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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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Fig. 1. Electrophoretic separation of aortic acidic glycosaminoglycans 
eluted at the 3.0 M NaC1 from a Dowex 1-X2 colunm followed by the 
digestion with ehondroitinase-ABC. Approximately 15 Exg of sample 
(as glucuronie acid) were applied. Note the faster migration spot 
resembled that of standard heparin. HS, heparan sulfate; CS-B and 
CS-C, chondroitin sulfate 13 and C. 

Fig. 2. Two spots corresponding to heparin and chondroitin sulfate A 
were detected in the Figure. The faster moving spot of aortic AGAG 
eluted at 3.0M NaC1 prior to the treatment with chondroitinase- 
ABC was stained much less than that of Figure I which was treat- 
ed with the enzyme. 

digest ion wi th  p ronase -P  was carried out  it, followed by  a 
t r e a t m e n t  of 0 .5N N a O H  at  4~ overnight .  Trichloro- 
acetic acid was then  added  at  the  final concen t ra t ion  
of 10~ kep t  a t  4~ overn igh t  and  centr i fuged.  The 
supe rna t an t s  were subjec ted  to  dialysis against  runn ing  
t ap  wa te r  and  the  undia lyzable  AGAG were concen t ra t ed  
by  a r o t a to ry  f lash evapora tor .  Crude AGAG were 
p rec ip i ta ted  by  addi t ion  of 4 volumes  of e thanol  sa tu ra t ed  
wi th  sodium ace ta te  and kep t  a t  4 ~ overnight .  Fol lowing 
centr i fugat ion,  aor t ic  AGAG were dr ied in vaccum over 
P~O v The yield of AGAG was  de te rmined  by  the  carbazole 
react ion as glucuronic acid15. 

The p repa ra t ion  of aort ic  AGAG thus  ob ta ined  were 
f rac t iona ted  on a Dowex  1-X2 column (chloride form, 
200-400 mesh) by  s tepwise  elut ion wi th  increasing 
molari t ies  of NaC1 as shown in Table I. The eff luents  in 
each tube  were pooled at  t he  same sal t  concen t ra t ions  
and dialyzed aga ins t  disti l led wa te r  overn igh t  and  con- 
cent ra ted .  E lec t rophore t ic  ident i f ica t ion of aort ic  AGAG 
was made  using a 0 .1M ve rona l -phospha te  buffer  (pH 8.6) 
on a cellulose ace ta te  s t r ip  a t  0.5 m A / c m  for 60 min,  
followed by  s ta in ing in 0.05~ toluidine blue in 2% acetic 

Table II. The distribution of unsaturated disaccharides of aortic 
acidic glycosaminoglycans eluted at 3.0M NaCl from a Dowex 
1-X2 column followed by. digestion with chondroitinase-ABC 

Unsaturated disaccharide Yield (txg) Percentage 

4-sulfated 25.0 36.3 
6-sulfated 24.6 35.8 
Di-sulfated 19.2 27.9 
Total 68.8 100.0 

Undigested glycosaminoglycans 48.6 41.4%/total 

The yield of acidic glycosaminoglycans was 145 ~g. 1 unit of enzyme 
was used. 

acid. S t anda rd  hepar in  and heparan  sulfates were gifts 
f rom Upj ohn Co., Michigan, and  chondro i t in  sulfates were 
suppl ied f rom Seikagaku Kogyo  Co., Tokyo. 

E n z y m a t i c  assay for aort ic  AGAG eluted a t  the  3.0 M 
NaC1 was carr ied out  a t  the  d isacchar ide  subuni t  wi th  
chondro i t inase-ABC as descr ibed in previous papers  13,14,16. 
The chondro i t in  sulfates of the  AGAG a t  th is  f ract ion 
were digested wi th  chondro i t inase-ABC in order  to  
d e m o n s t r a t e  the  clear spot  of hepar in  by  electrophoresis .  
For  ident i f ica t ion  of the  c o m p o n e n t  of hexosamine  moie ty ,  
the  AGAG were hydro lyzed  ill 4 N  HC1 for 18 h a t  100~ 
and analyzed on an au tomat i c  aminoana lyzer  (Hitachi  
KLA-3B).  

Results  and discussion. A p p ro x i ma t e l y  85% recovery  
was ob ta ined  by  tile glucuronic acid de te rmina t ion ,  af ter  
the  crude aort ic  AGAG (29.6 rag) were appl ied on a 
Dowex l - X 2  column followed by  collection and dialysis 
procedure.  The f rac t iona t ion  p a t t e r n  of aort ic  AGAG on 
a Dowex l - X 2  column, as i l lus t ra ted in Table  I, indica ted  
t h a t  the  ma j o r i t y  of aort ic  AGAG was eluted at  t h e l . 2 5 M  
and  1 .75M NaC1 fract ions  and  only  9.5% of AGAG 
consis ted of t h a t  of the  3 .0M eluate.  

E lec t rophore t ic  separa t ion  of aort ic  AGAG at  the  
3 .0M NaC1 f rac t ion  d e m o n s t r a t e d  2 spots  cor responding  
to  those  of s t an d a rd  chondro i t in  sulfate isomers (B and C 
types)  and hepar in .  The par t ia l  enzymat i c  degrada t ion  
of AGAG in the  f rac t ion wi th  chondro i t inase-ABC 
resul ted  in a Clear demons t r a t i on  of the  spot  ident ical  wi th  
hepar in  (Figure 1 and 2). This fas ter  moving  spot  was 
s ta ined me tach roma t i ca l ly  more  reddish  t h a n  the  spot  
moving  slowly. No spot  cor responding  to  hepar in  ap- 
peared  at  a lower concen t ra t ion  t h a n  3 .0M NaC1. 

Table I I  i l lus t ra tes  the  resul t  of enzymat i c  assay of 
aort ic  AGAG a t  the  3 .0M NaC1 wi th  chondroi t inase-  
ABC. I t  shows t h a t  3 unsa tu r a t ed  disacchar ides  degraded  
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with  the  enzyme appeared  in similnr  quant i t ies ,  ind ica t ing  
t h a t  oversul fa ted  chondro i t in  sulfate consis ted  of such a 
high q u a n t i t y  of a p p r o x i m a t e l y  1/3 of the  to ta l  cholldro- 
i t in  sulfate  isomers.  Because chondro i t inase -ABC digests  
chondro i t in  monosul fa tes  (A, B, C isomers) b u t  does no t  
digest  comple te ly  oversul fa ted  ones eluted at  a h igh  salt  
concent ra t ion ,  a possible  presence of t he  oversul fa ted  
chondroi t i l l  sulfate in t he  undiges ted  AGAG, which  
include hepar in  or the  re la ted  substance ,  canno t  be 
dismissed.  

The ami l loanaly t ica l  resul t  of the  hydro lyza te s  of the  
undiges ted  aort ic  AGAG wi th  chondro i t inase-ABC at  the  
3 .0M fract ion showed 2 main  peaks  cor responding  to  
glucosamine and  ga lac tosamine  moieties.  The ra t io  of the  
glucosamine to  ga lac tosamine  was app rox ima te ly  1:8 
which was p ropor t iona l  to  t he  ra t io  of hepar in  or its 
re la ted  glucosalnil loglycan to cholldroiti l l  sulfates whell 
e lec t rophore t ica l ly  separa ted .  Since no an th rone  posi t ive  
subs tance  appeared  in the  fraction,  the  presence  of ke ra t an  
sulfate should be ruled out.  Insuff ic ient  subs tance  pre- 
ven t ed  fu r ther  ident i f ica t ion  of aort ic  AGAG, hepar in  in 
par t icular .  Never theless ,  the  p resen t  f indings  suggest  

the  occurrence of heparii1 and/or  the  re la ted  glucosamino-  
glycan i n h u m a n  aorta,  in addi t ion  to the  major  consti-  
t uen t s  of chondro i t in  sulfate isomers,  including over- 
sulfa ted ones ~L 

Zusarnmen/assung. Hepar in  und  Glucosaminoglycan 
wurde  in kleinen Mengen in der  menschl ichen  Aor ta  mi t  
E lek t rophorese  festgestel l t .  
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Die  A b h / i n g i ~ k e i t  der  M a g n e s i u m - ' a k t i v i e r t e n  I n o s i n '  T r i p h o s p h a t a s e - A k t i v i t i i t  d e s  A k t o m y o s i n s  
v o n d e r  I o n e n s t i i r k e  

Die kont rak t i le  Akt iv i t / i t  der  Myofibril le wird  durch  
den Tropon inkomplex  reguliert .  Dieser  s t eh t  mi t  dem 
Akt in  in Wechse lwi rkung  und  h e m m t  bet Calciumionen- 
kol lzent ra t ionen un te r  e twa 10-~ M die Aktii1-Myosin- 
In t e r ak t i on  ~. Da j edoch der Troponi l lkomplex  n ich t  d i rek t  
mi t  dem AktiI1 reagier t  und  nur  auf jedes s iebte  Akt in-  
m o n o m e r  ein Troponil lmolekfi l  k o m m t  ~, intisste deshalb  
eine indi rekte  Wi rkung  des Tropon inkomplexes  fiber 
das Tropomyosi l lmolekt i l  pos tu l ie r t  werden.  Diese An- 
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Einfluss der Ionenst~rke auf die Magnesium-aktivierten NTPase- 
Aktivit/iten yon ,cnattirlichem~, und ,cdesensibilisertem~ Aktomyosin 
yon Herz- und Skelettmuskel. Testansatz siehe Methodik. ---[]--- ,  
NAM Herz; -- - A -- -, DAM Herz;-- 0 --,  NAM Skelett; - - ~ - - ,  DAM 
Skelett ATP; --@--,  DAM Skelett ITP; offene Symbole, Magnesium- 
ATP; ausgeftillte Symbole, Magnesium-lTP; NTPase-Aktivit~it in 
vMol/min/mg Eiweiss. Reehte Ordinate, ATPase- und ITPase-Akti- 
vit~it des Herzmuskelaktomyosin; Linke Ordinate, ATPase (Innen- 
seite) und ITPase-Aktivit~t (Aussenseite) des Skelettmuskelakto- 
myosins. 

n a h m e  scheint  auch deshalb plausibel,  weil das  zwischen 
den beiden helical u me i n an d e rg ew u n d en en  Akt indoppe l -  
str/illgen ver laufende,  Ial lggestreckte Tropomyosi l lmole-  
kiil~, 4 bei  Aktivierul lg des Muskels im F i l amen t  seine 
Pos i t ion  5/ indert .  Daher  w~re es in te ressan t  zu wissell, ob 
das Tropomyos in  B - zumindes t en  un te r  b e s t i m m t e n  
Versuchsbedi l lgungen - die Ak t in -Myos in - In t e rak t ion  
h e m m e n  kann  (vgl. auch  SCHAISB6). 

Eine  solche Versuchsbedigung  scheint  bet der  Abh~Lngig- 
kei t  der  Mg-akt iv ier ten  h l o s i n t r i p h o s p h a t a s e  Akt iv i t / i t  des 
Aktomyosii1 zu bestehell:  Es  wird  daher  im Fo lgenden  
tiber Versuche ber ichte t ,  d i e  eine Hemmwirku l lg  des 
Tropomyos in  B auf die I n t e r a k t i o n  zwischell Akt in  und  
Myosin - gemessen als ITP-ase-Aktivi t /~t  - zeigen. 

2Ylethodik. Natfir l iches Aktomyos i l l  (enth~lt  Troponin-  
komplex  und  Tropomyos in  B) bzw. <,desensibilisiertes 
A k t o m y o s i m  (enth~lt  weder  T ropon inkomplex  noch 
Tropomyos in  B) wurde  nach  den Methoden  von  JENNY ~ 
bzw. SCI-IAUB et al. s, 9 pr&pariert.  T ropomyos in  B wurde  
wie bei  SCHAUB und  I:)ERRY 10 beschr ieben  pr~tpariert und  

�9 ge le lek t rophore t i sch  geprfift .  
Der  Ansa tz  zur NTPase -Ak t iv i t~ t sbes t immul lg  en th ie l t  

25 m M  Tris-HC1 (pH 7.6), 10 -5 M Ca++, 2.5 m M  MgCI~, 
2.5 n l M  A d e n o s i n t r i p h o s p h a t  (ATP) oder  Inosi l l t r i -  
phosphat (ITP). Die T e m p e r a t u r  war  25 ~ die gewfinschte 
Ionenst / i rke  wird  mi t  KCI eingestell t .  
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