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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 

MARIANNE E. SCHWAGER-I-IuBNER a n d  M. C. GN~DINGER 

Universittits-AugenkIinik, Mittlere Strasse 91, CH-d056 Basel (Switzerland), 6 August 7975. 

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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of each  cu l tu re  for  4 days.  A t  t h e  end  of t he  exposure  to  
t he  precursor ,  t h e  m e d i u m  was w i t h d r a w n  a n d  t he  cells 
homogenized .  A smal l  a l iquo t  of t he  ce l l -homogena te  was 
t a k e n  for  p ro t e in  de t e r m i na t i on .  Ce l l -homogena te  a n d  

Radioactivity of each fraction expressed as percentage 4- SD of the 
total eluted 

Fraction number Epithelium Fibroblasts Endothelium 

1 7.6 • 2.5 2.7 • 0.1 5.7 • 1.1 
2 1.1 4- 0.3 1.9 4- 0.7 0.2 4- 0 
3 6.6 4- 0.7 4.3 4- 0.7 4.9 4- 0.6 
4 - -  - -  - -  

5 68.0 • 3.2 33.2 4- 3.5 69.5 4- 4.1 
6 13.9 4- 0.6 46.4 4- 3.1 15.3 4- 3.9 
7 2.6 4- 0.3 11.4 4- 1.3 4.1 4- 0.7 

Total protein 
of cultures 
(~xg4- SD) 933 4- 25 361 4- 44 504 :L 43 

CP~ of total eluted 
(cpm• ~4-SD) 98 4- 8 124 4- 31 204 4- 41 

The data are calculated from 3 cultures of each cell type. 
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GAG-fractionation-pattern from one culture of each cell type. W x 
represents the missing radioactivity in the first wash, indicating that 
0.05% CPC does not elute GAG. 

m e d i u m  were recombined ,  d iges ted  w i t h  p ronase  a n d  
t h o r o u g h l y  dialyzed.  Af te r  t r e a t i n g  w i t h  t r i ch lo race t i c  
acid and  ether ,  t h e  i n f r a n a t a n t  con ta in ing  t he  GAG was 
lyophil ized.  The  powder  was redissotved in a smal l  
vo lume  0.02 M NaC1/1% c e t y l p y r i d i n i u m  chlor ide  (CPC) 
and  added  to a W h a t m a n  cellulose co lumn.  GAG-frac-  
t ions  were e lu ted  w i t h  7 specific so lven t s  of increas ing  
ionic s t r e n g t h  accord ing  to SVEJCAR a n d  ROBERTSON 7 
and  CONRAD s, 0 respect ively .  B y  th i s  me thod ,  t h e  GAG 
are sepa ra t ed  in to  CPC-soluble  G A G  (fract ion 1) a n d  
CPC-insoluble  G A G  (fract ions 2-7). B e t w e e n  each  frac-  
t ion,  t he  co lumn  was  washed  w i t h  0 .05% CPC. Th i s  CPC- 
c o n c e n t r a t i o n  does n o t  e lu te  a n y  GAG. 

Results and discussion. The  resu l t s  d e m o n s t r a t e  t h a t ,  
in  t i ssue  cul ture ,  all t h r ee  cell t ypes  of t h e  r a b b i t  co rnea  
are able  to  syn thes ize  G A G  (Figure  a n d  Table) .  In-  
t e r e s t ing ly  t he  f r a c t i o n a t i o n - p a t t e r n s  of t h e  ep i the l ia l  
and  t h e  endo the l i a l  G A G  are a l m o s t  ident ica l .  The  e lu ted  
G A G  f rom b o t h  cell t ypes  h a v e  t h e i r  h ighes t  p e a k  of 
r a d i o a c t i v i t y  in  f r ac t ion  5. On t he  o the r  h a n d ,  t he  rad io-  
a c t i v i t y  of t he  f ib rob las t i c  G A G  is h ighes t  in  f rac t ion  6. 
Accord ing  to  CONRAD 9, t he  degree of su l fa t ion  increases  
f rom f rac t ion  3 to  f r ac t ion  7. There fore  t he  f rac t io l la t ion-  
p a t t e r n s  ind ica te  t h a t  t h e  e p i t h e l i u m  and  t h e  e n d o t h e l i u m  
syn thes ize  p r e d o m i n a n t l y  G A G  w i t h  a lower degree of 
sulfa t ion,  whereas  t h e  f ib rob las t s  p roduce  more  h i g h l y  
su l fa ted  GAG. Obvious ly  t h e  e p i t h e l i u m  and  t h e  endo-  
t h e l i u m  produce  G A G  which  are n o t  in  c o m m o n  w i t h  t h e  
ones syn thes ized  b y  f ibroblas ts .  However ,  t he  endo the l i a l  
ceils and  t he  f ib rob las t s  possess some s imi lar i t ies :  B o t h  
are of m e s o d e r m a l  origin and,  re fer red  to  t h e  t o t a l  p ro t e in  
of cu l tu res  as a measu re  of t h e  cells i nvo lved  in syn thes i s ,  
t h e y  inco rpora t e  a b o u t  t he  same a m o u n t  of su l fa te  in to  
GAG, whereas  t he  i nco rpo ra t i on  r a t e  is cons ide rab ly  lower 
in t h e  ec tode rma l  ep i the l ium.  

The  f i rs t  f r ac t ion  should  c o n t a i n  k e r a t a n  sul fa te  wh ich  
is t he  on ly  CPC-soluble  GAG. The  low r a d i o a c t i v i t y  in  th i s  
f r ac t ion  makes  i t  l ikely t h a t  on ly  smal l  a m o u n t s  of 
k e r a t a n  sul fa te  are syn thes ized  b y  cu l tu red  corneal  cells. 
Th i s  is in  accordance  w i t h  CONRAD and  DORFMAN 1~ who  
found  t h a t  e m b r y o n i c  ch ick  co rnea  s tops  syn thes i z ing  
k e r a t a n  su l fa te  a f t e r  48 h of cul ture .  

I n  a r ecen t  c o m m u n i c a t i o n  4, we h a v e  d e m o n s t r a t e d  b y  
e n z y m e  assay  t h a t  f r ac t ion  3 a n d  5-7 of t h e  ep i the l ia l  
and  f ib rob las t ic  G A G  compr ise  chief ly  c h o n d r o i t i n  sul- 
fates.  
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Dopamine-fl-Hydroxylase Activity in Serum of Developing Rats 
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Summary. After  b i r th ,  t h e  a c t i v i t y  of dopamine - f l -hydroxy lase  in r a t  s e rum increased  up  to  14 days  m a x i m a l  level  
and  decreased  g r adua l l y  to  r each  a low level  a t  42 days  w h i c h  was a b o u t  14% of t h e  a c t i v i t y  of m a x i m a l  a c t i v i t y  a t  

14 days.  

Dopamine - f l -hydroxy la se  (DBH) is re leased in to  t h e  in  h u m a n  se rum was  r epo r t ed  to  increase  m a r k e d l y  for  
b lood s t r e a m  f rom the  s y m p a t h e t i c  n e r v e  t e r m i n a l s  in  t he  f i rs t  2 or 3 years  of life r each ing  a h igh  c o n s t a n t  level  
s y m p a t h e t i c a l l y  i n n e r v a t e d  o rgans  and  f rom t h e  adrenals ,  d u r i n g  a d u l t h o o d  a, 4. 
and  the re fore  s e rum D B H  a c t i v i t y  m a y  ref lect  to  some On t h e  o the r  h a n d ,  i t  h a s  been  f o u n d s  t h a t  s e r u m  D B I {  
e x t e n t  s y m p a t h e t i c  n e r v e  a c t i v i t y  2. T he  a c t i v i t y  of D B t I  ac t iv i t i e s  b o t h  in s p o n t a n e o u s l y  h y p e r t e n s i v e  (SH) r a t s  ~ 


