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p e a k  in h e x a n e  (472-475 nm)  a n d  was en t i r e ly  h y p o p h a s i c  
w h e n  p a r t i t i o n e d  be t w een  h e x a n e  a n d  95% m e t h a n o l .  
The  ca ro teno id  f rom N. ornatus was, therefore ,  ident i f ied  
as es ter i f ied a s t a x a n t h i n  wh ich  a f te r  s apon i f i ca t ion  
y ie lded as tacene.  

A l t h o u g h  all  t h e  d i f fe ren t  species of A c a n t h o c e p h a l a  
so far  i n v e s t i g a t e d  do no t  possess t he  same  caro tenoids ,  
each  species appea r s  to  con t a i n  a single m a j o r  ca ro teno id  
a n d  no t  a m i x t u r e  of p igmen t s .  There  are, w i t h  t h e  
poss ible  excep t ion  of t i le m a m m a l i a n  corpus  l u t e u m  ~2 no  
a u t h e n t i c a t e d  cases of de IlOVO c a r o t e n o i d  syn thes i s  in  
an imals ,  so t he  pa ra s i t e s  m u s t  o b t a i n  t h e i r  ca ro teno ids  
f rom t h e i r  hosts .  However ,  t h e  ca ro teno ids  found  in  adu l t  
a c a n t h o c e p h a l a n s  do no t  necessar i ly  a p p e a r  to  ref lect  t he  
s p e c t r u m  of ca ro teno ids  ava i l ab le  to  t he  pa ra s i t e  f rom 
t h e i r  hos t s  diet .  

The re  seems to  be  no  co r re la t ion  be t w een  t he  t y p e  of 
i n t e r m e d i a t e  hos t  a n d  t he  ca ro teno id  found  in t he  a d u l t  
paras i te ,  a l t h o u g h  t h e  m a j o r i t y  of coloured Acan thoce -  
p h a l a  h a v e  Crus tacea  as t h e i r  i n t e r m e d i a t e  host .  I n  a 
s econda ry  host ,  such  as Gammarus pule:r, a wide  r ange  of 
ca ro t eno ids  are  p r e s e n t  t a l t h o u g h  a s t a x a n t h i n  forms the  
maj  or ca ro teno id  ava i l ab le  in  t he  h a e m o l y m p h  is. Y e t  t he  
adu l t s  of t he  2 species of A c a n t h o c e p h a l a  w h i c h  ut i l ize  
th i s  i n t e r m e d i a t e  host ,  n a m e l y  P. laevis a n d  P. minutus 
c o n t a i n  d i f fe ren t  caro tenoids .  Poss ib ly  t h e r e  is a correla-  
t i on  be tween  t he  d ie t  of t he  f ina l  hos t  a n d  t he  ca ro tenoid  
p r e s e n t  ill t h e  a d u l t  a c a n t h o c e p h a l a n .  

The  u p t a k e  of ca ro teno ids  b y  adu l t  a c a n t h o c e p h a l a n s  
would  a p p e a r  to  be  selective,  s ince t h e y  on ly  c o n c e n t r a t e  
one of t he  ava i l ab le  caro tenoids .  Select ive  u p t a k e  of 
ca ro teno ids  ha s  been  r epo r t ed  ill ce r t a in  o the r  i n v e r t e b r a t e  
groups~4; some po lychae t e s  con t a i n  on ly  f l -carotene and  
do no t  a p p e a r  to  a b s o r b  h y d r o x y e a r o t e n o i d s  xh, wh i l s t  
c e r t a in  mol luscs  show a p re fe ren t i a l  u p t a k e  of x a n t h o -  
phy l l s  is. Tile u p t a k e  of ca ro teno ids  b y  a d u l t  Acan thoce -  
p h a l a  m a y  be  assoc ia ted  w i t h  t h e  u p t a k e  of o the r  com- 
pounds ,  such  as l ipids  a n d / o r  p ro t e in s  in  t he  form of 
l i poca ro teno id  complexes  or ca ro tenopro te ins .  I n  P .  
minutus c y s t a c a n t h s  t he  ester i f ied a s t a x a n t h i n  is associa-  
t ed  w i t h  wax  esters  wh ich  c o n s t i t u t e  nea r ly  90% of t he  
t o t a l  c y s t a c a n t h  l ip ids  17. 

The  role of ca ro teno ids  in  a d u l t  A c a n t h o c e p h a l a  is 
obscure,  ca ro teno ids  m a y  h a v e  an  a n t i - o x i d a n t  f unc t i on  ~4 
or t h e y  m a y  be  i nvo lved  in ox ida t i ve  m e t a b o l i s m  ~8. 

A l t e r n a t i v e l y  t he  v i t a m i n  A func t i on  of ca ro teno ids  
could be  i m p o r t a n t  in  A c a n t h o c e p h a l a ,  or ca ro t eno ids  
m a y  be  i nvo lved  in r e p r o d u c t i o n  14. However ,  ca ro teno ids  
do no t  a p p e a r  to  be essent ia l  to  t h e  a d u l t  a c a n t h o c e p h a l a n  
pa ra s i t e  1 and  t he  c o n c e n t r a t i o n  of ca ro teno ids  can  v a r y  
widely  f rom i n d i v i d u a l  to  i nd iv idua l  a n d  is comple te ly  
a b s e n t  in  m a n y  species. 

W h e t h e r  t he  d i s t r i b u t i o n  of e- a n d  #-caro tene  and  t h e i r  
de r iva t i ve s  in t i le d i f fe ren t  classes of A c a n t h o c e p h a l a  ha s  
a n y  phy logene t i c  s ignif icance is n o t  known,  f l-Carotene 
a n d  i ts  d e r i v a t i v e  a s t a x a n t h i n  occur  on ly  in Pa l aeacan -  
thocepha la ,  whi l s t  l u t e in  (an e -ca ro tene  de r iva t ive )  is 
found  in t he  A r c h i a c a n t h o c e p h a l a  a n d  E o a c a n t h o c e p h a l a .  
This  m a y  r ep re sen t  a b iochemica l  di f ference be tween  t he  
3 classes of A c a n t h o c e p h a l a  or mere ly  ref lect  t he  ecologi- 
cal dif ferences  of t h e i r  hosts .  

Zusammen/assung. Die Caro t ino ide  in 6 Spezies er- 
wachsener  A c a n t h o c e p h a l e n  w u r d e n  ident i f iz ier t .  L u t e i n  
wurde  als einziges Caro t ino id  in P. galaxis u n d  N. pseud- 
emydis ge funden  u n d  als wich t igs tes  Caro t ino id  in 
M. hirudinaceus festgestel l t .  F. anatis u n d  P. laevis ent -  
h i e l t en  n u r  fl-Carotin, w ~ h r e n d  das  ve re s t e r t e  A s t e x a n -  
t h i n  als einziges P i g m e n t  in  N. ornatus au f t r a t .  
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Identification of Oxazepam and Lorazepam Glucuronides by Chemical Ionization Mass Spectrometry 

O x a z e p a m  (7-chloro- 3 -hydroxy-5 -pheny l -  1 ,3-dihydro-  
2FI-1 ,4-benzodiazepin-2-one)  and  l o r azepam (7-chloro-5- 
( o - c h l o r o p h e n y l ) - 3 - h y d r o x y - 1 ,  3 - d i h y d r o - 2 H - 1 ,  4 -benzo-  
d iazepin-  2-one) are benzod iazep ines  in c l in ica luse  b y  v i r t u e  
of t h e i r  a n t i a n x i e t y ,  t r a n q u i l i z i n g  and  seda t ive  proper t ies .  
T h e i r  r espec t ive  g lucuron ide  con juga t e s  are t i le m a j o r  
u r i n a r y  m e t a b o l i t e s  in  m a n  and  in severa l  o t h e r  species l-a ; 
t h e y  also c i rcu la te  t o g e t h e r  w i t h  t he  free d rugs  in  h u m a n  
b lood  4,s. F u r t h e r m o r e ,  o x a z e p a m  g lucuron ide  is a me t -  
abo l i t e  of d i a z e p a m  6, ~ p r a z e p a m  s t e m a z e p a m  9 and  meda-  
z e p a m  l~ I n  v iew of t h e i r  presence  in  b lood  a n d  t h e i r  
i m p o r t a n c e  as f ina l  de tox i f i ca t ion  p r o d u c t s  i t  is h i g h l y  
des i rab le  to  o b t a i n  conclus ive  ev idence  for  t he  s t r u c t u r e  
of these  con juga t e s  wh ich  so fa r  h a v e  been  cha rac t e r i zed  
on ly  b y  enzymic  cleavage.  Th i s  c o m m u n i c a t i o n  descr ibes  
t he  isolat ion,  chemica l  ana lys i s  and  iden t i f i ca t ion  b y  
chemica l  i on i za t i on  (CI) mass  s p e c t r o m e t r y  1" of t h e  glucu-  
ronides  of o x a z e p a m  a n d  lo razepam.  

I so l a t ion  of t he  m e t a b o l i t e s  was accompl i shed  b y  f i r s t  
p rocess ing  on  X A D - 2  res in  ur ines  f rom m i n i a t u r e  swine 
ora l ly  dosed w i t h  50 m g / k g  o x a z e p a m  or lo razepam.  
E l u t i o n  f rom the  res in  was accompl i shed  w i t h  8 0 %  
aqueous  acetone.  Af te r  e v a p o r a t i o n  of ace tone  i t  was 
f u r t h e r  pur i f i ed  b y  adso rp t ion  on charcoa l  and  s u b s e q u e n t  
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Mass spectra of silylated oxazepam glucuronide 

elut ion wi th  80 % aqueous acetone. The aqueous solution 
remaining after  the  evapora t ion  of acetone was ext rac ted  
wi th  e thyl  aceta te  to remove  all freely ex t rac tab le  sub- 
stances. DEAE-Cel lu lose  ( W h a t m a n - D E  23) chromato-  
graphy of the  remaining aqueous phase provided  a final  
pur i f ica t ion of the  isolated conjugates  of oxazepam and 
lorazepam. Expe r imen ta l  condit ions included ad jus tment  
of the  aqueous phase to p H  5 wi th  1 N N H , O H ,  applica- 
t ion to the prewashed anion-exchanger,  elution wi th  a 
concave gradient  (0.0-0.29 M a m m o n i u m  aceta te  buffer, 
p H  5), and f inal ly lyophi l izat ion of the  fractions contain-  
ing the conjugates  (as de termined by  UV-absorbance  at 
315 nm and th in- layer  ch romatography  on cellulose). 

The glucuronic acid conten t  of the  final  prepara t ions  
was determined by a modif ied carbazole methodlS,  and 
the benzodiazepinone moie ty  by gas l iquid chromato-  
graphy4,5. The molar  rat io of pa ren t  drug to glucuronic 
acid was 1 : 1 for bo th  isolates. Fur thermore ,  the  quant i -  
t a t ive  de te rmina t ion  of the  benzodiazepinone moiet ies  
indicates  t ha t  the  prepara t ions  were at  least 85 % pure. 
Since they  were chromatographica l ly  (ion exchange as 
well as th in- layer  chromatography)  pure  the  only other  
substance present  in significant  amounts  appeared to be 
water .  Infrared spec t ropho tomet ry  showed absorpt ion 
main ly  due to t h e  glucuronic acid moiety.  Significantly,  
absorptions in the  carbonyl  region (5.9 and 6.2 ~z) were 
indicat ive  of free carboxyl ic  acid (as opposed to ester 
absorptions) thus  indicat ing binding through an acetal  
l ink and not  th rough ester f o r m a t i o n .  

Mass spectrometr ic  analysis, however,  was to provide  
the major  means for the  ver i f icat ion of structure.  The 
ins t rument  used was an A E I  MS902 high resolut ion mass 
spect rometer  (AEI  Scientific Apparatus ,  lnc. ,  Manchester,  
England)  equipped wi th  a Chemspect  CIS-2 CI -EI  source 
(Scientific Research Ins t ruments  Corp., Bal t imore,  Md.). 
The high resolut ion results were processed by  a PDP-8  
compute r  (Digital  Equ ipments .Corp . ,  Maynard,  Mass.). 
EI - spec t ra  were obtained at  70eV. CI-spectra  were obtained 
at 500 eV using isobutane as reagent  gas (0.5 t o m ) .  Probe 
tempera tures  were approx imate ly  300 ~ for both  E I  and 

CI, and the  source t empara tu re  was 250 ~ The metabol i tes  
decomposed the rmal ly  inside the  ins t rument  dur ing 
analysis. For  this reason, t r imethyls i ly l  (TMS) der ivat ives  
of the  metabol i tes  were prepared wi th  Sylon BTZ (Supelco 
Inc., Bellefonte,  Pa.) prior  to the  mass spect rometr ic  
examinat ion .  

The electron impact  (EI) mass spec t rum of s i lylated 
oxazepam glucuronide showed no ions above m/e 400 
(see Figure).  Among  the  major  f ragments  shown, m/e 375 
[(Cl~H310~Sia, C6H40~(OTMS)a],  217 [(C9H210~Si~, 
CaHs(OTMS)a ] and 204 [(CsH~oO~Si 2, C2H2(OTMS)~] 
conta in  no N or C1 and, therefore  are re la ted to the  glucu- 
ronide por t ion  of the  molecule. The  m/e 204 and 217 are 
character is t ic  f ragment  ions of s i lylated sugars 14. The 
m/e 341 [ (ClsHlsN~OCISi, C15HgN2OCl(TMS)], 269 
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(C15H10N2OC1) a n d  241 (C14HIoN2C1) f r a g m e n t s  are r e l a t ed  
to  t he  benzod i azep inone  moie ty .  T h  e p e a k  a t  m/e 341 
consis ts  of t he  o x a z e p a m  p o r t i o n  w i t h  one TMS group b u t  
w i t h o u t  the  ace ta l  oxygen  a t o m  a t  C-3. The  T MS group is 
mos t  l ike ly  located  a t  t h e  N-1 posi t ion,  wh ich  ind ica tes  
t h a t  N-1 is no t  l inked  to t he  g lucuronic  acid por t ion .  Thus,  
t h i s  p e a k  a t  m/e 341 is a n  i m p o r t a n t  f r a g m e n t  ion wh ich  
proves  t h a t  t he  l ink  w i t h  t h e  g lucuronic  acid is fo rmed  
t h r o u g h  t h e  C-3 ace ta l  oxygen  r a t h e r  t h a n  t he  N-1 n i t ro -  
gen. The  O-glucuronide  s t r u c t u r e  is in  a g r e e m e n t  w i t h  
the  o b s e r v a t i o n  t h a t  o x a z e p a m  g lucuronide  is r ead i ly  
c leaved  b y  f l -g lncuronidase  ~. 

The  a b o v e  f r a g m e n t s  are  cha rac t e r i s t i c  of t he  two 
moiet ies  of t he  molecule  and  on  E I  no ions i nd i ca t i ve  of 
t he  presence  of i n t a c t  con juga t e  were observed.  The  
CI - spec t ra  of t he  me tabo l i t e ,  on  t he  con t ra ry ,  e x h i b i t e d  
an  in t ense  MH+ ion a t  m/e 823 as shown  in t he  Figure.  
Th i s  is t he  mass  expec ted  f rom t he  o x a z e p a m  g lucuronide  
wh ich  has  been  pen ta - s i ly la ted .  Th i s  f i nd ing  verif ies t he  
oxazepam-g lucu ron i c  acid con juga t ion .  The  p e a k  a t  m/e 
751 is t he  MH+ ion of t he  t e t r a - s i l y l a t ed  g lucuronide  due  
to i ncomple t e  s i ly la t ion ;  d i f fe ren t  s i ly la t ing  cond i t ions  
change  t he  re la t ive  i n t e n s i t y  of th i s  peak .  I t  is i n t e re s t ing  
to no te  t h a t  t he  f r a g m e n t a t i o n  of t he  s i ly la ted  g lucuronic  
acid po r t i on  is m u c h  s imple r  in  t he  CI - spec t rum.  The  
p e a k  a t  m/e 375 is the  only  m a j o r  ion r e l a t ed  to  t he  
s i ly la ted  g lucur0nic  acid por t ion ,  i.e., t h e  cha rac te r i s t i c  
E I  f r a g m e n t  ions a t  m/e 217 and  204 are consp icuous ly  
a b s e n t  in t h e  CI - spec t rum.  All o the r  m a j o r  peaks,  inc lud-  
ing 431, 359, 341, 287 and  269, show t he  chlor ine  isotopic  
peak,  the re fo re  are r e l a t ed  to t he  o x a z e p a m  moie ty .  No 
m e t a s t a b l e  ions were found  to  s u b s t a n t i a t e  a n y  f r agmen-  
t a t i o n  p a t h w a y .  Since no i m p o r t a n t  m e t a b o l i t e - r e l a t e d  

ions were obse rved  below role 200 f rom b o t h  E I -  and  
CI-spect ra ,  t h e y  no t  shown  in t h e  Figure.  

Similar ly ,  obse rva t i on  of t he  lVfH+ ion of a penta~si ly-  
l a ted  p r o d u c t  a t  m/e 857 ver i f ied  t he  g lucuronide  conju-  
ga t ion  of lo razepam.  P a r t i a l  s i ly la t ion  of l o r azepam 
g lucuronide  also y ie lded peaks  a t  m/e 713 a n d  785 due  to 
i ts  t r i - s i ly la ted  and  t e t r a - s i l y l a t ed  produc ts ,  respect ive ly .  
Again,  m/e 375 is t he  on ly  ion re l a t ed  to t h e  s i ly la ted  
g lucuronic  acid por t ion .  

The  s t r i k ing  di f ference be tween  t he  E I  a n d  CI resul t s  
c lear ly  d e m o n s t r a t e s  t he  a d v a n t a g e  of CI mass  spect ro-  
me t ry .  CI is h igh ly  sensi t ive,  yie lds  in t ense  Mt I+  ions a n d  is 
also r e l a t ive ly  una f fec t ed  b y  sample  pur i fy .  Th i s  t e c h n i q u e  
u n d o u b t e d l y  will  be emp loyed  w i t h  increas ing  f r equency  
in var ious  me tabo l i c  s tudies  especial ly  those  i nvo lv ing  
me tabo l i t e s  p rev ious ly  u n d e t e c t a b l e  b y  E I - m a s s  spect ro-  
me t ry .  

Zusammen/assung. Die Glucuron ide  des O x a z e p a m s  
u n d  L o r a z e p a m s  w u r d e n  aus  dem H a r n  y o n  Zwergschwei-  
nen,  denen  die e n t s p r e c h e n d e n  Benzod iazep ine  v e r a b r e i c h t  
wurden ,  isoliert .  Die M e t a b o l i t e n  w u r d e n  d u t c h  Ana lyse  
der  S p a l t p r o d u k t e  gekennze ichne t .  M a s s e n s p e k t r o m e t r i e  
der  T r i m e t h y l s i l y l d e r a v i t e  war  fiir die S t r u k t u r  der  
O-Glucuronide  beweisend.  
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Occurrence  of Heparin  or its Related Acidic  G l u c o s a m i n o g l y c a n  in H u m a n  Aort ic  T i s sue  

Ana ly t i ca l  s tud ies  of h u m a n  aor t ic  connec t ive  t i ssue  
e s t ab l i shed  t h a t  t he  aor t ic  acidic g lycosaminog lycans  
(AGAG) consis t  of h y a l u r o n i c  acid, c h o n d r o i t i n  sul fa te  
i somers  a n d  h e p a r a n  sulfates1, 2. However ,  t he re  is no  
a g r e e m e n t  a b o u t  h e p a r i n  in h u m a n  aor t ic  t issue, because  
the re  is on ly  a t r ace  of hepar in ,  if any,  in  t he  t i ssue  l -L 
Since these  a r t e r i a l  A G A G  as well  as h e p a r i n  func t i on  
phys io logica l ly  as an t i - coagu l an t s  5, an t i - l ipemics  6 and  
a n t i - t h r o m b o g e n i c s  ~, i t  shou ld  be i m p o r t a n t  to  s t u d y  t he  
presence  of h e p a r i n  in aor t ic  t issue.  A n  apprec iab le  n u m -  
ber  of m a s t  cells as a source of h e p a r i n  has  been  r epo r t ed  in 
t he  a r t e r i a l  connec t ive  t issues.  I n  1937, JoRpES s f i rs t  
descr ibed  t he  presence  of m a s t  cells in pig  a r t e r i a l  t i ssue  
f rom wh ich  he  e x t r a c t e d  hepar in .  I n  h u m a n  a r t e r i a l  
t issue,  severa l  i nves t iga to r s  r e p o r t e d  t h e  ex is tence  of m a s t  

Table I. Fraction pattern of acidic glycosaminoglycans in human 
aorta on a Dowex 1-X2 column by stepwise elution with increased 
NaC1 concentration 

Molarity of NaC1 0.5 1.25 1.75 3.0 TotaI 

Acidic glycosaminoglycarls 

as glucuronic acid (mg) 0.73 6.60 15.67 2.41 25.41 
Percentage 2.9 26.0 61.6 9.5 100.0 

The yield of applied acidic glyeosaminoglycans was 29.6 mg as 
glueuronie acid. 

cells in r e l a t ion  to the  pa thogenes i s  of a theroscleros is  9-n.  
The  p r e sen t  p a p e r  r epor t s  t he  occurrence  of h e p a r i n  or 
i ts  r e l a t ed  g lucosaminog lycan  in h u m a n  aor t ic  t issue. 

Materials and methods. Fresh ly  ob ta ined ,  pooled,  
h u m a n  aor t ic  samples  f rom sub jec t s  r a n g i n g  in age f rom 
40 to  77 years  were sub jec ted  to  t he  p r e p a r a t i o n  of aor t ic  
A G A G  b y  t he  m e t h o d  p rev ious ly  descr ibed  12,13. H u m a n  
aor t ic  i n t i m a  and  med ia  layers  were careful ly  s epa ra t ed  
f rom the  a d v e n t i t i a  and  homogen ized  in a gr inder .  Af te r  
t h e  l ipids  were r e p e a t e d l y  e x t r a c t e d  w i t h  m e t h a n o l -  
ch lo roform (1:2, v /v)  f rom the  samples ,  p ro teo ly t i c  
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