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Chemical and biological characterization of the acid mucopolysaccharides has been 
hampered by inadequate methods for separation and resolution of polydisperse prepa- 
rations. Recently, methods involving electrophoresisl, 2 and paper chromatography 3 
have been described for the separation of different acid mucopolysaccharides, but no 
claim has been made of separation of individual compounds into fractions of different 
molecular weights. An observation 4 that heparin could be fractionated with a "carrier" 
amine by counter-current techniques suggested that other acid mucopolysaccharides 
might similarly be separated, purified or fractionated. The following studies describe 
a column chromatographic method using aliphatic amines for the fractionation and 
separation of hyaluronic acid (HA) and chondroitinsulfuric acid (CSA). 

METHODS 

The mucopolysaccharides used in these exper iments  were HA from filtrates of a strain of 
Group A streptococcus,  and alkali-extracted cartilage CSA, prepared by  methods  previously de- 
scribed5, 6. Both substances  were converted into the free acid by  t r ea tmen t  wi th  Amberli te IR-i2o§ 
in the H + form. This is of great  impor tance  since the method described is not  applicable to the 
salts of the polysaccharides. 

A var ie ty  of aliphatic amines as obtained from Armour  Laboratories§§ were utilized in these 
studies. Several suppor t ing  agents, including different grades of celite and powdered silica~ were 
tried, bu t  celite (Johns-Manville @545) was found to be most  satisfactory.  The celite was t reated 
with hot  concentrated HC1, thoroughly  washed with distilled water  and dried at loo °. I t  was then 
siliconized by t r ea tmen t  with vapors  of a silane prepara t ion  (General Electric dri-fihu =t:9977, 
diluted with three par ts  of benzene) and heated at i6o ° for 2 hours.  

Preparation and elution of column. The siliconized celite, mixed with one half its weight of 
a solution containing 3 % lauryl  amine in buty l  alcohol sa tura ted  with water,  was made into a 
s lurry wi th  distilled water  which was first slightly undersa tu ra ted  (approximately  io %) with butyl  
alcohol. Thereafter,  all liquids passed th rough  the column were sinlilarly slightly undersa tura ted  
with butyl  alcohol. After washing the column with distilled water, the polysaccharide (in the acid 
form) dissolved in distilled water  (saturated with butyl  alcohol) was placed on the column and the 
column washed with water  until  the eluate was clear. (The initial washing was necessary because 
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of a loss of some of the  amine  and o 35 % of the  po lysacchar ide  from the  column. Al though  this  
ma te r i a l  could be recovered,  condi t ions  for p r e v e n t i n g  th is  loss were not  found.) The po lysacchar ide  
was e lu ted  w i t h  so lu t ions  of NaC1 of increas ing  concent ra t ions ,  and  f inal ly wi th  i % NaOH. Columns 
con ta in ing  5o g of celi te measured  12 cm in l eng th  and 3.75 cm in d iameter ,  and  re ta ined  2oo to 
25o mg of CSA or ~oo-q5o mg of H: \ .  F r ac t i ona t i on  was  ob ta ined  by  elut ion with 5oo ml of each 
concen t r a t ion  of NaCI (from o.o2 to 2.o 31) a t  a flow ra t e  of abou t  2 3 ml /minu te .  

d nalyses. Aliquots  of the e luents  were made  s t rong ly  a lka l ine  wi th  5 °o N a O H  and af ter  3 4 
ex t r ac t i ons  wi th  e the r  to remove  bu ty l  alcohol and laury l  amine,  were ana lyzed  for uronic acid 7. 
These d e t e r m i n a t i o n s  were re la ted  to s t a n d a r d  curves  cons t ruc ted  on the basis  of pure p repara t ions  
of CSA and HA. Since different  opt ica l  dens i t ies  were ot) tained for equa l  a m o u n t s  of the two poly- 
sacchar ides ,  the  resul t s  were only a p p r o x i m a t i o n s  for f ract ions con ta in ing  mix tures .  

Vor o ther  ana lyses  i t  was necessary  to remove  th is  amine,  NaCI, and  concen t ra t e  the  fract ions 
to small  volumes.  This  was accomplisl~ed hy dialysis ,  t r e a t m e n t  wi th  Amber l i t e  I R - I e o  H" and 
IR-4oo OH , and concen t ra t ion  to dryness  in vacuo a t  t e mpe ra t u r e s  not  exceeding 5 ° '. The isolated 
po lysacchar ide  fract ions were then  r econs t i t u t ed  in water ,  o.15 31 NaCI or buffer, and  the  following 
ana lyses  were carr ied out :  n i t rogen  by mic ro-k je ldah l  d igest ion and Nessler izat ion,  sul fa te  af ter  acid 
hydro lys i s  bv a neph lomet r i c  procedure  ~, and  viscosi t ies  in an Os twald  Viscometer  a t  3 ° , o.l  5 31 
NaC1, o.~ ~14 ~ P()~ buffer pH  0.8. The v i scos i ty  de t e r m ina t i ons  were de t e rmined  a t  po lysacchar ide  
concen t ra t ions  v a r y i n g  from O.l to o .5% and o.2 to o .9% for HA and CSA respect ively ,  t inder  
the condi t ions  uti l ized,  reduced v iscos i ty  does not  va ry  sufficiently with concen t ra t ion  to account  
for the e x p e r i m e n t a l  differences observed.  One p repa ra t i on  of r ad ioac t ive  HA con ta in ing  ltC was 
ut i l ized and the r a d i o a c t i v i t y  was measured  wi th  a windowless,  gas-flow chamber .  With  the methods  
of ana lyses  for sul fa te  and r a d i o a c t i v i t y  employed,  m u t u a l  c o n t a m i n a t i o n  of 5 % of the two t)oly- 
sacchar ides  could be de te rmined .  

EXPERIMENTAL 

In an a t t e m p t  to develop a me thod  employ ing  pa r t i t ion  chromatography ' ,  a series of 
preliminary experiments were performed to determine the distribution of the poly- 
saccharidcs between a water phase and an amine-organic solution under a w~riety of 
conditions. It was found in these studies that, although the amine-organic solvent did 
extract the polysaccharide in the free acid form from a water solution, the presence of a 
number of substances--celite, powdered silica, glass, sand, and filter paper- -which 
might conveniently be used as supporting media, resulted in a marked change in the 
phase distribution of polysaccharide. In view of the fact that the studies of partition 
between two solvent phases are of some interest, they are briefly reported. CSA was 
used in most experiments since it was readily available. The CSA was demonstrated to be 
about twice as soluble in the amine-organic phase as was HA. Although experiments 
with many of these amines resulted in emulsions at the interphase, which caused an 
inaccuracy of estimations, the results (Table I) indicated marked wtriability of the 
partition coefficient, depending Oll the amine used. Extraction by butyl alcohol con- 
taining as little as o.o 3 % lauryl amine occurred with an apparent maximum extraction 
at a z°o concent ra t ion .  Changes in organic solvent  sys tems resul ted  in var ia t ions  in 
amoun t s  of po lysacchar ide  ex t r ac t ed  from water .  As an example ,  increasing concen- 
t ra t ions  of CHC1 a in bu ty l  alcohol progress ively  decreased the amoun t  of ext rac t ion .  
Other conditions which were noted to affect the distribution were the presence of salts 
(NaCI above  o .oooi  3I) buffers, glycine or large amounts  of p ro te in  in crude p repara t ions  
of polysacchar ide .  

In the  course of a t t e m p t s  to overcome the appa ren t  adsorp t ion  of the mucopoly- 
saccharide-amine complex  on the various solid media,  i t  was found tha t  the  presence of 
inorganic sal ts  p reven ted  such adsorpt ion .  I t  was, therefore,  decided to a t t e m p t  to 
util ize salt  solut ions as a means  of elut ion of polysacchar ide .  Such a method  was found 
to be feasible wi th  si l iconized celi te conta in ing 3°0 lauryl  amine in bu ty l  alcohol as a 
s t a t iona ry  phase  and va ry ing  concent ra t ions  of NaC1 for elutions.  
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T A B L E  I 

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

F R O M  A W A T E R  S O L U T I O N  B Y  A M I N E - B U T A N O L  S O L U T I O N S  

Amine* Organic phase** Water phase Ratio 
mg per ml mg per mt Organic/H~O 

CSA - 2.o mg/ml 
l .auryl  amine 1.97 0.05 39.0 

CSA - 0.67 mg/ml  
Tri -N-butyl  amine (5 %) o . io  0.57 o.18 

o/ 0.69 Di-N-butyl  amine (5 .'o) o.o 
Tri-ethyl amine (5 %) o.o 0.6 7 - -  

CSA - 4.84 mg/ml 
N-octylamine 1.4 3.4 0. 4 t 
C 12 Tetramine* * * 3.8 i .o 3.8o 
T-Trianline*** o.3 4.5 o.o6 

Ethomeen*** 2 C/I3.4 4.1 0.7 5.80 
Ethomeen*** 2 C / 2 2  2.9 1. 9 1.5o 
Ethomeen*** C/6o o.o 4.7 0.02 
Ethomeen*** 2 C/44 3.0 1.7 1.83 

* The anline concentrat ion was 3 % except where stated. 
* * Determinat ions  of CSA in organic phase was obtained by re-extract ing with 5 % NaOH solution, 

washing with ether and performing carbazole color reaction ~. 
* * *  Designation used by Armour  Laboratories.  

The results of chromatography are shown in Fig. I~3 and in Tables I I  and I I I .  The 
fractionation of HA (an example is shown 
in Fig. I) began at 0.02 M NaC1 and was 
complete at o.15 M NaC1. Approximately 
81 °'% (70-87?/0) ot HA was eluted by 0.06 31 
NaC1, recovery depending largely upon the 
loss from the column by washing with water 
before NaC1 elution. The analyses of the 
HA samples showed no significant differ- 
ences in composition, but considerable 
change, almost three-fold, in reduced vis- 
cosity (Table II). Increasing reduced vis- 
cosities were obtained with progressive elu- 
tion, suggesting that  materials of different 
molecular weights were being separated. 

An example of the results of chroma- 
tography of CSA is presented in Fig. 2. 
The CSA was eluted beginning at 0.06 M 
NaC1 and, depending upon the amount 
lost initially by washing, approximately 

o /  71% (51-98/o) could be recovered after 

50 

.L,°I 
I 

s o  

I0 

Holority of NoCI 

Fig. I. An example of fract ionating hyaluronic 
acid by column chromatography.  The a m o u n t  of 
polysaccharide eluted was determined by  meas- 
u rement  of uronic acid by the carbazole method.  
Each change in concentrat ion of NaC1 represents  

approximate ly  500 ml. 

o.2 M NaC1. Chemical analyses of these fractions showed no significant differences in 
composition. Although the changes were not as marked as those found with HA, increases 
in viscosity of the CSA fractions were also demonstrated (Table II). 
Re/erences p. 80. 
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TA BL]:, I1 

V I S C O S I T Y  O F  H Y A L U R O N I C  A C I D  A N [ )  C H O N D R O I T I N { S U L F U R I C  A C I D  F R A C T I O N S  

O B T A I N E I )  B Y  C O L U M N  C H R O M A T O G R A P H Y  

Ityaluronic acid ChondroiHnsul/uric acid 

Viscosity [ "iscosit.v 
Fraction - Fraction 

F.ap. 1 I-~p. -' Eap. t l';.~p, e 

[NaCl] (~lr-z),'C (fir z) C [NaCI] (qr  z ) ( '  (,ir-r) C 

\Va l e t  '.(>4 o.0~ \Vater  0.37 0.30 
o.o2 M o.89 o.61 0.2 2ll 0.34 0.28 
o.o 4 M ~.4 ~ ~.13 o. 4 M o.4o 0.37 
o.oO :1I 3- ! 1 !.42 o . 6  31 0.37 0.40 

0.8 31 o.42 
].o 31 o.50 o.47 

Original  HA 2.4~ o.88 Original  CS,\ o.4~ o.3! 

De t e rmina t i ons  of v i scos i ty  were made  a t  3 o': in an Ostwald  
[>Or buffer, pH 6.8. 
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lrig. 2 . . \ n  examp le  of f r ac t iona t ing  chondro i t insu l fu r ic  
acid by co lumn c h r o m a t o g r a p h y .  The condi t ions  were 

s imi la r  to those of e x p e r i m e n t  depic ted  by Fig. 1. 
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viscometer ,  o.I 5 M NaCI, 0.8 3[ 

An experiment using a mixture 
of HA and CSA is shown in Fig. 3, 
with the analyses in Table I I I .  A 
study of these data, particularly of 
suliate, radioactivity and viscosity, 
indicates a separation of the two 
substances. No sulfate was detectable 
in the early HA fractions, but was 
present in the eluate of the initial 
washing with water, in an inter- 
mediate zone and in the CSA frac- 
tions. Chromatography of radioac- 
tive HA mixed with CSA resulted 
in maximum specific activity similar 
to the control HA sample, in the 
expected peak HA fractions, de- 
creasing activity in the intermediate 
fractions and none in the region of 
the CSA fractions. A further indica- 
tion of s(paration was revealed by 
changes in reduced viscosity. 

Fig. 3. The sepa ra t ion  of a m i x t u r e  of 
hya lu ron ic  acid and chondro i t insu l fu r ic  
acid l>y co lumn c h r o m a t o g r a p h y  wi th  
condi t ions  s imi lar  to expe r imen t s  shown 
by  prev ious  tigures. Analyses  of the  poly- 
sacchar ides  i sola ted in these fract ions are 
shown in Table  I I I .  The re la t ive  propor-  
t ions of HA and CSA in the f ract ions  
con ta in ing  m i x t u r e s  were e s t ima ted  from 
tile SO 4 and r a d i o a c t i v i t y  de te rmina t ions .  
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T A B L E  I I I  

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

OF I t Y A L U R O N I C  A C I D  A N D  C H O N D R O I T I N S U L F U R I C  ACID 

Nitrogen/ Sul[ate 
Fraction polysaccharide* polysaccharide Radioactivity Viscosity 

(M NaC1) Specipc activity (ttr-r) C 

W a t e r  3.5 o.6 43 o.6o 
o.o2 4.0 - -  46 0.60 
0.04 4 .2 - -  57 0-77 
o.o6 3-9 52 1.17 
0.08 4.2 - -  4 t 1.15 
o. Io  3.8 1. 3 26 o .6 t  

° .15  3-4 3.7 13 °-4~ 
0.20 3-9 4-3 - -  °-31 
0.40 3.7 4 .8 - -  0-34 
0.60 3.3 4.9 - -  0.38 
0.80 3.5 4 .8 - -  o-41 

C on t ro l  H A  (4.0) ( - . )  (46) (0.88) 
C on t ro l  CSA (2.6) (4.8) ( - - )  (o.39) 

* R e p r e s e n t s  t h e  r a t i o  of n i t r o g e n  to  p o l y s a c c h a r i d e  as d e t e r m i n e d  b y  t h e  c a r b a z o l e  m e t h o d .  

DISCUSSION 

The experiments involving extraction of CSA and HA by an amine-organic solvent 
solution and those on heparin 4 demonstrated a distribution of highly polar molecules 
between water and an organic solvent medium. 

The chromatographic studies indicated separation of the CSA and HA principally 
through measurements of sulfate and radioactivity, but further evidence was found in 
differences in reduced viscosity of HA and CSA fractions. The chemical determinations 
were sufficient to demonstrate a separation, and although these agreed with results for 
control samples of the purified polysaccharides, they did not always agree with theoretical 
values. This may  be explained in part  by the relation of values to an arbi trary standard 
(carbazole determination). 

The procedure described seems to be of additional value to previous techniques used 
for the separation of the acid mucopolysaccharides HA and CSA in that  there is a frac- 
tionation of these substances into components with different reduced viscosities, probably 
with different molecular weights. Such resolution of HA was quite evident. Since no 
apparent  alteration of chemical composition occurred and materials of higher viscosities 
than the original substances were isolated, fractionation and recovery procedures did 
not seem to degrade the polysaccharides. 
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SUMMARY 

The results of extract ion of chondroit in sulfuric acid in a water  solution by various amines 
in butanol  and the effects of certain conditions on the extract ion are briefly presented. 

A method of column chromatography  was developed for fractionating hyaluronic acid and 
chondroit in sulfuric acid and for separat ing mixtures  of these substances.  The materials isolated 
from the columns showed no differences in composition from purified preparat ions,  but  showed 
differences in reduced viscosity. 

RESUM l:'. 

Les r6sultats de l 'extract ion de l'acide chondroit ine sulfurique en solution aqueuse par  diverses 
amines en solution butyl ique et l 'influence de certaines conditions sur l 'extract ion sont  expos6s 
bribvement.  

Une mdthode de chromatographie  sur  colonne a dt6 raise au point  pour le f rac t ionnement  des 
acides hyaluronique et chondroit ine sulfurique et pour la sdparation de m61anges de ces substances.  
Les produits  isolds sur colonne ne prdsentent  pas de diffdrences de composit ions par  r appor t  A des 
prdparat ions purifides, mais prdsentent  des diffdrences dans la viscosit6 diminu6e. 

ZUSAMMENFASSUN(;  

Die Ext rak t ion  von Chondroitinschwefels/iure aus seiner wgsserigen LOsung durch verschiedene 
Amine in Butanoll6sung, sowie der Einfluss gewisser Faktoren auf diese Ext rak t ion  werden kurz 
erl~iutert. 

Der Gebrauch einer ncuen chromatographischen Kokmne, welche die Frakt ionierung yon 
Hyalurons~iure und Chondroitinschwefelsfiure, sowie die Trennung  yon Mischungen dieser Substanzen 
erm6glicht, wurde eingefiihrt. Die aus dieser Kolonne zuri ickgewonnenen Substanzen zeigten sich, 
ihrer Zusammense tzung  nach, yon gereinigten Prgpara ten  keineswegs verschieden, doch t ra ten an 
ihnen, ihrer niedrigeren Viskositat  nach zu schliessen, gewisse ]i_nderungen auf. 
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