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ABSTRACT 

A Folvolytic desulFation of glqcosaminoglycuronan sulfates sas dscloped L; 

treatment of their pyridinium salts with dimcthgl sulfo\ide containtn? IO’?0 of water 
or metharol at 50-100’. Chemical and physrcal studrrs shoirsd that the sol\ol~ IIC 

desulfation i- 2 useful method applicable to all the knot\n glycosaminoglycuronan 

sulfates mitf;out ,xoducmg dcpolymerization or unfavornblc chemtcal changes in the 

polysaccbande molecules. An almost complckly dcjulfated, A-acetylated heparln 

(S: 0.1211) was obtained by treatment oi an A’-desulfatcd and A’-acetylated hrparin 

with dimerhyl sulfo\ide containing IO00 of methanol for 2 h at 100’. 

INTRODUCTtON 

For the effective hydrolysis of bound sulfate ester groups from glycosamino- 
glycuronan sulfa&, a method that dors not affect thi: Slycosidic lmkagcs or other 

chemtcal structures \vould be important for the study of !he chemical structure of 

po!ysaccharides rind for the elucidatton of then biosynthesis, especially for that of 
hepann. 

The methods of desulfation used until now are mainly based on methanolysis 

according to the procedure of Kantor and Schubert ‘. \Volfrom et a/.’ have reported 
that a repeated desulfation ivith 0.15~ hydrogen chloride in methanol of heparrn 

(S: 5.019’0) that bad bren N-acztylated afrer a prelrminary dejulfation with 0.15~1 

hydrogen chloride in methanol for 3 days at room temperature gave a dcsuiktc:d, 
N-acetylated heparin methyl ester habing only 0.21 ; of sulfur. When the method is 

applied to glycosaminoglycuronan sulfates. including hepartn. methanolysis of the 

glycosidic linkages may take place. as pointed out by Usov et al.‘, but no detailed 

examination of the depolymerization hz been reported, as far as we are aware. In 

1972, Usov et al.’ reported that rhe sulfated galactans of red ssawxds wcrc succss- 
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fully dcs1~lf3tzd by hrzating the pyridinium sslts in 25b pyridine-dimethyl sulfotide. 

In 3 prelious p3per’. tie reported that the h’-sulf3te groups of heparin Here SefectiIely 

removed bq treating the pjridinium sa!t brith dimethyl sulfouide containing 5‘!b of 

wa:er or methanol for 90 min 3t 50’. The present study indicates that desulf3tion of 

ail the kno!in glycos3mino,olycuron3n sulf3tez c3n be accomplished successfully by 

hentin, the p>ridinium 5311s in dimerhjl sulfosidc containing 10% of w3ter or 

methrnol 3t bO-IOO’, ~kithout depolymcnzation. cbcmlcal changes in the sugar 

components. or A’-deacet>latron. 

E’iPERIVENTAL 

M~71rvx7fs. - Hog-mucow heparin ~a5 purchased from Cohelfred Laboratories, 

Chtc390. III.. snd had an anticoagulant nctiiiry of 165 U.S.P. units. Chondroitin -I- 

axd B-sulf3tts, and dermatan sull’rlte \%ere obtarned from Selkagsku Ko_g~o Co., 

Tohlo. A kerat;ln pol>sulfate fraction obtslned from shark cartilage ~35 kindI) 

probided by Dr. T. Furuhashi ol’Seiksg3ku Kopyo Co; - 18.7?b of the tot31 heuos- 

olnine in rhe hsraran pol~sul~3ts i\as Z-smlno-2-deo\y-D-g3Isctose. as determtned 

\\lth an amino acid analyzer. \f’halr hepnrin ~$35 purchnsed from Tokyo Knsei Co., 

Toh>o. and hsd an anti-coagulant acti\lt>r of r’17.3 U.S.P. units. Heparsn sulfate, 

supplied hy Upjohn Co.. Kalsmazoo. hlich., \Las purikd b> fractionation on a 

column of Do\\c\-l (Cl-) resin”. The fraction eluted \klth 1.25hl sodium chloride 

\bJj used in this stud>. 

.Atlall IICIII nlt~ri~od~). - The methods ior the quantltativc determinstion of fhz 

sulfate, uronx acrd. and he\osamrnc content haie been reported previously’. 

Electrophoresi$1+3s performed on cellulo~r 3ce131c strips (Sepsra\) in 0. lar ammonium 

acetate butlPr. pH 9.2. Samples were run 3c I mA/cm for I7 men. and the strips $\ere 

stnrncd with 3 O.S”o solution of Alcian Blue. The Pi-ace~yl content of hepsrin and 

desulfatrd heparlns 1~2s esfrmared b) rhr n.m.r. method. 3s reported previously’. 

The N-acet) I contents of chondroitin 6-sulfate. Its desull’atcd product. and desulfated, 

A’-acctylnted heparinj v.crr measured !JY 9 I c, after hydrolysis of tbe sample 

solutions (‘i.bY0) in _)hl hydrochloric scid for 3 h at 100 , on a glass column (0.3 x 

100 cm) pachttd with Chromosorb 101. the column and detector temperatures being 

Iti- 3nd 210.. rejpectitelq. and mtrogzn the carrier gas (4+Omf/min); 3~1 of the 

h}drolbzats \\crc inlectsd. 

Deltirnrinarion qf rm!tcrrfm rrwghr. - The ir.cight-aterage molecular iseight 

(hIK) ~33 determined by the I!ght-scattering method trtth 3 Shimadzu Light- 

sccrtering Photometer. hleasurements acre mzde on fete concentrations of heparin 

or on one concentration oi each dcsulfatcd hzpnrin in 0.1~ sodium chloride. at ten 

snples (XI-l_15 ). with 3 v;a\elength of 436.1 nm. The experimental data obtained 

iiere corrected for both the depolnrizntlon degrtc and rhc decfive adsorption. 

Gel-fi~lraliou of Irrpori~~ am1 &wff;7ft~(i lreparins 012 Sephade 1 G-75. - The 

polgaccharldes (I .6 mg). dissolved in 0.1~ sodru;n chloride (3 ml), were applied to 3 

column (I .S x 90 cm) of Sephade\ G-75 and elutcd with the jame sol\em at a flow 
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rate of 20 ml/b. The eluate was collected in J-ml fractions. and each fraction \c’as 

analyzed for uranic acid content. 
Desdfation q/ hepuritl IL i/II dimetll I*! sdfo rid2 corltcitrirrg water or rw~lranol. - 

The pyridinium salt of heparin prepared b> the method previously reported’ ~a5 

desulfated with dimethyl sulfoxide containing \\ater or methanol by a method 

v~rn~ally identical i\ith that dcxrihcd for the A-desulfation of heparin’. Aliquots of 

the rexti In mixture \\ere withdraxn at regular :ime-intervals. and the sulfur content 

or electrc phoretic mobtlity of the drsulfated heparins isolated ic’as dctermlned. 

Prtpmution of porridll~ ricsirlj‘uled Irt~purins. - The pyrldinium salt of hepsrin 

(I g) wzt~ d!ssolied in dimcthyl sulfo\idc containIn l0”0 of water. and the solution 

was kept for 7 h at 100 . The reaction mixture DBS cooled. diluted alth an equal 

volume of w;Itrlr, and the pH adjusted to 9.0 bb the addttion of0. I M sodium hydrolldc. 

The soluticrn was dialbzcd against runninp tap \iater for 2-F h. and then against 
distilled i\ater for 20 h. Lbophilization of the dlalbzste gave 0.58 g of partially 

desulfated xpsrln (named “partially desulfatsd hrparin-H?O”). 

The same treatment of the pgridlntum heparin (I 5) with dimethyl sulfoxtde 

contaimng IO”b of methanol gaw 0.54 g of parrlnlly dcrulfawd hcpsrln (named 

“partially desulfated heparin-CH,OH”). 

Przpuraliott 4f coftlplefel~* deesrrlftiletl. N-ocer~~l~~terilit~parlrrj. - IV-Acetylation of 

partially deiulfated heparln-H,fi ~33 performed by the method of DanlshefAJ 

ei af.‘. Thnh sodium salt of IV-acstylatrd. partIalI> desulfatcd hcparln-H,O was 

conlerted illto the pbridlmum salt as pre\iotijly reported. The sait (100 mg) ~a3 

desulfatsad v Ith dimethyl sulfo\ldr containing IO”0 of methanol for 2 h at IO0 The 

reaction ml\ture was treated by the method just described to give 53 1 mp of 

completc*ly desulfatzd. N-ncetylnted hepsrin (named “completely desulfatcd. IV- 

acetjlated hzparln-I”) as a lkhite powder. 

N-Acetylatlon of the A’-dejulfated heparln obtalned by treating hpparin irlth 

dimethyl sulfovidc containing 5:; of biater at 50’ for 90 mlr.’ gake the sodium salt 

of N-desulfatcd. N-acetylatcd heparin in an almost quantltativc 41eld. The pyrlcilnlum 

salt (100 mg) was dcsulfared by the same procedure as just descrlbetl to p~vc 63.3 mg 

of completely desulfated. IV-acetylated heparin (named “compktely desulfated. 

A’-acetylated heparin-I I “). 

Dcsulfution qf gll,rosar?litrogll, -wotml srrlfates with dimvll I*! srrlli~.\ rtit> cot1tu/111t1g 
/U?6 of water. - The glycosamlnogl~curonan sulfates sho\\n in Table IV were 

con\erted into their pyridinium salts by a method identical \\lth that drlscrlbed for 

hcpsrln. Each isas dcsulfaied wi[II dimethgl sulfoxide containing lO”b of water for 

5 h at 80’, and the products isol3ted \\ere anal>zrd for sulfur and IV-acttt~l contents. 

DC~sulfaiiotr of clrordroititr 6-sulfate 01’ lrepurirr b\s orkr trleI;iodj. - Thz sodium 

>alts of chondroitin 6-sulfate and heparin \verz dcsulfatec’ by the general proccdurc of 

Kantor and Schubert’. \\hich had been used for the complete drsulfation oi 
cbondroitin sulfate’ and hcparin’, respccti\ely. The pyridinium salt of hcparln 

was desulfatcd by the method of Use\ rl u!.~*‘. 
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Reacllon llme 0-l 

FIN. I. Rels~~~‘e clzrrropborc!r ‘c molwl~ry of hepAns desuliatcd with dimethyl slrlfoslde cootainmg 
uater under various condrtioas. 

2 3 4 5 6 7 6 

Reoilmn ,,me (n) 

Ffc. 2. R~IXIW elect.rophor&c mobilltv of hcparins desulfated with dimethyl sulfotide containing 
methaal under various conditions. 

Par&ally de%:foteo hepam -I+0 (5 4 17YJ 

Pxtully dewfated heporln-MeOH 
(5 219’IS) 

2% Pyrldme -M&F0 
9h.la3’(S 520-w 

Fig. 3. Ccl-fil~nt~oo of hepn_rm and dealfated heparins obtained hy difkrent methods on Sephadex 
G-75 ID 0. I li4 MCI solurian. 
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TABLE II! 

CDh(DITIoN5 OF PRFP4RAl-IOS 4hD CHEWC4L COW?O51TlON OF HEPARIh. PARTIALLY DESULFATED 

HEP\RRUS, .9hD COVPLEITLY DESULF4iTD tiEPARI3S 

s (IL)’ Co~Yfrron of &suifarion Dezulfarcd producr 

Solr 2nr Twlp. Tams 

( 1 (h) 

Ht=parln 1.1 I (1.21) 

Hcpar1fl 12.1 I (2.21) IO”i H~O-Plc2S0 100 7 Psrtisll> aesulfakd 
hepxio-H:O 

lO”j hleOki-hfe,SO 100 7 Partially de.xdljtPri 
hepsrin-CH,OH 

IO?,, hleOH-hlc?SO 100 2. Complefely 6itiulfrired 
h’scetylslcd 
hepsrin-I 

IW’O hlc@H-hle..SO 100 2 Complekly desulfakd 
rV-aitrylarcd 
hcp,arin-II 

“See lbo~norc 13 Totrlc I. “Dtrcrmlncd 1)) the c3rhxzoIe-bordtc method. ‘Dcrcrm~ned by ihe csrktzole 
mzrhod. JCals. irom the mol WI. oislarilng matcrrll and thz drgrce of dcsullilloo oi the psrwlly dssul- 
f;lrrd hcparlns. CDcwrmlncd b\ th+ p I c method. ‘Prcparcd h\ \-rlcer~ls~~oo 01~ the hcpann psridly 

desullircd I~II~ 10”~ H,O-hlc,SO ior 7 h LII 100’. ‘Prepsred by .V-acct);lsrion ofthe hcpxln I\‘-desulhied 
rrlth 59; H:O-XlezSO for 90 mln ;i~ 50 . 

_i?b, and IO?,. The rate of dcsulfation in dimetbyl sulfotide contsiring 209’0 of water 

or methanol at rhe same temperature apparently slo\vsd doisn, although data are nor 

shoiin here. Elaminarion of the desu!fation in dimetbyl sulfor.ide contsininp water or 

methanol sho\red 3n acceleration vbith the rise in rzmperature. The resctlons at 110” 

were fairly rapid. hut the coloration of the reaction miv.tures increased. Compsrison 

of the results in F1.g. 1 and Fig. 2 sho\ij chat the rate of desulf’Xion in dimethyl 

sulfolide contairun,o Hater is loner than that In the same solvent contaimng methanol 

at 3.n~ concentration. 

Thz products of the desulfation of the pytidinium salt of heparin with dimethyl 

suli’oxids containin,o IO?; of water or methanol st 100’ were isolated at intervals, and 

their sulfur content determrned (Table I). As sholsn in Figs. I and 2. a rapid desul- 

farion rakes place at first. \vhlch is mainly due to the N-desulfation of h?parin 

occurring within I h after the start of the reaction’, and then gradual desulfation 

f@llO~~,s. 

An A’-dewlfrlted, ,V-acqlated heparin \\aj prepared by N-acctylation of 

N-dejulfated hepsrin (S 8.57%), obtained by rrcatingj heparin uith dimethyl sulf- 

oxide conraining 5% of water for 90 min ;i[ 50’. A partially desulfated. N-acetylated 

hepsrin was also prepared by N-acetylation of a partially dzsulfated hcparin (S 4.170/b, 

partially desulfated heparin-H,O. see Table 111). which ~9s obtained by cresting 

hepruin with dmethyl sulfo.\ide containing 1036 of water for 7 h at 100”. The 
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s (?a)= (lronrc arld (96) 

iA)” (W (-MN 

Hexos- 
amine 

to;) 

Air ( x /o- A) 

Found Calc.” 

12.1 I (‘21 j 38.86 4S.X 0.60 24 SS 0. I 2 1.43 
(0. IO,)’ 

3. I 7 (0.54) 49.8 I 7i.49 0.70 37.79 0.13 1.01 1.01 96.4 

7.19 (0.26) 60 80 53.29 0.74 35.55 0.11 0.93 0.94 96.1 

0.12 (0.015) 46 61 57.66 0.81 39 63 I .03c 97.7 

0.1s (0.023) 4s.44 58.50 0.83 40.76 0.99’ 93.4 

pyridinium salts of the tlvo preparations were treated \\ith dimerhyl sulfokide 

containing 1094 of methanol at 100’ to remove the residual, bound sulfate groups. 

As shown in Table II, desulfation of the txo compounds progressed rapidly, and the 

proportion of the residual sulfate groups hecsme approximately constant 2 h after 

the start of the reaction*. The results reported in Table; I and II suggest that the free 

amino groups in heparin, liberated by prior N-desulfation. combine \\ith the ester 

sulfate groups to stabilize the polysacchande agninsr further desulfation. 

For a compariscn of the present method tiith prckiously described methods, 

the sodium salt of heparin was treated by the me&hod of Kantor and Schubert’ .?. and 

by the method of Usov rl 01. 3*4 The sulfur content of a dcsulfated heparin obtatned . 

by the former method (0. I ?I hydrogen chloride in methanol, room temperature, 20 h. 

tH0 treatments) was 6.44?b, and tbat of a desulfated heparin obtained by the latter 

method (2% pyridine in dimethyl sulfoside, 9 h, 100’) was 5.20D.b. 

The conditions of preparation, chemical composition, and physical properties 

of partially desulfated beparin-I-i,0 and -CH,OH, and completely desulfatcd 

N-acetylated heparin-l and -11 are summarized in Table III. The yields of products 

‘Thz IV-atirylatzd products of the partially desulktkd hrpartrt-H2G and the IV-desulfatcd hepsrin 
Here treated tii:h d!mrthyl stlfou’de containing IO?& of methanol for 2 h at 100’. and the tins1 
prodttcu tibtamed are rumed “completely desuli;ited N-acetylatcd hcpsrm-I and -II”. rcspectwely 
(-rable in). 
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\vere high, and rhe quantitative data for uranic acid, heuosamiae, and N-acetyl groups 

indicate that the treatment of heparin under these conditions had no effect on the 

sugar components and subsrituents. The molecular weights of ptially derulfared 

heparin-H,O and -CH,OH respectively agree with those cakulaced from the degree 

of dejulfatioo and the molecular Height of the starting material. Therefore, the 

sol\olqitic conditions used did not fragment the heparin chain to any great extent. 

Gel chromatography on Sephadev G-75 of partially desulfated beparin-N,O 
ad -CH,OH HIS performed together bvith the starting material and the deWfated 

hcparinj obtained hy other methods (Fig. 2). All the elution curves of the desulfated 

preparations Lvere broader than thsc of the starting material, and shifted markedly to 
the retarded areas according to the increasin, Q degree of the desulfation. The values of 

the molecular \wights (Table ICT) indicate that the polyssccharide chains of both 

partially dr+ulfared hepsrin-H,O and -CH,OH had not been degraded. Therefore, 

the broadened elution peaks of the desulfated compounds are probably due to either 

a natural polydisperjity in chain-lengh of the heparin molecuie, revealed by the loss 

of most of the bound sulfate group.;, or :o inter- or intra-molecular b&erogeneity in 

the dlsrribution of residual, bound sulfate groups. 

The sol~~l~*ic condjtions established with heparin lvere applied to the dew!- 

fation of other glpcosaminoglgcuronan sulfales. These compounds were more easily 

desulfated than beparin bvitb dimethyl sulfkde containing loo/o of water at 80’ 

(sse Table lV). The glycosaminoglycuronan sulfates hating 3 2-acetamido-2-deoxy- 

whe.\oze component Her< generally more easily drsulfared than vzirious heparin 

preparations or heparan sulfate. in s~?ecmcnt with the results obtained on desulfation 

TABLE I\’ 

sC~L\OLYTIC DESULF.4TION OF CLYCOSAVlNOGLYCLrRON4N SULFATES 5IITH DIMETI4\L SULFOKJDE 

COPd7AIbP4 io:b OF IVAi-ER FOR 5 H 4T so’ 

s t4L.y Yield 
(o/6) 

Cbondroiun Cjtiiate 
Choodrolrio &rul~.ue 
Dzmutzn stArate 
H:pann 
WAcetylated oroducf of partiallv 

desulfated heparin-HI05 
N-Acetllated product or 

h -desultkd hepann’ 
WhJe heparlo 
Hepsran suJiatl: 
Kerntan pof]suliate 
Choadroitln 6-4f3rec 

6.51 (1.03) 
6.65 (1.06) 
6.67 (1.06) 

1.1 i (2.11) 

3.83 (0.55) I .67 (0.22) 

8.07 ( 1.36) 
8.41 
5.33 
7.46 
6.65 (I 06: 

0.85 (0.1 I) 
0.45 (0.06) 
I .75 (0.23) 
653 (0.92) 

I .76 (0.23) 
4.23 
2.75 
I.16 
1.12 (0.14) 

h9.5 
0.93 94.1 

83.9 
93.0 

9s.o 

97.0 
50 mg-43 mg 
50 36 mp-+ mg 
50 mg+25 mp 

0.99 90.6 

“Sx footnote to Table 1. cSee iootnotej to Table 111. ‘DesuJTated by the nxthod of Kantor and 
Schubert’ (0.1% HCI IO methsool . 20 h. aI room temperat?lre, two treatments). 
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of the partially dewlfatcd beparins with or without prior N-acetylation (Tables I and 

II). 
Cbondroitin &sulfate seems to be more easily desulfated than its &ulfa?e 

isomer. Both the yield and degee of desulfation of desulfated chondroitin Gsulfate 
obtained by the solvolysis procedure were slighrly better than those obtained by the 

method of Kantor and Schubert’. The content of IV-aczr)l groups In the two de- 

sulfated chondroitin 6-sulfates, as determined by g. . I c.. indicates that no c!eava_ge of 

the N-scctyl group in either product occurred during these reactions. 
Dermatan sulfate, partially desulfatrd. N-acerylated heparin. and N-dealfatsd 

N-scetylated heparin, all of which have L-iduronlc ac~d as th2 major uranic acid 

component, seem to be rather resistant to SolVolyilc dcsulfation, ithen compared with 

chondroitin 6- and J-sulfates which have only D-glucuronic acid a~ the urc nit acid 

component. 
The results ob:nined in the present study suggest that solsolytic drsulfation 

with dimethyl sulfoxlde containing IO “b of liaater or methanol 15 more satisfactory 

for the liberation of bound sulfate groups in glycosaminoglycuronan sulfates !han the 

previously described methods’-’ a~ far 33 the slmplwty, rapidity, and homogaeity 

of the reaction is concerned. 
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