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A STUDY OF ACID M U C O P O L Y S A C C H A R I D E S  OF 

B O V I N E  A O R T A  W I T H  T H E  A I D  OF A C H R O M A T O G R A P H I C  

P R O C E D U R E  F O R  S E P A R A T I N G  S U L F A T E D  

M U C O P O L Y S A C C H A R I D E S *  

G E R A L D  S. B E R E N S O N  

Deparlment o] Medicine, Louisiana Slate University, School o/Medicine, New Orleans, La. (U.S.A .) 

Interest in the ground substance of cardiovascular structures has been stimulated 
over the past few years by the advancement of biochemical techniques. These tech- 
niques offer a good opportunity to study the acid mucopolysaccharides (MPS) from 
connective tissue and to investigate the nature of the substances in cardiovascular 
structures. Since there is limited information concerning the characteristics of the 
MPS in the aorta, a restudy of aortic tissue seemed warranted. 

The presence of sulfated MPS in the aorta has been known for some time ~. Earlier 
observations by MEYER ANI) R \PPORT 2 indicated the presence of two sulfated MPS, 
chondroitin sulfuric acid (CSA) C and B, with the absence of hyaluronic acid (HA); 
however, more recent studies 3 which have appeared during the course of these investi- 
gations indicate the presence of a family of CSA compounds and of HA. Another recent 
study ~ further suggested the presence of MPS in the aorta containing both glucosamine 
and galactosamine, but did not completely characterize the compounds isolated. 

The following.studies describe the isolation of a mixture of acid MPS from bovine 
aorta which was resolved into three compounds with the aid of zone electrophoresis 
and column chromatography. These studies also give evidence of another compound 
not yet isolated in a pure state. The chromatographic procedure, which was developed 
for the purpose of separating the CSA compounds, ~ as found in addition to fractionate 
a mixture that occurs in a commercial preparation of a-hepafin. One of the compounds 
isolated from the a-heparin, fi-beparin, was similar to or identical with a fraction 
obtained from aorta. 

E X P E R I M E N T A L  

Preparatio~ o/ 3I PS mixture from bovine aorta 
B o v i n e  a o r t a s  w e r e  o b t a i n e d  f r e s h  f r o m  a l o c a l  a b a t t o i r .  T h e  a o r t a s ,  d i s s e c t e d  f r ee  of  e x c e s s  

f a t  a n d  c o n n e c t i v e  t i s sue ,  w e r e  g r o u n d ,  d e f a t t e d  w i t h  a c e t o n e ,  a i r  d r i e d ,  a n d  w e r e  s t o r e d  a t  - - 2 0  ° 
u n t i l  u s e d  fo r  e x t r a c t i o n .  T h e  p r o c e d u r e  f o r  i s o l a t i o n  o f  t h e  c r u d e  .-V[PS w a s  s i m i l a r  t o  t h e  m e t h o d  
u s e d  t o  i s o l a t e  .M1}S f r o m  r a b b i t  s k i n  5. A g r a p h i c  s u m m a r y  o f  t h e  p r o c e d u r e  f o r  i s o l a t i n g  t h e  
c r u d e  MI>S f r a c t i o n  f r o m  t h e  a o r t a  a n d  r e s o l u t i o n  i n t o  c o m p o n e n t  c o m p o u n d s  is  p r e s e n t e d  in  
T a b l e  I. l~riefly,  t h e  p r o c e d u r e  fo r  i s o l a t i n g  t h e  M P S  m i x t u r e  c o n s i s t e d  o f  t h e  f o l l o w i n g :  t h e  
d r i e d  d e f a t t e d  a o r t i c  t i s s u e  w a s  e x t r a c t e d  w i t h  _, o//0 N a O H  (15 m l / g )  b y  v i g o r o u s  s h a k i n g  o v e r n i g h t  
a n d  r e e x t r a c t e d  b y  a p p r o x i m a t e l y  i / 3  o r i g i n a l  v o l u m e  of  N a O H .  T h e  a l k a l i - e x t r a c t s  w e r e  p o o l e d ,  

* T h e s e  s t u d i e s  w e r e  a i d e d  b y  g r a n t s  f r o m  t h e  A m e r i c a n  H e a r t  A s s o c i a t i o n  a n d  t h e  N a t i o n a l  
H e a r t  I n s t i t u t e  of  t h e  P u b l i c  H e a l t h  S e r v i c e  ( H - 2 9 4 2 ) .  
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dia lyzed  a g a i n s t  t a p  wa t e r  a n d  d iges ted  wi th  t r y p s i n  (2. 5 m g / g  of prote in)  in PO~ buffer,  p H  7.8 
a t  380 for 5 days .  A io  % concen t r a t i on  of t r ich lorace t ic  acid was  m a d e  a n d  t h e  so lu t ion  fil tered 
clear. Th i s  so lu t ion  a f te r  d ia lys is  aga i n s t  dist i l led H 2 0  a t  4 ° was  refi l tered and  concen t r a t ed .  
N a  ace t a t e  was  a d d e d  to m a k e  a 1% so lu t ion  and  4 v o l u m e s  of alcohol  were  used  to  p rec ip i t a te  
t h e  po lysacchar ide .  T he  prec ip i ta te ,  c rude  M P S  mix tu r e ,  was  cent r i fuged,  washed  wi th  alcohol,  
e t he r  and  dr ied u n d e r  vacuo. T he  yield was  a p p r o x i m a t e l y  1.54 g / i o o  g of dr ied aor t ic  t i s sue  
a n d  ana lyzed  4 . 1 %  N, 13 .o% h e x o s a m i n e  a n d  1 2 . 4  % uronic  acid. 

T A B L E  I 

M E T H O D  OF I S O L A T I O N  OF A C I D  M U C O P O L Y S A C C H A R I D E S  F R O M  A O R T A  

Tissue  (ground,  ace tone  - defa t ted)  

l 
E x t r a c t e d  w i t h  N a O H  

I 

Dia lyzed  (to ~ ,  p H  8.o) 

T r y p s i n  d iges t ion  (PO 4 buffer,  p H  7.8) 

TCA prec ip i t a t ion  

/ \  
l "x 

p rec ip i t a t e  f i l t ra te  d ia lyzed  (dist.  H 2 0 ,  4 °) 
(discard) / p rec ip i t a t ed  (4 vol. E t O H  + Na  acetate)  

v 
Mucopo lysaccha r ide  m i x t u r e  

/ ~  \ ' x z ° n e  e lect rophoresis ,  PO  4 buffer,  p H  6.9 

H y a l u r o n i c  acid Chondro i t in  sul fur ic  acid (mixture)  
(CSA) 

C h r o m a t o g r a p h y  (Zn ace ta t e -p ropano l  

CSA (A) CSA-B (fl-heparin) 

Resolution o[ M P S  into two components by electrophoresis 
The  c rude  M P S  was  redissolved in wa t e r  a n d  was  s epa ra t ed  in to  two  c o m p o n e n t s  by  zone 

e lec t rophores is  on celite ( Johns-Manvi l le ,  Ana ly t i ca l  F i l te r  Aid). The  s e p a r a t e d  f rac t ions  were 
recovered  by  d i s p l a c e m e n t  f rom t h e  celite wi th  w a t e r  a n d  ana lyzed  for uronic  acid s. Selected 
f rac t ions  were pooled, d ia lyzed  a n d  t he  po lysacchar ide  p rec ip i t a t ed  w i th  alcohol and  s o d i u m  
ace t a t e  as  descr ibed  above.  An  i l lus t ra t ion  of e lec t rophores is  of MPS  f rom ao r t a  is s h o w n  in 
Fig. i .  Two g roups  of c o m p o u n d s  were s epa ra t ed  wi th  mobi l i t ies  r e sembl ing  H A  and  CSA, t he  
CSA c o m p o u n d s  accoun t i ng  for a p p r o x i m a t e l y  65 % of t he  ma t e r i a l  isolated.  

Chromatography o[ the sul/ated M P S  
The  ana ly s e s  of ma te r i a l  i sola ted as CSA by  e lec t rophores is  sugges ted  it to be a mix tu re .  

Since o the r  studies2,  ~ showed  t he  presence  of more  t h a n  one CSA c o m p o u n d  in aor ta ,  t he  develop-  
m e n t  of a c o l u m n - c h r o m a t o g r a p h i c  p rocedure  to f r ac t iona te  th i s  m i x t u r e  was  a t t e m p t e d .  Tile 
i so la t ion  of f l -hepar in  7, a s u b s t a n c e  t h a t  m a y  be ident ica l  to CSA-B n, 5, wi th  zinc ace t a t e -n -p ropano l  
f r ac t iona t ion  sugges t ed  a so lven t  s y s t e m  for a c h r o m a t o g r a p h i c  procedure .  

Preliminary experiments. A series of p r e l imina ry  e x p e r i m e n t s  was pe r fo rmed  to de t e rmine  
cond i t ions  for m a k i n g  t he  c o l u m n  and  ach iev ing  f r ac t iona t ion  of tile su l fa ted  MPS. Alkali-  
e x t r a c t e d  CSA-A of bovine  cart i lage,  which  was  p repa red  by  a m e t h o d  prev ious ly  descr ibed ~, 
se rved  as po lysaccha r ide  ma t e r i a l  to de t e rmi ne  condi t ions  for the  c h r o m a t o g r a p h y .  Co lumns  of 
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Fig, i .  An e x a m p l e  of zone e lec t rophores i s  on cel i te  of the  m i x t u r e  of MPS e x t r a c t e d  from bovine  
aor ta .  The  bars  r ep resen t  a p p r o x i m a t e  concen t r a t i ons  of MPS in e luen ts  f rom cm sect ions of 
the  cel i te  slab. The d i rec t ion  of m i g r a t i o n  represen ted  a r e s u l t a n t  m o v e m e n t  due to  bo th  m o b i l i t y  
of the  c o m p o u n d s  and  e lec t roosmosis  of the  buffer. Selected f rac t ions  were  pooled and  t he  MPS 
i so la ted  for fu r the r  s tudy .  E l e c t r opho r e t i c a l l y  two  f rac t ions  were isolated,  each f rac t ion  con t a in ing  

a m i x t u r e  of compounds .  Refer  to  t e x t  for fu r the r  detai ls .  

cel i te  ( Johns-Manvi l le  No. 545) were  found to r e t a in  MPS whereas  cellulose powder  a lone failed 
to  do so; however ,  m i x t u r e s  of cel i te  and  cellulose were  used since the re  was  a decreased t e n d e n c y  
of channe l ing  du r ing  elut ion.  Var i a t ions  in c o n c e n t r a t i o n  of zinc ace t a t e  (o.oi and  o. I M) p roduced  
s imi l a r  f rae t iona t ion ,  b u t  the  h ighe r  concen t r a t i ons  seemed to  enhance  r e t en t i on  of po lysacchar ide  
by  the  column.  

Preparation and elution ot columns. 35 g of cel i te  and  20 g of a coarse grade  of W h a t m a l i  
ashless  cellulose powder  were m i x e d  in to  a s lu r ry  w i t h  a so lu t ion  of o . i  M zinc a c e t a t e - n - p r o p a n o l  
in a r a t io  of 45/55 (v/v). These m a t e r i a l s  were t h e n  poured  to  fo rm a co lumn 4.7 cm in d i a m e t e r  
and  I i .o  cm in length.  "When the  co lumn was  a l lowed to  r ema in  overn igh t ,  a more  un i fo rm flow 
ra te  seemed to  resul t ,  and  a flow ra t e  of a p p r o x i m a t e l y  3 m l / m i n  was  ma i n t a i ned .  A p p r o x i m a t e l y  
2o0 mg  of the  bovine  aor ta -CSA m i x t u r e  ob t a ined  by  i so la t ion  a f te r  e lec t rophores i s  was  placed 
on the  co lumn as a w a t e r - p r o p a n o l  solut ion.  F r a c t i o n a t i o n  was  accompl i shed  by  e lu t ion  w i t h  
50o to  75o ml of o.I M zinc a c e t a t e - n - p r o p a n o l  by  s tepwise  increase  in the  p ropor t ion  of zinc 
ace t a t e  solut ion.  The so lu t ions  of zinc a c e t a t e - n - p r o p a n o l  were  f i l tered before use on the  column.  

Isolation o[ M P S  [ollowing chromatography. Al iquo t s  of i ml  of the  e luent  f luids were ana lyzed  
for the  presence  of MPS by  a d d i t i o n  of i ml  of acidif ied bovine  a l b u m i n  so lu t ion  (o.i % in o. i  M 
ace t a t e  buffer a t  p H  3.75), and  the  resu l t ing  t u r b i d i t i e s  were read  in a co lor imete r  a f te r  5 m i n  
a t  620 mHg. These d e t e r m i n a t i o n s  were re la ted  to  a s t a n d a r d  curve,  ob t a ined  wi th  ca r t i l age  
CSA-A and served  as an  a p p r o x i m a t i o n  of the  c o n c e n t r a t i o n  of the  different  acid MPS and as 
a s imple  and rap id  means  of the i r  de tec t ion .  

The MPS were i so la ted  by  pool ing  se lected f rac t ions  from the  column.  The pooled so lu t ions  
were d ia lyzed  a ga in s t  d is t i l led  w a t e r  a t  4 °, a f te r  which  t h e y  were concentra~:ed and  the  MPS 
prec ip i t a t ed .  Traces  of cel i te  or o the r  i n s d u b l e  m a t e r i a l  were e l im ina t ed  by  red isso lv ing  in water ,  
cen t r i fug ing  and  recover ing  the  MPS f rom the  s u p e r n a t a n t .  

Since the  c h r o m a t o g r a p h i c  p rocedure  was  found to  s epa ra t e  the  su l fa ted  m a t e r i a l  of the  
bov ine  aor ta ,  f r ac t i ona t i on  of a commerc i a l l y  ava i l ab l e  a -hepar in*  was  also a t t e m p t e d .  The  
a -hepa r in  was  p r e c ip i t a t e d  wi th  sodium a c e t a t e  and  alcohol  and  recovered  in a d ry  s ta te .  3oo to  
4o0 mg  of the  hepa r in  was  placed on the  co lumn as a w a t e r - p r o p a n o l  so lu t ion  and  c h r o m a t o g r a p h e d  
as described.  

Analyses o[ isolated compounds 
The fol lowing ana lyses  were ob ta ined  and  ca lcu la t ed  on a d ry -we igh t  basis  by  a l lowing  a 

sample  to  d ry  to a c o n s t a n t  we igh t  a t  lO5°: (1) op t ica l  ro ta t ion ,  (2) n i t rogen  by  mi c ro -K j e l dah l  
d iges t ion  and  ness ler iza t ion,  (3) sulfate1°, (4) uronic  ac id  by  DISCHE carbazole  procedure  6, (5) 
hexosamine  con ten t  1~, and  (6) a s say  of a n t i c o a g u l a n t  propert ies l~,  13. E n z y m i c  hydro lys i s  of 
a p p r o x i m a t e l y  0.2 mg of MPS by  48 t u r b i d i t y - r e d u c i n g  un i t s  of t e s t i cu l a r  hya lu ron idase**  was  

* Hepar in ,  sod ium - Leder le  Labora tor ies ,  Div i s ion  A m e r i c a n  C y a n a m i d  Company.  
"" K ind ly  suppl ied  by  Dr. J. SEIFTER, W y e t h  I n s t i t u t e  for Medical  Research .  
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performed by incubat ion  for 45 min, I h and 4 h at  380 and assayed for hydrolysis  by a turbi-  
dimetric procedure 8,9. Differentiat ion of glucosamine and galactosamine in the isolated fractions 
was  performed by paper  ch roma tography laand  by  a modification of the resin method of GARDELL 1~, 
wi th  compar ison  to known s tandards .  The uronic acid of the sample isolated as CSA-B was 
compared  to a known sample of CSA-]3* by  a method of paper  ch roma tog raphy  suggested by  
FISHER AND DORFEL 16. 

RESULTS 

The results are summarized in Figs. 2 and 3 and in Tables II and III.  
A representative example of a chromatographic column to separate the sulfated 

MPS from bovine aorta is shown in Fig. 2. CSA-A is eluted with zinc acetate-n- 
propanol solutions at a ratio of 60/40 (v/v) and is almost completely eluted from 
the column at approximately 70/3 ° (v/v). CSA-B is eluted with solutions at ratios 
greater than 75/25 (v/v). The preparative chromatography illustrated in Fig. 2 
demonstrates on overlap during elution of the two compounds but  other experiments, 
particularly with smaller quantities of MPS, suggested better resolution. CSA-A 
composed approximately 75% of the sulfated mixture. Chemical analyses of the two 
sulfated components obtained by chromatography are shown in Table II and agree 
with results previously published3,*,L The assays for antithrombin activity demon- 
strated activity for CSA-B from the aorta comparable to those of a known CSA-B 
from urine. The material yeas resistant to enzymic hydrolysis by testicular hyaluroni- 
dase and L-iduronic acid was demonstrated. 

The material obtained by electrophoresis which migrated toward the cathode 
(resultant direction due to electroosmosis of the buffer) was principally HA. Refer 
to Table II. Analyses of this material even after reelectrophoresis consistently demon- 
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Fig. 2. Resul ts  of chromatographic  separa t ion  of chondroi t in  sulfate A and B from a mixture  
obtained f rom bovine aorta.  The concentra t ion of MPS eluted f rom the column was determined 
by  a turbidimetr ic  method  with the  use of an a lbumin  solution at  p H  3-75 and cartilage CSA-A 
as a reference. The values shown indicate total  amoun t  in each change of zinc acetate-~;-propanol 
solut ions of approx imate ly  5oo ml. In  this  exper iment  CSA-A was isolated from solutions con- 
taining 6o/4o to 67/33 (v/v) and CSA-B f rom solutions containing 8o/2o to IOO/O (v/v) of o.i 31 

zinc ace ta te-n-propanol .  The analyses of the  compounds  isolated are shown in Table II .  

* Kindly supplied by Dr. J. A. CIFONELLI, Universi ty of Chicago. 
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strated a low optical rotation, - - 3 0  to - - 4  °0 [a]~ but contained only glucosamine 
and less than o.5% S as sulfate. After passing over charcoal, Darco G 6o ~v, a puri- 
fication was achieved to obtain a rotation of - - 6 4  °. The data suggest that the major 
material thus isolated from this group of substances was HA but the need for con- 
tinued purification by charcoal even after reelectrophoresis suggested the presence 
of another compound. Studies by MEYER 6[, a l .  3 suggesting the presence of a heparin- 
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Z 

K: 

LLI 
- r  

4 5 / 5 5  5 0 / 5 0  5 5 / 4 5  5 7 / 4 3  6 0 / 4 0  62/38 6 5 / 3 5  6 7 / 3 3  

RATIO 0.1 M Zn ACETATE /N -- P R O P A N O L  ( v / v )  

Y-7 
7 0 / 3 0  90110  

F i g .  3- R e s u l t s  of  c h r o m a t o g r a p h i c  f r a c t i o n a t i o n  o f  a c o m m e r c i a l l y  a v a i l a b l e  p r e p a r a t i o n  o f  t~- 
h e p a r i n .  T h e  c o n d i t i o n s  a r e  s i m i l a r  t o  t h o s e  f o r  f r a c t i o n a t i o n  o f  C S A  d e s c r i b e d  in  t h e  t e x t  a n d  
i n d i c a t e d  f o r  F i g .  2. F r a c t i o n  I w a s  i s o l a t e d  f r o m  s o l u t i o n s  o f  5o /5  ° t o  5 7 / 3 3  z inc  a c e t a t e - n -  
p r o p a n o l ,  f r a c t i o n  I I  f r o m  6 2 / 3 8  t o  6 5 / 3 5 ,  a n d  f r a c t i o n  I I I  f r o m  9 o / I o .  A n a l y s e s  o f  t h e  M P S  

i s o l a t e d  a s  t h e  v a r i o u s  f r a c t i o n s  a r e  d e s c r i b e d  in  t h e  t e x t  a n d  a r e  s h o w n  in  T a b l e  I I I .  

T A B L E  I I  

C H E M I C A L  ANALYS/*2S OF M U C O P O L Y S A C C H A R I D E S  I S O L A T E D  F R O M  B O V I N E  AORTA 

Optical N S Hexosamine* Hexuronic acid 
Preparation rotation % % Hyaluronidase 

[,q~ % ,, % 

H y a l u r o n i c  a c i d  - 64** 3-78  ~ 0-5 34 .5  44 .9  h y d r o l y z e d  
( g l u c o s a m i n e )  

T h e o r y  -7 ° 3 .48  o 44 .5  48 .0  h y d r o l y z e d  
( g l u c o s a m i n e )  

C h o n d r o i t i n  s u l f u r i c  a c i d - A  3 ° 3 .05  6. 4 23 .6  30 .0  h y d r o l y z e d  
( g a l a c t o s a m i n e )  

Theo r~  3 ° 2 .78  6. 4 3,5.,5 38.,5 h y d r o l y z e d  
( g a l a c t o s a m i n e )  

Y h o n d r o i t i n  s u l f u r i c  ac id - l~***  - 55 3.27 5.4  23 .0  20.9§ r e s i s t a n t  
( g a l a e t o s a m i n e )  

T h e o r y  0o  2.78 6. 4 35.5  38.5  r e s i s t a n t  
( g a l a c t o s a m i n e )  

* V a l u e s  w e r e  u n i f o r m l y  l o w  in  a l l  o f  t h e  a n a l y s e s  o f  h e x o s a m i n e .  
** O b t a i n e d  a f t e r  p a s s i n g  o v e r  c h a r c o a l l L  

* * * A n t i t h r o m b i n  a c t i v i t y  c o m p a r a b l e  t o  a k n o w n  s a m p l e  of  C S A - B  f r o m  u r i n e  w a s  d e m o n s t r a t e d .  
§ . \ n a l v s e s  b v  t h e  c a r b a z o l e  e o l o r i m e t r i c  p r o c e d u r e  a r e  lowa,  5 a n d  t h e  u r o n i c  a c i d  w a s  d e m o n -  

s t r a t e d  t o  be  L- i ' du ron ic  a c i d  b y  p a p e r  c h r o m a t o g r a p h y  TM. 
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TABLE III  

C H E M I C A L  A N A L Y S E S  OF M U C O P O L Y S A C C H A R I D E  F R A C T I O N S  I S O L A T E D  A F T E R  C H R O M A T O G R A P H Y  OF 

A C O M M E R C I A L  P R E P A R A T I O N  OF G - H E P A R I N  

Optical N S Hexosamine* Hexuronic acid 
Preparation rotation 

[a]~ % % % % 

Commercial heparin** 48 3. I I I. I 24.2 34-5 
(glucosamine 

and galactosamine) 

Fraction I 44 2.4 12.1 19.4 34.o 
(glucosamine) 

Fraction II 4 ° 2. 3 lO.6 18 6 28.2 
(glucosamine 

and galactosamine) 

Fraction III - -34  2.6 6.6 20.0 t 8.2 ~ * * 
(galactosamine) 

Theory : 
a-Heparin 49 2.2 12.4 27.8 3 ° . 2 

(glucosamine) 
fl-Heparin - -6o  2.8 6. 4 35.5 38-5 

(galactosamine) 

* Results of hexosamine determinations were uniformly low in all of the analyses. 
** Precipitated and recovered from a solution of commercial heparin. Anticoagulant activity 

was demonstrated with equivalent activity observed for Fr. I and If but less for III. 
*** Low values are found with the carbazole method. The uronic acid was demonstrated to be 

L-iduronic acid by paper chromatography1% 

like mate r ia l  in the aor ta  agree wi th  these findings but  this substance remains to 
be isolated and identified. Pre l iminary  studies suggest tha t  a compound might  be 

separa ted  from the H A  by  the chromatographic  procedure described above and by  

means  of charcoal.  
Since the chromatographic  technique described above separated sulfated MPS, a 

similar  effort was made  to f rac t ionate  a commercia l  a-heparin.  The results are reflected 

by Fig. 3. This s tudy  demonst ra tes  f ract ionat ion into at least two components ,  
fract ion I at 50/50 (v/v) and fract ion I I I  at 9O/lO (v/v). There is a possibil i ty of an 

addi t ional  component ,  a mix tu re  designated as fract ion II,  and isolated at  62/38 (v/v). 
Analyses of these fractions and, for comparison,  of the commercia l  heparin are shown 

in Table  I I I .  Since only small quant i t ies  of fract ion I I I  were present,  this material  

was pooled from several columns. Frac t ion  I I I  had  a slight yellow discoloration tha t  

suggested impur i ty ;  unfor tunate ly ,  the l imi ted amount  isolated precluded fur ther  
identif icat ion than  is shown in Table  I I I .  The re la t ive  amounts  of fractions I, I I  
and I I I  obta ined  from the columns were 23, 6.5 and I, respectively.  The analyses 
performed on the MPS isolated from the heparin columns compared  to known values 
seem to indicate  tha t  fract ion I is a-heparinlS, 19; tha t  fraction I I  is principal ly 

a-heparin with the presence of t race amounts  of a substance conta ining galactosamine,  
possibly CSA-A; tha t  fraction I I I  is probably  fi-heparin, which has been isolated 
from lung in other  preparat ions  of heparinL All of these samples were resistant  to 
tes t icular  hyaluronidase,  and studies of ant icoagulant  act ivi t ies  of fractions I and I I  
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were consistent with those for a-heparin and fraction I I I  for fl-heparin. Such results 
indicate that  the chromatography may  aid in purification of a-heparin without 
degradation of the polysaccharide. 

DISCUSSION 

In these experiments three acid MPS were isolated from bovine aorta, HA and CSA-A 
arid B. The data suggest another compound present in the material isolated electro- 
phoretically with the HA but without further investigation little comment can be 
made. The available information only indicates a glncosamine-containing compound, 
possibly with a low sulfate content and positive optical rotatfon. However, that  there 
is a heterogeneous mixture of compounds with characteristics of acid MPS present 
in the  connective tissue of the aorta is clear from the general findings of these studies. 

The CSA compounds were separated by  a column-chromatographic procedure 
which appears to be of value in supplementing other methods of isolating MPS. Since 
these substances were indistinguishable by  zone electrophoresis, it was necessary to 
resort to another method of separation. In other experiments 2°, separation of sulfated 
MPS by paper chromatography had been a t tempted  but  the need remained for a 
method that  would permit isolation of larger quantities for analytical characterization. 
By incorporating the technique of chromatography, this method may  result in better  
separation of the MPS than can be accomplished by  alcohol fractionation alone. In 
other studies 2 using alcohol fractionation CSA-C has been found but these studies 
did not demonstrate the presence of this compound, and no further a t tempts  were 
made to duplicate the methods used previously. 

With the accumulation of information about CSA-B, the presence of this com- 
pound in the aorta becomes of increasing interest. Since it has anticoagulant activity, 
its location in a blood vessel may  have considerable significance. The uronic acid of 
the CSA-B (fl-heparin) has been demonstrated to be L-iduronic acid 21, 22, which is a 
material  in the body thus far unique to this MPS. Furthermore, studies of compounds 
from various sites: skin 23, lungs 7, urine 24 and gastric mucosa 25, indicate the presence 
of a similar compound and on the basis of those observations CSA-B and fl-heparin 
have been suggested to be identical. These experiments were not designed to confirm 
the similarity or identi ty of these substances but  the chromatography of MPS mixture 
from two different sources, aorta and lung, demonstrated elution of the material at 
approximately the same region, which with the same chemical analyses may  be taken 
as further evidence of identity. Anti thrombin activity, characteristic of fl-heparin, 
was demonstrated for the compound isolated from the aorta. 
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SUMMARY 

These studies describe a method  for isolating a heterogeneous mix ture  of acid mucopolysacchar ides  
f rom bovine aorta.  The mix ture  was  resolved into three compounds ,  hyaluronic  acid and chon- 
droit in sulfuric acids A and B by zone electrophoresis and column chromatography .  Evidence 
is presented for the  presence of ano the r  subs tance  which could be separated f rom hyaluronic  acid 
by  charcoal. The chondroi t in  sulfuric acid B isolated f rom the  aor ta  was  chemically similar to 
samples  obtained f rom lung and urine and demons t ra ted  an t i t h rombin  activity.  The exper iments  
offer fu r ther  evidence t ha t  CSA-B and fl-heparin are the  same compound.  
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