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rung nach gleichzeitiger Zugabe des F~llungsmittels und 
der Monosaccharide. Bei einer Initialgeschwindigkeit des 
Glucoseschwundes bzw. der Desoxy-D-glucose-6-phos- 
phatbfldung yon 0,5/~Mol/ml Zellen • Sekunde (30°C) b,s 
ergaben die ~Blindwerte~ bei gleichzeitigem Zusatz yon 
Trichloressigs~iure bzw. Perchlors~ure und der Mono- 
saccharide in beiden F~llen ohne Unterschied scheinbare 
Ums~tze von weniger als 0,10 pMol, was einer Zeit bis 
zur Unterbrechung des Zellstoffwechsels yon etwa 200 msec 
entsprechen wfirde. Auf Grund unserer Ergebnisse muss 
bei Hefezellen eine F/illung mit  Perchlors~ure und nach- 
folgendem Aufschluss durch dreifaches Frieren und Tauen 
als die fiir die quant i ta t ive  Best immung verschiedener 
Metabolite am besten geeignete Methode angesehen 
werden. 

greatly depends on the method of cell extraction. Repro- 
ducible and high levels can be obtained after prolonged 
incubation at  high temperatures or by freezing and thaw- 
ing of the denatureted cellular material  in perchloric acid, 
thus eliminating possible errors due to different recoveries 
in the cell-free extracts. 

G. KOPPERSCHLAGER und H. W. AUGUSTIN 

Physiologisch-Chemisches Institut der Medizinischen 
Akademie Magdeburg (DDR), 30. Januar 7967. 

Summary. The exact  assay of metabolites like NAD, s H.W. AUGUSTIN und E. HOFMANN, Acta biol. reed. germ. tl,  628 
A T P  and other glycolytic substances in intact  yeast  cells (1963). 

The Dis tr ibut ion  of Ouinone  P i g m e n t s  in 
E c h i n o d e r m s  

A characteristic feature of echinoderms is the occurrence 
of a var ie ty  of quinone pigments in their calcareous 
skeleta (spinochromes) and in parts of their viscera 
(echinochromes) 1. Neither the biogenesis nor the function 
of these compounds is known at  present, but  some 
interesting aspects of their distribution have come to light 
in the course of our work. 

Of the 5 classes in the phylum Echinodermata (echinoids, 
holothurians, asteroids, ophiuroids, and crinoids) the 
echinoids (sea urchins) have received the closest attention. 
As a result of our work ~,8 and of research in other 
laboratories 1 it appears tha t  this class of animals synthe- 
sizes predominantly (we have found a single benzo- 
quinone 2) polyhydroxynaphthoquJnones, the hydroxy 
groups of which are not methylated and which frequently 
bear a single two-carbon side chain I-8, I t  is of biogenetic 
interest tha t  no pigment with a one-carbon side chain, a 
prevalent  feature of naphthoquinone pigments derived 
from higher plants and fungi, has ever been found among 
the naphthoquinone pigments of echinoderms. 

All echinoids which had been examined up to very 
recently were representatives of the subclass Euechinoidea. 
We have now investigated 3 species of the more primit ive 
subclass Perischoechinoidea and have found tha t  these 
animals produce naphthoquinones of identical type. From 
the spines and tests (shells) of Chondrocidaris gigantea 
Agassiz and of Prionocidaris (stephanocidaris) hawaiiensis 
Agassiz and Clark we have isolated and identified by 
direct comparison with authentic specimens spinochromes 
A, C, and D as the principal pigments. Similarly, we have 
demonstrated the presence of spinochromes A and C and 
of 2,7-dihydroxynaphthazarin in Eucidaris metularia 
Lamarck. 

While none of the polyhydroxyquinones which have 
been isolated from eehinoids possesses an alkylated 
hydroxy group, the holothurian (sea cucumber) Polycheria 
ru/escens Brandt  produces as its principal pigment nama- 
kochrome (I), which is the monomethyl  ether of spino- 
chrome E*. The structures of compound I and of all 
other naphthopurpurin derivatives described in this 
report  are shown in the Table, 

We have now examined for the first t ime representa- 
tives of 2 classes of echinoderms, the asteroids (sea stars) 
and the ophiuroids (brittlestars). From the spines of the 
asteroid Acanthaster planci Linn. we have isolated by 
previously described procedures ~ 2,6-dihydroxy-3,7-di- 
methoxynaphthazar in  (II), m.p. 252-254°C, and 2,7- 
dihydroxy-3,6-dimethoxynaphthazarin (III), m.p. 218- 
219°C, in yields of 0.002 and 0.005%. The structures of 
II  and I I I  were rigorously established by comparison 
with authentic samples, by hydrolysis to spinochrome E, 
and by methylat ion to 2, 3, 6, 7- tetramethoxynaphtha-  

Naphthopurpufin derivatives from echinoderms 

OH O 

• R ~ ~ ~ O H  

OH O 

R~ R. R, 

I OH OH OCH~ 
II OCH3 OH OCH, 
III OCH, OCH 3 OH 
IV C2H 5 H H 
V COCH s H H 
VI H C~H 6 H 
v i i  C0CH. H OH 
VIII C0CH~ H 0CH, 
IX C2H s H OH 
X OH OH C~H~ 

I R. H. THOMSON, in Comparative Biochemistry (Ed. M. FLORKIN 
and H. S. MASON; Academic Press, New York 1962), vol. 3, 
p. 631. 

2 R. E. MooRE, H. SINGH and P. J. SCHEUER, J. org. Chem, 31, 
3645 (1966). 

8 C. W. J. CHANa, R. E. MOORE and P. J. SeHEUER, Tetrahedron 
Lett. 3557 (1964). 

4 M. YAMACUeHI, T. MUKAI and T. TSU~tAKI, Mem, Fac, Sei, 
Kyushu Univ. Set, C. d, 193 (1961), 
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zarin s. W e  have  thus  shown t h a t  the  as teroid A.  ptanci 
and the  ho lo thur ian  P. ru/escens e labora te  closely re la ted  
pigments :  pa r t i a l ly  m e t h y l a t e d  der iva t ives  of spino- 
chrome E.  I t  should be po in ted  ou t  tha t ,  unl ike  the  
s i tuat ion which exists  in na tu ra l  p roduc t s  of p lan t  origin, 
methyl  ethers of alcohols and phenoIs are only rare ly  
encountered in animals,  an  observa t ion  which was first  
made by  ]~ERGMANNO,? 

E x a m i n a t i o n  of the  spines of 2 species of ophiuroids,  
Ophiocoma erinaceus Mtiller and Troschel  and O. insularia 
Lyman  revealed  a s i tua t ion  which is in sharp con t ras t  
with t h a t  found in t he  asteroid.  These animals  produce  a 
COmplex a r ray  of p igments  in s t r ik ing paral le l  to the  
spec t rum of compounds  which we have  encountered  in 
2 species of the  echinoid genus Echinothrix a. F r o m  O. 
erinaceus and O. insularia we have  isolated and ident i f ied 
2"hydroxy-3-e thy lnaphthazar in  (IV), m.p.  185-186°C, 
2 :hydroxy-3-ace ty lnaph thaza r in  (V), m.p.  163-164°C 
(aec.), 6 -e thy l -2 -hydroxynaph thaza r in  (VI), m.p.  204- 
204.5 °C, sp inochrome A (vii), and 2-hydroxy-3-acetyl -7-  
m e t h o x y n a p h t h a z a r i n  (VIII ) ,  m.p,  246-248 °C, in yields 
ranging f rom 10-e-10-~/o .  I n  addi t ion,  f rom O. erinaceus 
alone, we isolated and ident i f ied 2, 7-dihydroxy-3-  
e thy lnaph thaza r in  (IX),  m.p.  190- i92  °C, and echino- 
chrome A (X). The  s t ructures  of compounds  I V - X  were  
proven by  compar i son  wi th  au then t i c  syn the t ic  samples  
and/or  by  convers ion to known m e t h y l  der iva t ives  ~,s. 

In  addi t ion  to these 7 known compounds ,  we found in 
both species of Ophiocoma 2 new u n m e t h v l a t e d  (n.m.r. 
evidence) p o l y h y d r o x y n a p h t h o q u i n o n e  pigments .  One of 
them, 2, 6, 7 - t r ihydroxy-3-e thy l jug lone  (XI),  m.p.  220- 
226°C, was isolated in 10 -4~  yield. 

O 
II 

OH O XI  

I t s  s t ruc tu re  was secured f rom the  pa ren t  ion peak  a t  
m/e 250 in its mass  spect rum,  by  convers ion to  t he  known 
2, 6, 7_tr inaethoxy.3 .e thyl juglone ~, and  by  compar ison  
with t he  borohydr ide  reduc t ion  p roduc t  of 2,6,7-tri-  
hydroxy-3-acetyl juglone~.  The  second new compound ,  
m.p. 258_262oc (dec,), which we ob ta ined  in 1 0 - ~ o  
yield, is n i t rogenous  (mass spect ra l  pa ren t  peak  a t  m/e  
251) and has  no t  ye t  been character ized.  I t  is in te res t ing  
tha t  we have  also isolated this unusual  n i t rogenous  pig- 
ment  f rom the  echinoid Echinothrix diadema Linn.  

The remain ing  class of echinoderms,  the  crinoids (sea 
lilies), present  an uncer ta in  picture.  DIMELOW ~° repor ted  
c~rcumstantial  evidence of the  occurrence of naph tho-  
quinones in the  arms and pinnules  of the  crinoid A nledon 
bifida (Pennant) .  SUT1JnRLANDlX, ~,  on the  o ther  hand,  
~Solated f rom the  crinoid Comatula pectinata Linnaeus  a 
series of an thraquinones ,  which are par t ia l  me thy l  ethers  
of rhodocomatu l in  (XII) .  SUTHERLAND'S publ icat ions,  i t  
Should be po in ted  out,  do no t  s t a te  f rom w h a t  par t s  of 
the animals  t he  p igment s  were isolated.  W'e h a v e  now 
had the  o p p o r t u n i t y  to examine  the  calcareous por t ions  
of a crinoid belonging to  the  genus Antedon f rom Eni -  
wetok, f rom which we isolated smal l  a m o u n t s  of the  
naph thoquinone  der iva t ives  sp inochrome A and 2, 7-di- 

OH O OH 

O CO(CH2)zCH 3 XI I  

hydroxyna .phthazar in ,  which  were  p resen t  in t h e  an imM 
in add i t ion  to  quan t i t i e s  of  p igment s  which  we d id  no t  
recognize and  which  we h a v e  no t  so far  inves t iga ted  
fur ther .  

Our  d a t a  therefore  po in t  to a close re la t ionship  be tween  
echinoids and ophiuroids  on one hand,  and be tween  
asteroids and ho lo thur ians  on the  other .  The  posi t ion of 
the  crinoids is no t  en t i re ly  clear on the  basis of exis t ing 
data ,  b u t  the  fact  t h a t  t h e y  alone seem to e labora te  
an th raqu inones  m a y  place t h e m  apa r t  f rom the  o ther  4 
classes, Similar  re la t ionships  were establ ished prev ious ly  
on the  basis of o ther  chemica l  pa ramete rs .  BERGMANNlS 
repor ted  the  occurrence of AT-sterols in asteroids and 
holothur ians ,  and of AS-sterols in echinoids, ophiuroids ,  
and crinoids.  He  fu r ther  points  ou t  t h a t  the  sterols of 
more  p r imi t i ve  echinoids,  such as Cidaroida and  Cassidu- 
loida, h a v e  no t  been examined .  I n  ano the r  publ ica t ion  
BERGMANN ~4 repor ts  the  isolat ion of a possible AT-sterol 
f rom a s la te-penci l  sea urch in  (binomiaI ~ no t  given).  More 
recent ly  HASHIMOTO and  his g roup  16 h a v e  examined  the  
d i s t r ibu t ion  of  s teroidal  glycosides a m o n g  the  echino-  
derms.  Only  ho lo thur ians  and  asteroids  were found to  
e labora te  this group of substances.  

The  d i s t r ibu t ion  of all 3 chemica l  indicators ,  quinones ,  
sterols, and  saponins,  points  to t he  re la t ionship  ind ica ted  
above.  The  impor tance  of minor  deviat ions,  BERGMANN'S 
possible AT-sterol in an  echinoid 14 and our  single m e t h y l  
e ther  (VIII)  isolated f rom an ophiuroid  cannot  be assessed 
adequa t e ly  on the  basis of avai lable  data.  I t  is wor th  
no t ing  in this  connect ion  t h a t  the  genus Ophiocoma be- 
longs phy logene t i ca l ly  to an advanced  fami ly  (0phio- 
cominae) of ophiuroids1% Perhaps  a be t t e r  perspec t ive  of 
the  re la t ionship  of oph iuro ids  to the  o ther  classes of the  
p h y l u m  will resul ts  f rom an examina t i on  of members  of 
a more p r imi t ive  family,  e.g. AsteronycMdae, and of 
fossils le. 

Our  findings agree wi th  the  classical embryologica l  
t heo ry  t h a t  echinoids  and ophiuroids  h a v e  descended 
f rom a c o m m o n  ancestor,  while asteroids and ho lo thur ians  
h a v e  evo lved  f rom another~L However ,  pa leontologica l  
and  ana tomica l  considerat ions,  based on fossil evidence,  
imp ly  t h a t  asteroids and ophiuroids  are  der ived  f rom a 
c o m m o n  origin, and echinoids  and ho lo thur ians  f rom a 
d i f fe ren t  one ~7,~s, Accord ing  to  bo th  phylogene t ic  v iews  
crinoids h a v e  evo lved  f rom a th i rd  ancestry.  Since 

R. E. MOORE, H. SINGH, C. W. J. CHANO, and P. J. SCHEUER, 
Tetrahedron, in press. 

e W. BERGMANN and D. C. BURKE, J. org. Chem. 21,226 (1956). 
7 W. BEROMANN and M. F. STEMPIE~¢, J. org. Chem. 22, 1575 (1957). 
s R, E, MOORE, H. 8rmCH, C. W. J. CHANG and P. J. SCHEUER, 

J. org. Chem. 31, 3638 (1966). 
9 We are indebted to Dr. M. D. SUTHRRLAND, University of Queens- 

land, for the sample of the 3-acetyl compound, the structure of 
which he had proven by deacetylation and subsequent conversion 
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cr ino ids  a re  t h e  f i r s t  e c h i n o d e r m s  to  a p p e a r  in  t h e  fossil  
record ,  al l  e c h i n o d e r m s  m a y  u l t i m a t e l y  h a v e  evo lved  
f r o m  a now e x t i n c t  cr inoid .  T h e  p resence  of q u i n o n e  pig- 
m e n t s  in  cr inoid  l imes tone  ha s  b e e n  d e m o n s t r a t e d  ~9, b u t  
i t  is i n t e r e s t i n g  to no t e  t h a t  t h e  m o d e r n  c o m a t u l i d  
c r ino ids  are  a p p a r e n t l y  t h e  on ly  e c h i n o d e r m s  wh ich  
syn thes i ze  a n t h r a q u i n o n e s  n,  z2, 2o. 

s ische embryo log i sche  Theor i e  s t t i t z t  diese V e r w a n d t -  
s cha f t s au f f a s sung .  

H.  SINGH, R.  E.  MOORE a n d  P. J. SCHI~UI~R 

Department of Chemistry, University of Hawaii, 
Honolulu (Hawaii 96822), 25th January 7967. 

Zusammen]assung. D as  V o r k o m m e n  c h i n o n o i d e r  Pig-  
m e n t e  bei  a l len E c h i n o d e r m e n  d e u t e t  au f  e ine B e z i e h u n g  
zwischen  Seeigeln u n d  S c h l a n g e n s t e r n e n ,  ebenso  zwischen  
Sees t e rnen  u n d  Seewalzen  hin.  Die Ver t e i l ung  de r  S te r ine  
u n d  der  S a p o n i n e  weisen in dieselbe R i c h t u n g .  Die  klas-  

lg M. BLUM~, Science ldg, 722 (1965) and earlier references cited 
therein. 
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C i r c u l a t i n g  P l a s m a  K i n i n  in  P a t i e n t s  w i t h  
B r o n c h i a l  A s t h m a  

Biological ly  a c t i v e  po lypep t ides ,  p l a s m a  ldnins ,  h a v e  
been  cons idered  to p l a y  a role in  t h e  p a t h o g e n e s i s  of 
va r ious  cl inical  condi t ions ,  such  as h e r e d i t a r y  anglo-  
neu ro t i c  o e d e m a  1, p a n c r e a t i t i s  ~, or ca rc ino id  s y n d r o m e  s. 
Accord ing  to  COLLIER a n d  his  co-workers  4, b r a d y k i n i n  
g iven  i.v. to  t he  gu inea -p ig  increased  t h e  r e s i s t ance  of 
t h e  l ung  to  inf la t ion .  I n  t h e  s tud ies  on  a s t h m a t i c  pa t i en t s ,  
HERXHEIMER !~ obse rved  a decrease  in t h e  v i t a l  c a p a c i t y  
a n d  a p p e a r a n c e  of aud ib l e  wheez ing  a f t e r  t he  i n h a l a t i o n  
of b r a d y k i n i n  aerosol,  whi le  no  c h a n g e s  were  f o u n d  in 
n o r m a l  persons .  However ,  t hese  resu l t s  a re  n o t  d i rec t  
ev idence  t h a t  b r a d y k i n i n  p lays  an  a c t u a l  role in a s t h m a t i c  
pa t i en t s .  

Recen t ly ,  we deve loped  a new m e t h o d  for d e t e r m i n i n g  
t he  k in in  c o n t e n t  in  p e r i p h e r a l  b lood  s. W i t h  t h i s  m e t h o d ,  
b lood  k i n i n  levels  in  a s t h m a t i c  p a t i e n t s  were  d e t e r m i n e d  
a n d  h i t h e r t o  u n r e p o r t e d  da t a ,  wh ich  give f u r t h e r  ev idence  
for t h e  p a r t i c i p a t i o n  of k in in  in t h e  e t io logy of b r o n c h i a l  
a s t h m a ,  were ob t a ined .  

Patients. 10 h e a l t h y  persons  a n d  33 a s t h m a t i c  p a t i e n t s  
were  s u b j e c t e d  to  th i s  s tudy .  T he  a s t h m a t i c  p a t i e n t s  were 
d iv ided  in to  3 g roups  acco rd ing  to  t he i r  cl inical  fea tures ,  
as  fol lows:  g roup  1 cons is ted  of 5 p a t i e n t s  in  w h o m  no 
c o m p l a i n t s  or cl inical  s igns were  recognized  a t  t h e  t i m e  
of  e x p e r i m e n t .  G r o u p  2 cons i s ted  of 9 p a t i e n t s  in  w h o m  
wheez ing  a n d  r h o n c h i  were  aud ib l e  o n  auscu l t a t i on ,  b u t  
d y s p n e a  was n o t  a p p a r e n t .  G r o u p  3 cons is ted  of 19 
p a t i e n t s  in w h o m  wheez ing  was aud ib le  b y  t he  u n a i d e d  
ear.  I n  th i s  group,  s ib i l an t  rales  were  h e a r d  on  auscu l t a -  
t ion  over  all  t h e  lung  field, a n d  d y s p n e a  was  d i s t inc t ,  
especial ly  in  t h e  r e c u m b e n t  pos tu re .  Cyanos is  was  
obse rved  n o t  i n f r equen t ly .  

2krelhods. A syr inge  a n d  a needle  were  s i l iconized a n d  
k e p t  in  cold before  use. i0  ml  of v e n o u s  b lood  were 
r a p i d l y  d r a w n  f rom t h e  a n t e c u b i t a l  ve in  i n to  t h e  syr inge  
wh ich  c o n t a i n e d  e t h y l e n e d i a m i n e  t e t r a a c e t i c  acid solu- 
t ion .  The  s a m p l e  was i m m e d i a t e l y  t r a n s f e r r e d  to a cen t r i -  
fuge t u b e  c o n t a i n i n g  hyd roch lo r i c  acid,  a n d  s h a k e n  
suff ic ient ly .  

T h e  mixed  so lu t ion  was a d j u s t e d  to  twice  t h e  v o l u m e  
w i t h  20 m l  of n - b u t a n o l .  Af te r  t h e  e l i m i n a t i o n  of w a t e r  
in  t h e  b u t a n o l  p h a s e  b y  a d d i n g  10 g of a n h y d r o u s  s o d i u m  
su lpha te ,  t h e  ac t ive  s u b s t a n c e  was r e - e x t r a c t e d  twice  
w i t h  4 ml  a n d  2 ml  of d is t i l led  wate r .  T h e  aqueous  e x t r a c t  
was  c o n c e n t r a t e d  a r o u n d  0.6 ml  u n d e r  r educed  pressure  

a t  be low 40 °C. Af te r  neu t r a l i z a t i on ,  t h e  f ina l  v o l u m e  of 
t h e  e x t r a c t  was  a d j u s t e d  to  2.0 m l  w i t h  wa te r .  T h i s  
so lu t ion  was  a s sayed  on  t h e  i so la ted  gu inea -p ig  i l eum 
s u s p e n d e d  in  a b a t h  filled w i t h  T y r o d e  so lu t ion  a t  
33-35°C.  A t r o p i n e  s u l p h a t e  (10 -s) a n d  p r o m e t h a z i n e  
h y d r o c h l o r i d e  (10 -7) were  a d d e d  to T y r o d e  solut ion.  

The  ac t ive  s u b s t a n c e  e x t r a c t e d  b y  th i s  m e t h o d  was 
t h e r m o s t a b l e  a n d  d e s t r o y e d  b y  t h e  i n c u b a t i o n  w i t h  
c h y m o t r y p s i n .  Th i s  s u b s t a n c e  also e l ic i ted t h e  slow 
c o n t r a c t i o n  on  t h e  i so la ted  gu inea -p ig  i l eum a n d  vaso-  
d i l a t a t i o n  of a dog ' s  f emora l  a r t e ry ,  a n d  showed  t h e  s a m e  
m i g r a t i o n  r a t e  as  t h a t  of s y n t h e t i c  ka l l id in  of p a p e r  
c h r o m a t o g r a p h y  (bu t ano l - ace t i c  ac id -wate r ,  4: 1 : 1 v /v ) .  
F r o m  these  resul ts ,  t h e  e x t r a c t e d  s u b s t a n c e  was t e n t a t i v e l y  
ident i f ied  as a k in in .  

Results. The  e s t i m a t e d  va lues  01 b lood  k in in  in h e a l t h y  
pe r sons  a n d  a s t h m a t i c  p a t i e n t s  are  s h o w n  in t h e  Figure .  
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Kinin contents in peripheral venous blood in healthy persons and 
asthmatic patients. 
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