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cor re la te  of t h e  ' s t rong ly  f luorescent  bulges '  descr ibed  in 
t he  p e r i p h e r y  4. These  poss ib ly  r ep resen t  t he  si te  of accu-  
m u l a t i o n  of s torage  vesicles where  t he  a x o n  is i n t e r r up t ed .  

The  dua l  ac t ion  of 6 - h y d r o x y d o p a m i n e  r e m a i n s  to  be 
clarified. The  compound ,  owing to i ts  chemica l  s imi la r i ty  
to  dopamine ,  m i g h t  be  t r a n s p o r t e d  in to  t he  ca techol -  
amine rg ic  ne rve  end ings  b y  t he  same specific m e c h a n i s m  
as t h e  endogenous  ca teeho lamines .  As a consequence,  6- 
h y d r o x y d o p a m i n e  would  a c c u m u l a t e  in  t he  ne rve  ter -  
m i n a l s  and  m a y  replace  t he  endogenous  ca t echo l amines  
a n d / o r  i n h i b i t  t he i r  syn thes i s  (see above) .  As long as t he  
i n t r a n e u r o n a l  c o n c e n t r a t i o n  of 6 - h y d r o x y d o p a m i n e  a n d /  
or i ts  p o t e n t i a l  m e t a b o l i t e  6 - h y d r o x y n o r e p i n e p h r i n e  is 
r e la t ive ly  low (as a f t e r  once 200 ~g 6 -hyd roxydopamine ) ,  
no  u l t r a s t r u c t u r a l  changes  appear ,  H i g h e r  i n t r a n e u r o n a l  
c o n c e n t r a t i o n s  of 6 - h y d r o x y c a t e c h o l a m i n e s  (af ter  twice  
200 vg 6 - h y d r o x y d o p a m i n e )  ev iden t ly  cause in a d d i t i o n  
morpho log ica l  damage .  This  m i g h t  be  due, for ins tance ,  to  
d i s rup t ion  of t he  t e r t i a r y  a n d  q u a r t e r n a r y  s t r u c t u r e  of 
p ro t e in s  in  t h e  ne rve  endings ,  since 6 - h y d r o x y d o p a m i n e  
is a d e r i v a t i v e  of 6 - h y d r o x y h y d r o q u i n o n e ,  a s t rong  reduc-  
ing agent .  

I n  conclusion,  6 - h y d r o x y d o p a m i n e  seems to  h a v e  two 
m a i n  act ions .  A single dose decreases  t he  cerebra l  nor-  
ep inephr ine  a n d  dopamine ,  poss ib ly  b y  ac t ing  as a false 
t r a n s m i t t e r  a n d / o r  b y  i n h i b i t i n g  ca t echo l amine  synthes is .  
R e p e a t e d  doses, in add i t ion ,  cause  specific u l t r a s t r u c t u r a l  

lesions of t h e  ca t echo lamine rg i c  neu rons  s imilar  to  those  
found  in t h e  pe r iphe ra l  s y m p a t h e t i c  ne rvous  sys t em is. 

Zusammen/assung.  I m  Geh i rn  yon  R a t t e n  b e w i r k t  ein- 
mal ige  i n t r aven t r i ku l / i r e  Inj  ek t ion  yon  200 ~g 6 -Hydroxy-  
d o p a m i n  n a c h  2 u n d  5 Tagen  eine deut l iche  V e r m i n d e r u n g  
yon  N o r a d r e n a l i n  u n d  D o p a m i n ,  w/ ihrend 5 -Hydroxy-  
t r y p t a m i n  n u r  geringfi igig he r abgese t z t  wird. E l ek t ronen -  
mik roskop i sch  s ind ke ine  s t ruk tu re l l en  Ver~inderungen 
fes tzuste l len.  Zweimal ige  I n j e k t i o n  yon  200 ~xg 6-Hy-  
d r o x y d o p a m i n  f t ihr t  dagegen  zu schweren  spezi f ischen 
Degene ra t i onen  im Bere ich  des Nucleus  c a u d a t u s  u n d  
H y p o t h a l a m u s .  D a r a u s  wi rd  geschlossen, dass n iedr ige  
Dosen  6 - H y d r o x y d o p a m i n  die ce rebra len  Ca techo lamine  
v e r m i n d e r n  k6nnen ,  ohne  u l t r a s t ruk tu re l l e  Sch~idigungen 
des Geh i rns  zu ve ru r sachen .  
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C a r o t e n o i d s  o f  Betaeus harfordi ( C r u s t a c e a :  D e c a p o d a )  l 

Betaeus har/ordi is a sma l l  s h r i m p  wh ich  l ives in t he  
m a n t l e  c a v i t y  of abalone .  I t  occurs  a long t h e  coas t  of 
Cal i fornia  a n d  p a r t  of Mexico in all species of Haliotis b u t  
m o s t  c o m m o n l y  in t he  p i n k  abalone,  Haliotis corrugata 2. 

The  p re sen t  i nves t i ga t i on  was  u n d e r t a k e n  for the  pur -  
pose of cha rac t e r i z ing  t he  t o t a l  ca ro teno id  p i g m e n t s  of 
Betaeus har/ordi and  to  d e t e r m i n e  t he  ca ro teno id  m o i e t y  
of t he  supposed  c a r o t e n o - p r o t e i n  wh ich  causes t h e  deep 
b lue -purp le  ex t e rna l  b o d y  color. 

Methods. Anima l s  wh ich  h a d  been  s t a r ved  for 5 days  
were  used for t he  s tudy.  T he  ca ro teno ids  were e x t r a c t e d  
w i t h  e t h a n o l  a n d  washed  t h e n c e  b y  d i lu t ion  in to  hexane .  
A b s o r p t i o n  spec t ra  were d e t e r m i n e d  on  a B a u s c h  a n d  
L o m b  spec t ron ic  505 record ing  s pec t r opho t om e t e r .  Th in -  
layer  c h r o m a t o g r a p h y  was conduc t ed  upon  silica gel H 
us ing  e luan t s  composed  of 15% ace tone  in h e x a n e  (v/v) 
for  zones 1-4 and  25% ace tone  in h e x a n e  for zone 5. The  
ca ro teno ids  were iden t i f i ed  b y  (1) a b s o r p t i o n  m a x i m a ,  
(2) b e h a v i o r  before  a n d  a f t e r  saponi f ica t ion ,  (3) p a r t i t i o n  

coeff icients  be tween  95% m e t h a n o l  and  h e x a n e  a, and  
(4) c o - c h r o m a t o g r a p h y  w i t h  au then i c  samples.  The  caro- 
t eno id  c h r o m o p r o t e i n  was e x t r a c t e d  in 0 . 1 M  p h o s p h a t e  
buffer  (pH 7.2), f i l tered,  a n d  cen t r i fuga t ed  a t  27,000 g for 
1 h in  t he  cold to  r emove  non-col lo idal  pa r t i cu l a t e  m a t t e r .  

Results. T h e  n a t u r e  a n d  re la t ive  a m o u n t s  of t h e  caro- 
t eno ids  found  are  recorded  in t he  Table ,  t oge the r  w i t h  
a b s o r p t i o n  m a x i m a  in h e x a n e  a n d  p a r t i t i o n  coeff icients  
b o t h  before  a n d  a f te r  t r e a t m e n t  w i t h  alcoholic alkali .  
Zone 1 did  n o t  sepa ra te  f rom s y n t h e t i c  f l-carotene w h e n  
the  2 c o m p o u n d s  were co -ch roma tog raphed .  Zone 2 was 
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Carotenoids found in Betaeus har/ordi, listed in order of increasing adsorption on silica gel thin layer 

Pigment % of total ,ima x (hexane, nm) 
A S B b 

Partition coefficients between 
hexane and 95% methanol 
A S B b 

fl-carotene 4.2 470, 442, ~422 
Echinenone 2.2 ~476, 450 
Astaxanthin ester 37.6 464 
Astaxanthin ester 35.8 464 
Astaxanthin 20.2 464 

470, Zg2,~422 100:0 100:0 
- epiphasic epiphasic 

466 93:7 25:75 
466 74:26 25:75 
466 13:87 25:75 

Before saponification, b After saponification. 
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not  found in sufficient  yield for posi t ive  ident i f ica t ion b u t  
the  absorp t ion  curve and  pa r t i t i on  behavior  af ter  saponi-  
f icat ion suggest  the  possibi l i ty  of echinenone.  Zones 3 and  
4 were ident i f ied as a s t a x a n t h i n  esters  by  the i r  single 
rounded  absorp t ion  m a x i m u m  at  464 nm, the i r  charac-  
ter is t ic  interfacial  ' red muff '  observed when  the  saponif ied 
f rac t ion in di luted e thanol ic  alkali was shaken  wi th  
hexane  4, L and  the i r  pa r t i t i on  coefficients b o t h  before and  
af ter  saponif icat ion.  F inal  evidence was ob ta ined  by  co- 
c h r o m a t o g r a p h y  of t he  saponif ied fract ions w i th  au thenic  
astacene.  Zone 5 did no t  separa te  f rom free a s t a x a n t h i n  
when  co-chromatographed .  Af ter  alkaline t r ea tmen t ,  i ts  
proper t ies  were ident ical  to those  of saponif ied zones 3 and  
4. Visible l ight  absorp t ion  of the  ca ro tenopro te in  solut ion 
showed a broad single rounded  m a x i m u m  at  480 nm. 
Upon  addi t ion  of alcohol, the  blue solut ion tu rned  orange.  
Subsequen t  th in - l ayer  c h r o m a t o g r a p h y  resul ted in a 
single p ink  zone, the  proper t ies  of which  indica ted  
a s t axan th in .  I ts  iden t i ty  was conf i rmed by  mixed  chroma-  
t og raphy  wi th  authenic  a s t axan th in .  

I t  is no t  surpr is ing t h a t  a s t a x a n t h i n  and  its esters  com- 
prise 93.6% of the  to ta l  caro tenoids  of Betaeus har/ordi, 
for crus taceans  in general  have  been shown to conta in  
a s t a x a n t h i n  in abundance% The fact  t h a t  the  chromo-  

p ro te in  involves unester i f ied a s t a x a n t h i n  as the  carotenoid  
moie ty  is also no t  unexpec ted  since it is the  mos t  c o m m o n  
pro te in-assoc ia ted  carotenoid  in the  Malacostraca~. 

Zusammen/assung. Die Carot inoide der  Garnele Betaeus 
har/ordi bes tehen  zu tiber 93% aus A s t a x a n t h i n  und  
seinen Estern .  Die t iefblaue ~iusserliche Farbe  wird  durch  
ein Chromopro te id  mi t  unve re s t e r t em A s t a x a n t h i n  ge- 
bi ldet .  
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I r r e v e r s i b l e  s y n t h e t i s c h e  I n h i b i t o r e n  d e r  U r o k i n a s e  

Zur Charakter is ierung des p lasminogenak t iv ie renden  
Fe rmen te s  aus H a m ,  Urokinase,  sind in mehre ren  Unte r -  
suchungen syn the t i sche  Inh ib i to ren  e ingesetz t  worden.  
Als kleinlnolekulare Inh ib i to rcn  der Urokinase  erwiesen 
sich die als (~synthetische Antifibrinolytika,> ~ b e k a n n t e n  
Verb indungen  e-Aminocapronstture,  4 -Aminomethy lben-  
zoesgure und Ira ns-4- Aln inomethy lcyc lohexancarbon-  
s/ iure14, die neben Uroldnase  auch andere  p lasminogen-  
ak t iv ie rende  lCermente heminen .  Im R a h m e n  neuerer  
Un te r suchungen  5 iiber den \Vi rkungsmechanis lnus  dieser 
Verb indungen  wurde  gezeigt, dass Benzylamin-  und 
Benzamid inder iva te ,  die sich schon als ko lnpe t i t ive  
H e m m s t o f f e  des Trypsins ,  Plasmins ,  Thrombins  und  
Kall ikreins erwiesen haben  6 n, auch die Urokinase  kom- 
pe t i t iv  zu he lnmen  verm6gen.  Weitere  Aufschliisse fiber 
die S t ruk tu r  des ak t iven  Zentru lns  der  Urokinase  sind 
yon der  Umse t zung  des Fe rmen te s  mi t  b e k a n n t e n  und  
neuentwicke l ten  12 i r reversiblen Inh ib i to ren  der genann ten  
pro teo ly t i schen  Fer lnen te  zu erwarten.  

In  der vor l iegenden Un te r suchung  wurden  folgende 
Inh ib i to ren  benu t z t :  Di i sopropyl f luorophospha t  (DFP) :  
Hande lspr / ipa ra t  (Boots Pure  Drug Co. Ltd. ,  N o t t i n g h a m ,  
England) ;  N~-Tosyl-L-l_vsinchlormethylketon (TLCK) : 
Hande l sp rgpa ra t  (Calbiochem, Luzern,  Schweiz)la;  4- 
Guanid inobenzoesgure-4 ' -n i t robenzyles te r  (GBNB)x4. Die 
ve rwende te  Urokinase  (Hande l sp rgpara t  der Leo Phar -  
maceut ica l  Products ,  Kopenhagen ,  D~inemark), besass 
eine spezifische Akt iv i tg t  von 8000 P loug-Einh . /mg.  Zur 
A k t i v i t g t s b e s t i m m u n g  der  Urokinase  wurde  das yon 
WALTON 4 beschr iebene Es t e r subs t r a t  Na-Acetylglycyl-L - 
lys inmethy les te r  (AGLME)15 eingesetzt .  Alle Subs tanzen  
wurden  in carbonat f re ie r  0,155AI NaC1-L6sung gel6st. 

3,0 ml f e r m e n t l 6 s u n g  (800 Ploug-Einh. /ml)  und 3,0 ml  
Hemmstof f l6sung ,  beziehungsweise  Fe rmen t -  und NaC1- 
L6sung in den Kontrol len ,  wurden  zusammengegeben ,  die 
Reak t ionsmischungen  wurden  auf p H  7,5 eingestel l t  und  
anschl iessend bei 25 ~ inkubier t .  Zu bes t in lmten  Zeiten 

wurden  P roben  yon je 1,0 ml aus den Reaktionsans~itzen 
e n t n o m m e n  und zu 4,0 ml Subs t ra t l6sung  zugegeben.  
Die Subs t r a thydro lyse  wurde  durch  po ten t iome t r i s che  
T i t ra t ion  bei p H  7,8 ( p H - O p t i m u m  der  Reakt ion)  a und 
25 ~ un te r  gere in ig tem St icks toff  verfolgt .  Es  wurde  der 
Alkal iverbrauch in 150 sec bei  einer  A G L M E - K o n z e n t r a -  
t ion von 5:" 10 41/'/ be s t immt .  Auf diese \Veise wurden  
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