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Table II. Inhibitory effects of soluble fractions of Nycticebus coucang skin areas on mushroom tyrosinase 

651 

Skin (10 mg fresh tissue) Activity~ of mushroom tyrosinase (% of controlb) 

Fresh preparations 3 week preparations 
H S H S 

Forepaw, palm skin 35.2 4- 1.2 33.5 4- 1.0 98.8 4- 1.4 99.1 4- 1.0 
Interorbital light streak 13.5 4- 0.7 10.7 ~: 0.4 97.3 4- 0.8 101.0 4- 1.2 
Forehead 18.9 4- 0.8 15.4 4- 0.7 99.3 -~- 1.0 98.8 4- 1.2 

" 10 ~zg mushroom tyrosinase was incubated with 40 ~zg z-tyrosine-14C (sp. act. 0.329 mCi/mmole) in phosphate buffer, 0.1 M, pH 6.8, for i h 
at 30 ~ H and S, see footnotes in Table I. b Control: activity of mushroom tyrosinase ill the absence of homogenates and soluble fractions or 
in the presence of the corresponding particulate fractions. 

Table III. Substrate concentration in the reaction mixture at the beginning and end of incubation with mushroom tyrosinase and with or 
without soluble fractions of the skin from Nycticebus coucang 

Origin of soluble fractions 
(10 mg fresh skin) 

Tyrosine concentration (~xg/ml) 

Initial Terminal 
No soluble fraction Soluble fraction No soluble fraction Soluble fraction 

Forepaw, palm 39.9 -- 0.7 39.5 4- 0.3 36.8 4- 1.4 40.5 J_ 1.0 
Interorbital light streak 39.9 4- 0.7 40.5 =c 0.5 36.8 4- 1.4 39.4 4- 0.8 
Forehead 39.9 4- 0.7 39.9 4- 0.7 36.8 4- 1.4 41.2 ~ 0.8 

the  f rac t ion  was derived.  Such an increase in tyros inase  
ac t iv i ty  of t he  pa r t i cu la te  f rac t ion m a y  resul t  f rom the  
separa t ion  of inhib i tors  p resen t  in the  soluble f ract ion of 
the  homogena te .  The ill v i t ro  effects of these  3 skin 
homogena te s  and the i r  soluble f ract ions  on m u s h r o o m  
tyros inase  suppor t ed  th is  thes is  (Table II).  Tile inhib i tor  
factor(s) m a y  be reducing agent(s) or subs tances  suscep- 
t ib le  to ox ida t ion  since skin p repa ra t ions  ma in t a ined  at  
0~176 for 3 weeks lost  the  abi l i ty  to inh ib i t  mush roo m 
tyros inase  (Table II).  As m u s h r o o m  tyros inase  incuba ted  
in the  absence of these  skin p repara t ions  (Control 
ac t iv i ty ,  100%) was unchanged  in t he  presence  of the  
cor responding  pa r t i cu la te  fractions,  only the  soluble 
f rac t ion appears  responsib le  for the  reduc t ion  of the  
ty ros inase  ac t iv i ty  ill the  homogeuate .  To s t u d y  the  3 
soluble f rac t ion p repa ra t ions  which  reduce tyros inase  
ac t iv i ty ,  the  subs t r a t e  concen t ra t ion  of m u s h r o o m  
tyros inase  a t  the  beginning and end of incuba t ion  was 
examined  in the  presence  or absence of these  f ract ions  
(Table I I I ) .  A t  the  beginning  of incubat ion,  the  L-tyrosine 
concen t ra t ion  in t he  var ious  groups were no t  different ,  
t h e r e b y  indica t ing  t h a t  l i t t le or no free tyros ine  was 
p re sen t  in the  soluble f ract ions  under  s tudy.  At  the  end 

of the  incuba t ion  period, the  L-tyrosine concen t ra t ion  in 
t he  absence of the  soluble f rac t ion  decreased b u t  t h a t  in 
t he  presence  of the  soluble f rac t ion was unchanged.  
Since the  ty ros ine  concen t ra t ion  was de t e rmined  in t he  
superna tes  of t he  TCA prec ip i t a t ed  pre- and  pos t - incuba-  
t ion mixtures ,  the  up take  of L-tyrosine by  non- ty ros inase  
react ions  in the  soluble f rac t ion is e l imina ted  s 

Rdsumd. L'ana lyse  rad iom6tr ique  de la tyros inase  
t6gumenta i re  a mont r6  que Ies r~gions de la peau de 
Nycticebus coucang dif ferent  e n z y m a t i q u e m e n t .  Cette  
peau renferme un inh ib i teur  e n z y m a t i q u e  de ty ros inase  
ainsi que des champignons .  
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s Contribution No. 301, Department of Biology, Wayne State 
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The Carotenoid Pigments  of Six Species of Adult 

Adul t  acan thocepha lans  are all in tes t ina l  paras i tes  of 
ve r t eb ra t e s  and  m a n y  are coloured orange or red, a l though  
the  degree of p i g m e n t a t i o n  varies widely  f rom indiv idual  
to individual .  The orange p i g m e n t  of Polymorphus minutus 
has  been  ident i f ied as a carotenoid,  esterif ied a s t axan-  
th in  1 and  caro tenoids  have  also been descr ibed f rom 
ano the r  acan thocepha lan  Pallisentis nagpuremis 3. In  th is  
repor t  t he  na tu re  of t he  p igmen t s  ill 6 species of adul t  
Acan thocepha la  has  been  inves t iga ted ,  

Acanthocephala 

Materials and methods. Filicollis anatis were ob ta ined  
f rom the  c o m m o n  ]Eider (Somateria mollissima mollissima) 
Macraeanthorhynchus hirudinaceus f rom the  small  
in tes t ines  of pigs (Sus scro/a), Neoechinorhynehus pseud- 

1 j.  BARRETT and P. E. BUTTERWORTFI, Comp. Bioehein. Physiol. 27, 
575 (1968). 

2 R. RAVINDRANATHAN and A. M, NADAKAL, Jap. J. Parasit. 20, 1 
(1971). 
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emydis were recovered  f rom t h e  Map  t u r t l e  (Pseudemys 
scripts elegans), Nipporhynchus ornatus were  o b t a i n e d  
f rom t h e  Sk ip j ack  t u n a  (Katsuwonis peIamis), Pompho- 
rhynchus l~evis were recovered  f rom t h e  in te s t ines  of c h u b  
(Sqvzatius cephatus) a n d  Pseudoacanthocephatoides gala;is 
f rom the  in te s t ines  of sma l l  ga lax id  f ish f rom New Zealand.  

The  pa ras i t e s  were homogen ized  a n d  t h e  p i g m e n t s  
e x t r a c t e d  w i t h  a 1:1  (v/v) m i x t u r e  of h e x a n e :  acetone,  
in t he  d a r k  a t  4~ for 12 h. T he  e x t r a c t  was  f i l te red  and  
washed  w i t h  w a t e r  to  r e m o v e  t he  ace tone  a n d  a n y  w a t e r  
soluble  compounds .  

The  ca ro teno ids  were ana lyzed  as p rev ious ly  descr ibed ~. 
A silica g e l / m e t h a n o l  c o l u m n  a was used to  sepa ra te  t he  
ca ro teno ids  i n to :  ca ro tenes  and  ca ro teno id  esters,  
m o n o h y d r o x y c a r o t e n o i d s  a n d  po l yhyd r oxyca r o t eno id s ,  
The  d i f fe ren t  f rac t ions  were t h e n  f u r t h e r  s epa ra t ed  on  a 
m a g n e s i u m  oxide  column~.  The  t o t a l  n u m b e r  of compo-  
n e n t s  in  t he  d i f fe ren t  p i g m e n t  f rac t ions  was m o n i t o r e d  b y  
t h i n  layer  c h r o m a t o g r a p h y ,  t h e  ca ro teno ids  be ing  
s epa ra t ed  on  8.25 X 12 cm p la tes  coa ted  w i t h  sil ica gel G 
(250 ~xm th ick)  deve loped  w i t h  h e x a n e / b e n z e n e  (1:1 v /v)  
a n d  b y  reverse  phase  p a r t i t i o n  c h r o m a t o g r a p h y  on silica 
gel p la tes  i m p r e g n a t e d  w i t h  l iqu id  pa ra f f in  ~. 

P i g m e n t s  were saponif ied  in 5% K O H  in 70% m e t h a n o l  
a t  room t e m p e r a t u r e  for 12 h in t he  dark .  P a r t i t i o n  
coeff icients  were d e t e r m i n e d  b y  t h e  m e t h o d  of PE~RACEI~ 
and  Z~CI~MEIS~ER~; t h e  presence  of acidic groups  was 
t e s t ed  for b y  p a r t i t i o n  u n d e r  acidic a n d  a lka l ine  condi-  
t ions .  

The  presence  of allylic h y d r o x y l  groups  (4-hydroxyl  
groups)  was  d e m o n s t r a t e d  b y  d e h y d r a t i o n  in acid 
chloroformS, ~ and  ca ro teno id  epoxides  were de tec ted  b y  
t he  a p p e a r a n c e  of a b lue  colour  w h e n  t h e  p igmen t ,  
d issolved in d i e thy l  e t h e r / m e t h a n o l  (1:1 v/v) ,  was  
t r e a t e d  w i t h  c o n c e n t r a t e d  HC1 s, ~. T he  a b s o r p t i o n  spec t r a  
of t he  p i g m e n t s  were e x a m i n e d  w i t h  a t3eckman  D - B  
record ing  s p e c t r o p h o t o m e t e r  or a zeiss  P.M.Q. 11 
spec t ropho tome te r .  The  ca ro teno ids  were iden t i f i ed  f rom 
t h e i r  spec t ra  and  e lu t ion  cha rac te r i s t i c s  b y  compar i son  
w i t h  p u b l i s h e d  resu l t s  ~-~. 

Results and discussion. T he  resu l t s  are s u m m a r i z e d  in 
t h e  Tab le  ; none  of t he  p i g m e n t s  e x a m i n e d  gave a pos i t ive  
r eac t ion  w h e n  t e s t ed  for acidic groups,  4 -hydroxy l  groups  
or epoxides .  All of t he  species of A c a n t h o c e p h a l a  inves-  
t i ga t ed  c o n t a i n e d  a single m a j o r  caro tenoid .  M. hirudi- 
naceus, however ,  d id  con ta in  a ve ry  m i n o r  un iden t i f i ed  
c o m p o n e n t  wh ich  e lu ted  f rom t he  sil ica g e l / m e t h a n o l  
co lumn  w i t h  m e t h a n o l  and  f rom t h e  m a g n e s i u m  oxide 
co lumn  w i t h  50% ace tone  in h e x a n e  (v/v). This  p i g m e n t  
showed  m a x i m u m  a b s o r p t i o n  in  h e x a n e  a t  476,445 a n d  
420 n m  a n d  was  u n c h a n g e d  b y  mi ld  saponi f ica t ion .  

The  p i g m e n t  of N. ornatus showed a s y m m e t r i c a l  
a b s o r p t i o n  spec t rum,  t h e  a b s o r p t i o n  m a x i m u m  in 
ace tone  a n d  ch lo roform be ing  474 a n d  485 n m  respec t ive ly  
Fol lowing sapon i f i ca t ion  th i s  p i g m e n t  h a d  a single b r o a d  

A. E. PURCELL, Analyt. Chem. 30, 1049 (1958). 
4 K. RA~BERAT~, Thin Layer Chromatography, 1st edn. (Academic 

Press, New York 1963). 
F. J .  PETRACEK and L. Z E C H M E I S T E R ,  Analyt. Chem. 28, 1484 
(1956). 
P. ][{ARRER and E. L E U ~ A N N ,  Helv. chim. Ac~a 34, 445 (1951). 
B. C. L. W~EDo~, in Chemistry and Biochemistry o/ Plant Pigments 
(Ed. T. W. GooDwi~; Academic Press, New York 1965), p. 75. 

s A. L. CURL and G. F. BAILEY, J. agric. Fd Chem. 9, 403 (1961). 
B. M. GILCHRIST, Comp. Biochem. Physiol. 24, 123 (1968). 

~0 T. W. GooDwlx, in Modern Methods o[ Plan~ Analysis, 1st edn. 
(Eds. K. PAECH and M. V. TRACEY; Springer-Verlag, Berlin 1955) 
vol. 3, p. 272. 

n p. j .  HERRINg, Comp. Bioehem. Physiol. 2g, 187 (1968). 
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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  

H 
~N'~-C~ 0 

G i ..-,'-,.,..~..,,"-~C ~ N 

Oxazepam R=H 
Lorazepam R=C1 


