u d e d  S e p h a d e x  G - 2 0 0  
c o l u m n  c h r o m a t o g r a p h y  of  a s u p e r n a t a n t  o b t a i n e d  a f t e r  

T w o  Different Preparat ions  of Adenos ine  

c e n t r i f u g a t i o n  o f  t h e  h o m o g e n a t e  of  r a t  b r a i n  c o r t e x .  
T h e  S e p h a d e x  G - 2 0 0  c o l u m n  c h r o m a t o g r a p h y  y i e l d e d  3 
f r a c t i o n s  w i t h  P D E  a c t i v i t y .  O n e  f r a c t i o n  s h o w e d  e n z y -  
m a t i c  a c t i v i t y  o n l y  in  t h e  p r e s e n c e  of m o d u l a t o r  p r o t e i n  
a n d  c a l c i u m  ions .  T h i s  f r a c t i o n  w a s  u s e d  f u r t h e r  a n d  wil l  
be  d e s i g n a t e d  ] ?DE I. M o d u l a t o r  p r o t e i n  w a s  p r e p a r e d  b y  
h e a t i n g  a h o g  b r a i n  c o r t e x  h o m o g e n a t e  for  5 m i n  a t  95 ~ 
in  a w a t e r  b a t h ~ .  
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I50 values of some PDE inhibitors using two different PDE preparations and two different substrate concentrations 

Substrate Concentration (if.M) IBMX I50 (~tM) Papaverin I50 ([xM) SQ66-007 IB0 (p.M) SQ 20 009 I50 ([xM) n 

PDE I 500 9.25 :t: 4.3 48.5 • 19 35.1 • 9.7 28.5 :t- 4.6 4 
PDE I 0.25-2 24.6 -L 5.3 94.4 -[- 3.7 64 i 10.8 n.d. 4 
PDE II 500 67.75 • 6.1 b 52.87 • 5.5 n.s. 56.5 :J: 10.1 a n.d. 5 
PDE II 0.25-2 44.2 i 5 .4~ 33.7 • 19.6 b 19.1 :t: 4.6 b n.d. 5 
PDE I 500 2p  < 0.01 '~ 2p  < 0.01 ~ 2p  < 0.01 ~ 
PDE I 0.25-2 
PDE II 500 2p <: 0.001 c n.s. e 2p  < 0.001 ~ 
PDE II 0.25-2 

The incubation mixture contained in a total volume of 1.0 ml; 0.2 m M  dithiothreitol; 1 m M  Y-AMP; 3 raM MgSO4; 0.5 mM 3H 3',5'-cyclic 
AMP (60 nCi); 0.1 m M  CaC12; varying concentrations of inhibitor and 36 [zg of PDE I plus 71 ~tg modulator protein or 420 btg PDE II. The 
reaction was stopped by addition of 0.2 ml ZnSO 4 (0.2 mM) and 0.2 ml Ba(OH)~ (0.2 mM). After centrifugation, radioactivity of the superna- 
taut  was determined, a < 0.05, b % 0.001 as compared to PDE I. n.s. not significant, o Iso values at high substrate concentration compared 
to those at low substrate concentration: n.d., not determined. IBMX : Isobutylmethylxantine.  All values represent mean ~- S.D. 


