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L-Iduronic Acid in Purified Heparin 
By M. L. WOLFROM,* S. HONDA, and P. Y.  WANG 

(Department of Chemistry, The Ohio State University, Columbus, Ohio 432 10) 

COMMERCIAL UP JOHN HEPARIN was purified through 
the crystalline barium acid salt1s2 (three times 
recrystallized, 60% yield?), followed by reconver- 
sion into the sodium salt. The purified heparin 
was hydrolysed by the Klason method3 using 72% 
sulphuric acid at 25" for 2 hr. The viscous solution 
was then diluted to an acid concentration of 3% 
and refluxed for 2.5 hr. The acid was neutralized 
by barium carbonate and the solution was filtered. 
Percolation through a column of cation-exchange 
resin removed the barium ion and the amino-sugar 

component from the hydrolysate. Concentration 
of the percolate gave the uronic acid fraction as a 
syrup (yield 13% of theory). Paper chromato- 
graphy$ resolved this syrup into four distinct 
components : 0.70 (D-glucuronic acid) , 1-21 
(L-iduronic acid) , 2.18 (D-glucuronolactone), and 
3.23 (major, L-iduronolactone). The last com- 
ponent was isolated by preparative paper chromato- 
graphy to give a syrup; [a]i2 0 --f + 2 5 O  (3  days; 
c 1 in water), lit. (free acid)4 [a]:2 +33" (4-5 hr.; 
c 3 in water). Attempted crystallization of this 

t This procedure will remove some sulphuric acid groups from the amino-functions but this is not critical for the 

Descending paper chromatography was performed on Whatman No. 1 and No. 3 MM papers using the butan-l-ol- 
Zones were located by spraying with alkali-silver nitrate, naphthoresorcinol, 

hydrolytic degradations reported. 

acetic acid-water (4 : 1 : 2) system at 18". 
or aniline hydrogen phthalate. &lC refers to mobilities relative to D-glucose. 
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isolated syrupy fraction was unsuccessful, and 
rechromatography showed the presence of two 
components: R G ~ ~  1-21 and 3-23, apparently due to 
rapid acid-lactone equilibration. Part of the syrup 
was treated with an ethanolic solution of brucine. 
The crystalline brucinium salt obtained had the 
formula C,,H,,O,,N, and exhibited a X-ray powder 
diffraction pattern completely identical with that 
of the brucinium salt of authentic* L-iduronic acid ; 
m.p. and mixed m.p. 160-161” (decomp.). 

Since the heparin was exhaustively purified by 
an established procedure, the L-iduronic acid iso- 
lated did not originate from any dermatan sulphate. 
However, it  could be derived from D-glucuronic acid 
through C-5 epimerization. Fischer and Schmidt5 
have obtained L-iduronic acid by heating a neutral, 
aqueous solution of sodium D-glucuronate. Con- 
sequently, sodium chondroitin 6-sulphate and 
sodium D-glucuronate were hydrolysed by the 
Klason method: but no traces of L-iduronic acid 
were found. These results minimized the possi- 
bility that the L-iduronic acid isolated from the 
hydrolysate of purified heparin was an artifact. 

The presence in heparin of L-iduronic acid, as 
well as D-glucuronic acid, necessitates the re- 
assessment of our previous work on the carboxyl- 
reduced heparin. Essentially the same result was 
obtained as reported6 when 4 ~ -  or 1.5 N-hydro- 
chloric acid was used for hydrolysis. When the 

partially acetylated, desulphated, and carboxyl- 
reduced heparin used in our previous work was 
hydrolyzed by the Klason method, L-idose and L- 
iduronic acid were readily detected among other 
expected products. The hydrolytic conditions used 
in most of our previous work6,’ and some reported 
by others* appear to be too drastic to give all 
representative acid degradation fragments from 
heparin. 

Some reports which inferred the presence of L- 
iduronic acid in heparin were, unfortunately, 
based on commercial preparations of unestablished 
purity.9 Cifonelli and DorfmanlO have found 
(chromatographically) L-iduronic acid in the hydro- 
lysate derived from a Cetavlon-purified heparin. 
The evidence reported establishes the presence of 
L-iduronic acid in heparin, purified through the 
crystalline barium acid salt. The apparent pre- 
dominance of L-iduronic acid over D-glucuronic acid 
in our partial hydrolysates may be due to the 
greater ease of hydrolysis of the L-iduronic acid 
linkage over that of the n-glucuronic acid.1° 
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