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FIGURE 16 - Effects of xylan polysulphate (SP54%) (@), DH40J (a) and DH40Y (a) on the in vitro
synthesis of proteoglycans by rabbit articular chondrocytes. Vales shown are means * SD,n =4 *
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FIGURE 7 - Anticoagul ant effect of Heparin ({err]) xylan polysul phate [err]
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whlch are shared by most members of this chemical family. Naturally, however, the biological activities of
each of the members varies, not necessarily in any predictable manner.

Further, it must be appreciated that whilst such a spectrum of biological activites may be of
considerable scientific interest in cases where the biological activities of a compound conflict, such

45 compound could be deleterious as an agent to be used for therapeutic purposes.

One example is that in the treatment of arthritis, the patient is generally administered daily doses of a
suitable drug for several months or years and should the drug used also suppress blood clotting
mechanisms i.e. have anti-thrombotic, fibrinolytic, or thrombocytopenic activity, haemorrhage following
acute injury or menache may occur.

50 In relation to the polysulphated polysaccharides, a number of compounds have been shown to have
potent anti-thrombotic or anti-coagulant activity, which has therefore limited the use of such compounds
particularly in long term therapy of the type outlined above.

Some selectivity of biological action of the polysulphated polysaccharides is therefore desirable and has
been achieved by varying the degree and position of sulphate substitution in the polysaccharide rings.

55 The molecular weight of polysulphated polysaccharides has also been shown to be a determinant of
biological activity. Thus, it has been report by Ricketts in Biochem. J. 51, 128-133 (1952) that for the
dextran polysulphates, the high moleuclar weight analogues were more toxic than the low molecular weight
species. ‘It was also found that the degree of sulphation was an important determinant of anti-coagulant
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pol ysacchari des have found a diversity of clinical applica- 40 tions,
their basic structural simlarity as |linear polyanions has resulted in a
profile of biological activities which are shared by nost nenbers of this
chem cal famly. Naturally, however, the biological activities of each of

t he nggybers varies, not necessarily in any predictable manner. Further, it
nmust be appreciated that whilst such a spectrum of biological activities
may be of considerable scientific interest in cases where the biol ogical
activities of a conmpound conflict, such 45 conpound coul d be del eterious
as an agent to be used for therapeutic purposes. One exanple is that in the
treatd®ent of arthritis, the patient is generally admnistered daily doses
of a suitable drug for several nonths or years and should the drug used

al so suppress blood clotting nechanisns i.e. have anti-thronbotic,
fibrinolytic, or thronbocytopenic activity, haenorrhage follow ng acute
injury or menache may occur. 50 In relation to the pol ysul phat ed

pol ysaccharides, a nunber of conpound$ have been shown to have



potent anti-thronbotic or anti-coagulant activity,
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combination with 25, 50 or 100 mg of SP 54 depending on the joint or tissue to be injected.

For corticosteroid/pentosan polysulphate combinations, excellent clinical results have been obtainad in
lame racing greyhounds with 5.0mg of the pentosan polysulphate and 20mg of the corticosteroid admin-
istered once only as a single injection into the affected joint. When administered intra-muscularly 50mg of
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br oadbsy @ rhepoigshcenaiides tHer matlosliers e cbosdnrmiationi and dgidily it ethe paipmérvehelp tearelyar ed

Wi t h hepaflubnting Ttk biolegisabantiétyof this i nvention is the selection of particular

mokecul ar Wi dlotogital azctivity rescusm dnlyl sjere g eomplsxaspieutPrappred facoging to thg metpds j ¢

i s not eddestrized bdnein, ion thein paivalents.pings thay erecsidefinpd Fesmpoungs ag phown wgrﬁ?%ﬂV% be

usef ul |amdt‘?<:eaNMﬁg;ppﬁ@en?ax diqpousrs by imply midiigy deflssa"aﬁ Phated 5{? qe 1o a
Howev & | vadety: if rdepcaie dah*’é’% dEPt 1?5& ( %l a"' 8l nown
to have HeW %l‘?:f‘WPEgj b s% ‘F %on ne ?fsc; a;glad in this {nlylentnon as
| nventi "}gﬁye explan ion 0 the an'a\gra actnvuty 6 ﬁu?es X bf k&r étdf rnight be attributed to

the high molecular weight polymers they utilize e.g. Dextran sulphates MW. 8 x 10* - 2 x 105 were given
45 as examples whereas in the present invention polymers with MWs of 30,000 or less were utilized. (e.g.
Xylan polysulphates 3-10,000 Da). It should also be noted that the very high ratios of polysulphated
polysaccharides to zinc were used by Lukas et al which for the most part are far in excess of that existing
in the pure compounds claimed.
The present inventors believe that the divalent metal Ca?*, Mg?*, Cu?*, Zn?*, complexes are novel and
s0 non-obvious compounds. Furthermore, it has been found that the zinc complex is effective alone in the
treatment of arthritis and related inflammatory joint diseases. The inventors believe that the other complexes
would have a similar property.
The inventors have also found that the unique biological activity of the polysulphated xylan induced by
chelation with such divalent is not confined to 100% substitution of available sites by these substituents.
56 Thus on a weight/molar basis they have found that such divalent metal substitution of monovalent ions
between the range of 1% - 100% may also induce conformational changes in the polysulphated xylan
thereby influencing its biological activity. Examples for 8.5%, 83% and 100% substitution of sodium ions by
zinc ions in the sulphated xylans are given as typical examples of this effect.
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20 ' The inventors are also aware of US4465686 (Lukas et al) and EP12115
(Lukas et al) in which there are @&P-356438 BYonpositions containing zinc
ions and an acid sul phated pol ysaccharide or polynmer chosen from heparin
dextran sulk phate and polyvinyl sulphate. It is also disclosed that other
aci d sul phatTee| gdwﬂg% deta %W&F ifrgastheriiyeepincylan pelyruirhale; penatatien s?ﬂt'n'ﬁrfe%ﬂﬁ h%[t e,
car r agheefPii06)s &1(%0 GnY PRk é8 4°’Ql§f‘ 8t“@8%9<?’?‘%‘1’?§°f§f?8 chelat

pol ygl ucog‘ésb'“d'lf‘% "ﬁﬁaﬁeﬁ ﬂmt ‘hg?ﬁﬁ‘ §'/"°é' E’ at“%“ gfutE %\%"

pot assi un{g8ased iy 35?5‘69 ) " ﬁ.’ﬂ'\ %9'
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’ o for a}‘ v Y
sal ts of iy Pty aﬁyp%@g% B5a1§ ggﬁ iﬁu
xyl an, oo atégg&ln s Jci

Ba-sal t s E %}@?‘iw I h\HE&%Eﬁf %feepr rﬁ%vb ﬁ hb 'ﬂotL&%s the a’adeous or
Addi ti gpa }énolo&&mﬂ §a€s o

oltin sul phate and cetyl pyr| | ni-um
chloride ar erﬁ,leaﬁ&{o' 16384} olctBnt %‘**Abyszﬂxé%f Rdicionid\Vaai 41 lelebiURR|cBnfigFatdh asRaTRMARL
sul phate BC- NMH)spe@fdstopiB gl@isd déBariB&tthetbin 6 bétby StbdWithinmd potysuFhatet! Ryla dhain which
di scl osedare Nquitd-dfifednt2i38thd Jger HmmRV-Eatt, Clt*s T canforrAdtibnsaopted @Y thkiss Gbspsativd he
conpounds cémplexéeispshev@e nt Figune/ (A} i (B)) Gvhers Litgig eesitiertt Ittat insthie loase aofxglem dolysuiphetedl
- have t he odmgiext sincfcocupiths b ypoditive irpwhicheie oxygen @hthe plgcosidié inkagecwd ptygéensiethe sulghuhave
shown t hasstredathe @ anfl ¥ pesitionsuis Ladlabept rngs can offi¢igntiy intepacb fitht ihet ivdiease mulliple Ists e
conpl exes intsfactidne anchabdityt of ginc fodit inteethe siiace avallabledplweensiingy whierrandes igren ceoriargs
pregent onnergeicatiy fayeurapler andethysi sieple. Sionifiganiivhive hisfogisal activily iotithe Aingcomplexps are
alters t hdiffieram fatheraetrlsamplpgs formgdaith pthermetalsa (396 gﬁrmondmﬂgﬁa'taﬁéf
i nf | uerd®i ng The §°@P‘EH"E‘%3PE e iqyantiqp; 3,3'6 peripular putiily JRj the, frealment \Af ¢ uﬂ‘é%ﬂr athdls) y
when the & F’@%@% P&I?q‘fﬂ"st 8 A aﬁé‘P'P?B’d andywafed ;galigo- h'g}eé‘? n,
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conpl exesy éal kdthd BlbrechdhicBPetidifarice otfdtR Bssldsat ed by three exanples
g%;cr i bed i nn auh@saee Gilirh R cdiiTthdtad¥iksiB & ddPeribri® b o GRlakdBRi bfvthe dxBSoeliufaP Rtrix to allow
| anab i prlidktichARd Migkatidhs 'ofdhe Adpladtic ichlisQd othdd Sited] A prolif@ating ubdarnids Biso regliresa et

al m ght gébdadidot istipplyerer dufviviilead BieghaowDofaKELInax il dendiation o bisod VeesslsUs alkd & e
e. g. Dext psreqaisiepdralingr &pivsioB withid thd hest Bsske. TOGouneslls agd activatedendatiwliab xellspl the
wher eas i blobdenpiiiaries achieve this @bjbdtigabypibé yeleasesof enzyinesd\iiichahn GRciCOd indirdcthsdegiade e
utilized. theeaxtyacel(jer awairizo DY/ sartiqulae ingort@icd @e00O selinp . prateinagdsofgiall asl the plaeminngered
t hat t e waeivgiorsiagh elasiase dike efzyper) weed phthe dunoyorafis 4 adivatd blleed basnezzymegene eg-

3}2 by L elasminagen, zand \glaimeh conpectiven issug §oll igtentt engynessi ag. mejallerieteiaases (collgggnase,
exi<ting Preeogecapases oielo ARh SRR PEICiNRIPE Fymagess phiehs eant dieeily caRel dndisoqw [dpgiade eyt
t he di val SP/EPORRNtS P! fhey ﬁace arixe The, inventiug, spmplexgs Br9 potenh inhibiers of dhe serine
conpounds Profeifeses Pragiced by jmammalian jumopr coli§ iaes 9 thup e Actrpnat yify, a5 gnif-ganceranti-

effecti®e "E?f té’aPme he treatm nthagg dgr;‘t h | t| atq nd replog ﬂm lJm, MR QL Yoss :
joint di sgadps s It h.gawam i g tH thellgy © @
simlar pt 8 t&ywnt rri F'lhcﬁ'g&c lila d&t’f‘ﬂust Jn r?aﬂi'iryoéﬂdént Q}itpg'o@al
y/Su y! an |n Tuced by

activity g, X chelation with such dival ent

i's not gonfi v&r it I:H;Qve/@nsi'd@ﬁttﬂai b b&ﬁbogﬁds%f/ﬂb Inddhliéh 84 Epabid ek sﬁlﬂﬁéuﬁ%;goss and
subst i t Ueing-s ﬁ&snsmﬁn&? ofcolfRk LB tid<U® baiind32@gStibkdbRits, tRdRarobAssNfbrdc

di val ent R4 @lgetherOaiihi thellt hisily & pidMBIE ViRdtBNéonipBtst RieeaREn! RRIuFoRRE and feolkgen
100% may @losythbsiclate 6f ifmeiisa hewdlil i tha lhedlilping @spair Bf daieged Gibsyied) Exiplee df thgsb aseful

t her eby i blologican plopditidstate goovidbargi cal activity. Exanples for 8.5% 83% and
100% suwbstitution of sodiumions by zinc ions in the sul phated xylans are

gi ven as (Pyparetioh Pelysuiphate Bolysacohirids - MplakGompleddd EP 0 356 435 Bl The 13C- NWR
data derived fromthe three zinc-xylan pol ysul phate penetration conpl exes

8. 5% Zn ( DHAThese, arg pwpared franiHibe pplyaviphatadypplsgagh may b ebtaipethifomycommpgcial
anount of SYrees edh dpdrarnetinhples MMKRAQ0 o 8008, Sigma, hﬁ"}'R?P AsBdLlovisr M VHiAs PaRiosaRy
deduce % h&plygulpbate (SFp4]) Bspeghemieprznoimitely Munches T BB t he conpl exes
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Tncreased in the order DHA0G (8.5% zi nc) <DH405J (83% zi nc) <DH40Y (100%
zinc) and fromthe biol ogical 5 EpletsseissBoul d appear that total
substitution of all [err] by zinc nay lead to a conformation which is very
ri.gid’ As a consequence of this, the formation of these

met al | o-Fepenatian|of KyiancRelysyiphaie conplexes provi des a useful neans of
transporting selected netals into bodily tissues, S|nce unllke the k

salts of t'P(éS Eciﬂ' Fl“&t'aé'li ’%B‘I‘ @E‘C'E"H'HY"P é’§°?t SR ts
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i nvention have partlcul ar. ut| I |t | n t he treatrrent of rheumatoid arthrltls

( qnyersion ofjthe S Lt e ghelat X080 di 2
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activat Qg r(éo\/s% )asm.aﬁ fad B ﬂrSGiHBEl %&%rtéa tolidl RidcdBinP .o s
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| Cagl or 666 IaInagfsépaaR SodigRrh&biaresifiwas duBliciBt CrRacHbNéBwartebrikeradl k0P PH iding a pH
pr ot ei NasfReode MAl Suiptaitl pRlySicaafdey B SheOmhethddCor uindahks Shyerd & BERSH inXConmeafiver t he
proper t yrisdlie R&38arth &;1268248111H82)! Thetflde bed Gliited RS |E toldbhn ih Metiilse200in Bk fudtioral
per f or mawseepookd bivchaliduos@mesged dirctiylitto the sisciemplek byrnautralatioh Withanteggivalest wolars
dependerumoan of heinb saita Byl osing @ bastchaincesalt (ecge @h AcHtale) thepdnd iprint af thid hegtliSation can
pr ol i $seradsbibe detenmihedpgerditmnetriceihof t he neopl astic cells to other sites. A
prol i f er at ThegniredraodivmineXylen polysyirhetaiceragloxes (ARG andddi404 wersioptainest szﬂSIF‘W tPal
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ext r acel f&)] ¥ Pl'?a ‘i" es°t P PoEHPIpte A opag pRisulphaies, Insotapt e exes
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ch a 3 4 b
(puch aqdis it :Ez ?i’éfgarm 5 I.a;gﬁa 8 e e %«fﬁlﬂ WEHEY TUR) ] b
nor mal, C&{Haﬁ%amveq Ak EQG+EBFYES"). ﬁ,egmetsr%hehdtéa R PSS B
(coll ag lﬁnaJ?si‘iﬁéaSN o Gid frdfishs SidhiloRA uBh e IFBASHRS SH¥ARHE Barrethi Ch

can di re,qgt o\ﬁd@&qbddﬁthBtﬁ&H y degrade the conponents of the extracellular

mat ri X. pdigddi 32 ME&tion' ScheRg teiX Gonerdicd S3GRELAT forn ad bdnGdrdd @ito thB enet® foh m by

pr ot ei NGgy@fbriing Wis adedstwbBENIIINRS of el of @dl rhetal (e.gd 26 SaNCuBOL BgBar, €aS0Os).

pot enoi adonpletd dohversid wa hdhiezaairwhen Aambre H* W8s elutat fast the colurmgéneikehangdtl metabiorsane
time, theré theretvimplolyhwasied dremuiresdoluain dtlis ebsattiat th de catajpatithigstep fthat hrefréertif derini on
ar e | essemdifiscio tthevresim The saiaysdltahthe stlbieted pplysadcharidearas thep paysbdsian thepgalymn

Ther ef oralutingyiractions witke distierhwates, whilst imonitoring forssultpbatest retysagrharides (arndple At al thid) andc h

i nf | anmeth@mgtal using BPRIGPLete sesays (o-bi @'Y %@@P?%ﬁa"v-r?"éhw aterpje GRACIRHAN SREGUOSAORY)- |
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Preparati on Pol ysul phate Pol ysaccharide - Met.al Conpl exes These are
prepared fromthe pol ysul phat ed p@Ep/gossswBries whi ch may be obtained from
comerci al sources e.g. dextran sul phates MW 5000 or 8000, Sigma Chemi cal
Co., St. Loeuis, M., U S A, pentosan 55 polysul phate (SP54R) Benechem e,
Ar znei m t Ceffirmatiiviof GomplexafionfEo@ation EP 0 366 435 Bl Preparation of Xyl an
Pol ysul phate Dry, connerC|aIIy avai l abl e xylan (from | archwood, or oat
spel ts, SF@&E_Eﬁéﬁuﬂﬁﬂ_Eﬁmﬁgﬂu Louis, M, U.S.A), or as i solated from
ot her sources as described b i stler and Richards in e "Hem cel | ul ose
in5 the Ca[’r’?ﬂ?H?ﬂ'?%Yf"’ég “‘2 ﬁﬂa/ lF_f’ﬁl sa'%’F per'i‘qsi(‘ °13§‘?' ‘°E 9- ﬁB hﬁ?ﬁ‘ % Ftelse that
Acadeni ¢ der jex h verage, 1 qjesters
?’?. LF%
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shaki ng i g, |ce strong Ut ?'on was t en a ded
unti | the ggg &tz&gﬂ,oieached pH7. The soI ut| on was f| I tered and et hanol added
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2.0) and golphersribse pratisesthanvisrii@slly syntt@ticaoledlies | Ty mixbdsatt adrit+/Matpsystons PH4 phdit ed
xyl an was DH#Ewerbtanalysed! fon Zntdomters add from misé vidyes | theophpidicalziatmutanwas Tdalcglated (see

sul phat i ofabkedhod i s essentially that described by Ricketts (ibid) for the
peeparation of the sodiumsalts of the dextran polysul phates. Fractionation

of t he 28uly) GakFitatiey Chpmateraphy he i s desired nol ecul ar sizes was then

achi eved by dissolvin the sodiumsalt in a buffer of high iognic strength

of 0.5 M\aCl "aﬁ‘iﬂ ’i’ ® P?Hgd §'6‘F)t§’fq°'t‘i'|'?’a’£°8 °glé’7‘" 2p Icf"r"aqq ‘Eﬂ‘? ¢ SPRAdeX Fét’ﬁ’n
usi ng SepB @W 'teé?'ﬁé} m 9 win

f']e cﬁlf't' o u U a a g?w
1]: |r Ia'E: :’;I?ng ere on ﬁ*qt‘nj :t:l?eP at%migsw ;:élal catfo &essls ev% nt from Figur
with 10, 0 ZI Lo Qiﬂ'g

Qqﬁ{,; ﬁe {Qg H?"%g §§9 rﬂiﬁﬂ e' ?é;:

met hod de
gx283) ( cm &ﬁég&“ | 'an to l'o che ate conp exes

mpl ewPreparatlon of 00/6Z|nc substltutlon) DH40J (83%
substltuthgnhnamﬁe@H4OG (8 596subst|tut|on) 25 Method 1: The sodium salt of
Xyl an pol ysul'phate (as prepared above, or as purchased commercially as
SP54R) (50. O3gR@RJprotsaSdechupledbpscich G011 MPIR) driSPSH &idi nhdtaR6l coritienés i DO p@RoBRINBDWN
a cation oxalied (E-200FT Bpecirdiiet Samplhiowers disédlédas (020WHE) atmsiis) solutidne. Orinandillikte e n
previ ous| deiaised evatbrewhs tuseditd avoidoreigrecatioT dontamingtion Sishhpled. ent resin was used to
eqigre conpl ete exchange of the sodiumions of the xylan pol ysul phate by
H~~30 For 50.0 granms of [err] 500 granms of resin was sufficient. Fractions
were nonitored for pH using a pH el ectrode and sul phated pol ysacchari de
usi ng .the nmethod of Farndal e, Sayers and Barrett in Connective Tissue
Researd® 9, 247-248 (1982). The free acid eluted fromthe colum in the
first 200 m, these fractions were pooled and an aliquot converted directly
into the zinc conplex by neutralation with an equival ent nol ar anount of a
zinc salt. By using a basic zinc salt (e.g. Zn Acetate) the end point of
this neytralisation can 35 also be determned potentionetrically. The
m xed sodi um zi nc- Xyl an pol ysul phat e conpl exes (DH40G and DH40J) were
obtai ned by adding to the Xylan pol ysul phate free acid solution the
appropriate anount of a solution containing the Zn++ and Na+ ions in the
requi red proportions. Again the acetate salts of these netals was used
si nce tshe change of pH for neutralisation was easy to nonitor. Any
conbi nation of salts in any proportions can be produced by this 40 nethod
but in sone cases the salts of the polysul phate pol ysacchari des
precipitate. This occurred for the Bat++ and Pb++ conpl exes of Xyl an
pol ysul phate and dextran pol ysul phates. In contrast the Zn++ conpl exes
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wer e highly water sol uble.

Met hod 2: The free acid formof the xylan
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Solutions PD=7.0 which contained an internal standard (in a co-axial tube) of acetonitrile. The sample
55 temperature was 37, spectral width 10 KHz and 16K data points were used. Chemical shifts of ring carbon
atoms were determined relative to the internal standard and were presented as parts per million (ppm).
Differences between chemical shift values were express in A Herz units (AH2).
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(c) NMR Studies [err] proton decoupl ed spectra (50.1 MHz) of SP54 and
metal | o conpl exes in D20 were obt &ProegbeatdsBi1Ieol FX-200 FT spectroneter.
Sanpl es were dissolved as 10% (w v), aqueous solutions. Only MII1i-Q 35

dei onised water was used to avoid foreign cation contam nati on qf sanpl es.
40 45 50 55A3# evidentfiromstaple 3 [3G-chepriqal shits fqrherpeniogp ringoaqns ok SPY4”clhe
f r om Tabl &it30ofpylan [ROjyEY 'p"éﬁeﬁ? c,déﬁ°’°§"fﬂ°f Ehgsef ghtainedcfor, et ﬂ?@“h ! 8%‘?%% 'B‘PS°SP54

, the sod‘i"ﬁﬂﬁ’g%ﬂ “l’er?)f" F %“ar'?' aé'r‘?g}‘f’f‘ “E ! ‘E? f or
the dival ‘ihe'B I? pa | '11 ?ﬂ‘ ° °°m hlft
eX g{% § ?/S ncr n S

th
appr eci at r ce
bet ween t . e |e e g-ve tarbog ? wher ? el cdro |eI§a|§| !: Fr‘ r?cp
carbon of g&ft@ i S e e axa e .Jé,&ewe b NC
conpl ex ﬁtuqs e@ﬁ,@ss shittd whL@PondbAt on el degb fof BhENCE
[err] of Cwb&tﬁa{ inGR fa% TR, e BE% GbHI4OL) 2HEE B4 GDIUOBYhLAEHF &-Hzl N

contrast gehbRde rdsuffo %@r&néﬁueethﬂ&@ thord/ Qitsshin fthe pénflsa pohBulbid® MmaABEIes TS
of SPS54R. octlihsby it atons, dheCadhfErmiatichlchingés 16 imake 16 BiRdingtighsKt0Y nust reside in a
posi ti on whivwhie the negRssRm(cefmpipx biokyRa pbigstiphét® Bfowdd sidila ebbniical shifs Bantis @xtheribc 5,
but f urt hasrivaivay thé ichaipesawdio1ess rharkaddndicatingh ket tagmoleaudke fitifand hiewie igéradtiors weses
dependent lesreffbdiies thargin the Zof* wmplex.i 0 substitution in the conplex, for as
shown i n Taltkieg the infdupatdB Shoidisi Teble 4and nleSule (D0 EGparhetthel xylar polyxulphate ¢haip, it

t hese r esislpossibigetonprydia divec sitlgcreost fkely epsunindriy e zing andh megnssiye retansqhhis is shown
p&lysul phdiagsanatitatlie ul es are occupi ed by zinc atons, the confornmation changes
t\gmake the binding tighter. Wile the nagnesi um corrpl ex of xyl an

pol ysuPphat e showed simlar chemcal shift trends to the zinc derivatives,

t he changes were | ess marked indicating that the "nolecular fit" and atomc
interactions were is less effective than in the Zn++ conpl ex. Using the

i nformati on shown in Table 4 and nol ecul e nodel s of part of the xylan
ponsuI hate chain, it is possible to predict the site nost |ikely occupied
by t he*2inc and magnesi um atons. This is shown diagramatically 20 25 30 35
40 45 50 55 15
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EP 0 356 435 Bl TABLE 3 5 [err] chenical shift values (PPM for sodium
xyl an pol ysul phate [err] and sonepgiggalgsg1net al conpl exes 10 75

[err] 20 Ring Carbon Shift (PPM 25 Compounds 1 2 3
4 5 [err] (100% Na) 99. 6455 73. 4232 74.5422
72.9854 - 59.3635 30 DHAQY (100% Zn) yasi¢ 3 99. 4752 73.8368
74.289 73. 5449 59. 4608 DH40 % Zn) 99. 4995 .

73. 7395 74.3719 73. 3503 59. 4364 35 DH40G (8. 5% Zn)

99. 6455 73.5692 74:5422. 73. 1857 .59. 4364 40 DH70 (100%
M) ° 99. 4752 73.7151 74. 2989 73. 3259 59. 3635 DH50
(100% Ca) 13C-nOThed8&I shift vailds IBBH for dfi@OS¢han 70. 1637

61. 6743 45 oH8 R —U7 BB T 73. 0129
o4 5038 > 70, 6766 BobysiahieNInsa) and song g vEleal phgal conglendS e Change i n

chem gal shift [err] of Na xylan pol ysul phate [err] ring carbon 13C
resonances caused by progressive replacenent of Na by Zn, My, Ca and Cu 10

[err] 20 25 [err]Hz of Ring C
relative to SPS4 Conpdund H _T°1 H 'l 2

3 4 GBZn) o Jt | - 8.5320

+20. 7814  -12.1893 Z n) - 7.3146
+15.8466 - 8.5320 : / 85~ DH4(QG (8.5% Zn)

0.0 + 7.3146 0o %" I+ .®320 + ¥ 3.6523 DH70 (100% M)

-V 8.5320 +14.6242 1.-12.1893 $517.0591 JDHS50 (100% Ca)

-\113. 3362 -52. 8355 +15.841 6 -141. 3672 +115. 7711 DH80 {100% Cu)

- 89. %9084 - 20. 3560 +12. 6102 -115- 6609 +168. 8971 45 Note: -Ye shift
= shielded +Ve shift = deshielded 50 in Figure 3(A) where el ectron
donation fromthe sul phate gxvagens attached to.the 2 and 3' positions- of

Ring Carbon Shift (PPM)

25 Compounds -

1 2 3. 4 .5
. SP54R (100% Na) 99.6455 | 73.4232 | 74.5822 | 72.9854 | 59.363
' : —
DH40Y (100% Zn) 99.4752 73.8368 74.289 73.5449 59.4608
DH40J (83% Zn} 99.4995 73.7395 74.3719 73.3503 59.4364

35 , :

\\/' ) _DH4OG (8.5% In) 99.6455 . 73.5692 74.5422 .| 73.1857 .59.4364
© DH70 (1003 Mg) -99.4752 73.715] 74,2989 | 73.3259 §9.3635
DHS0 (100% Ca) 97.3833 72.3686 74.8584 70.1637 61.6743
45 DH8O (100% Cu) 97.8611 73.0129 74.7939 70.6768 62.7347

50

55
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adj acent rings as well as the lone pair electrons on the 1-4 oxygen

gl ycosi di ¢ bond and pentose ring @&rypses 485/B1contribute to the stabilization
(Chel ation) of the metal conplex. On the other hand, for the calcium and
coppef conpl exes with xylan polysulphate DH50 and DHB0) (Table 4) the
pentose ring carbon atons which were inflA ed by the netal were quite
different. For these 55 netallo conplexes, the 1, 2 and 4 carbons were
strongly shi el ded whereas carbons 3 and 5 were deshi el ded. This indicates
that for DH50 and DH8O the netal atons are tightly located in positions

cl ose t% the carbons 3 and 5 ‘oooo§r%e : i.tuation
woul d occur as sho pae P L dec ' t hese
conpl exes, sul phate esters §Eé t bxmel@ dnaic sitts're ns of the sane

ring as 17 EP O 356py}gRoghds swed |re:ﬂ§céﬂrhﬂcbf @B SyOTh, Q) CQS bl Cu I'i Ng oxygen
are inyplved in chelatTon.” Since the spectra of DAbU and DABU sharpen on

raising the tenperature, it is concluded that chelation increases with

nol ecul ar agitation. It is clearly evident fromthe data presented in Table
4 and Figure 3 that the position occupied by the nultivalent elenents in
form ng conpl exes with thetsul phat ed xylan is @ritic ?Iry cependent upon the
ionic %radius of the a ct r-gRi C ¥adnf | idn. Wile the
conformation and fl exi bifPit | phat g slto{l so contribute to
the stability of the nefabisq |2 e - 5 ¢fant td note that the
ptesent experinents indicat e’titht chel. esifso for méd may llave overal I
peeferred confornmations ich are di'fSferent to that of npdeval ent salts
(e.g. R+, K+, NH4 + etc.). It is this change of confornmation and
presentation-of functional groups to receptor sites on enzynmes and 10 cell

surfaces that render the nultival ent conplexes so different to nonoval ent
species. Exanples of such changes are given in the hiological activity

section. The bi ndi ng strenpth (dr SSoGi gt | S zinc xyla]
pol ysulbhale cqppl exes DH4EY and DHA&J 8?& g '%egggs")é%i%ngp?grr] was also
i nvesti gat =d by err] (Tabfe Sk AdQrti ff NaCl; to[a sof utijon o% [ery] in
wat er prodyuced an overal l Lecrease ifn [err] chemcal {shift 1§ val ues
Table 5). [Thrs arises Troma changg 1 n' conflornation| of the nol ecul es Hdue

e/t he 4 ncf BB (108KiZp) | |j|y- 0§3War| 40 73kkr| NIRIBOTapt 28R Hpdt8747
pronounced Chﬂnﬂp accurs. gt ?RAAN%FI Ln_dontrast -t he - chertsal—shi-ftd
changes of Ies th i | 1igzeld CRt i Ng
smal | conf )rDBrrg |o¥|§§f"ez ande |n t rﬂg'ceér%g% of gc%?rgetfﬁg ﬁg%'}lfgngﬂ%l 5
suggests tl —25 ‘Ndk.,J.‘EITE ZT T T qns were ot readifry di spl aged
fromt heir|sbias ®)51 11a) pql ysuwb.phat dd xy3éé.] 20 Bi ol pgi 6a332Pr|opeBtases pf
t he Pol ysul phat ed xyl an- MHt al Comt)l dxes (A llnhibitilon of hurman. aranuJ pcyt e

Nagt HGE)_ b | | t al Th
by ect: ves| oPtonbat a”effnéﬁté@ .H‘s’-%@%ﬂﬁ%ﬁﬁs?xaﬁtw@ el abi ve

NP , ,
i nhi bi t or y laet~vty—Fo—sofe—ot—the—retato—tyrar—potystutphatg—conptexes

pr epar €4; angHgozmo@ qgnonsty g a3éhat-shleass nhibidasy| achiwrey pneduced; by
t hese conplexes did not résult -by siinply m xing varijous propgrtions of

xyl an pol ygul'phate sodium{salt wth]zinc 1onfs (see Lukas et g4l U.S.
4465666, EP 248D16)003 ) The9-88%fer| i #BA5E0 petiRefIfRd wiPet08 f 5188cf! - | (a)
HGE prepared according toith | (Chem—IBi-olegi-ca
Int. 47, 157, 1983) was used to degrade 35 40 45 50

Note: -Ve shift = shielded +Ve shift = deshielded

50 in Figure 3(A) where electron donation from the sulphate oxygens attached to the 2 and 3' positions of
adjacent rings as well as the lone pair electrons on the 1-4 oxygen glycosidic bond and pentose ring
oxygen all contribute to the stabilization (Chelation) of the metal complex.

On the other hand, for the calcium and copper complexes with xylan polysulphate (DH50 and DH80)
(Table 4) the pentose ring carbon atoms which were influenced by the metal were quite different. For these

55 metallo complexes, the 1, 2 and 4 carbons were strongly shielded whereas carbons 3 and 5 were
deshielded. This indicates that for DH50 and DH80 the metal atoms are tightly located in positions close to
the carbons 3 and 5 (opposite side to zinc). Such a situation would occur as shown in Figure 3(B), and it is
contended that for these complexes, sulphate esters in the pentose 2 and 3 positions of the same ring as
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55 18 EP 0 356 435 Bl TABLE 5 Influence of sodiumchloride on the change
in 13C-chemical shift val ues (AHgp of486 4868171 Ng carbons of 5

sodi um xyl an pol ysul phate [err] and xyl an pol ysul phate zi nc conpl exes

(DH 140 series) Conpounds Ri ng Mol arity of
NaCl Carvairas @leéfons on glycosidic Bnghoxygen are involvel iri ‘shelation. Since thg sPsctra of DH50 arid DHS010
[err] sharpen onlraising the tempe¥atB@/fis concluded iitat C@Rfon increases Witls Mglgcular agitatiod. 9669

-13. 4068 ( k@0g6aNiapvident from the dita ProFafted in Table 47and Figgre 3 that thezpogitipapecupied by thep 174
- 21. 4399m@tivalent elemenrts 8i7igiing complexeg wijls @ sulphatad{xylan ésocsitically depgmgeptpgn the ionic

- 20. 7364radjus of the atom) apd ifmelectronic configurgliang While the _confqngg_tnpa and flexipility pb the sulphated

- 15. 0654*yips must also contribute to the stability of the metaligzcomplexes, it is_im note that_the,pr 9{7

- 4. 874 7experiments indigae frau:lmgtps so formed may have overall preferred conformations (yhich are different

2.4349 ‘o that ofgtoa%/ nt salts (e. g f% r? 7495
on of fu ct

is thig onformatio ona 0 recd qor sifes meg
: 12 9719 ell I;urf;:‘:es th %?‘ f mautltuﬂ'?‘nt com%ligetz sod Xereré; tlgﬁg?vt@lerg 7Ee?|e§ Ifggtg% !; 3{ 8%%\
e gth K(Jt;?sg%;jiégig :gtiét) of the zmc]xy%ﬂ-?aﬁysu §)phate corﬁpl@éy PH40Y and”

-13. 40 68changes ar
I c substrate for this

3.6573 40.1 (SP5
enzyne - aaéam loan?-SY‘ 4RMh Wﬁl@ﬁﬂ@duba)ean( Vméase R53C rdkicall dnifton
was def e\FaiIPe bl9¥)efh|§iar‘é@sﬁﬂ>ﬁt Hdharkgy TH-@hfofrilidnQf the Mdbedidiaiub R%d indiédsbd fkiility.
const ant ad @hlbb syl tem ThBl BI1hE MEE prafouhddl cRaABE Gudirs at 1.25M IRCL. G coptrastifé crlejnicahi ch
pr oduc edsha08fuhgal iobDEH409 werS mlchOess Gifféifed LiySthé) adoBio oMAGD ndisgiingsreall coBforhPidBSA

1 8. 9255 dhahdeam thi beierice 5f/oddigBling el idns! Thisi Bdggestsathat[eeanrdt 1.25M NbCittheozincdensweee f or
HGE f or &iPheddily dispidéad fromiair Sikdé O tharpalysilpbated AylanFi gure 5. As can be seen both
zinc eonpl exes were nore potent than SP54R. This was al so true for DH40G
However , BiblbgicalProgeDie8 0f the Relys@ipha e DH50) xyl an pol ysul phat e
conpl exes were of simlar potency to Sp54R (TabI e 6) Thi s suggests that

t he conf @ nhibitionpf Ryfeanrgragulpgyteralastase; (HGELL gle geptalle, complexes. v o \\as
capabl e of _interacting nore effectlvel W|t HGE than SP54R DH40J vvas
found 2t o bdhq PRIeCHYSS f thesp experimests jne

ff f a_tpm'glatlvgl h o i oéth Io ?oglp
o SRR e i

DH40J, ] 1ot 21 oY esp%‘fs gh 4 and rlcnI sl\E/ya | oggﬁsbr o%‘ort i ons

agai ngj H(ﬁhgg)l Qrgn °§m£§éﬁ§fg"°% as in (a), except that a different
é%

enzyne 40 mothdl & AhdlesShti B ®n6H. BidlsyicaPiRt. BE 18£9083) WayM
Fi gure 6, a nore potent i1nhibitor over the concentration range

0.03 ug to 1 0 ug than PPS and PPS + Zn++ mixed in the proportions of

1: 0. 18 which is the approximte ratio of these conponents in DH40J. A

vari ety of ratios of Zn++ to Sp54R were tested for their ability to inhibit
the HGE. As is evident fromTable 7 at all ratios exam ned within the range
1:%/1 to 1:1 the HGE inhibition was 45 not substantially different to
[err] alone, and in no instances conparable to the inhibitory effect
produced by DH40J. 50 55

40

50

55
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EP 0 356 435 Bl TABLE 6 THE | NFLUENCE OF CATI ON CHELATI ON OF XYLAN

POLYSULPHATE (SP54) ON | NHI Bl TI ON ggFp 958 435 B1 HUMAN
GRANULCCYTE ELASTASE (HGE). Code Cati on | C
* 50 [‘err] - Comment s SP54 Na
0. 249 DH40( G Zn TABLES 0. 205 8. 5%
substituti on DH40(J) 0. 158
83% subst ift UHItBFEe%f dddium chioride'dh*iHe(cNange i ‘3C-chem|cal shift values (AZE) for the ring carbons of
8- %g; N . sodiUa® H%hlbﬁ&g(sm“)&h@% d)polysulphate zinc complexes (DH46@eries)
| nsol ubl erﬁqm?%?s Ring My Molarity of NaCl 0.223 15
DHBO( A) Cabon| ) Q 2490 *HGF inhihition is
expressedlas the iphibitor a:(zacenk ratiosn [grr] apsvi ng 50%0i nhilbi ti1ces of
[err] HGE MASTg[ O zm‘lb ST at 10 L5
BSA/ 0. 025% 5 thﬁ*] 1 T00/{5% 0 7 G002 lor 1T e mﬁf"gl T e Tacs
pot ent HGE_ | nﬁ tr., 2Q TABLME,7 P5 _7_217EFF|EC]]2§§99 0,.1759R%4, |Z| Neasag PHATE
AND SP54 + ZI NC SLLPI%TEE Oy d7g2 | NHI B ghb@N [OF.1blkBAAN CRAMA4CEYTE b AMBLASE
(HGE) | NHIBI TOR s |RATIS379PSH: zddmge | [obids | -12%4sb¥ FREREHGEss! r pm
gpggli ogs [by wei ght 30 -4.87;‘2;54 - 4.8747 - 4.8747 - 4.8747 - 6.0072

. A Z[TFF 0" 01 353
-7 1:0.18 z';;g:’m ' 489 O o =284, o 5 2434 " 7398358
izgl’l 40' 3 0 0%)8 ] 53 -5.5270 - 9.7495 -1 .'9%1_985 s -10.9719 -12. éss 81

+4.0747 + 2.4399 - U - 2.4349

0111 = 431 96757 -13.4068 484887 .13 4068 121803
1:0.18 D- %16 | 12174 -38573, | ~3364R | $¥573 - 45240
10 (B) Ef fleets—of Ay.uu IJU|yQUI ph +-e—tretat bUII}JI exes—ohn LIIC oo
coagul ati on pat hways 45 Xyl an pol ysul phat e err S a ot ent i nhi b| tor of
coagul at i onihaspthedc %’S‘F'fd’ st' |f°6fhéﬁ ‘i" (%tm' Wl ok a SAAV

h 0i peterm . "S‘a
cgg? E)Ir malt %ﬁ'@ﬁ%gﬁip t(ﬁoi&% = %3/3" % %}g 'b' coa ant' SI%#%I ty
of these .'Ic?ﬁﬁﬂf' & UL, EW@#& %Hloj 300 hdtl L b4l LobEBotn AS

s evi dent, 7 ok e GF m&eﬁovmmé DRBS)CM
ysulg 73 L, ; m';: Pol %rﬁ Qrm ency td §§§4W\h§6|§6) o

progr essive Rl ete\ma th@ko Qa/aaobia& b} e zRE muanfb%uygﬁumla %efm;n&dw@obapame of

ant i coagulidiictifibry isktdttivelyl mmdﬂaarpsﬁw Wb Cdund il be BB PRt dotdnBIIGE inlibitoR
pol ysul phatsle®pnpl exes were equi potent with the unsubstituted parent sodium

salt it nust be assumed that the conformation adopted by the Ca++ and Cu++
conpl ex#s () Iitdry gificEofBIH40ER Sylsht polybulpghbib ¢SH56R), diricasulpicte (ZnS07) ahe mixieesof (SRSHTES €

of.\Lhe coapsdynHRE cascade.

in these experiments the inhibitory activity of DH40J, PPS as SP54® and mixtures of SP54® and ZnSO,
in various proportions against HGE using the same condition as in (a), except that a different enzyme
40 preparation was used, were investigated. As can be seen from Figure 6, DH40J was a more potent inhibitor
over the concentration range 0.03 ug to 1.0 ug than PPS and PPS + Zn** mixed in the proportions of
1:0.18 which is the approximate ratio of these components in DH40J. A variety of ratios of Zn** to SP54"
were tested for their ability to inhibit the HGE.
As is evident from Table 7 at all ratios examined within the range 1:0.1 to 1:1 the HGE inhibition was
45 not substantially different to SP54® alone, and in no instances comparable to the inhibitory effect produced
by DH40J.
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55 In order to confirmthat the unique biological activity induced in
the pol ysul phated xylan was due EPot3se48®Bpounds synthesi sed and coul d not
be reproduced by sinply mxing Zn++ and a pol ysul phated xylan in solution
various m xtures were nade and tested as anticoagul ents. As can be seen
from Figure 9A, DH4A0J and DH4A0Y showd®BlEfduced anticoagul ant activity
relative to SP54 as determ ned by prothronbin tine 20 EP 0 356 435 Bl
usi Ng NPr MEHE INELUENGE| GFSCATIONSTHELA TIORDFXYLAS POLMSUDPHATERSHS 4 GIOMHIBITIORDE P54
in the fane proportion as HUMEMGRANYIDCYTE EIASTASE!HAEAOY (0 22:1) were

simlar[to I put|quite di ent 1o )
wer e ob—a-;—n-gﬁf-ex—t-hl;-q-egx-pe éart'gp Ag—zi-nc ﬂ?&‘épgﬂ&"&a
(see Fi gures% @) Ef fects of DHA0G on 0849 | L-1 Medi at ed Degr-adat on
of Cart IagB Nitrp (Figuregni0 and 11 FeDROFand Jubb BBletshbstituios & Rheum
20, 135p, ] us|ng co-culfures of chrti P& ng sy @8k isukistitutiog e
expl ant b vvePH e fifst to reﬁBrt that alfacPd fronthe‘og‘ivﬁb‘%ﬁ“uffﬂ"caused
chondro,yt egH 0 )degrade their ®8wn cartil hge R ix.|This factor was ca | ed
" Cat abo 5 )subspquent | y As purifiefl by Sgklavpl a and consouBle workers
[ Bi ochen JDH , 70p, (1981) and shown| t o E%gong o the interleudkin-fl or
| L- 1 ®akity—of—rohRoklnes— 1t f8s also bel A
cells of” Hﬁéln!alpln@w exfpreissed ias the inhibitdp conaentrative (wgiay gividgg®dnhitiiton bfsiugasy t o

envi sage HEEMb uingdAMM, BAAVINA 28 sibsiratenin 5O ghasphale/o % BRAQ.Q2ER TritonXabib%h t he
Jbl/nt sy BYBOPH 744 5 Gray becone stinul ated, even very marginally, to
peaduce f"IPHio(J)I'%‘f‘%F‘P%BR*P%H‘PEM@'t%een detected in synovial fluid of inflaned
joint¥. A small output of IL-1 above nornal levels, perfusing cartil age,
could therefore with time, 15 result in a di sturbance in the metabolism of
articular cartilage with the loss of TABEE7Zirom the matri x occurring as an
early event This could lead ultinately to eroded and degenerate cartil age

dt
her ol o Aev op2d Q”’*“ﬁ%‘ﬁg%&ﬁ%ﬁﬁ&%ﬁ% ‘gﬁ‘;%‘* TR e NS

articul w&ﬂ—aae—wme s petart-corpoRen
ost eoar { hri t i'NHIBBGR $I RATQ SBY4: 7ing bi t e gmi ¢ i cuIVaP{'J’E%ﬁﬁNqEé@@ SP54
re-labplled in-vivo witlh 8osdmeigher b co-cultured with macro- phages,
Vel =nt | ysralt ai ned fqomthe perit JneuruasThe ngcrophages produce |L-|1
whi ch sf (ﬁ% T e TMYNar oy Tes 10 ueglc thefr—matTx; IUI easTg—ferr|
IabeIIedGA nothe(ultufg di um PoCL tial antl-arthrltlc drugs,| such
as the PHA0 were tested]|usingsphis npdel d any propen5|ty2to i nhi bit
| L-1- npdiated cartil ag%edeggg'gr ation. Figihe 10}illustrates the prindiple
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DH40J, ZnSO4 and ZnSO4 + PPS on DNA synthesis by a human synovi al

fibr ObI asi{p) Istudies ohthe irdiative effects of DH40G and Xylan polysulphate (SP54) on the loss of proteoglycans
so from cartilage in an experimental model of arthritis

Introduction

This model was originally described by Sin, M.Y,, et al J. Path. 142, 23 (1984) and Sedgwick A.D. et al

§5 Ann. Rheum. Dis. 43, 418 (1984) and provides a convenient and reproducable method of evaluating the

effects of drugs on cartilage metabolism in vivo. This model was used to investigate the influence of SP54%

and DH40J when administered into the rat air pouch at 10 mg/kg on the loss of cartilage proteoglycans
(PGs) induced by an inflammatory cell invasion of the pouch.
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25 Claims 1. A nultivalent nmetal ion conplex of a polysulfated xylan,
wherein the nultivalent ion is selgrcdess 435081 t he group consisting of [err]
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i) converting the monovalent salt of the polysulfated xylan of step h) to the multivalent metal ion
complex of the polysulfated xylan by a method selected from the group consisting of:
I) passing a solution of the monovalent salt of the polysulfated xylan of step h) down a cation
exchange column to convert the polysulfated xylan into its acid form and neutralising the acid
form of the polysulfated xylan by the addition of a solution of the multivalent metal salt to a
50 solution thereof; :
ll) passing a solution of the monovalent salt of the polysulfated xylan of step h) down a cation
exchange column to convert the polysulfated xylan into its acid form and passing the solution of
the acid form of the polysulfated xylan down a cation exchange column which has been
converted to the muliivalent metal cationic form; and
55 Ii) passing a solution of the monovalent salt of the polysulfated xylan of step h) down a cation
exchange column which has been converted to the multivalent metal cationic form.

excess

2. A complex as claimed in claim 1, wherein the multivalent ion is selected from Ca?* and Zn2*.

23



Figure 19 - shows partial restoratg quﬁe ynt hesi s by

fi broblasts by SP54 when cell's expo‘gg to Erocort | sone mnmumullu MII |H“|

Figure 20 -. shows conplete restoration to control .val ues ptodticed By Sps4 -

when the Crheaes tof &itarD Polgsulidie/ didd the I'rhétallo N@lan HOIgsulds i Sabinatibnt withlcoticdsteriddsMo

Fi gure 21 ABROSATEthe inhibitory efebts bf thi14fthd ol Sall initosis dre atherolmbtbcdardidsyrttesie [ err |

Figure 22 - as for Figure 22 but DH40 used instead, hydrocortisone at [err]

Al t hough r ef eortinosteroida sareh &rewn e deprress tdomnectve | tissup @l rhitveis Godbiasyrdwsio fof tniredrix

I nvent i en compdnems teign gollagsn crvetedplyrant amd HBlurosin acig (A) thesepinatramdldeules arg essertinidor

di sease stnatmasbadihafunationsladd hasithusef ul |y treated include, bursonitis,

tendonitis, Wndhigstudyitras iskownitent SBS45tand) tas a fgreater exdant DHH| capkmravent 1h9vﬂﬂﬂmg,usand

t he heal i refjects ofhydregortisopd en ineyijtei wﬂovabﬁféo%ﬁblwﬁbqs'sdémmwwcb@w dbe results

di sor der s;° i@@ﬂ# %’&FU@W'F?%'&%“P(fR'IOVY"EQrf'QSfo)erf icial thrombosis, haematona, ul cus

crusi s, 0sdiguenithg HPwss Wil dncrepsilg; eonpentiafiop %.hvwwa'ﬁwepah&'@mtheg's '%r?fﬂﬂ?%‘ﬁﬂ

and bacter“?héﬂ'teq nvasi on where excess prot eol IVIt occurs 25 d ains
tgga lgl i tol

1. A nul t iEed ’SER!FéP °F"E}ﬁt' @g\ gﬁpb

mul tival e drgio i L respratip ?ﬁ "‘5?58 P'ﬁ%‘x%’ & WP céﬁsae"f’%P‘fT 30
wher ei n th n S

nonoval ign ¢ _ga?oc |slm ow c Zip éte res%ratlo tto }Iu cloadl \A(Ihedq) I%’%,? Hvté\enﬁm tctg{ulcaeﬁtrart]l?n of
metal ion |¥4§&' eﬁxxtd?dloﬁrsgoné) nabl e by the nethod
corrprl sin e%g § PR4d adg b Xy tqﬁ_sm th chlor osuI fonic
acid ind eftrdhBe hasbeen made to uiaﬁwsfltﬁwc Sunti§ 8Ghd iﬁ%nmn)ﬂ #afind d¥leBarinfif;

c) neUtfaalah§ kHaGmAthIe aﬁlﬂﬁlé’-'oﬂﬁﬂdl%sélitétﬁ‘thw&md 86 lastrity B indiAE) tdoRlEs, tefdonitis,

pr eci pi t atibrAGvabifils SdUeiBed SdidisslleliRlammation] inddSand tayHedlig Bibubi3eskmdsnalr] 2Re &

et hanol ;  ajihef Ap#Hafloiog dctre dietddsUiobiadl epplitstion NorasLipertiasl | tro@bosis) Gasiadma, uicus
separ at ed. cRiSlsysoHbringlop sbadsylopital brili-vikel R pantrpatis,LsajpRyoma gnd bacteitindesioR dher® bidbdsON'
to a seri grotédiytichdidy@kcdwsrt er preci pitating/redi ssol ving steps 40

accordisg to steps d) and e); g) dialysing the solution of the polysulfat ed
Xyl an agaiG@tswat er to obtain a non-dialysable salt free polysulfated
xylan; h) form ng a nonoval ent salt thereof by |yophilization whereby the
m)noval entl. sAlmultivalent metaldendiompiex eflatpolypitfetedssfanm sal t or ammoni um salt, and 45
i) ‘converting t4hereideguulivalent iogjg selegipd frameth gloysepnsigting of Gelf) Mg™ offu™ sty ¢

~ the nmul®i val entWhﬂ‘é'E‘a‘P" 3 @ﬂar&@ﬁp|t*@>@t$walem@e§bpygwtﬁ%af 'R?P‘é?l’?"b‘?"sds I’\‘é‘?erfé'&?e
sel ected frofh%¥ u consi stin assing a sol ution of

nonoval ent sal t""hB"f" tWae BWWE"LIT“?‘%\H%Q"W‘?’P’éHf '8? palysulfatech xyiag (i cbipinable |b35 ﬁhee'?‘?fwgnge

colum to co 'f'" ;d‘?tc into its acid form and

neutral sing td g"ﬂﬁ? ?msf’&uﬁ'cﬁf)'ﬁf ?yé'flg?i xyl an by the addition of a
éutlo“"ﬁ of t

.' hc oAy sm qﬂa‘%g '('on lde sol ution thereof;

) . passing a 8 F thé i f)éﬁ,gJ, ated xyl an of
step h) down f-?é(&ﬁéﬁl ed IrJdQs Aty ;ra Ml lfidnSilwatyd an
into its acid lf) Qg ﬂga&%n@g nStQ Hbefed o@ et JWdlssJM‘ng steps
pol ysul fat ed X%L@@n £d)@rd 5)on exchange col'.um V\:hl ch has been converted
to the nmultiva %Hﬁys:ﬁ@thar olGitfbh 0P thb Gollrdidd 31H aGdmst water to obtaih b Inpn-Bidgsabi Gatbiree
sol ution of theiyswaeyahent salt of the pol ysul fated xylan of step h) down a
cati on exchangsg f@mingrmerovatdt SuitShdse By Gophilizitior hhérebyt thee montvilent adleia tthenstiian
cationi c for msa.potAssiengalt exanasonivinasaltreed i n cl aim 1, wherein the multival ent
ion i s &el ect gficdnvepting]the mpnaxaleht [sat of [the2Bolysulfated xylan of step h) to the multivalent metal ion

- complex of the polysulfated xylan by a method selected from the group consisting of:
1) passing a solution of the monovalent salt of the polysulfated xylan of step h) down a cation
exchange column io convert the polysulfated xylan into its acid form and neutralising the acid
form of the polysulfated xylan by the addition of a solution of the multivalent metal salt to a
50 solution thereof;
1) passing a solution of the monovalent salt of the polysulfated xylan of step h) down a cation
exchange column to convert the polysulfated xylan into its acid form and passing the solution of
the acid form of the polysulfated xylan down a cation exchange column which has been
_converted to the multivalent metal cationic form; and
85 lll) passing a solution of the monovalent salt of the polysulfated xylan of step h) down a cation
exchange column which has been converted to the multivalent metal cationic form.

2. A complex as claimed in claim 1, wherein the multivalent ion is selected from Ca** and Zn?".
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3. A corrpl ex as clained in claiml or 2, wherein the rmnoval
poI ysul fated xylan is polyneric EP0356435 B1 m,’ ml!"ﬂbm ’m
4-[err]-D-xyl opyranose- 2: 1- (4- O net hyl - a- gl ucur onyl ) - pol ysukfate e

sodi um salt and has an average nol ecul ar wei ght of 6.000 Daltons and a

sul fur c‘bnt“e??tnplﬁt a3 si3imed Jig ogiains 1 of 2, whereipfthey mornvpens salh ot the dolygpifated avian isf t he
clains 1 tBOMMgrG ! Asx &gﬂp pagseri $HO-gethyarhusuranywalysulizie ostes sprunt sdtend hasrant he

treat nent 8°4P {“ﬁ'P?'-Hﬁ'g gt %qoplné'&’"? WI%PW@‘@@%‘E%H ative joint

d ti f t thrit dallied
|?eg?rer; OE&?‘ ggfagrgf)exg?e:g?n ca gqgl on or ea | ng ar Pf;*lt I S an‘l‘"&%l I |ye

accept abl e CATFIBr and a eonp th'saa(':' g‘ﬁ'@"‘?’ﬁ“’é’tﬁ&“@f’" ‘é° @}d'seas"%I a| m 1to

3. 6. Usp @f tﬁn&gémca‘?)&oﬁﬁ&%rp Grebtth a*mﬁ ey andhglle% - di‘
t1 OB niten i, . Mz pge ‘ta% it
Egega,rogseogg.mmm%ex agcodr‘dl r%ggl 0 anyLof %1 Jnd fe%%%g? m e

preparation of a pharmaceutical conposition for the treat nent of VI rus
I nf ect i &S UsdPert £ BoraplsxPackor@ih to2shy lof tha Blaivh! 11t o VatoP eCistagiRalicH bl £ PriaktRubBIteaf
ei nes pol ysampbsiiion dor trenredfynb@iobwmuves.i N das nmul tivalente |lon ausge- wvhM wird
aus der G uppe, bestehend aus Ca2+, M2+, Cu2+ und Zn2+; worin, auf-einer
ol ar&n 7Babsesof al cemmBuxbastording tooamy nad niev cbimnticts 3 PN [ﬂw’aﬁfbndﬁsa ﬁl\&rﬁd’c&ﬂib@nt e
Metal | i on ¢ampBeitonifa thetezimént bD@udintectiogs ; und worin der

| tival entes-Metallion-Konplex des polysulfatierten Xylans erhaltlich ist
durch d&fateptansprichger f ahren, das die essentiellen Schritte unfaft von: a)

Behandel.n des X I ans mt ChI orsul fonsfure in trockenem Pyridin; b) Gefen
der RBaktil § i '@'exanemeg'yﬁuﬁggp@ggfv@ns . corin gshiagitveleeth lanbaegey i t
Al kal i net a‘f' G’d‘ E&ste gndaps S MeGhei Yul fatierten Xyl ans als

ei nen Si r ug %n aut ei or, alag 8?1 %? Heytuﬂon:ga\ox{gaZter Ig)en Alch o4ias Ruliiyalgnte

pol ysul fat '€ éﬁ‘?@é gjirj?@fg? de?aterﬁﬂf}éria"%rewgt'%rﬁﬁ%aaﬁg

re| hvon
pol ysyl fat%ﬁ%ﬁr&ﬂdﬁ%
ei ner Seri e yBthahde %eghr H A J?nSESChI‘I tten entsprechend
den Schri ttq,yeghentgg R ,on ax,:‘é,seren sung 'des pol ysul fatierten
Xyl ans gegert) NoiraiRloren don e@ﬂaﬁengﬂl Q&Enﬁh@)\l%ﬁh%ﬁ%ﬁgﬂ 35 sal zfreies

ol ysul f at i el MaRiIHded FohdpdlstilidrBAyidhs aBlen6ie8inB l¥es il RRRNA o RiraRy. Sal Zes

Vorse dur ch o). ysotsnnén 8dsepdi3@iatiohom OylakbandTWRANAIIBEH ede§%§et|gﬁﬁenl\l?aifsﬁlﬁﬁgf@n
Kal i unsal z oglans ifWasserinsal z i st, und |I) Umwandel n des nonoval enten Sal zes

des pol ysul fiiadnteewdriem dé(ptlmmm/rﬁ%ur{ateufeesém}; vornEtABIVIdsber-ANsH I18Mederaufidseschritton

t es- Met al | i entspteniipidaden Sasitipod) wedw)f at i ert en Xyl ans durch ein Verfahren,
ausgewdhi t @b SiaygiererGherfeung 498s polysulfatierioe XyletsegegeraWasser, ym RBin Wdnt biaps@bdr@s sen
ei ner¥Losun a'af@esneivﬁywe@nmm Badrhelien; des pol ysul fatierten Xyl ans von Stufe
h} durch ei eB'IQa't PigePRIOPieatan Stices Saneh durch) hyoghilisiepng, yeobdi e menovaieniéySakiias n
seéhe Saur ef 'HW‘WZWWEI%“WG“Wt'%&I"FSl eren der Saureform des

pol ysul f at | ﬁ“%ﬂ@(?ﬁe'z%%ée%mév"ams% ngaen Buleth) incer Multivalen-

Met al | sal ze '?_‘B‘sqﬁﬁﬁdﬁél Pten Jylans durch ein Vpitahrgyy E‘ﬁﬂ%%‘f@ﬁlda"s@feweel ner
Ldsung des su f at | ten Xyl ans von St ufe

i SLi‘isun I nt I
durch eine K Wt wase" 5 er CF 33 PP "? r‘f°"se| ne
Saur ef orm urrz aﬁ ﬁumg ﬁatle on T: rciel U aqe N des
pol ySU|fat'er£&Gng>Sé Bniin eshsgﬁes jischer ST 8 r? B e

kati ggi sche Fﬁ)rlmréiluﬁiSBemdéan binbrei¥shig v%lth § g [fﬂlgﬁ )?y‘a’ns W so
11') Durchfli agw®lnpasemeifd R%ndn%ﬁﬂélh Ie”i%‘g o@@ ifafib ureform

pol ysul f at i er infawablaNshaVIBURchilbsshiBsst deHIE¥abngCad) Salia kh@ﬁé‘é’é&t,% Iﬁﬁéﬁsﬁgfyﬁﬁsu e,
die in die kadurahnéeisc RatiohanbustalRersBulel diéah aft RifioidehalFbrin HeXURWBARRLT MARIKen

i st. umgewandelt worden ist; und

50 ) DurchflieBenlassen einer L8sung des monovalenten Salzes des polysulfatierten Xylans von
Stufe h) durch eine Kationenaustauschersiule, die in die kationische Form des multivalenten
Metalls umgewandelt worden ist.

2, Ein Komplex wie in Anspruch 1 beansprucht, worin das multivalente lon aus Ca2t und Zn2* ausgewdhit
55 wird.

3. Ein Komplex wie in Anspruch 1 oder 2 beansprucht worin das monovalente Salz des polysulfatierten
Xylans polymeres 1:4-8-D xylopyranose-21-(4-0-methyl-a-glucuronyl)-polysuIfatester-Natnumsalz ist
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2. Ein Konplex wie in Anspruch 1 beansprucht, worin das rmm
aus Ca2+ und Zn2+ ausgewi hlt 55 EP 0856435381 Ei n Konpl ex 'm “maﬂ/mml
oder 2 beansprucht, worin das nonoval ente Sal z des pol yisul*f ati ekt em

poI yneres 1 ) )

. 4-, 8- D xyl d’ﬂ Pé?nB%'@‘SQ‘"EtST%Q'@Wﬁ@'('W vor 8900, Eefion Hpel pinpi Sghyiafeloahati e eWRAtE% Uns
aI Z ist 24 besig> 0 356 435 Bl und ein Durchschnlttsm)l ekul argevm cht yon

6. 000 Dal und ei nen ehalt vo (V bes tzt . Vervvendun
ei nes Ko Ie %gi’égm'"g % %Eﬁgy \‘JE ﬁ Tpegquti-
phar maZeut i -3 onsray SaicTim V] 2Nt 'ﬁlu %%’Hﬁ'm?f'd mrgRrIsK et“h?qe'ils
und verwandte ?Iean’mﬂ orl sc SN oder degeneratlven Gel enker kr ankungen. 5.
Ei ne phar gamtahamuéeﬁ@mmsﬁsﬁ meﬁglaamai % géﬂ%r\;e&;ahé nS.nhmnaton-
verwandt en ispieh 3aEFeGdnbrativefr &BIBnKeikBhku eﬁ?ﬁ&ﬂ% d & Frrager
unf aBengl ei AN oiRdMHBIBR Hich b 881G ¢Bis s rager 10 und el nen Ko gI
nach ei nem der Ansprache 1 bis 3. Ver wendung el nes Konpl exes nach ei nem

der Anspr &cherwbndiing eidesl Kdmpdkes nlaleh éiﬁeﬁ‘i dekl AGEpACIRES biPH A% 878 FHoldtollunh SAEGIRarmazeu-
Zusanmenset zischgn Zasamiibresstiig Al dlelBabandiiny vbhMoméren. 15 7. Verwendung ei nes
Konpl exes nach ei nem der AnsprUche 1 bis 3 fU die Herstellung einer

phar mazeu?. tVesxehdng Zinsscomplesastnachnainefmeader AnspriBwhiabisld filn die HersteNlng eérrpharkiazeonen.
Revendl cat | discher2Busammensatging tii dig' Bebandioeg \@h Vingineektipoényval ent d' un xyl ane

kysulfate dans |l equel |'ion polyvalent est choisi dans |e groupe
stltueR‘EY&P"'EﬁM's |vg2+ Cu2+ et Zn2+: dans |equel, sur une base nolaire,
I\a/subst Itution de g)n netalli ue poI yval ent aux ions nonova- |ents est
de | oftir m '9’%‘;? dfl"l@ m "‘q“éf’;"g?'ﬁ }'!‘,g]};;é))"s I gxe dM on 2”%1}29e|atlzlng

pol yval ent du g ﬁ procede
conpr enant Iegd ok dre 33 % 'gﬁi’t{ﬁH‘PBSe 85' "\éP ?%&%}‘Pﬂef‘wxma}?@%

| " aci de chl orogalﬂ l_r|y| g%g s?.l

métgllqgg 5 ayﬁglelﬁ du rqr %sup%éepqu{ gfl’gﬁ{%{lu ﬁ)n le

obtenue ave r ,or@sf_' Ldldand Yo B Erleon du xyl ane

Ol YUl 1 at 6 bEp ki 45 Sl e oA o bl £ orﬁ’s@ﬁ cher” 5 e)

separation dUcY%htﬁiﬁtnMeM§ébﬁuﬁu&¢&teﬁ§e &v6Sir S @oklidb 88 meéts a¥c\éﬁnane pOl ysul fat6

sépar 6 dans de) drécpation b xyleRb! BaiysEia8 brit Bousdorme kbl kit ParRRbifdMistAndNe Seri e

t—6t apes de pERBH4MtbAEI Bs Bikjsifa o fedREbILANES X9 laRAstisiIes esr) Bfs dBae! apes

d) et e); g) fislyissonAde &N bdittion @bt 2 dRe |séead'éBpesl o patipiatisntedisSolitioh aR6:

pol ysul f at e péihanoleat estonrlestétapey/d)@ne) ;pol ysul fate |ibre de sel non dial ysabl e;

35 h) f or diglysecin cahitrernousapt dertieno \del le mdlutide de edyiarie- molysyitalé doyoghitenir iub adylaen,

| e sel nonovabaelysulfai liretde|sel nowtialgsbleodi um | e sel de potassiumou |e sel

d' ammofi um eh) foimaiemdier &4l menevalendede getyivehwar erhilishtionc Y sah enopayhignt (ftahtblesselodit enu
ail ' etape h) eaiupplespldeeoigssiugyruds-sehd'rmmeniunp@t yval ent du xyl ane pol ysul fate
\r/ un proced® OWEEN dYa3ek mopovalery e"ﬂ?ﬂ?@?'ﬁ“ﬂ%é QBteny & "6'&8% Byen gomplgxe dlion

Sol ution du s@F)'ﬂﬁiﬁ@e' Ya@ﬁftdw'a}%%&f ;rﬁ;’el&rop%qééh%fi@w ouee 69 eég%- ans

[7]

mel angg, rea Trdc@d% ':}:‘jl S

une 40r'“f @ §F§9 ney so 'pe*arre qés;gwpwo 8 ?qual g une
| tw u ne
eyl ane pol ysul ..Qa |or;| da, att;rmi ':§H1§ c%f? " q°(¥ﬁll'¢f8'§ psaélad?ﬁgf‘a quqf?i %E/\fg'l ent

xyl ane polysulf
A :Jne sol :Jt ' Orfl %as% e oeung s%bat §r§a&l Oplo dlfﬁ\@o %ﬁ?'ﬂ?&aﬁé ﬁr%t du
xylane polysul fQjofned io Rourdon Iﬁﬂlﬁ §%cide, puis
cati onjgque pourpagéaea/as fid EolJt:@n %Y aaiaﬁneomaésaa eep&mum dn m?e BSdnHE a'sBidhgd
cationique qui a été convertie sous une forme cationique métallique polyvalente ; et
lil) passage d'une solution du sel monovalent du xylane polysulfaté obtenu & I'étape h) dans une
colonne d'échange cationique qui a été convertie sous une forme cationique métallique polyva-
lente.
50
2. Complexe selon la Revendication 1, dans lequel I'ion polyvalent est choisi entre Ca?* et Zn2*,

3. Complexe selon la Revendication 1 ou 2, dans lequel le sel monovalent du xylane polysulfaté est le
polymére 1:4-g8-D-xylopyranose-2:1-(4-O-méthyl-a-glucuronyl)-polysulfate de sodium qui posséde un
55 poids moléculaire moyen de 6000 Dalton et une teneur en souire d'environ 18 %.

4. Utilisation d'un complexe selon |'une quelconque des Revendications 1 & 3 pour la préparation d'une
composition pharmaceutique destinée au traitement de I'arthrite et des maladies inflammatoires ou
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45 ' passage de la solution de la forne acide du xy
dans une col onne d' echange cati oFP Q366485 B ete convertie ’mmﬂm “i"
cationique nbtallique polyvalente ; et |1l) passage d' une sol uti

monoval ent | | ane | ysul fate obtenu a |'6tape h) dans une colonne

d' echange E%E"g(%w‘?ftfgs 5’8‘?”};5°"§f’%"'g'8ﬂ9’873t| e sous une forme cationi que

nbtal | i que | a Revendi cation 1, dans

| equel cgjl 89’1 ol qu; heff ce"t'gt sgfl nogr dreer"E dtdfq-h"@t ot/ flos, malgdiespilempraaioires; @it on | o
Revengll catb o She dSQHeQ/ Sl W%VQISW"BW’?W%W 5t PSR at e

est le pol yrre

1: 4- 8- szybﬂeaaﬁagﬁ%rﬁpue&e(sé}rﬂ A bibicbidds Gbd RéVembLk ! spdium
qui poss bdébmw's-t%’é pharmawla@thﬂ&:;elsqslésE:!:J réﬁgfémt H&%ﬁ%ﬂfﬁé %68% ﬁ# ?Ftr%?gﬁoﬁeﬁ "&neur
en soufre d environ 16 % 4. Utilisation d un conpl exe selon 'une

quel conqueViiesioRavie takiptaé sasiSiuite Guokolfabl ed RevBRdRBIBASY 1205 1pdir 14 HRSpERFBAQRUNb | ON
phar maceut ¢aypesitibe pharmaeutique destiriés aneditbmeht dés' imbdtibiisiviraleset des nal adi es
i nfl ammat oires ou 25 EP O 356 436 Bl ddgdndratives des articul ations du
m nme ordre. 5. Conposition pharnmacoutique pour le traitenent de |'arthrite
et des mal adi es inflammatoires ou ddgen6ratives des articulations du m nme
ordr €%conprenant un support pharnaceuti quenent accepta- 5 ble ot a
conpl exe solon |'une des Revendications 1 A 3. 6. Uilisation d un conpl exe
sol on |"une quel conque des Revendications 1 A 3 pour la preparation d' une
Eﬁﬂposition phar macout i que destinde au traitement des tumours. 10 7.
ligation d' un conpl exe selon |"une quel conque des Revendications 1 A 3
pour Ta prdparation d une conposition pharnmaceuti que destin~e au traitenent
des infections virales. 15 20 25 30 35 40 45 50 55 26
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