SULPHATED POLYSACCHARI DES HAVI NG ANTI-INFLANNATCRY ACTIVITY Thi s

i nVention relates to conpounds having anti- inflammtory activity, and in
particular it relates to the use of these conpounds as anti-inflammatory
agents in aninmals and nman. ' One of the key events in inflamation is

t he adherence of |eukocytes or tunour cells to blood vessel walls and
their subsequent emgration into tissues. The nolecular basis of these
processes is poorly understood although it is generally accepted that
penetration of the vessel wall requiresq acalised degradation of -the

I nterendothelial cell junctions and subendothelial matrix by specific
degradati ve enzynes. It has now been discovered that continuous
rnfusion of certain. sulphated polysaccharldes such as heparin and

f ucoi dan, - : (IR :

This invention relates to compounds having anti-

‘inflammatory activity, and. in particular it relates to the

use of these compounds as anti-iﬁflammatory agents in

animals and man. |
_  One of the key events in inflammation is the
adherence of leukocytes or tumour qells to blood vessel
walls and their subsequent emigration into tissues. The
molecular basis of_these processes is poorly understood
although it is generally acéepted that penetration of the
vessel wall requires localised degradation of the
interendothelial cell junctions and subendothelial matrix
by specific degradative enzymes

It has now been dlscovered that continuous infusion

of'certain.sulphated polysaccharides, such as heparin and
;;? . fucoidan, can completely prevent experimental allergic

_encephalmyelitié'(EAE); an aniﬁal inflammatory disease

similar to multiple sclerosis in humans.



enéephalnyelitis (EAE), an animal inflammatory disease sinilar to nultiple

sclerosis in humans. _ -2- In
a first aspect, the present invention relates to the use of certain
. sul-phat ed pol ysaccharides as anti- inflammatory agents. In this aspect,

this invention provides a nethod of anti-inflammtory treatnent of an

ani mal or human patient, which conprises admnistration to the patient of
an effective anount of at |east one sul phgted pol ysaccharide which bl ocks
endogl ycosi dase activity. I n anot hér aspect, this invention rel ates
to the use of these sulphated pol ysaccharides in the preparation of

phar maceuti cal conpositions for anti-inflammatory treatment. In this

aspect, there is preyi QegiéstpQE—?E@E?U{:ﬁéa%rEQEHQSiﬁbQ t%h_cgeiaeggi' s at

east one sul phated pol ysacchartde which bl ocks endogl ycosi dase activity,

toget her withegephigenBecubireatihysatpRREAR! Bolysaccharides as anti-
inflammatory agents. In this aspect, this invention
provides a method of anti-inflammatory ;reatment of an
animal or human patient, thch'comprises administration to
the patient of an effective amoont of at least one |
éulphated polysacchéride which blocks endoglycosidase
actiﬁity, |

In another aspect, this invention relates to the use
'of these sulphated.polysaccharides in the preparation of
pharmaceutical compositions for anti-inflammatory
treatment. In this aspect, there is provided a
pharmaceutical composition which comprises at least oneo
sulphated polysaccha#ide which blooks endoglycosidase
activity, together with a pharmaceuticaliy acceptable
.carrier or diluent therefor.
This invention particularly.relates to the use of

sulphated polysaccha:ides which block heparinase activity.
Suitable sulphated polfsaccharides include hepafin,
fucoidan, pentosan sulphate, dextran sulphate, and
carrageenan-lambda. As previously described, one sulphated
polysaccharide which has been found to exhioit

endoglycosidase-inhibitory activity is heparin, and in omne



carrier or diluent therefor. | This invention particularly relates to
thre use of sul phated pol ysaccharides which bl ock heparinase activity.
Suj t abl e sul phat ed pol ysacchari des include heparin, fucoidan, pentodsan
sul phate, dextran sul phate, and carrageenan-|lanbda. As previously
descri bed, one sul phated polysaccharide which has been found to exhibit
endogl ycosi dase-inhibitory activity is heparin, and in one
- 3- particularly preferred enbodi nent of this invention the active
conponent is heparin or a simlar sulphatesl - pol ysaccharide having
anti-coagul ant activity that has been appropriately nodified to reduce
this anti-coagulant activity. Exanples of such nodified pol ysacchari des
are (a) decarboxylated heparin that has a 20 fold reduction in its
anti - coagul aparcicwliyl pnpretgtred birbodibsentf ahtihis nitwetdtidén thent and
active component is heparin or a similar sulphated '
polysaccharide having anti-coagulant activity that has been
appropriately modified to reduce this anti-coagulant
activity. Examples of such modified polysaccharides are
(a) decarboxylated heparin that has a 20 fold reduction in
_its anti-coagulant activity and negligible loss of anti-
metastatic agent and
(b) periodate oxidized, reduced heparin thét has
negligible anti-coagulant activity but is a poteﬁt anti-
metastatic agent. In both (a) and (b) the endbglycoéidase—
inhibitory activity of the polysaccharides is retained.
The following Example demonstrates the anti-
inflammatory activity of the sulphated polysaccharides,

heparin, fucoidan and pentosan sulphate.



(63- peri odat e oxi di zed, reduced heparin that has négligible

arfti - coagul ant activity but is a potent anti- netastatic. agent. In both
(a) and (b) the endogl ycosidase- inhibitory activity of the '

poJ ysaccharides is retained. The foll owi ng Exanpl e denonstrates the
anti- inflanmmatory activity of the sul phated pol ysaccharides, heparin,
fucoi dan" and pent osan sul phat e. -4-
EXAMPLE 1 MATERI ALS AND METHODS Rats. Levis (RT-11) rats were bred
at the John Curtin School of Medical Resegrch. Both nmales and females of
8-10 weeks of age were used. In each experinment controls and experi nental

rats were matched for sex.
E&AMBLE.&
Rats. Lewis (RT-1!) rats were bred at the John
Curtin School of Medical Research. Both males and femalés
of 8-10 weeks of age were used. ' In each'experiment

.controls and experimental rats were matched for sex.



5 Induction of EAE. Active. (Quinea pig BP was prepared
.according to the nethod of Deibler et al (2) and BP in saline was

enulsified in an equal volume of inconplete Freund' s adjuvant

cont-ai ni ng

4 ng/ M added Mycobacteriumbutyricum Rats received 0.1 ml enulsion in
one footpad of both hind feet. Total dose received was 50 [err]g BP and

400 [err]g Mycobacterium butyricum Passive. Cells for

passi ve

transfer were generated follow ng the nethod of Panitch and McFarlin (3)

Single cell suspensions were prepared fron’spleens of donor rats

sensitized 12 days previously with BP-CFA as described above.

Cells were

cultured at 2x10[err]/mM in RPM 1640 +5%. fetal calf serum 5x10[err] M
2- mer capt oet hanol , ZOOHqg&- glutam ne and penicillin and streptonycin.
e /

Con A was addédygctden 9

m - and cultures were incubated at 37[err]Cin

an atnosphere of 10% CO[err] 7% O[err] and the balance Nerr]. Cells

wer e

Active. Guinea pig BP was prepared according to the
method of Deibler et al (2 ) and BP in saline was emulsified
in an equal volume of incomplete Freund's adjuvant

containing 4 mg/ml ‘added Mycobacterium butyricum. Rats

received 0.1 ml emulsion in one footpad of both hind feet.

Total dose received was 50 g BP and 400 .g Mycobacterium

butyricuh.

Passive. Cells for passive transfer were generated
following the method of Panitch and McFarlin (3 ) Single
cell suSpensions were prepared from spleens of donor rats

sensitized 12 days previously with BP-CFA as described

above. Cells were cultured at 2x10/m1 in RPMI 1640 +5%

fetal calf serum,'leO'SM 2-mercaptoethanol, 200 mM L-
glutamine and-penicillin and streptomycin. Con A was added
at 2 «g/ml and cultures were incubated at 379C in an
atmosphere of 10X C0p, 7% O, and the balance N,. Cells were
harvested after 72 hrs, washed with Hanks balanced salt
solution (BSS) and transferred to recipients via a lateral
tail vein. All transfer populations contained 30x106 viable

cells.



harvested after 72 hrs, washed wi th Hanks bal anced salt solution (BSS) and
trransferred to recipients via a lateral tail vein. Al transfer
papul ati ons contai ned 30x10[err] viable cells.

6 . Eval uation of clinical EAE : Cinical EAE was graded
according to the followng schene: 0, asynptomatic; 1, flaccid distal
hal f of tail; 2, entire tail flaccid,” & ataxia, difficulty in righting;
4, hind |inb weakness; 5, hind |inb paral ysis. I n nmost experinents

we al so cal cul-atedatbetiean oday lofni onbet Abf di sease (MOO), the nean
clinical score (MCSJand the nean length or duration of disease (MD)
Val ues are expressed standard error of the nean. : Hi st ol ogy
Rats were perfused with 10% neutral buffered formalin. _
Clinical EAE was graded according to the following

scheme: O, asymptomatic; 1, flaccid distal half of tail;
2, entire tail flaccid; 3, ataxia, difficulty in righting;

4, hind Timb weakness; 5,.hind limd paralysis.

In most experiments we also calculated the mean day of
onset of disease (MDO), the mean clinical score {MCS) and
the meanj1ehgth or duration of disease (MLD). VYalues are

expressed standard error of the mean;

Histology

Rats were perfused with 10% neutral buffered formalin,
Their spinal cords removed and prepared by standard

histological techniques. Slides were stained with H and E.

Polysaccharides

Chondroitin-4-sulfate, fucoidan {from Fucus
vesiculosus), ‘pentosan polysulfate and heparin (soﬁium salt
from bovine lung) were a11'purchased'frbm Sigma (St. Louis,
MO). The polysaccharides were dissolved in 0.15 M NaCI'and

stored at -20°C. They were thawed and then boiled for 2 min

immediately before use.



Their spinal cords renoved and prepared by standard histol ogi cal
techniques. Slides were stained with H and E Pol ysacchari des
Chondroitin-4-sul fate, fucoidan (from Fucus vesicul osus), pentosan

pol ysul fate and heparin (sodiumsalt from bovine lung) were all purchased
fromSigma (St. Louis, M). The polysaccharides were dissolved in 0.15 M
NaCl and Stored at -20[err]C. They weye thawed and then b0|Ied for 2 mn:
i medi ately before use.
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Bovine Iung heparin (10 mg/m1). was dissolved in 0.05 M
sodium phosphate buffer, pH.7.0, containing 40 mM sodium
pe}iodate and left to react for 18 hrs at 37°C fn the dark.
The reaction was stopped by the addition of solid D—manhito1
(5 mg/m1) and the solution then dialyzed against distilled
water at room temperature for 2 hrs, the dialysate being
changed every 30 min. The oxyheparin was then reduced by
‘the addition of solid potassium borohydride (2 mg/mg
héparin), the reduction reaction beiﬁg left for 3 hrs at
room temperature and then terminated by the addjtion of
glacial acetic acid (1 «J/mg of borohydride). The heparin

| was then ethanol precipitatéd twice (2 vols ethanol, 4°C,

18 hrs) and finally dissolved in 0.15 M NaCl to a
concentration of 20 mg/ml. Approximately 50% of the heparin

was recovered as the periodate oxidised borohydride reduced

preparation.

.The anticoagulant activity of heparin and periodate
. oxidized heparin was determined using rat plasma in.the
activated partial thromboplastin time and thrombin time
tests . Based on these assays périodate oxida;ibn
resulted in 2 500-2000 fold reduction in the anticoagulant

activity of hepar%n.



(5 mg/mM) and the solution then dialyzed against distilled water at room
tenperature for 2 hrs, the dialysate being changed every 30 mn. The
oxyheparin was then reduced by the addition of -solid potassium borohydride
(2, nmy/ng "heparin), the reduction reaction being left for 3 hrs at room
tenperature and then term nated by the addition of glacial acetic acid (1
[err]J/ ng of borohydride). The heparin  was then ethanol precipitated

twice (2 vols eth%qqlwe4@eé?]gﬁlfigiﬂrgélg?ﬂcéH{F#&e@(ﬁ %i@hved bm Qnd5 M
NaCl to a concen of the heparin

was recovere t nisgdabe oxhei §£de KT PV ickniradegedn p1eBakation.
The antlcoaggpg%f gggpsﬂquo epagln a%depggfﬂﬁate oxi di Zea Nnepari n was

det erm ned ugipRQ ghRt ﬂ%' As0RsiBry heo @Flé VAl s tad tdolest.hr webPPFastin tine
and thrOﬁblnitlﬁé ? tests '%ase élon theﬁgkassays peri odat e oxi dation

-ngglfﬁd in %tQQQp%QQO1$0Hﬂjé@ﬂﬂ65306flmeﬁiﬁﬁﬁﬂEVéiaagwbané hegrgvity of
Unfortunately, this produced unacceptable levels of
hemorrhage and even death of some animals., We chose
therefore to use mini osmoﬁic pumﬁs (type 2ML, ALZA Corp,
Palo Alto, Calif.} which were 1mpianted_subcutaneous]y in
ﬁhe back. The pumps have a 2ml capacity and deliver
approximately 10 Al/hr for 7 déys. Plasma levels of heparin
was measured in rats implanted with an osmotic pump
containing 20 mg/ml. The method employed was essentially
the dimethylmethylene blue procedure of Farndale et al (4.

- A steady state concentration of 10-20 «g/ml was reached by
24 hrs after implanting the pump on day 0 and no heparin was

detectable on day 8, i.e. 24 hrs after the pump ceased to

deliver.

RESULTS

Recipient rats received 30x10% EAE effector cells and
at the same time osmotic pumps were placed subcutaneously in
“the back. The pumps contained 2 ml1 of heparin at either 10
mg/ml or 20 mg/ml. As shown in TableI there was a degree
of protection in both heparin treated grduﬁs.' Oﬁly 3 of 6
rats receiving 10 mg/m]iheparin developed disease and only 1

of 5 receiving 20 mg/m1. In the latter case, the one animal



-

8 Delivery of sulfated polysaccharl des. Because of the short hal f
life of some of the pol ysaccharides in vivo we t hought it necessary to
gi ve repeated doses, W first attenpted ip injections of heparin every
twel ve hours. Unfortunately, this produced unacceptable |evels of
henorrhage and even death of some anineys.. W chose. therefore to use
mni. osnotic punps (type 2M., ALZA Corp, Palo Alto, Calif.% whi ch were
i npl ant ed sypgehage@uslevelop dhse bmekd i Theoplaper hatten oal cipassferand
del i ver approximately 10 [err]l/hr for 7 days. Plasnma |evels of heparin
was neasur egnnanabs eixmoltairtest] avidhl der odiveease punp  containing 20 ng/nm .
The net hod enpl oyed was essentially t he di net hyl met hyl ene bl ue procedure
of Farndale et al (4 ). A steady state concentrati-on. of 10-20 [err] g/ m
was reached by 24 hrs after inplanting the punp on day O and no heparin
was detectabl e1@ntGay rfbxt .exp@elimest akeeusethehppapi ceagetint 3s wed(li ¢ér
RESULTS Reci pient rats received 30x10[err] EAE effector cells and
at the sanmethige ¢u¥ehes BUWFR ved ep @l psedcbabide apebustidim, |
chondroitin-4-sulfate, and pentosan sulfate, and also asked
if initiation of treatment could be delayed fgr 3 days and
still provide protection. Fucoidan as well as heparin gave
complete protection against EAE even when treatment was
delayed till day 3 after cell transfer (Table I1). Pentosan
sulfate gave partial protection as evidenced by later onset,
‘milder clinical disease, and shorter duration of disease.

Chondroitin-4-sulfate had no protective effect.

Often, therapeutic studies of vafious agents in EAE
demonstrate that’clinicai disease may be abrogated, yet
histopatho]ogic examination will reveal quite éxtensive
inflammatory lesions (5, 6 ). .To examine this in the
present context, 3 control and 3 heparin treated animals
from the experiment described in Table II were killed on day
8 post cell ‘transfer and examfned for inflammatory lesions.
Yirtually every low power field of a 2 cm Tongitudinal
section through the lower thoracic/upper lumbar cord of
control rats had numerous perivascular inflammatory lesions.

In contrast, no lesions were seen {n any of 80
sections from the same area of the three heparin treated

rats,



t he back. The punps contained 2 nml. of heparin at either 10 ng/m or 20
ng/mM. As shown in Table | there was a degree of protection in both
heparin treated groups. Only 3 of 6 rats receiving 10 ng/m heparin

deyel oped di sease and only I of 5 receiving 20 ng/m . 'In the latter case,
t he one ani mal 10 - 9 which did devel op

di sease did so later after cell transf& and also exhibited a m | der

di sease. e e eP@iheeXPEth ey fie ¢ grb hapadchrrddaisn aze wel | as
three further sulfated pol ysaccharides, fucoidan, chondroitin-4-sulfate,
and pent osamauhbatsngadoatseeaske%y i §1apliyt ikdtlildm goft hter ¢zamsifierced! d be

del ayed for 3 days an still provide protection. Fucoidan as well as
heparin gaveceddsp! slecepaft aeti ohe agni histy OAE treart edhan tsr ¢at wxht bids
del ayed till day 3 after cell transfer (Table Il). Pentosan sulfate gave

partial protmemoey 88 evchehtedgbywith 8P-difdet, Wenill ders ¢l andcakhdrsease,
and shorter duration of disease. Chondroitin-4-sulfate had no protective
effect. - { 9, 100 have reported that following recovery from passively
induced EAE, or in the case of neonates, in the absence of
any initial disease symptoﬁs following cell transfer (7,.8),

a 1atef active challenge witﬁ BP-CFA leads to a much
earlier onset of Hisease symptoms than is seen in coﬁtro]
animals which never received EA;'gffector cells. The
interpretation of these data is that early onset is the
result of actfvation of memory cells which persist in fhe
animal and arise from the original transfer population;
Therefore, the animals represented in Table II were
challenged with 50 g BP-CFA on day 14 after receiving the
cell transfer, Control rats which had never received cells
were also Eha11ehged. The results are shown in Table IIIX
Naive ;nimaIS'developed dngase day 10-11 after active
immuﬁization. ée?l recipients on the other hand showed a
.memory.response following chi]!énge irrespective of
treatment regimen or presence or absence of initial clinical
signs, thus demonstrating that treatment did not inhibit

adoptively transferred disease by killing the cells.

Is the effect that heparin, and possibly the other
polysaccharides have on adoptively transferred EAE a
function of their anticoagulant activity? To answer this

question, antitoagulant free heparin was prepared by



Orfen, therapeutic studies of various agents in EAE denonstrate that
clinical disease may be abrogated, yet histopathol ogic exam nation will
reyeal quite extensive inflammatory lesions (5 6 ). To examine this in
the present context, 3 control and 3 heparin treated animals fromthe
experinment described in Table Il were killed on day 8 post cell transfer
and examned for inflanmatory lesions. Virtually every |ow power field of
a 2 cmlongitudinal section through the |ower thoracic/upper |unbar cord
of control rats had nunerous perivascular inflammatory | esions.

In contrast, no |lesions were seen in any of 80 sections fromthe sane area

of the three heparin treated rats. 11 10
To deternmine if the sul fated pol ysacchari des are i nhi biting adoptive EAE
by sinply kipelriimgate ¢xbhesttometnd oot dhy dmid & xeed weti emeasbdescyided
treated rats to exhibit menory to a challenge with BP-CFA. W ( 7, 8)
and others apo¥e 1@ndaen dmsttesd fidrati tf=olHA®EN ng recovery from passively
inhibiting activity. As seen in Table IV, all animals
receiving anticoagulant free heparin developed EAE;
however, there was a significant delay in onset of disease,
a3 diminution in the clinical severity and also a decrease in
the duration of the disease symptoms. These results
strongly suggest that the EAE inhibiting effect of heparin

is not due solely to its anticoagulating activity.

The effect of heparin on actively iﬁduéed EAE was also
examined and the results presented in Table V. When heparin
treatment gaé begun at the time of sensitization there was a
sgnificant delay in the onset of disease, however, the
clinical score attained or the duration of disease did not
djffer from coﬁtrols ahima];. It is interesting to note
that thé'delay of 6 days is approximately the length of time

" the pumps deliver heparin, 7 days.



i nduced EAE, or in the case of neonates, in the absence of any initial

di sease synptons follow ng cell transfer (7,8), - a later active
chall enge with BP-CFA leads to a nuch earlier onset of disease synptons
than is seen in control animals which never received EAE effector cells.
The interpretation of these data is that early onset is the result of
activation of nenory cells which persisézin the aninmal and arise fromthe
original transfer population. Therefore” the animals represented in Table
Il were challenged with 50 g BP-CFA on day 14 after receiving the cel
transfer. Control rats which had never ff?' ed cells were also
chal l enged. The results are shown in Tab Nai ve ani nal s devel oped

nana showed a mhS cEpoheBer i Bl ;?85@%3#3% e EN] LR e o

treat nent regimen or presence or absence of initial cllnlcal signs, thus
denonstrating that treatoent di d not—i-rhi-bit i

S 0op ittt S e e
di sease by killing, the c ) t he effegt that Jreparj
possi bl y tW!QﬁQﬂ%”tpolysgcéﬁBFiUé§hh§0g§on aHSﬁPi@éﬁ& trgﬂgﬁg ¢E&"E§E]a
function -of their anticoagul an ctivity? To aps his qu i on,
anti coagul ant free heparin mas* E gared by ? &%SEE %? OPG

Control 4/4 4.3. %0.2 3.9 20.1
Hepariad 3/6 5.3 #0.3¢ . 3,5 #p,2¢
(10 mg/m1)
Heparind . 1/5 7,06 2.5¢
(20 mg/m1)

a. 30x10% Con A incubated EAE spleen cells given iv.

b. Heparin givén in osmotic pumps placed subcutaneously

at time of cell transfer.

c. Represent the score only for the animal(s) which

developed clinical signs.



pefi odat e oxi dati on and borohydride reduction as described above and then
tested for its EAE inhibiting activity. As seen in Table IV, all aninals
recei ving anticoagul ant free heparin devel oped EAE; however, there was a
significant delay in onset of disease, a dimnution in the clinical
severity and also a decrease In the duration of the di sease synptons.
These results strongly suggest that the EAE inhibiting effect of heparin
is not due solely to its anticoagul ati ng actjiavity. The effect of
heparin on actively induced EAE was al so exam ned and the results
presented in Table V. Wen heparin treatnent was begun at the tine of
sensitization there was a sgnificant ThBlE IIT t he onset of disease,
however, the <clinical score attained or the duration of disease did not -
differ fronlcontrekse@mlm&l%uﬂﬁatéﬁlﬁﬁhyfﬁﬁdwmrt@eQOBa adlb3it vl ylel ay of
6 days is apprOX|nater the length of time

transferred EAE

Treatment £ With ‘Mean Day . Mean Mean
-EAE/ Onset Clinical = Length
Total Score Disease
Control 7/7 4.4 ¥0.2 4.1 ¥0.9 5.0 %0.4
Heparin 0/8 - : - -
(20 mg/m1) ' .
Fucoidan 0/6 - . - -
(20 mg/m1) o
Chondroitin- _ :
4-sulfate 5/5 5 3.5 $0.2 5.0 %0.4
(20 mg/ml) ' S -
Pentosan
sulfate 5/5 6.2 ¥0.3 2.4 0.2 3.0 %0.4

(20 mg/m1)

a. Osmotic pumps containing sulfated polysaccharides were

imp]anteq day 3 after cell transfer.



t hé punps deliver heparin, 7 days.
12

- _ TABLE | Ef fect of heparin on
adoptively transferred EAE[ err] Tr eat ment ~ # Rats with EAE/ Mean -
Day Mean Cinical - Total of Onset
Scor e Cont r ol : 4/ 4 4.3. 0.2 3.9 0.1
Heparin[err] 3/6 5.340.3[err] 3.5 0.2[err] (10
ng/ m) Hepari nb 1/5 7.0[err] 2.5[err] (20
ng/ m) a.: 30x10[err] Con A incubated EAE spleen cells given iv. .
Heparin given in osnotic punps placedpwﬂugnﬁmpously at time of cell

transfer.
Hemory response fn rats receiving su]fated

polysaccharides 3 days after adoptive transfer

of EAE effector'cells

freatment § With EAE/ - Individual
Group - # Challenged? " Day of Onset
Naive 4/4 10, 11, 11, 1
Control 4/4 7, 1, 7, 8

(cells only)

Heparin | 5/5 | 7, 1, 7, 8, 8

Fucoidan 6/6 7. 7, 8, 8, 8,10
Chondroitin- . 5/5 7, 1, 8, 8, 190
4-sylfate

Pentosan N,D.b | N.D.

sulfate

a. Rats challenged with 50 ug BP-CFA on day 14 after

initial céll transfer.

b. Not determined.



C. " Represent the score only for the animal (s) which

devel oped

clinical signs. : 13
TABLE |1 Ef f ect of ~sul fated pol ysacchari des on adoptively
transferred. EAE Tr eat ment # Wth Mean Day Mean
Mean EAE/ Onset Cinical Lengt h
Total . : Score Disease Cont rol 717
4.4 -0.2 4.1 0.9 5.0 0.4 Heparin 0/ 8 (20 ng/ M)
Fucoi dan 0/ 6 (20 mg/ M) Chondroitin- 4-sulfate 5/5
5 _ ' 3.5 [err] 0.2 5.0 0.4;531_(g0ﬂp/n1)
Effect of anticoagulant-free heparin
on passively induced EAE
Treafment # With EAE/ ~Mean Mean Mean
TotiI Day Clinical Duration
. Onset Score Disease
Control 777 5.0 3.4 30,1 4.0 0.2
Heparin 0/5- - - -
{20 mg/m1) :
Periodate- :
oxidised 5/5 | 6.4 0.2 1.6 *0.2 2.4 %*0.4

heparin
(20 mg/m1)




Pefit osan sul fat e 5/5 6.2 0.3 2.4 0.2 3.0 0.4

(20 nmg/ M) a. Gsnoti c punps contai ning sul fated pol ysacchari des were
i npl anted day 3 after cell transfer. )

14 TABLE 11| ' Menory response in
rats receiving sulfated pol ysacchari des 3 days after adoptive
transfer : of EAE efﬁgctor cells Tr eat ment

# Wth EAE o I ndi vi dual Group # Chal | engeda
Day of Onset Nai ve : 4/ 4 10, 11, 11, 11
Cont r-ol 4/ 4 : TABZE v/, 7, 8 (cells only)

"Effect of heparin on actively induced EAE

‘Treatment f With EAE/ Mean Mean Mean .
f Challenged  Day " Clinical Duration
Onset Score Disease
Control 5/5 C11.47%0.5 4.2 0.3 6.6 *0.6
Heparin? 5/5 17.6 0.8 5.0 6.0 0.5
(20 mg/ml) '
a. Heparin pumps implanted at time of sensitization

with 50 ug BP-CFA/rat.



Heparin. 5/5 7, 7, 7, 8, 8 Fucoidan

6/ & . 7, 7, 8, 8 8, 10 Chondroitin- 5/5
7, -7, 8, 8, 10 4-sulfate- Pentosan N.D[err]
N.D. sulfate a. Rats chall enged with 50 [err]g BP-CFA on day 14 after
initial cell transfer. b. Not det erm ned.
1.5 TABLE | v~ 17 - Ef f ect of
anti coagul ant-free heparin on passively induced EA
Tr eat ment # Wth EAE/  Mean Mean Mean :
Tot al ey FRANégdﬁv(ng. B2 Res. 62, 235-244 (1978).
2. Deibler G.E., R.E. Martinson and M.W. Kies.

Prep. Biochem. 2: 135 (1972).

3. Panitch H.S. and D.E. McFarlin. J. Immunol,
119: 1134. (1977).

4. Farndale R.W., D.J. Buttle and A.J. Barrett.
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actively i nduc MI’IZ[I ﬂ # Wth EAE/ o n
Mean -2y - A inical :
Onset Score []seéée* ~ Control 5/5 _ 11.4 [err]
0.5 4.2 0.3 6.6 [err] 0.6 CLAIMS . '

1. Use in the manufacture of a medicament for the

énti-inflammatory treatment of an animal dr.human patient
of at least one sulphated polysaccharide which blocks or
inhibits endoglycosidase activity.

2. Use accordinglpo claim 1 whe:eiﬁ said sulphated
polysaccharide is one which blocks or inhibits heparinase
activity.

3. Use according to claim 1 wherein said sulphated
polysacchafide is selected from the group consisting of

" heparin (including modified heparin), fuc01dan, pentosan
sulphate, dextran sulphate and carrageenan lambda.

4. Use according to claim 1 wherein said sulphatéd.
pdlysaccharide is heparin.

5. Use’ accordlng to claim 1 wherein said sulphated
polysaccharide is heparin which has been modified to reduce
its anti-coagulant activity.

6. Use according to claim 5, wherein said modified
heparin is decarboxylated heparin or periodate oxidized,

' reduced heparin.

7. A pharmaceutical or veterinary composition .for
anti-inflammatory treatment which'comprises at least one
sulphated polysaccharide which blocks or inhibits
endoglycosidase activity, other than heparln, a heparin
derivative, or dextran sulphate together with a
pharmaceutically or veterinarily acceptable carrier or

diluent therefor.
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inhibits heparanase activity.

9. A composition according to claim 7, wherein
said sulphated polysaccharide is selected from the group
consisting of fucoidan, pentosan sulphate, and carrageenan

lambda.
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-18- CLAI Ms: 1. Use in the manufacture of a nmedicanent for the
anti-inflammtory treatnment of an ABSTRACTal or hunan patient of at
| east one sul phated pol ysacchari de whi ch bl ocks or inhibits

endogl ycosi dase activity, wherein said sul phated pol ysaccharide is fucoidan

or peri odate-oxi di sed, SQFLPHAT @gling toclaiml

wher'ei n said sul phat ed po &Wﬁ‘é éﬁ?@ Use according to
FIAMMATO N4

claim 1l wherein sai d sul pha ed po i'odat e- oxi di sed,

reduced heparin. : A phar maceutical or veterinary conposition for
anti-infl anmat OV% ?'g[d onprises at | east one sul phated
pol ysacchari de whif@ o%‘E%"tbFnﬂ?mmE?% tre atment gfap @njwat pa human: paty 'i!ty,
together with a pharmaceutically or veterinarily acceptable carrier

or diluent canapuses admiristration io the patient ofiap«fiective amourt ofaf least oae or
peri odat e- oxi di sed, reduced hepari n.
sulphated polysaccharide which blocks or inhibits endoglyc05|dase particularly
" heparanase, activity. Suitable sulphated polysaccharides include heparin and
modified heparin, fucoidan, pentosan sulphate, dextran sulphate and

carrageenan lambda.



5. A corrp05| tion accordi ng rp pLa4 m 4, wherein said sul phat ed
polysaccharide is fucoi’ A conposition according to claim

uﬁﬁ I ted pol y%é&(?hqﬁ €ud S per i odat e_ oxXi dl_sed " e
Lg?rpmﬂglljlllgn La!ELlEILII“j!Ft o claim7, V\heilj- sai d sul pha1ree|~—|:e-l~y~5aee-h-a-r-4~el-e- f\s

one which blocks or inhibits hepar anaskE-activity. . REFLACEMBNT SHEET |
conmposi tion according to claim7, wherein said sul phaje lelis
selected fromthe group consi sti ng of fucoidan, pentoga %ué pﬂ&&qgggn _

car r ageenanCpAavisia. . ” _

1. Use in the manufacture of a medicament for the anti-inflammatory treatment of an

==

animal or human patient of at least_ one sulphated polysaccharide which blocks or
inhibits endoglycosidase activity, wherein said sulphated polysaccharide is fucoidan
or periodate-oxidised, reduced heparin.

2. Use according to claim 1 wherein said sulphated polysaccharide is fucoidan.

3. Use according to claim 1 wherein said sulphated polysaccharide is periodate-oxidised,
reduced heparin.

4. A pharmaceutical or veterinéry ccomposition for anti-inflammatory treatment which

| comprises ai least one sulphated poljsaccharide which blocks or inhibits

endoglycosidase activity, together with a pharmaceuticaily or veterinarily acceptable

carrier or diluent therefor, wherein said sulphated polysacchande is fucoidan or
periodate-oxidised, reduced heparm

5. A composmon accordmg to claim 4, wherein said sulphated polysaccharlde is

fucoidan.

6. A composition according to claim 4, wherein said sulphated polysaccharide is
periodate-oxidised, reduced heparin.



