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_present invention relates generally to a nethod of retarding, redugidg or
ot herw se -inhibiting blood ¢lot formation. Mre particularly, the™
present invention retards, reduces or otherw se inhibits blood clot
“formation by inhibition of serine-protease nedi ated clotting pat hways.
The nmet hod of the present invention is particularly directed to the use
of tannins or their derivatives, honotbgues or chenical anal ogues to
retard, reduce or 10 otherw se inhibit thromnbin-nediation clot formation.
The met hod of the present invention Is useful, inter alia, in a range of
t herapeuti c and prophA METHORBORCENHIBITING CLOT'PRRMATION- THE | NVENTI ON

FIELD OF THE INVENTION

5 The present invention relates generally to a method of retarding, reducing or otherwise
inhibiting blood clot formation. More particularly, the present invention retards, reduces
or otherwise inhibits blood clot formation by inhibition of serine-protease mediated
clotting pathways. The method of the present invention is particularly directed to the use
of tannins or their derivatives, homologues or chemical analogues to retard, reduce or

10 otherwise inhibit thrombin-mediation clot formation. The method of the present invention
is useful, inter afia, in a range of therapeutic and prophylactic applications.

BACKGROUND OF THE INVENTION

15 Bibliographic details of the publications numerically referred to in this specification are
collected at the end of the description.

Circulatory disorders cansed by blood clots contribute to a high degree of morbidity.
Accordingly, there is a need for substantial research and development into the identification
20 of drugs which can prevent the inappropriate formation of blood clots. Despite the presence
of some drugs in the market place there is still a need to identify more efficacious drugs for
the prevention of blood clotting. There is also a need to understand the blood clotting
procedure in more detail in order to enable the rational design of therapeutic agents.

25 Among the series of events leading to blood coagulation, the formation of the serine-protease
thromobin is the most important step since thrombin activates platelets and protein C, canverts
circulating fibninogen to fibrin and amplifies its own synthesis by activation of factor V and
VIII. The inhibition of thrombin is considered to be of critical importance for control of
thrombotic disorders, such as arterial fibrillation, restenosis, arterial thrombosis and

30 myocardial infarction,



15 Bi bli ographic details of the publications nunerically referred to in
this specification are collected at the end of the description.
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antithrombin Il or vitamin K as cofactors, which may lead to a more predictable dose
response. Further; they are not inhibited by activated platelets, which release platelet factor 4
and other molecules that neutralized heparin.  However, they are currently only used for
acute care because of their prohibitive expense.
10
A safe and effective inhibitor of thrombin would be a useful tool in the treatment of venous
thrombosis, arterial fibrillation, restenosis, arterial thrombosis, and in the prevention of
myocardial infarction. Because of this, the modulation of thrombin by direct, small molecule
inhibitors is a widely sought goal in the development of anticoagulant agents.
15
The increasing demand for new pharmaceutical agents has led the pharmaceutical industry
to consider molecules found in the natural environment. Accordingly, much effort is
being spent on screening aguatic environments, riverbeds, coral, plants, microorganisms
and higher animals for potentially useful molecules. The screening process is often
20 referred to as "natural product screening™.

In work leading up to the present invention the inventors have studied the plant Geum
Japonicum and have identified the presence of tannins which exhibit anticoagulant activities.
This has led to the development of a method of reducing retarding or otherwise inhibiting

25 blood clot formation utilising tannins or their derivatives, homologues or chemical analogues.
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Another aspect of the present invention provides a method of reducing, retarding or
otherwisc inhibiting blood clot formation in a subject said method comprising

15 administering to said subject an anti-clotting effective amount of a plant tannin for a time
and under conditions sufficient to inhibit blood clot formation.

Yet another aspect of the present invention contemplates a method of reducing, retarding
or otherwise inhibiting thrombin functional activity in a subject said method comprising

20 administering to said subject an effective amount of a Geum japonicum tannin for a time
and under conditions sufficient to inhibit thrombin functional activity.

A further aspect of the present invention provides a method of reducing, retarding or
otherwise inhibiting Factor Xa functional activity in a subject said method comprising

25 administering to said subject an effective amount of a Geum japonicum tarmin for a time
and under conditions sufficient to inhibit Factor Xa functional activity.

Still a further aspect of the present invention contemplates a method of inducing or

facilitating inhibition of Factor Xa functional activity in a subject said method comprising
30 administering to said subject an effective amount of a Geum japoricum tannin or

derivative thereof for a time and under conditions sufficient to inhibit factor Xa functional



This has led to the devel opnent of a nethod of reducing retarding or
.otherwi se inhibiting 25 blood clot formation utilising tannins or their
derivatives, honol ogues or chem cal anal ogues.

-3 - SUMVARY OF THE | NVENTI ON Thr oughout this specification and
t-he clains which follow, unless the context requires ot herwi se, the word
"conprise", and variations such as "cogpri ses" and "conprising", 5 wll be
understood to inply the inclusion of a'Stated integer or step or group of

i nt egers or steps but not the exclusion of any other integer or step or
group of integers or steps. One aspect of the present invention

provi des a3#¥od of reducing, retarding or otherw se I nhi biting bl ood

clot formation in a subject said method conprising admnistering to said 10
subj ect an anti-clotting effective anobunt of a tannin or derivative,
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inhibiting blood clot formation in a subject said method comprising administering to said
5 subject an anti-clotting effective amount of a Geum japonicum tanoin wherein said tanmin
comprises a substituent on a phenolic moiety which is capable of forming a bond or other

association with an amino acid or side chain thereof in the active site of a serine protease.

Another aspect of the present invention contemplates a method of reducing, retarding or
10 otherwise inhibiting blood clot formation in a subject said methed comprising

administering to said subject an anti-clotting effective amount of penta-O-galloyl-£-D-

ghucose for a time and under condition sufficient to inhibit blood clot formation.

Still yet another aspect of the present invention provides a method of reducing, retarding

15 or otherwise inhibiting blood clot formation in a subject said method comprising
administering to said subject an anti-clotting effective amount of pedunculagin for a time
and under condition sufficient to inhibit blood clot formation.

A further aspect of the present invention provides a method of reducing, retarding or

20 otherwise inhibiting blood clot formation in a subject said method comprising
administering to said subject an anti-clotting effective amount of tellimagrandin II for a
time and under condition sufficient to inhibit blood clot formation.

Still a further aspect of the present invention provides a method of reducing, retarding or

25 atherwise inhibiting blood clot formation in a subject said method comprising
administering to said subject an anti-clotting effective amount of casuariin for a time and
under condition sufficient to inhibit blood clot formation.

In yet another further aspect of the present invention provides a method of reducing,
30 retarding or otherwise inhibiting blood clot formation in a subject said method comprising



Anot her aspect of the present invention provides a nmethod of reducing,

Fetardi ng or otherwi se inhibiting blood clot formation in a subject said
met hod conprising 15 administering to said subject an anti-clotting
effective amount of a plant tannin for a tine and under conditions
sufficient to inhibit blood clot formation. Yet anot her aspect of the
present invention contenplates a nethod of reducing, retarding or

otherwi se inhibiting thronbin functional activity in a subject said nethod
conprising 20 administering to said sbbj ect an effective anobunt of a Geum
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of Factor Xa functional activity in a subjec sald met hod conprising 30
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Another aspect of the present invention provides a method for the treatment or prophylaxis

10 of a disease condition involving clotting in the vascular system in a subject such as but not
limited to a thrombic disorder, said method comprising administering to said subject a
thrombin inhibitory effective amount of a tannin.

Yet another aspect of the present invention provides a composition for use in reducing,

15 retarding or otherwise inhibiting blood clot formation comprising a tannin as hereinbefore
defined and one or more pharmaceutically acceptable carriers and/or diluents. The
composition may also comprise two different types of tannins or a tannin and a known
anti-clotting compound or molecule.

20 Still yet another aspect of the present invention is directed to antibodies to the subject tanuins
and their desivatives, homologues, analogues and mimetics.

The present invention furtber extends to the use of the subject tannins in the manufacture
of 2 medicament for inducing or facilitating inhibition of blood clotting.

25
Yet another aspect of the present invention provides an agent useful for inducing or
facilitating inhibition of blood clotting comprising a tannin as hereinbefore defined.
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Figure 2 is a Lineweaver-Burk graphical representation of the effect of 2 at concentrations of
0.18 uM (0O0), 0.35 M (O), and control (@) for bovine thrombin.

10 Figure 3 is a Lineweaver-Burk graphical representation of the effect of 1 at concentrations
of 6.6 #uM (0), 13.2 zM (HE), and control (@) for bovine thrombin

Figure 4 is a graphical representation of the effect of 1 (O), 2 (®), 4 (4), 6 (0), and 7 (W)

on the inhibitory activity of thrombin-induced fibrin-clotting. Points shown are means of
15 triplicate + standard derivation.

Figure § is a Lineweaver-Burk graphical representation of the effect of 1 (1.85 M, [0), 2

(0.45 uM, O), 4 (0.17 uM, W), 6 (0.99 uM, A), 7 (1.09 uM, A), and control (@) for human

factor Xa.

20
Figure 6 is a schematic representation of the interaction of tannins with thrombin (A) and
factor Xa (B). Compound 2 binds only to the active site of thrombin, whereas compounds 1,
4, 6, and 7 bind to both active site and ABE (A). On the other hand, all the compounds bind
only to the active site of factor Xa (B).

25

Figure 7 is a schematic representation of the chemical structure of pedunculagin.

Figure 8 is a schematic representation of the chemical structure of penta-O-gatloyl-p-
glucoside.
30



and under condition sufficient to inhibit blood clot fornation. A
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Figure 10 is a schematic representation of the chemical stracture of casuariin.

5 Figure 11 is a schematic representation of the chemical structure of 5-desgalloylstachyurin.



- 5- adm nistering to said subject an anti-clotting effective anount of
5-desgal | oyl stachyurin for a tinme and under condition sufficient to
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dirsease condition involving clotting in a vascular systemin a subject such
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t anni ns

Accordingly, one aspect of the present invention pravides a method of reducing, retarding
or otherwise inhibiting bload clot formation in a subject said method comprising

10 administering to said subject an anti-clotting effective amount of a tannin or derivative,
homologue or chemical analogue thereof for a time and under conditions sufficient to
inhibit blood clot formation,

The present invention is exemplified with respect to tannins isolated from the plant Geun

15 japonicum. However, the present invention extends to any tannin regardless of its source
as well as derivatives, homologues and chemical analogues thereof. For brevity,
reference hereinafter to "tannins” includes reference to its derivatives, homologues and
chemical analogues.

20 Accordingly, the present invention provides a method of reducing, retarding or otherwise
inhibiting blood clot formation in a subject said method comprising administering to said
subject an anti-clotting effective amount of a plant tannin for a time and under conditions
sufficient to inhibit blood clot formation,

25 Preferably said plant is Geum japonicum.

According to this preferred embodiment, the present invention provides a method of
reducing, retarding or otherwise inhibiting blood clot formation in a subject said method
comprising administering to said subject an anti-clotting effective amount of a Geum

30 japonicwm tannin for a time and under conditions sufficient to inhibit blood clot
formation.
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present invention further extends to the use of the subject tannins in the
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bl ood clotting. 25 Yet anot her aspect of the present invention provides
an -agent useful for inducing or facilitating inhibition of blood
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(n=3). homologues and analogs. Chemical equivalents of a tannin can act as a functional
analogue of the tannin. Chemical equivalents may not necessarily be derived from a
tannin but may share certain conformational similarities. Alternatively, chemical

5 equivalents may be specifically designed to mimic certain physiochemical properties of the

tannin. Chemical equivalents may be chemically synthesized or may be detected
following, for example, natural product screening. Homologues of tannins contemnplated
herein include, but are not limited to, tannins derived from different species of flora.
Derivatives, chemical analogues and homologues may also posses antagonistic or agonistic

10 properties and the use of such molecules are contemplated by the present invention.

The phrase "blood clot formation” is used in its broadest sense to include reference to any
one or more steps of the blood clotting cascade such as, but not limited to, activity of the
enzymes which function during various steps of the blood clotting cascade. Such enzymes
15 inciude, for example, serine proteases such as thrombin and Factor Xa. Thrombin, for
example, activates platelets and protein C and converts circulating fibrinogen to fibrin.

Reference to “inhibition" of blood clot formation is a reference to complete or partial
prevention of blood clot formation. For example, the method of the present invention

20 may completely inhibit thrombin or Factor Xa functional activity or it may merely reduce
thrombin or factor Xa activity. Preferably, said blood clot formation is a reference to

thrombin or Factor Xa activity.

Accordingly, the present invention provides a method of reducing, retarding or otherwise

25 inhibiting thrombin functional activity in a subject said method corprising administering
to said subject an effective amount of a Geum Japonicum tannin for 2 time and under
conditions sufficient to inhibit thrombin functional activity.

The present invention also provides a method of reducing, retarding or otherwise
30 inhibiting a Factor Xa functional activity in a subject said method comprising



Figure 2 is a Lineweaver-Burk graphical representation of the effect of 2

at concentrations of 0.18 [err]M ([err]), 0.35 [err]M (O, and control
([err]) for bovine thronbin. 10 Figure 3 is a Lineweaver-Burk graphical
representation of the effect of 1 at concentrations of 6.6 [err]M

([err]), 13.2 [err[M([err]), and control ([err]) for bovine thronbin
Figure 4 is a graphical representationgf the effect of 1 ([err]), 2
([err]), 4 ([err]), 6 ([err]), and 7 (Terr]) on the inhibitory
activity of thronbin-induced fibrin-clotting. Points shown are means of 15
triplicate
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Figure 6 is a schematic representation of the interaction of tannins with
thrombin (A) and factor Xa (B). Conpound 2 binds only to the active
site of thReforsnee tok mmmﬂﬂmm"wdaMtlve
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mechanisms. For example, said tannins may interact directly with an enzyme such as
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thrombin or Factor Xa io prevent catalysis of the conversion of fibrinogen to fibrin or,
alternatively, may act indirectly to prevent séid catalysis by, for example, interacting with

10 a molecule other than said enzyme wherein said other molecule interacts with and inhibits
the activity of the enzyme.

Without intending to limit the present invention to any one theory or mode of action, the
inhibition of thrombin and Factor Xa activity or activity of otber serine proteases is due in
15 part, to the formation of hydrogen bonds between a hydroxyl group of a phenolic moiety
in the tannin to the polar group comprising the active site of thrombin, Factor Xa or other
serine protease. This inhibitory activity is particularly efficient where the hydroxyl group
is highly acylated by either galioyl or hexahydroxydiphenoyl. In this regard, the inventors
have demonstrated that tannins which have been synthesized without the phenyl hydroxyl

20 groups and bear only methylated hydroxyl groups show no measurable inhibition of
thrombin activity.

Accordingly, in a preferred embodiment of the present invention there is provided a
method of reducing, retarding or otherwise inhibiting blood clot formation in a subject

25 said method comprising administering to said subject an anti-clotting effective amount of a
Geum japonicum tannin wherein said tannin comprises a substituent on a phenolic moiety
which is capable of forming a bond or other association with an amino acid or side chain
thereof in the active site of a serine protease.

30 Preferably, said tannin is penta-O-galloyl-B-D-glucose, pedunculagin, tellimagrandin I,



Figure 8 is a schematic representation of the chem cal structure of
penta-Ogal l oyl -[err]- gl ucoside. 30

-7- Figure 9 is a schematic representation of the chem cal structure of
tellimagrandin I1. Figure 10 is a schematic representation of the

chem cal structure of casuariin. 5 Figure 11 is a schematic
representation of the chem cal structure of 5-desgall oyl stachyurin
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casuariin or S-desgalloylstachyurin.

According to this preferred embodiment there is provided a method of reducing, retarding
or otherwise inhibiting blood clot formation in a subject said method comprising

5 administering to said subject an anti-clotting effective amount of penta-O-galloyl-8-D-
glucose for a time and under condition sufficient to inhibit blood clot formation.

In another preferred embodiment the present invention provides a method of reducing,
retarding or otherwise inbibiting blood clot formation in a subject said method comprising

10 administering to said subject an anti-clotting effective amount of pedunculagin for a time
and under condition sufficient to inhibit blood clot formation.

In yet another preferred embodiment the present invention provides a method of reducing,
retarding or otherwise inhibiting blood clot formation in a subject said method comprising

15 administering to said subject an anti-clotting effective amount of tellimagrandin II for a
time and under condition sufficient to inhibit blood clot formation.

In yet another preferred embodiment the present invention provides a method of reducing,
retarding or otherwise inhibiting blood clot formation in a subject said method comprising

20 administering to said subject an anti-clotting effective amount of casuariin for a time and
under condition sufficient to inhibit blood clot formation.

In stilt yet another preferred embodiment the present invention provides a method of
treducing, retarding or otherwise inhibiting blood clot formation in a subject said method

25 comprising administering to said subject an anti-clotting effective amount of 5-
desgalloylstachyurin for a time and under condition sufficient to inhibit blood clot
formation.

Most preferably said inhibition of blood clot formation is inhibition of thrombin functional
30 activity.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention is

predi cated in part on the identification of plant derived tannins whi ch
reduce, retard or otherwi se inhibit serine protease nediated clotting

pat hways. The 5 identification of these tannins now permts their use as
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The present invention is exenplified wth respect to tanni ns isolated from
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-9- Derivatives of tannins include fragnents, parts, portions,

chem cal equival ents, mutants, honol ogues and anal ogs. Chem cal
equi val ents of a tannin can act as a functional anal ogue of the tannin.
Chem cal equivalents may not necessarily be derived froma tanni n but

may share certain conformational sinmlarities. Alternatively, chemcal 5
equi val ents may be specifically designed to mmc certain physiochem cal

properties of the tannin. Chem cal equivalents may be chenmically
synt hesi zed or may be detected fol l.qwi.ng, for exanple, natural product
screeni ng. Honol ogues of tannins contenpl ated herein include, but are

not limted to, tannins derived fromdifferent species of flora.
Derivatives, chem cal anal ogues and honol ogues may al so posses antagonistic
or agonistic 10 properties and the use of such nol ecul es are contenpl at ed
by the present invention. ogThe phrase "blood clot formation"” is used in
its broadest sense to include}reference to any one or nore steps of the
bl ood clotting cascade sHS % but not limited to, activity of the

enzymes which function duri Qus steps of the blood clotting cascade.
Such enzynes 15 include, 4 serine proteases such as thronmbin and
Factor Xa, Thronbin, for ‘i\actlvatif pl atel ets and protein C and
converts |rculat|ng flbrlnog I ofier ence to "inhibition"

of blood clot formation . gle or partial prevention
of blood clot formation. Fo ebdd™® the present invention

10

5-Desgalloylstachyurin

15



20 may conpletely inhibit thronbin or Factor Xa functional activity or it
mey nerely reduce thrombin or factor Xa activity. Preferably, said

bl ood clot formation is a reference to thronbin or Factor Xa activity.
Accordi ngly, the present invention provides a nethod of reducing, retarding
or otherwi se 25 inhibiting thronmbin functional activity in a subject said

nmet hod conpri sing adm ni stering t91§§i d subject an effective anount of
a Geum Japoni cumtannin for a tine and under conditions sufficient to
inhibit thronbin functional activity. The present invention al so

Frct o Xa. TAHRCRPISHLRt e Bloor cJot infaaton iy Senraly 4 FRPRGR Wi & bt ot
Canni - f or gl hiingl, brifle, HieRhCHTHE (NN, Sowt R ROEATWERT,
functional RgfpaiiohYanimal (e.g. dog, cat), laboratory test animal (¢.g. mouse, rabbit, rat, guinea
pig, hamster), captive wild animal (e.g. fox, deer), caged bird (¢.g. parrof) and poultry
5 bird (e.g. chicken, duck, pheasant, goose, turkey). Preferably, the subject is a human or
primate. Most preferably, the subject is 2 human.

The method of the present invention is useful in the treatment and prophylaxis of
cardiovascular and cerebrovascular diseases such as atherosclerosis, myocardial infarction,

10 stroke and thrombolic disorders such as arterial fibrillation, restenosis, arterial thrombosis
and myocardial infarction.

Accordingly, in another aspect there is provided a method for the treatment or prophylaxis
of a disease condition involving clotting in a vascular system in a subject sﬁch as but not

15 limited to a thrombic disorder or a stroke, said method comprising administering to said
subject a blood clotting inhibition effective amount of a tarmin.

More par;icularly, the present invention provides a method for the treatment or
prophylaxis of a disease condition involving clotting in the vascular system in a subject

20 such as but not limited to a thrombic disorder, said method comprising administering to
said subject a thrombin inhibitory effective amount of a tarmin,

Preferably, said tannin is penta-O-galloyl-#-D-glucose, pedunculagin, tellimagrandin 11,
casuariin or 5-desgalloylstachyurin.
25
In accordance with this method, more than one type of tannin may be administered or the
tannin may be co-administered with 4 known anti-clotting compound or molecule. By
"co-administered” is meant simultaneous administration in the same formulation or in two
different formulations via the same or different routes or sequential administration by the
30 same or different routes. By "sequential” administration is meant a time difference of



Ref erence to a tannin "reducing, retarding or otherw se inhibiting" blood
cl-ot formation, 5 and particularly serine protease activity, should be
understood as a reference to inducing or facilitating the inhibition of
bl ood clot formation by both direct and indirect mechani sms. For
exanpl e, said tannins may interact directly with an enzyne such as
thronmbin or Factor Xa to prevent catalfsis of the conversion of fibrinogen

to fibrin or, alternatively, my ech'indirectIyto prevent said
catal ysis by, for exanple, interacting with 10 a nol ecul e other than said
enzynme wherein said other nolecule interacts with and inhibits t he

activity ofronhsecomdsy minutes, hougyandays betweem theadminjstrationiof thestwe typehof

i nvention to any agne, t heor r, mode of .action, the Lnhi.bi t4.0on of.

t hr onbi n afEMINEOF the ‘ﬁﬁm&@ﬁ‘ﬁ\ﬁqw %fg't"iﬂ()&'l“g cgfnpayror ‘E@ﬁ?ﬂg E‘JPS?%‘B%%OH s
due in 15 (g r it | Bﬁgw}nagaﬁé HeAMid ry gr oup
of a phenoﬁ?c%%lﬁowégﬁfﬂmgﬁl to the po alr-[ﬁgroup cosrrtgifeiqs@ng t he

active sitgrdet. thronmbin, Factor Xa or other serine protease. This
inhibitory activity is particularly efficient where the hydroxyl group
is highly acylated by either galloyl or hexahydroxydi phenoyl. In this

regard, the inve S . t s ' ' . been
synt hesi zeg‘w}f Hgé‘?{‘?’ﬁ%‘“&ﬁg%ﬁ?‘“ﬁﬁ g%yﬁ%ﬁ&?%é%&%%%gé%ﬁ??am | at ed
hydroxyl gkgtfanshaly, itraRaall frtdeinid) didinasuldr, intracéulir idathetal,i Vi ty.
Accordingly, in a preferred enbodi nent of the present invention there is
provi ded aintracerebrallyd ingfanasatiy cinfigsion, eralbydirengalty, vin wealrip, patchand wplany bl ood
clot formation in a subject 25 said t hod conprising adm nistering to said
subj ect anI’éPﬁ%"ieDWsorPNeﬁ@"e?%‘é’(l?’&p of a Geum j aponi cum tanni n
wherein ﬁf‘i d tannin conprises a substituent on a phenolic noiety

The present invention further extends to the use of the subject tannins in the manufacture
of a medicament for reducing, retarding or otherwise inhibiting blood clotting.

Preferably inbibition of said blood clotting is inhibition of thrombin activity.

15
Preferably said tannins are penta-O-galloyl- #-D-glucose, pedunculagin, tellimagrandin XY,
casuariin or 5-desgalloylstachyurin.

Yet another aspect of the present invention provides an agent useful for reducing,
20 retarding or otherwise inhibiting blood clotting comprising a tannin as hereinbefore
defined.

Preferably said tannins are penta-O-galloyl-#-D-glucose, pedunculagin, tellimagrandin 11,
casuariin or 5-desgalloylstachyurin.

Most preferably inhibition of said blood clotting is inhibition of thrombin activity.
Another aspect of the present invention provides a composition for use in reducing,

retarding or otherwise inhibiting blood clot formation comprising a tannin as hereinbefore
30 defined and one or more pharmaceutically acceptable carriers and/or diluents. The



which is capable of form ng a bond or other association with an amno acid

or side chain thereof in the active site of a serine protease. 30
Preferably, said tannin is penta-Ogalloyl-[err]-Dglucose, peduncul agin,
tellimagrandin |1, casuariin or 5-desgall oyl stachyurin
According to this preferred enbodi nent the.is provided a nethod of

reduci ng, retarding or otherwise inhibiting blood clot formation in a
subj ect said nethod conprising 5 adm nistering to said subject an
anti-clotting effective anount of penta-Ogalloyl-[err]-D gl ucose for a

time and uedmposition iriay alsosoirprise ¢wo different types of binnms oc ladsnrfin and & known
anti-clotting compound or molecule.

Preferably said inhibition of blood clotting is inhibition of thrombin activity.

Compositions suitable for injectable use include sterile aqueous solutions (where water
soluble) and sterile powders for the extemporaneous preparation of sterile injectable
solutions. They must be stable under the conditions of manufacture and storage and must be
preserved against the contaminating action of microorganisms such as bacteria and fungi.

10 The carrier can be a solvent or dispersion mediumn containing, for example, water, ethanol,
polyol (for example, glycerol, propylene glycol and liquid polyethylene glycol, and the like),
suitable mixtures thereof and vegetable oils. The preventions of the action of microorganisms
can be brought about by various antibacterial and antifungal agents, for example, parabens,
chlorobutanol, phenol, sorbic acid, thirmerosal and the like. In many cases, it will be

15 preferable to include isotonic agents, for example, sugars or sodium chloride. Prolonged
absorption of the injectable compositions can be brought about by the use in the compositions
of agents delaying absorption, for example, aluminum monostearate and gelatin.

Sterile injectable solutions are prepared by incorporating the active compounds in the

20 required amount in the appropriate solvent with various of the other ingredients enumerated
above, as required, followed by, for example, filter sterilization or sterilization by other
appropriate means. Dispersions are also contemplated and these may be prepared by
incorporating the various sterilized active ingredients into a sterile vehicle which contains the
basic dispersion medium and the required other ingredients from those etumerated above, In

25 the case of sterile powders for the preparation of sterile injectable solutions, a preferred
method of preparation includes vacuum drying and the freeze-drying technique which yield a
powder of the active ingredient plus any additional desired ingredient from a previously
sterile-filtered solution,

30 When the active ingredients are suitably protected, they may be orally administered, for
example, with an inert diluent or with an assimilable edible carrier, or it may be enclosed in



I n anot her preferred enbodi nent the present invention provides a method of
reduci ng, retarding or otherwi se inhibiting blood clot formation in a
subj ect said nmethod conprising 10 adm nistering to said subject an
anti-clotting effective anount of pedunculagin for a tine and under
condition sufficient to inhibit blood clot formation. In yet anot her
preferred enbodi nent the present inved8i-on provides a nethod of reducing,
retarding or otherwi se inhibiting blood clot fornmation in a subject said
met hod conprising 15 administering to said subject an anti-clotting

effecti ve RpPsiofiOdhel SEILGNBHAB drit thy bOEorpressed inwﬁb&ﬂﬂ R Gedl tikesjpbatik ON
sufficient to inhibit bI ood cl ot format I on. I n yet anot her preferred

enbodi mentadidisistpationcthe activeswotiponndmey bdm@omedmﬂlh excipientsianduged in

retardi ng r o her e Jd.nhibitin qQod, cl ot tion in a subj ect sald
net hod co "‘%P %’dgf’ %@%?’“Eﬁn srgﬁgr}su&s

effective @ﬁ&&nind%eﬁﬁé”@fch'oﬂ Beﬁu@nstdn re}ﬁﬂmons slﬂdﬂﬂ%nﬁﬁﬂﬂ'léds@f%wf ficient
to inhibit blood clot formation. n'still yet another preferred

enbodi mefhtweijlt qframnompnundxt Thepepcatagdad the mh&ﬂonsfand prepagafions may, of

t ar di t h bi t | ot f t d
et hod 25 DB borered A SorveRivat B GerraenabgRLoto anpus e Set briggy o
ef f ecti ve Ronmpt TRY amount of a8 ¢8H F%aﬁh%ﬁm’tﬂéﬂaﬁe\ﬁﬁiuyau amldaagﬁrsuch

condition sufficient to inhibit bloo | ot formation.

pr ef er abl ythate shitable dbsape will bé ofithined! Prefitrreil ompositiomsics prepatdions mon:ﬁng to
thrombin functional 30 activity.
the present invention are prepared so that an oral dosage unit form contains between about

10 0.1ng and 2000 mg of active compound.

The tablets, troches, pills, capsules and the like may also contain the components as listed
hereafter: A binder such as gum, acacia, corn starch or gelatin; excipients such as dicalcium
phosphate; a disintegrating agent such as comn starch, potato starch, alginic acid and the like;
15 alubricant such as magnesium stearate; and a sweetening agent such a sucrose, Jactose or
saccharin may be added or a flavouring agent such as peppermint, oil of wintergreen, or
cherry flavouring. When the dosage unit form is a capsule, it may contain, in addition to
materials of the above type, a liquid carrier. Various other materials may be present ag
coatings or to otherwise modify the physical form of the dosage unit. For instance, tablets,
20 pills, or capsules may be coated with shellac, sugar or both. A syrup or elixir may contain the
active compound, sucrose as a sweetening agent, methyl and pmpylparab:';ns as preservatives,
a dye and flavouring such as cherry or orange flavour. Any material used in preparing any
dosage unit form should be pharmaceutically pure and substantially non-toxic in the amounts
employed. In addition, the active compound(s) may be incorporated into sustained-release
25 preparations and formulations.

The present invention also extends to forms suitable for topical application such as creams,

lotions and gels. In such forms, the anti-clotting peptides may need to be modified to permit
pepetration of the surface barrier.
30

Pharmaceutically acceptable carriers and/or dituents include any and all solvents, dispersion



-12- Most preferably said tannins conprise the structures:
[err]

-19-

media, coatings, antibacterial and antifungal agents, isotonic and absorption delaying agents
and the like. The use of such media and agents for pharmaceutically active substances is well
known in the art. Except insofar as any conventional media or agent is incompatible with the
active ingredient, use thereof in the therapeutic compotitions is contemplated.

5 Supplementary active ingredients can also be incorporated into the compositions.

It is especially advantageous to formulate parenteral compositions in dosage unit form for
ease of administration and uniformity of dosage. Dosage unit form as used hetein refers to
physically discrete units suited as unitary dosages for the mammalian subjects to be treated,
10 each unit containing a predetermined quantity of active material calculated to produce the
desired therapeutic effect in association with the required pharmaceutical carrier. The
speciﬂcation for the novel dosage unit forms of the invention are dictated by and directly
dependent on (a) the unique characteristics of the active material and the particular
therapeutic effect to be achieved and (b) the limitations inherent in the art of compounding
15 such an active material for induce or facilitating analgesia in living subjects.

Effective amounts of anti-clotting tannins contemplated by the present invention will vary
depending on the severity of the pain and the health and age of the recipient. In general
terms, effective amounts may vary from 0.01 ng/kg body weight to about 100 mg/kg body

20 weight. Alternative amounts include for about 0.1 ng/kg body weight about 100 mg/kg body
weight or from 1.0 ng/kg body weight to about 80 mg/kg body weight.

Still another aspect of the present invention is directed to antibodies to the subject tannins
and their derivatives, homologues, analogues and mimetics.
25

In a preferred embodiment the present invention is directed to antibodies to the subject
tannins for use in modulating blood clot formation.

Preferably said modulation of blood clot formation is modulation of thrombin activity. Said
30 antibody may be monoclonal or polyclonal.
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The antibodies of the present invention are particularly useful as therapeutic or diagnostic
agents. For example, specific antibodies can be used to screen for tannins using
immunoassays or used as antagonists to inhibit tannin activity under certain circumstances
such as where temporary clotting inhibition is only required. Techniques for such
immunoassays are well known in the art and include, for example, sandwich assays and
ELISA. Knowledge of tannin levels may be important for monitoring certain therapeutic
protocols.

Antibodies to the peptides (or their derivatives, homologues, analogues or mimetics) of the
present invention may be monoclonal or polyclonal. Alternatively, fragments of antibodies
may be used such as Fab fragments. Furthermore, the present invention extends to
recombinant and synthetic antibodies and to antibody hybrids. A “synthetic antibody" is
considered herein to include fragments and hybrids of antibodies.

Further features of the present invention are more fully described in the following
examples. It is to be understood, however, that the detailed description is included solely

for the purposes of exemplifying the present invention. It should not be understood in any
way as a restriction on the broad description of the invention as set out above.

EXAMPLE 1
GENERAL EXPERIMENTAL FROCEDURES

ESI-MS were collected on a PE SCIEX API-300 mass spectrometer. All spectra (*H,
B¢, COSY, HMQC and HMBC) were recorded on a Bruker AMX 500 spectrometer (500
MHz for *H and 125 MHz for '*C), and the chemical shifts are reported in parts per
million with TMS as an internal standard. TLC was done on HPTLC-Fertigplaten

Cellulose F (Merck) plates in the solvent systems: (a) H,O and (b) 7% aqueous acetic
acid.



Pénta-OgaIonI-[err]-qucoside 30 -13 - [err]

<21 -

EXAMPLE 2
MATERIALS AND REAGENTS

The plant of G. japonicum was collected from Chioa in Avugst, 1994. It was identified

5 by Dr. Dao-Feng Chen, Department of Pharmacognosy, Shanghai Medical University,
China. A voucher specimen is deposited in the Departinent of Pharmacognosy, Shanghai
University of Traditional Chinese Medicine, China.

Heparin sodium salt (from porcine intestinal mucosa, 187 USP units/mg), thromboplastin

10 with calcium reagent (for Prothrombin Time test), throrubin time reagent, activated partial
thrombin time reagent, thrombin from bovine plasma (3 NIH units/vial), and fibronogen,
fraction I, type IV from bovine plasma were purchased from Sigma Chemical Co. (USA).
Human factor Xa was purchased from ICN Bilmedicals Inc. (USA). Substrates $-2238
(H-D-Phe-Pip-Arg-p-nitroanilide) and $-2222 (N-benzoyl-L-isoleucyl-L-arginine-p-

15 nitroaniline hydrochloride and its methyl ester) were obtained from Chromogenix Co.
(Sweden).

EXAMPLE 3
EXTRACTION AND ISOLATION

20
Dried whole plant (2.6 kg) were chopped into small pieces and precolated three times with
MeQH (20 L) at room temperature, and the extract was evaporated in vacuo to yield the
MeOH extract (350 g). The MeOH extract was resuspended in distilled water (1 L) and
successively partitioned with hexane (2 L x 5), EtoAc (2 L x 5) and n-BuOH (1 L x 5).

25 The n-BuOH soluble fraction was filtered, and the filtrate was evaporated under reduced
pressure (50°C) to give a brown residue (73 g). the n-BuOH extract was subjected to
Sephadex LH-20 column chromatography and eluted with water with an increasing amount
of MeOH, giving nin fractions, Fr. 1-9. Fraction 9 (eluted with 80% MeOH aqueous,
3.3 g) showed potent anticoagulant activity and was further chromatographed over

30 Sephadex LH-20 eluted with the above solvent system to give three fractions, I (0.08g), I
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(1.7 g) and I (1.2 g). Fraction II (eluted with 50% MeOH) was chromatographed on
Sephadex LH-20 with CHCL,-MeOH (1:1) and MeOH, and then over cellulose column
with 3% acetic acid, followed by purification on Bio-Gel P-4 (exira fine, <45 uM)
column with 0.5% acetic acid to yeild 2 (60.8 mg), 3 (36.2 mg), 5 (9.6 mg), 6 (8.1 mg)
and 7 (10.2 mg). Fraction I (eluted with MeOH) was chromatographed over cellulose
with MeOH-HOAc-HZO) (5:5:90) and then over Toyopearl HW-40s with 30% aqueous
MeOH to give 1 (120 mg) and 4 (9 mg).

Of these compounds, the assignments of the 'H or 3C NMR spectral data of the sugar
moieties of 6*16 and 7° were different from the data reported in the literatures. The 1M,
and ¥C-NMR data of the sugar moiety were reassigned with the help of DEPT, 'H-'H
COSY, HMQC and HMBC spectra data. The 1*C NMR data of the sugar moieties of 6:5
(175 MHz, CD4,COCD,): 66.1 (C-1), 81.7 (C-2), 73.8 (C-3), 77.0 (C-4), 69.6 (C-6),
68.7 (C-6) and 7:5 (185 MHz, CD,COCD,): 68.8 (C-1), 77.5 (C-2), 71.6 (C-3), 78.0
(C-4), 69.2 (C-5), 68.9 (C-6). The 'H NMR data of 7:8 (500 MHz, DC,COCD,):5.64
(1H, d, J=4.8 Hz, H-1), 5.45 (1H, , J-2.5 Hz, H-3), 5.01 (1D, dd, J=2.8, 8.6 Hz, H-
4), 4.72 (1H, dd, J=2.3, 4.8 Hz, H-2), 4.64 (1H, dd, J = 3.2, 12.3 Hz, H-6), 4.12
(1H, dd, J=2.5, 8.6 Hz, H-5), 3.83 (1H, d, J=11.8 Hz, H-6).

EXAMPLE 4
SYNTHESIS OF PENTA-O-BENZOYL~£-D-GLUCOPYRANOSIDE (1A)

A solution of 1 g (5.6 mmeol) of D(+)-glucopyranoside, 3.5 g (29.5 mmol) of benzoic
acid, 0.33 g (2.7 mmol) of DMAP, 0.41 g (2.7 mmol) of DMAP-HCI, and 3.7 g (17.9
mmol) of DCC in 100 ml of Ch,Cl, was pured under N, and then refluxed for 24 h. The
reaction mixture was cooled to room temperature and filtered. Solvent was remaved, to
give a white foam. The crude product was purified by chromatography on silica gel
(CH,C,) to afford 1.5 g of penta=0-benzoyl-f-D-glucopyranoside (1a). ESI-MS: 723.5
(M + Na]. The 'H NMR of 1a:3 (500 MHz, CDCL,):634 (1H, d, J=8.4 Hz, Gy H-1)

30 6.09 (1H, t, 7=9.4 Hzz, Glu H-3), 5.90 (1H, t, J=9.8 Hz, Glu H-4), 5.73 (1H, dd,
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J=3.7, 10.2 Hz, Glu H-2), 4.434.68 (2H, m, Glu H-5,6), 7.31-8.07 (25K, m, aromatic
protons).

EXAMFLE 5
METHYLATION OF 1

An ethanol solution (0.5 mL) of 1 (5 mg) was treated with ethereal diazometbane (1.5
mL) for 1 b at room temperature. The solvent was evaporated off, aod the residue was
subjected to preparative TLC (CH,CL,-CH,COCH;, 7:3, R=0.6) to give a
pentadecamethylate (1b) (2.1 mg). ESI-MS:1173.5 [M + Na). The 'H NMR of 1b:6
(500 MHz, CD,COCD;):7.35 (2H, s), 7.32 (24, s), 7.25 (2H, 5), 7.25 (2H, s), 7.21
(2H, s), 6.41 (1H, d, J=8.1 Hz, Glu H-1), 6.21 (1H, t, 7=9.7 Hz, Glu H-3), 5.90 (1H,
t, J=9.7 Hz, Glu H4), 5.78 (1H, dd, J=8.1, 9.4 Hz, Glu H-2), 4.87 (1H, dd, J=3.1,
12.1 Hz, Glu H-6), 4.74 (1H, m, Glu H-5), 4.44 (1H, d4, J=5.3, 12.1 Hz, Glu H-6),
3.91 (9H, 3 x OCH,), 3.89 (6H, 2 x OCH,), 3.88 (3H, OCH,), 3.83 (6H, 2 x OCH;),
3.82 (91, 2 x OCH16 July, 19983), 3.80 (3H, OCH,), 3.79 (3H, OCHj,), 3.76 (3H,
OCH,), 3.73 (3H, OCH,) and 3.72 (3H, OCH,).

EXAMPLE 6
METHYLATION OF 2

An ethanol solution (0.5 mL0 of 1 (6 mg) was treated with ethereal diazomethane (1.5
ml) for 2 h at room temperature. The solvent was evaporated off, and the residue was
subjected to preparative TLC (CH,C1,-CH,COCH,) to give an isomer mixture of trideca-
O-methyl-pedunculagin (2a) (1.6 mg). ESI-MS: 989.5 [M + Nal. The *H NMR of 2a:6
(500 MHz, CD,COCD,):6.96 (1H, 3), 6.93 (1H, ), 6.89 (1H, 5), 6.85 (2H, s), 6.81
(1H, s), 6.62 (1H, s), 6.60 (1H, s), 5.53 (1H, t, J=10.5 Hz, Glu H-3), 5.28 (14, t,
J=9.8 Hz, Glu H-3), 5.25 - 5.08 (4H, m, Glu H-1a, 2e, 28, 6), 5.02 (1H, t, J=10.1
Hz, Glu H-4), 4.85 (1H, t, J=8.7 Hz, Glu H-4), 4.88 (1H, d, J=6.4 Hz, Glu H-1f),

30 4.65 (1H, m, Glu H-5), 4.29 (1H, m, Glu H-5), 4.13 (1H, m, Glu H-6), 3.61 - 3.93
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The subject of the blood clot inhibition is generally an animal or bird
such as but not limted to a hunman, primate, |ivestock animal (e.g.
sheep, cow, horse, donkey, pig), conpani on ani mal (e.g. dog, cat),

| aboratory test animal (e.g. nouse, rabbit, rat, guinea pi g, hanster),
captive wild animal (e.g. fox, deer), caged bird (e.g. parrot) and poultry
5 bird (e.g. chicken, duck, pheasant:zﬁoose, turkey). Preferably, the
subject is a human or pri mate. Most preferably, the subject is a hunman

(78H, m, 26 x OCH,).

EXAMPLE 7
BIOLOGICAL ASSAYS

Blood clotting Assays.? The effects of these compounds on coagulation of rabbit plasma in
vitro were measured at 37°C on a fibrometer (BBL) FibroSystem, Becton Dickinson Co.,
USA) using the prothrombin time (PT) assay. 150 pL of 0.05 M Tris buffer (pH 7.5,
containing 0.1 M NaCl). 50 xL of samples solution (compound dissolved in 0.05 M Tris

10 buffer), and 100 uL rabbit plasma were incubated for 2 minutes at 37°C. Clotting was
initiated by addition of 100 xL of thromboplastin with calcium reagent (Sigma).
Similarly, the thrombin times (TT) were measured by addition of 100 4L bovine thrombin
(Sigma. 3-4 NYH units/mL) to a mixture of rabbit plasma (100 4L}, 0.05 M Tris buffer
(50 uL) and compounds dissolved in Tris buffer (50 4#L) which was preincubated for 2

15 minutes. Activated partial thromboplastin time (APTT) was measured by incubating
rabbit plasma (100 L), 0.05 M Tris buffer (50 zL), compounds dissolved in Tris buffer
(50 L) with APTT reagent (100 £L) for 2 minutes. Clotting was initiated by additing 25
mM CaCl, (100 x1). Clotting times are based on the average of three separate
determinations.

20
Determination of the inhibitory activity of tannins for thrombin.'° The activity of thrombin
from bovine plasma was measured using S-2238 as substrate on a Ceres 900C Microplate
Autoreader (Bio-Tek) Instruments, Inc., USA). The assay mixture of 200 4L comprise 10
#L thrombin (0.19 MIH units/mL) in 0.05 M Tris buffer containing 0.1 M NaCl, pH 7.5,

25 and 10 uL of various concentrations of compounds which was preincubated with thrombin
for 2 min at 37°C. The reaction was started by the addition of 20 L §-2238 (0.66 mM).
Activity against the substrate was determined by measurement of the release of p-
nitroaniline from S-2238 as indicated by the increase in optical density at 405 nm over §
minutes. The resuits were expresed as percentage of inhibition of thrombin activity. The

30 kinetics of thrombin from bovine plasma were studied with a range of substrate



The met hod of the present invention is useful in the treatnment and
prophyl axi s of cardi ovascul ar and cerebrovascul ar di seases such as

at heroscl erosis, nyocardial infarction, 10 stroke and thronbolic disorders
such as arterial fibrillation, restenosis, arterial thronbosis and
nyocardi al infarction. Accordingly, in another aspect there is
provided a nmethod for the treatnment aryeprophyl axis of a disease
condition involving clotting in a vascular systemin a subject such as but
not 15 limted to a thronbic disorder or a stroke, said nethod conprising

adm ni stering to sai upject, 4 hlood clotti.ng i.nhibitio f five
anount of €@ mq&’.ns?mm‘“fmfﬁﬂb@rti FWFW?@“BFQ&!&F‘%@@H?@%?‘HmW des
a nmet hod fgr a oy Fiad cBhice Oiﬁgstﬁw e ;

I nvol vi ng @‘I’fg‘%‘{“ﬁ%‘i’?h% soch aﬁg%% In a su Jg%t 0 suc Hgl}sohgg?vurll%t
limted topRshi (@YD NIFUER/EE) at 3750] Thd oo volumes ofieagiondnixnires was ng t o
said subject a thronbin _inhibitory effective ampunt of a tannin.

Pr ef er abl ymainsdiged atr200ruL.s Rgagions wegminitiaped pieaddition of submie ta,the gHYGHCagi n,
tellimgrandin ll, .cas L r.h- I VA n
accor danée%ﬂ%@g’%ﬁ ﬁ%‘g?‘%&éﬁt %éyg_g&%@ﬁgn%&%ﬁ afgaéfronl
admi ni st er G rateMiperimeritd Wake uséd Yo BSnstAcEDitbwedverBark Mbis!? avileans
anti-clotting conpound or nol ecule. B "co-adninistered" is nmeant
si mul t aneoredatimshipiof (subsirate concentration)troersus (initiat velocit)™ iwas analyzed bydlitdaer ent
Lo Lt O an! e p of nfBddroh e, Vi e Yab AT o e o1 o 7

Compounds 1a, 1b and 2a were tested in 0.1% DMSO Tris buffer, pH 7.5, containing

10 0.1 M NaCl, which was used as controls.

Thrombin-induced fibrin-clot assays.** All solutions used were prepared with 0.05 M Tris
buffer containing 0.1 M NaCl, pH 7.5, except for fibrinogen which was reconstituted in
ultrapure water. Yor the assay, 190 yL of different concentrations of a2 compound were
15 preincubated for 3 minutes with 10 xL thrombin (0.05 NIH units/mL) at 37°C and then
50 pL fibrinogen (2 mg/mL) were added to initiate enzymatic reaction. The turbidity of
clots was measured for 5 minutes at 405 nm and velocities were calculated as milli-optical
density units per mioutes (mOD/min). Each assay was performed in triplicate. The
percentage inhibition of thrombin induced fibrin clotting was calculated according to the
20 formula: Percentage inhibition (%) = (1-velocity of samples/velocity of control) x 100.

Determination of the inhibitory activity of tannins for Factor Xa.'> The activity of luman
factor Xa was measured with S-2222 as the substrate. The assay mixtures of 200 xL
contained 0.20 mM $-2222 in 0.0 M Tris/HCl buffer containing 0.1 M NaCl, PH 8.3,

25 and various concentrations of tanmins. The reaction was started by addition of factor Xa
(50 ng/mL). Activity against the substrate was determined by measurement of the release
of 4-nitroanilide as indicated by the increase in optical density at 405 nm over 5 min at
37°C. For determination of the K, increasing concentrations of $-2222 were added (0.05
mM - 0.20 mM). The ICs, value was the concentration inhibiting 50% of the initial

30 activity of enzymes. The data were collected as mean + SD of three samples.



30 sane or different routes. By "sequential" adm nistration is neant a tine

difference of -16-
from seconds, mnutes, hours or days between the adm nistration of the two
types of tannins or the tannin and the known anti-clotting conpound or
nol ecul e. The tannins or the tannin and known anti-clotting conpound or
nol ecul e nay be admi nistered in any order. 5 Rout es of adm nistration
include but are not linted to intravdfously, intraperitioneal,

subcut aneously, intracranial, intradermal, intranuscular, intraocular,

I ntrat hecal intracerebrally, intranasally, infusion, orally, rectally,

via iv driThospakitled dmthei avpivilhappreciate that shecinwergion algsozibed herejroistsnsagptibleyto
preferred. 10 ~ The present invention further extends tq the use of the
subj ect t avamiations and medifigations other ghan L enllaafe&n oﬁtkseta&v@imgrstoo

retarding that t%}: ?r?wlre\ﬁmﬁts)x? u{c ur&e? Ialtl iSlrl](gl %n%ﬁgnsczlm%tﬁxi)&ﬁt:aﬁons. The invention also
includes all of the steps, features, compositions and compounds referred to or indicated in
5 this specification, individually or collectively, and any and all combinations of any two or
more of said steps or features.

EXAMPLE 8

10 Seven tannins, penta-O-galloyl-#-D-glucose (1),! pedunculagin (2),2 2,3(5)-
hexahydroxydiphenoyl-D-glucose (3),? tellimagrandin II (4),% 2,6-di-O-galloyl-D-glucose
(5),* casuariin (6),%” and 5-desgalloylstachyurin (7) were isolated and purified from the
methano! extract of the whole plant. Their structures were determined by spectroscopic
methods, and by comparison with those data reported in the literature.

15

EXAMPLE 9

The anticoagulant activity of these seven tannins was determined by measuring their
ability to prolong clotting of rabbit plasma. Of these, compound 1 significantly prolonged

20 the clotting times of rabbit plasma over 300 seconds in the prothrombin time (PT), the
thrombin time (TT), and the activated partial thromboplastin time (APTT) assays with the
concentrations of 0.40, 0.50, and 0.47 mM, respectively (Figure 1). Compounds 2, 4, 6
and 7 also showed significant anticoagulant activity with clotting times over 300 seconds
in the PT, TT and APTT assays at a concentration of 1 mM. Compounds 3 and 5§ had no

25 detected effect on plasma clotting at concentrations up to 2 mM (Table 1). These results
indicate that compounds 1, 2, 4, 6 and 7 inhibited either both intrinsic and extrinsic
pathways or the common pathway in the blood coagulation cascade.



Pfeferébly I nhibition of said blood clotting is inhibition of thronbin

activity. 15 Preferably said tannins are
penta-O-gal |l oyl -[err]-Dglucose, pedunculagin, tellimgrandin Il

casuariin or 5-desgall oyl stachyurin. Yet anot her aspect of the present
I nvention provides an agent useful for reducing, 20 retarding or otherw se
i nhibiting blood clotting conprising a tannin as herei nbefore defi ned.
Preferably said tannins are penta-O galdmyl-[err]-D-glucose, peduncul agi n,
tellimagrandin I1, casuariin or 5-desgall oyl stachyurin. 25 Most
preferably inhibition of said blood clotting is inhibition of thronmbin
activity. Anot her aspect of th hnventi on provi des a
conposition for use in reducing, q?%?%@@?%ghor ot herwi se inhibiting

bl ood clot formation conprising a tannin as herei nbefore 30 defined and one
or nore pharmaceutically acceptable carriers and/or diluents. The
As a first step in characterizing the anticoagulant effects of these tannins, their effect on

proteolytic activity of thrombin on synthetic peptide substrate was studied. Compounds 1,

5 2, 4, 6 and 7 exhibited dose-dependent inhibition of thrombin-catalyzed hydrolysis of the
chromogenic substrate, H-D-Phe-Pip-Arg-p-Nitroanilide (S-2238). The IC,, values
(concentration which inhibits 50% of the enzyme activity) of 1-7 are presented in Table 2.
Among them, compound 4 showed the most potent activity with an IC, of 0.070 M.
Compounds 6 and 7 are anomers with a different configuration at the C-1 position of the

10 sugar moiety. The inhibitory activity of compound 7 on thrombin is about 2-fold more

potent than that of compound 6. Under the same experimental conditions, compounds 3
and 5 exhibited no measurable inhibition of thrombin-catalyzed reaction even at a
concentration as high as 200 M.

15 EXAMPLE 11

The kinetic studes of compounds 1, 2, 4, 6 and 7 were conducted to determine the type of
inhibition and the inhibition constants (K). Compound 2 competitively inhibited S-2238
hydrolysis by bovine thrombin, with a X; value of 0.042 M (Figure 2). On the other

20 band, compounds 1, 4, 6 and 7 showed mixed noncompetitive inhibition of S-2238
hydrolysis by bovine thrombin with K values of 3.9, 0.42, 0.98 and 0.83 M,
respectively (Figure 3, graphs of compounds 4, 6 and 7 not shown). These results
indicate that the compound 2 binds to the active site of thrombin, whereas compounds 1,

4, 6 and 7 bind to two different sites, both at the active site of thrombin and 2 secondary
25 site.



- 17- conposition may al so conprise two different types of tannins or
a ‘tannin and a known anti-clotting conpound or nol ecul e. Preferably
said inhibition of blood clotting is inhibition of thronmbin activity.
Conpositions suitable for injectable use include sterile aqueous sol utions

(where wat er sol uble) and starile powders for the extenporaneous
preparation of sterile injectable utions. They nust be stable under
the conditions of manufacture and storage and nust be preserved agai nst

the contam nating action of m croorgani snms such as bacteria and fungi. 10

The carrier can be a solvent or dispgysi I um cont ai ni ng, for exanple,
wat er, et hanol, pol yol (for exarrglE 1ol , propyl ene glycol and
quuid polyethylene glycol, and the Ilke) suitabl e m xtures thereof and
vegetabl e oils. The preventions of the action of mcroorgani sns can be
br ought abqﬁ&k@grrmebf%nﬂﬁimhasbmbu%ba%ﬂﬁh@%s&w&&hmagm?mfzﬁe exanpl e,
par abens, or obut anol , phenol ic acid, thirnmerosal and the I|ike.

In many casenversion of fibrinageaso ﬁpnafcmtablrbemfsm.nm eectiof these ranningemtbe f or
Ie>r<”a(rarrc)lt gblssug ﬁ ?q%‘%?éu &}gl 0£| Prol Onﬁ@ ! ngﬁo tion of tPrgosi i ons
Sfel Z??RF ) gﬂ[ﬂé?eﬁ’? @Bect gb?i%ﬁf%ﬁo%%%%%%ﬁ%fggpgt i ng
t he acti ve thrombiucasyzal ¢dneers1on of fibrinogen to fibrin clots (Table 2), (Figure 4). All the
compounds which exhibited mixed noncompetitive inhibition, compounds 1, 4, 6 and 7,
showed a decrease (2 to 7 fold) in their ICg, values of inhibition of fibrin clot formation
10 (Table 2} compared to those of inhibition of S-2238 hydrolysis. This indicate that the
second binding site is most probably the anion binding exosite (ABE)’ of thrombin. Op
the other hand, the IC, values of compound 2 for hydrolysis of synthetic and
macromolecular substrates were comparable (Table 2). This is expected as compound 2 is
a competitive inhibitor of thrombin (Figure 2) and it only binds to the active site of
15 thrombin. Among these tannins, compound 4 showed the most potent inhibitory activity
on the thrombin-induced fibrin clotting, with an IC, of 0.014 uM.

EXAMPLE 13

20 To test the specificity of these tannins, their effects on proteolytic activity of factor Xa
was determined. As shown in Figure 5, compounds 1, 2, 4, 6 and 7 inhibited factor Xa-
catalyzed hydrolysis of synthetic substrate S-2222 (N-benzoyl-L-isoleucyl-L-argininine-p-
nitroaniline hydrochloride and its methyl ester). The IC,, values were 0.17, 0.56, 0.21,
0.72 and 0.28 uM, respectively (Table 3). These values are 1.5 to 3 times less than those

25 for the inhibition of thrombin indicating that only a small preference for thrombin than
factor Xa. The kinetics of inhibition of factor Xa for these tannins were also examined.
All the five compounds (1, 2, 4, 6 and 7) are competitive inhibitors of factor Xa
indicating that they bind only to the active site of the enzyme. Compounds 1, 4, 6 and 7,
which apparently bound to ABE and the active site of thrombin, could only bind to the

30 active site of factor Xa, since they are similar in nature. Compound 2, however, binds to



20 required amount in the appropriate solvent with various of the other
I ngr.edi ents enuner at ed above, as required, followed by, for exanple,
filter sterilization or sterilization by other appropri ate neans.
Di.spersions are al so contenpl ated and these nay be prepared by

i ncorporating the various sterilized active ingredients into a sterile

vehi cl e which contains the basi ¢ di spersion nedium and the required
ot her ingredients fromthose enunerat above. In 25 the case of sterile
powders for the preparation of steril&@“hjectable solutions, a preferred

met hod of preparation includes vacuum drying and the freeze-drying

techni que which yield a powder of the active ingredien | ys a

addi t i onal thésastive site afbeth it snzymesn ﬂﬁ@@%@&?m%s@ﬂﬁ%@r@ém

sol uti on. 30 W the,active.ingredignts ' I ¢ , they may
be orally %?%Pgﬁg?’éﬂ‘tﬁk?glwm%m’@gﬁwt&&m&#%@t TB?@&@&@? with an
assim | abl ,ﬁgchmd IihhiBftion @ fhdtor Y was 0S9GIM S 8sH atbut 23-fold more than than of

- 18- &ha o?ggft sLeInI gelatin capsul'e, or it nay be conpressed into
tabl ets. Ftirombin arehboutplkdtitc8 timesdfifactos Xaeliables 2; Bl Gompoandé cpmpetitivelyy be
O P Or gt g e st X2 vtk the Srailar K, valuds ol Snhibition of thrombin and factor Xa.

EXAMPLE 14

The formation of tannin-enzyme compexes are usually mediated by hydrogen bonding

10 between phenolic hydroxyl groups and polar groups in the active site of enzyme.® In order
to determine the role of the hydroxyl groups of phenolic moieties, compound 1a, with no
phenolic hydroxy!l groups was synthesized as well as the methylated erivatives, 1b and 2a.
These three compounds showed no inhibition of thrombin even at concentrations up to 100
#M. These results indicate that the phenolic hydroxyl groups of the taonins play a key

15 role in their inhibitory effect on thrombin.

Those skilled in the art will appreciate that the invention described herein is susceptible to
variations and modifications other than those specifically described. It is to be understood
that the invention includes all such variations and modifications. The invention also inchudes

20 all of the steps, features, compositions and compounds referred to or indicated in this
specification, individually or collectively, and any and all combinations of any two or more of
said steps or features.



formof ingestible tablets, buccal tablets, troches, capsules, elixirs,

suspensi ons, Ssyrups, wafers, and the |ike. Such conpositions and
preparations should contain at least 1% by 5 weight of active conpound.
The percentage of the conpositions and preparations nmay, of course, be

vari ed and may conveniently be between about 5 to about 80% oft he wei ght of
the unit The anpbunt of active conpoungQi-n such therapeutically useful
conpositions in such that a suitable dosage will be obtained. Preferred
conpositions or preparations according to the present invention are

pr epar ed dosage unit form contains between about 10 O0.1ng
and 2000 s’n%né]J?ﬁ\j%glg\;‘gifgorrpound The tablets, troches, pills, capsules
and the like may al so contain the conponents as i sted hereafter: A

bi nder such as gum acacia, corn starch or gelatin; excipients such as

di cal ci um1. phYesbids, 4., heti, i nSbipga; TnPlaglenT. Cherh. Bhargo Bulls 85494029481 at o

starch, alginicigsgid and the |like; 15 a lubricant such as nagnesi um

stearate; and a sweet eni ng'agent such a sucrose, |actose or saccharin
may be addpd orngyds aw% A AR, 2T LRORE! I Ve, ok P rqnmgreen
or cherry 1;2) f‘}'ﬂgl osage uni t ormis a capsu It may
contain, in ad onto materlals of the abovetype allqwd carrier.
Vari ous ot her naterlals nay be_present. a erw se
modi fy t he3-physTagkas by Nasika, & Idﬁi@@ek%»flrtf r?é@l- 42‘2@ 20

pills, or capsules may be coated with shell ac, sugar or both. A syrup or
el i xi r may4.cont béey MW., Tanaka,tT.y Nonakey dibg ,Niﬁdmie?@sodemm&ﬁsmzaﬁﬁnt ,

met hyl and propygpar abens as preservati ves, a dye and flavouring such
as cherry or orange flavour Any rrat eri al used in preparing any dosage

he amount 3 ol M;ﬁ%ﬁew' T MERERG 5 08T0 B, ey P "

i ncor porated i n$& 'reI ease 25 preparations and fornul ati ons.

6. Lee, S.H., Tanaka, T., Nonaka, G., Nishioka, 1. Phytochemistry 11:3621-3625,
1990.

7. Fenton II, J.W., Ofosu, F.A., Moon, D.G., Maraganore, .M. Blood Coagulation
and Fibrinolysis 2:69-75, 1991.

8. Spencer, C. M., Cai, Y., Martin, R., Gaffvey, S.H., Goulding, P.N_., Magnolato,
D., Lilley, T.H., Haslam, E. Phytochemistry 27:2397-2409, 1988.

9. Kettmer, C., Mersinger, L., Knabb, R. J. Biol. Chem. 30:18289-8297, 1990.
10.  Akoum, A., Josefonvicz, J., Sigot, M. Thromb. Res. 60:9-18, 1990.

11.  Furle, B., Bing, D.H., Feldman, R.J., Robison, D.J., Bumier, J.P., Furie, B.
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Pharm. Exp. Therap. 276: 1030-1038, 1996.
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The present invention also extends to forns suitable for topical
application such as creans, | otions and gels. In such forns, the
anti-clotting peptides nay need to be nodified to permt penetration of
the surface barrier. 30 Pharmacetically acceptable carriers and/or
diluents include any and all solvents, dispersion

-19- nmedi a, coatings, antibacterial and antifungal agents, isotonic
and absorption del ayi ng agents angjthe like. The use of such nedia and
agents for pharmaceutically active substances is well known in the art.
Except insofar as any conventional nedia or agent S |nconpat|ble mnth t he

28“ \e/(rarp: gt?lté'g’i“ gn%&eﬁr}gﬁ{éﬁc}lﬁnh\% lfjllr%gre | en can gf‘?&)’ | ncorporat ed

into the commast ﬂe@'ﬁrﬁal Throrhbo lmsm@gl(gpm? g%ym}la;m@fus to for mul at e

parenteral "cConmpositions in dos ge unit

Compound (mM) PT (s) TT () APTT (s)

Control 102 + 0.1 112 + 0.3 42.6 £ 4.5

1 (0.5) >300 >300 >300
(0.25) 13.9+ 0.8 16.5 + 4.2 50.6 + 0.9

2 (1.0) >300 >300 >300
(0.5) 13.5 + 0.2 22.7 + 1.6 437 £2.3
3 (2.0) 10.0 + 0.2 9.43 + 0.1 39.9 + 4.7

4 (1.0) >300 >300 >300
(0.5) 11.9 + 0.1 18.7 & 0.6 45.7 + 4.1
5 (2.0) 11.1 + 0.2 10.7 + 0.1 40.8 + 3.2

6 (1.0) >300 >300 >300
(0.5) 13.6 £ 0.3 123 +£0.3 72.3 + 8.0

7 (1.0) >300 >300 >300
(0.5) 13.9 + 0.9 162 + 0.9 31.6 £2.1

heparin,? 0.5mg/ml 33.6 + 0.5 >300 >300

0.25mg/ml 237 £ 0.2 >300 >300

“PT, TT and APTT were determined in the presence of the indicated concentrations of 1-7

according to the methods described under experimental section. Data are reported as
clotting times (seconds) of plasma (Means + SD. n=3). “Heparin sodium salt from
porcine intestinal, 187 USP units/mg.



ease of adm nistration and uniformty of dosage. Dosage unit form as used
herein refers to physically discrete units suited as unitary dosages for
t he manmal i an subjects to be treated; 10 each unit containing a
predeterm ned quantity of active material calculated to produce the
desired therapeutic effect in association with the required pharnmaceuti cal

carrier. The specification for the novel dosage unit forns of the
invention are dictated by and directlqa, ~ dependent on (a) the unique
characteristics of the active material and the particul ar t her apeutic

effect to be achieved and (b) the linmtations inherent in the art of

T i ng 1oty e Pty Hies T pieieet SRR B P bt 01 01 °

contenpl a ef?he present invention will vary depend| ng on the
severity o pain and the health and age of the recipient. In general

ternmns, effectlve anounts may vary from 0.01 ng/ kg body weight to about 100
n‘g/ kg bod\/ 20) mei_ﬂh_L Al t ornative amunt e include faoar ahoaut 0 1 J)ri] |1£I hr)dy

wei ght about;0 guﬂg/ kg bo wei ght from 1. Oryye/dfg body me(,g.m “to
about 80 ny/ kgﬁbody wei ghtm” Stil I@%not her aspect of the present
invention is directed §562238t wubdi efibripogeme #Mbj ecmlnlanqm ns and their
derivati vés (o13(9) ogues anal 0 uesg%ég M _EL [ CS. Th a prererred

embodi ment t he Tor esent il B O™ o anN’H@h es to %éﬁ Qufbj ect

modul ati on of 8 ood ol St EEi on OLEAPAon of S ombi fé@#%b*{?ﬁa‘s&d

30 anti body nayy be monoclgpgh or pol ycleggl - N.D.°
4 0.070 £ 0.01  0.014 + 0.001* MNC 0.42 + 0.06
5 >200 >200 N.D. N.D.
6 0.28 + 0.02  0.059 + 0.002* MNC 0.98 + 0.2
7 0.19+£0.02  0.026 + 0.002* MNC 0.83 +£ 0.2

? ICsp values were the concentration inhibiting 50% of the initial activities of enzymes, X
values were determined as reported under experimental section. ? The data presented are
those obtained from the analysis with best fitting; shown as means + SD (n=3),
*p<0.05, **p <0.01 significantly different from their IC,, values for S-2238 substrate,
student’s test. © MNC: mixed noncompetitive. ¢ CC: classical competitive. “ Data not
detected.



20 - The anti bodies of the present invention are particularly useful

as therapeutic or diagnostic agents. For exanple, specific antibodies
can be used to screen for tannins using i mmunoassays or used as
antagonists to inhibit tannin activity under certain circunstances such

as where tenporary clotting inhibition is only required. Techni ques for
such 5 immnoassays are well known in the art and include, for exanple
sandwi ch assays and ELI SA. Know edge of tannin |evels may be inportant
for monitoring certain therapeutic _grotocols. Anti bodies to the
peptides (or their derivatives, honol ogues, anal ogues or mnetics) of the
10 present invention nay be nonocl onal or polyclonal. Alternatively,

fragnents i I - d . I gor e
thopr esent abk RRIEEy s i, 45 85 o3t 87 Fhl K SRR bR
and to ant Skgpdg? hybrids. A "synthetic antibody” is considered herein to
i nclude fragnments and hybrids of antibodies.

Compound  ICsy (uM) Type of inhibition K, (uM)
1 0.17 4 0.08 cc 0.57 + 0.08
2 0.56 + 0.05 cC 0.99 + 0.04
4 0.21 + 0.02 cC 0.44 + 0.1
6 0.72 + 0.3 cC 045 + 0.05
7 0.28 + 0.04 cC 0.69 + 0.04

? K; values were determined as reported under experimental section. The data presented

are shown as means + SD (n=3). ° CC:classical competitive.



15 Further features of the present invention are nmore fully described in

the foll ow ng exanples. It is to be understood, however, that the
detail ed description is included solely for the purposes of exenplifying
the present invention. It should not be understood in any way as a
resfriction on the broad description of the invention as set._qut above

20 EXAMPLE 1 THIS SHE EEN
GENERAL EXPERI MENTAL PROCEDURES -38Sl - M5 were collected on a EE%
APl - 300 nass spectroneter. Al spectra ([err]H- [ err] Ci—~-Sa8¥-

HVBC) were recorded on a Bruker AMX 500 sr trorreter 500 25 MHz for [err]H '

and 125 f rr]C), and the chenical LH Eu H ted in parts per
mllion WMS an internal standard. u

HPTLC- Ferti gpl at en Cellul ose F (Merck) plates in the solvent systens:
(a) H20 and (b) 7% aqueous acetic aci d. 30

1. A method of reducing, retarding or otherwise inbibiting blood clot formation in a
subject said method comprising administering to said subject an anti-clotting effective
amount of a tannin or a derivative, homologue or chemical analogue thereof for a time
and under conditions sufficient to inhibit blood clot formation.

9. A method according to claim 1 wherein said blood clat formation is serine protease
functional activity.
3. A method according to claim 2 wherein said serine protease is thrombin.

4. A method according to claim 2 wherein said serine protease is Factore Xa.

5. A method according to any one of claims 1 to 4 wherein said tannin is a plant

6. A method according to claim 5 wherein said plant is Gewm japonicum.

7. A method according to claim 6 wherein said tannin comprises a substituent on a
phenolic moiety which is capable of forming a bond or other association with an amino
acid or side chain thereof in the active site of a serine protease.

8. A method according to claim 7 wherein said tanpin is penta-O-galloyl-5-D-

ghacose.

This Sheet Has Been Replaced




21 - EXAVPLE 2
MATERI ALS AND REAGENTS The plant of G japonicumwas collected from
China in August, 1994. It was identified 5 by Dr. Dao-Feng Chen

Depart nent of Pharnmacognosy, Shanghai Medical University

voucher specinmen is deposited in the Departnent of Phar Jﬂbﬁ‘ng
University of Traditional Chinese Medicine, China pari nR Bn sal
(fromporcine intestinal nucosa, 187 USR units/ng), thromboplastin 10 w t

cal ciumreagent (for Prothronmbin Tine test) thronbin tinme reagent,

activated parti al thronbin tinme reagent, thronmbin from bovine plasm (3
Nl H units/vij aI) and_fi bron ction J, t r ovi ne plasm
wer e purcha ed fAdﬁﬁ@Pé)ﬁ@oﬁg M‘ﬁ'{%ﬂf aid pen %‘ﬂrﬁﬁ%é@@ﬁr s

pur chased from aI s Inc. (USA). Substrates S-2238

(H D- Phe- P| I'ide) and S-2222

(N-benzoyl - L | soI eucyl L- argi nine-p- 15 nitroaniline hydrochloride and'its

Eexfb\rl\%:_Eegt er) were obtained from Chror‘rB%eni x Co. (&ﬁ(mmlllllll I“" "Ill " |III
* c L M S *

TR
-4 0.

10. A method according to claim 7 wherein said tannin is pedunculagin.

11. A method according to claim 10 wherein said pedunculagin comprises the
structure:

:gj\ TR
R

HO OH HO O




EXTRACTI ON AND | SOLATI ON 20 Dried whole plant (2.6 kg) were chopped into
smal.l pieces and precolated three tinmes with MeCOH (20 L) at room

tenperature, and the extract was evaporated in vacuo to ;
extract (350 g). The MeOH extract was resuspended in di tTHIS SHERAIHAS B
and successively partitioned with hexane (2 L x 5), BtoAc GZPLADEDS) an(

n-BuOH (1 L x 5) 25 The n-BuOH sol ubl e fractlon was fil tlereg—ard~—The

filtrate was evaporated under reduced=3 “pressure (50[err]C) to give a
brown residue (73 g). the n-BuCH extract was subjected to Sephadex LH 20
col utm chromat ography and eluted with water w th an increasing anount - of
MeOH, gi vi rl@ n| A mehad aseerding to cimm7whmnwﬂm|mwunagmsm% MeCOH
aqueous, ) shovved not ent _ant gu] ang Livity, d vvas further
chr onat ogr éﬁhed feth medfa,claim. E‘F aﬁ syst em
to give thr J}feaCt'O”S I (0.089), | _
-22 - s?? 9) and III (1.2 g). Fraction Il (eluted 'W’th 50% MeGH) was
chr omat ogr aphed on adex LH 20 with CHCL[err MeCOH,
and then over cellul ose c um ’l I, I'ﬂr Il

HO

CO
HO
BO

. %o-w{%

FoupsS

14. A method according to claim 7 wherein said tannin is casuariin.

15. A method according to claim 14 where said casuariin comprises the structure:

OH
HO This Sheet Has Been Replaced
O
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with 3% acetic acid, followed by purification on Bio-Gel P-4 (extra fine,
<45 [err] M colum with 0.5%acetic acid to yeild 2 (60.8 ng), 3 (36.2

my), 5 (9.6 ng), 6 (8.1 nmy) 5 and 7 (10.2 ny). Fraction |11
MeOH) was chromat ogr aphed over cel | ul ose wi th MeOH HOAc- I9] T HAS BEEN
(5:5:90) and then over Toyopear| HW40s with 30% aqueous OH tREPLAGED 1

(120 ng) and 4 (9 ng). O these conpounds, the assignments of the
[err]H or [errJ]C NVR spectral data of the sugar 10 noieties of 6[err] and
7[err] were diff ' ta reported in the literatures. The
[err]H, and [ﬁlﬂlHﬂMﬂ"ﬁ” the sugar noiety were reassigned with the
hel p of DEPT, [err]H[&rr*H s TOSY, HI\/&: and HVBC spectra data. The [err]C
NVR data of the sugar noieties of 6:[err] (175 MHz, CD[err]COCD[err])

1 008 e bl i e oo

(CG3), 78.0 15 (C4), 69.2 (C5), 68. (C-6) The[err]H NMVR dat a of
7:[err] (500 MHz, DC[err]COCD[err]) 5. 64 (1H, d, J=4.8 Hz, H 1), 5. 45
(1H, . J-2.9F Hz,A rhettiod &cBddi chﬂ&l@wﬁe@mﬁ.\tﬁs-&ésgaﬂbl_{ lﬂ'hrm Kﬁ)

20

J=2.3, 4.8 Hz, H2), 4.64 (1H dd, J 12.3 HZ
J=2.5, 8.6 sHECtu:5), 3.83 1H d, J=11.8 Hz, H6).
EXAMPLE 4 SYNSTHESI S OF PENTA- O BENZOYL- [ err] - D- GLUCOPYRANGCSI DE
(1A A solution of 1 g (5.6 nmml) of D(+)-glucopyranoside, 3.5 g (29.5
mmol ) of benzoic acid, 0.33 g (2.7 nmmol) of DVAP, 0.41 g (2.7 mmol) of
DVMAP-HCL, and 3.7 g (17.9 26amol) of DCC in 100 m of Chlerr]C[err] was
pured under N err] and enjrefluxed for 24 h. The reacti on m xture was
cooled to roomtenpera ¢l filtered. Solvent was rermmcgheegﬂawe

T

dd

8

OH



give a white foam The crude product was purified by chromatography on

silica gel (CHerr]dJ[err]) to afford 1.5 g of

pent a=0O benzoyl -[err]-D gl ucopyranosi de (1a). ESI-Ms. 7 [ M\

The . [err]H NVR of la:[err] (500 MHz, CDCl[err]):634 (1H 'ﬂ;llSJSiEEZ H&S BEEM
H1) 30 6.09 (1H, t, J=9.4 Hzz, Qu H—33) 5.90 (1H, t, 9.8 MPLKEEDH-@
5.73 (1H, dd, -38-

J=3.7, 10.2 Hz, Qu H2), 4.434.68 (2H m du H5,6), 7.31-8.07 (25H, m
aromatic pr ot ons) . 5 METHYLATI ON CF 1
An et hanol solution (0.5 nL) of 1 ABSTRAE€Streated wth ethereal

di azonet hane (1.5
evapor at ed of f,

m.) for 1 h at
and the residue was
A METHOD FOR INHIBITING CLOT FORMATION

roomtenperature. The sol vent was

The invention relates to tannins that ave specific inhibitors of thrombin and are
useful in the treatment of venous thrombosis, arterial fibrillation, restenosis, and
arterial thrombosis and in prevention of myocardial infarction. Thrombin plays a
central role in the blood coagulation cascade. The present invention relates to the
isolation and identification of five tannins from the wmethanol extract of Geum
Japonicum which showed strong anticoagulant effect by prolonging prothrombin time,
thrombin time and activated partial thrombin time significantly. They are
pedunculagin, penta-O-galloyl-B-glucoside, tellimagredin, casuariin, and 35-
desgalloylstachyurin. All five tannins inhibit thrombin enzymatic activity in a dose-
dependent manner. Among these inhibitors, pedunculagin competitively inhibit the
thrombin-induccd fibrin clot, whereas others inhibit thrombin enzymatic activity in a
noncompetitive manncr. Tellimagradin shows thé strongest inhibition with IC,, at
concentration of 14 nM for thrombin-catatyzed hydrolysis of fibrinogen. Others give
IC,, at concentration range of 26 nM to 150 nM. These tarnins are potent and specific
thrombin inhibitors aud exhibit strong anticoagulant effects. Thus these compounds
could be useful in prevention/treatment of cancer, cardiovascular and cerebrovascular
diseases, such as atheroscalerosis, myocardial infarction and stroke.

(Figure 6 is to be published.)




subjected to preparative TLC (CHerr]CJ[err]-CHerr]COCH err], 7:3,
Rlerr]=0.6) to give a 10 pentadecanethylate (1b) (2.1 ngy). ESI-Ms:1173.5 [M
+ Na]. The [err]H NVR of 1b:[err] (500 MHz, CDjerr]COCDerr]):7.35 (2H,
s), .7.32 (2H, s), 7.25 (2H, s), 7.25 (2H, s), 7.21 (2H, s), 6.41 (1H, d,
J=8.1 Hz, Qu H1), 6.21 (1H, t, J=9.7 Hz, Gu H3), 5. 90 (1H, t, J=9.7
Hz, Gu H4), 5.78 (1H, dd, J=8.1, 9.4 ¥z, Au H2), 4.87 (1H dd, J=3.1,
12.1 Hz, du H6), 4.74 (1H m du H5

. u ), 4.44 (1H, dd, J=5.3, 12.1 Hz, Qu
H6), 15 3.91Kigwred.x oCH err]), 3.89 (
)

6H, 2 x OCHerr]), 3.88 (3H,
3

ocH err]), 3.83 (6H, 2 x OCHerr]), .82 (9H, 2 x OCH16 July, 19983),
3

3.80 (3H, oCH err]), 3.79 (3H, OCHerr]), 3.76 (3H, OCH err]), 3.73
(3H, OCCH err]) and 3.72 (3H, OCH err]).

EXAMPLE 6 20 METHYLATI ON OF 2 An
et hanol solution (0.5 nLO of 1 (6 ng) was treated with ethereal

di azonet hane (1.5 m.) for 2 h at roomtenperature. The sol vent was
evaporated off, and the residue was subj ected to preparative TLC

(CHerr]dJerr]-CHerr]COCH err]) to give an isoner mxture of trideca- 25
O net hyl - peduncul agin (2a) (1.6 ng). ESI-Ms: 989.5 [M+ Na]. The [err]H NWMR

of 2a:[err] (500 MHz, CD[err]COCD[err]):6.96 (1H, s), 6.93 (1H, s),
6.89 (1H, s), 6.85 (2H, 38@; 6. 81 (1H, s), 6.62 (1H, s), 6.60 (1H, s),
5.53 (1H, t, J=10.5 Hz, H3), 5.28 (1H, .8 Hz, Au H3), 5. .25

t, .
- 5.08 (4H m du H1f[err]}, 2[err], 2[err], 6),/5. (1H, t, J=10.1
Hz, GQu H4), 4.85 (1H, 4 {J=8.7 Hz, Gu H4), 4.88/(1H d, J=6.4 Hz, Gu
H1l[err]), 30 4.65 (1H m| GQu H5), 4.29 (1H |m uH5), 4.13 (1H m

Gu H6), 3.61 - 3.93
200

150 4

Clotting time (s)

100

50 -

0 1 L] . T T 1
0.0 0.1 0.2 0.3 0.4 0.5 0.6

Concentration (mM)



-24 - (78H, m 26 x OCHerr]).

EXAMPLE 7 Bl OLOG CAL ASSAYS 5 Bl ood
clotting Assays.[err] The effects of these conpounds on coagul ati on of
rabbit plasma in vitro were neasured at 37[err]C on a fibroneter (BBL)
Fi broSystem Becton Di cki nson Co., USA) using the prothronbin tinme (PT)
assay. 150 [err]L of 0.05 M Tris buffer 4pH 7.5, containing 0.1 M NaQ.
50 [err]L of sanples solution (conmpound dissolved in 0.05 MTris 10
buffer), and nglﬁerz_].L rabbit plasma were incubated for 2 m nutes at
37[err]C. dotting was initiated by addition of 100 [err]L of

t hronmbopl astin with cal ciumreagent (Sigm). Simlarly, the thronbin
times (TT) were nmeasured by addition of 100 [err]L bovine thrombin

(Sigma. 3-4 NNH units/nL) to a m xture of rabbit plasma (100 [err]L), 0.05
M Tris buffer (50 [err]L) and conpounds dissolved in Tris buffer (50
[err]L) which was preincubated for 2 15 mnutes. Activated parti al

t hronbopl astin tine (APTT) was neasured by incubating rabbit plasna
(100 [err]L), O0.05 MTris buffer (50 [err]L), compounds dissolved in Tris

buffer (50 [err]L) with APTT reagent (100 [err]L) for 2 m nutes.
Clotting was initiated by additing 25

0.22 -

0.14 -

1/Velocity (m(_)l.)/min)'l

0.06 : . : :

i

0 3.0 6.0
1/[Substrate] (mM)"’




mM CaCl[err] (100 [err]L). Cotting tines are based on the average of three
separat e determ nations. 20 Determ nation of the inhibitory
activity of tannins for thronbin.[err] The activity of thronbin from
bovine plasma was neasured using S-2238 as substrate on a Ceres 900C

M cropl ate Aut oreader (Bio-Tek) Instruments, Inc., USA). The assay

m xture of 200 [err]L conprise 10 [e'}r]L thrombin (0.19 MH units/nlL)
in 0.05 MTris buffer containing 0.1 MNaC, pH 7.5, 25 and 10 [err]L of
vari ous concentrations of conpounds which was preincubated with thronbin
for 2 mn at 37[err]C. The reaction was started by the addition of 20
[err]L S-22 Q&e&? mV) . Activity against the substrate was determ ned
by measur eneht8 e rel ease of p- nitroaniline fromS-2238 as
indicated by the increase in optical density at 405 nmover 5 m nut es.
The results were expresed as percentage of inhibition of thronbin activity.
The 30 kinetics of thronbin-frombovine plasma were studied wth a range
of substrate -25 -
concentrations fromO0.6-1.7nM [err] Assays were perforned by using a 0.05 M
Tris buffer, pH 7.5, containing 0.1 M NaC and a fixed concentration of

thronbin from bovi ne

0.200 -,
=

E

A

o)

Eo0.120

>

5

(o]

G

2 e

0.040 .
1 T —
100 =50 0 50 100

1/ [Substrate] (mMy*



plasna'(o.lg NlH units/nL) at 37[err]C. The total Volune of reaction

m Xt ures was mai ntai ned at 200 [err]L. Reactions were initiated by
addition of substrate to the cuvette 5 containing thronbin and conpound
preincubated for less than 2 mnutes. Data from initial rate experinents

were used to construct Lineweaver-Burk plots,[err] while the

rel ati onship of (substrate concention)[efr] versus (initial velocity)[err]
was anal yzed by |i near regression. The type of inhibition and Klerr]

val ue were detemined fromthe plots.[err] Compounds 1la, 1b and 2a were
tested in 0.1% DVMSO Tris buffer, pH 7.5, containing 10 0.1 M NaCl, which
was used as controls. Thronbi n-i nduced fibrin-clot assays.[err] Al

sol utions used were prepared with 0.05 MTris buffer containing 0.1 M
NaCl, pH 7. SFigaweeht for fibrinogen which was reconstituted in ul trapure
water. For the assay, 190 [err]L of different concentrations of a conpound
were 15 preincubated for 3 mnutes with 10 [err]L thronbin (0.05 NH
units/nL) at 37[err]C and then 50 [err]L fibrinogen (2 nmg/ L) were
added to initiate enzymatic reaction. The turbidity of clots was
measured for 5 mnutes at 405 nmand velocities were cal cul ated as
mlli-optical density units per mnutes (nOD/mn). Each assay was
performed in triplicate. The per centage inhibition of thronbin induced
fibrin clotting was cal cul ated according to the 20 formnul a: Percent age
inhibition (%9 = (1-velocity of sanples/velocity of control) x 100.

Determ nation of the inhibitory activity of tannins for Factor Xa.[err] The
activity of human f &tpr Xa was neasured w 5- 2222 as the substrate.
The assay m xtures of 200[err]L S-2222 in 0.0 M
Tris/HO buffer containing 0.1 M Nad, F and vari ous
concentrations of tannins| The reaction x arfed by addition of factor
Xa (50 ng/nL). Agtivity against the rat/e was determ ned by

measur ement of the rgleas

U

th
o
i

% Inhibition of 1

@—TvrTTTrrY Y LI i

0.001 0.01 0.1 1

Concentration (uWM)



of 4-nitroanilide as indicated by the icrease in optical density at 405 nm
over 5 mn at 37C. For determ nation of the K[err] increasing
concentrations of S 222 were added (0.05 nmv - 0.20 mM. The 1 (Jerr]
val ue was the concentration inhibiting 50%of the initial 30 activity of
ezynmes. The data were collected as nmean SD of three sanples.

-26 - Those skilled in the art will9 appreciate that the invention
described herein is susceptible to vari ations and nodifications other
than those specifically described. It is to be understood t hat the
invention includes all such variations and nodifications. The invention
al so includes all of the steps, features, conpositions and conpounds
referred to or indicated in 5 this specification, individually or
col l ectively, aﬂﬁgﬁﬁyﬁﬂuiaJl conbi nati ons of any two or nore of said
steps or features. EXAMPLE 8
0.80 —
3
O
> 0.35
E
S
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10 Seven tannins, penta-Ogalloyl-[err]-Dglucose (1),[err] peduncul agin
(2),[err] 2,3-(9)- hexahydr oxydi phenoyl - D- gl ucose (3),[err]

tellimagrandin Il (4),[err] 2,6-di-0Ogalloyl-D glucose (5),4 casuariin
(6),[err] and 5-desgal |l oyl stachyurin (7)[err] were isolated and purified

fromthe met hanol extract of the whole plant. Their structures were
determ ned by spectroscopic met hods, @nd by conparison with those data
reported in the literature. 15

EXAMPLE 9 The anticoagul ant activity of these seven tannins was

det erm ned bquﬁgugé@p their ability to prolong clotting of rabbit

pl asma. O these,®conpound 1 significantly prolonged 20 the clotting tines
of rabbit plasna over 300 seconds in the prothronbin time (PT), the
thrombin time (TT), and the activated partial thronboplastin time (APTT)
assays with the concentrations of 0.40, 0.50, and 0.47 nM respectively
(Figure 1). Conpounds 2, 4, 6 and 7 also showed significant

anti coagul ant activity Wi th clotting 300 seconds in the PT
TT and APTT assays at gaconcentratig Compounds 3 and 5 had no 25
detected effect on plasma clotting/at concentnations up to 2 mM (Table 1).
These results i ndi cate that cgnpou 1, 4, 6 and 7 inhibited either
both intrinsic and extrinsic pat h or é%comon pathway in the

bl ood coagul ati on cascade. Active Site

THROMBIN

Compounds Compound 2
1,4,6,017 \\\\\

®

Active Site

J

O Secondary Site @ Secondary Site
e e et

Active Site Active Site

FACTOR Xa Compounds 1,2, 4, 6,017



-27 - EXAMPLE 10 As a
first step in characterizing the anticoagul ant effects of these tannins,
their effect on proteolytic activity of thronmbin on synthetic peptlde
substrate was studi ed. Conpounds 1, 5 2, 4, 6 and 7 exhibited
dose-dependent inhibition of t hr onbi n- catalyzed hydrol ysis of the
chronogeni ¢ substrate, H D Phe-Pip-Arg-pfNitroanilide (S-2238). The I (err]

val ues (concentration which inhibits 50% of the enzyne activity) of 1-7
are presented in Table 2. Anmong them conpound 4 showed t he npbst potent
activity wit an ICferr] of 0.070 [err]M Compounds 6 and 7 are anoners

with a different configuration at the C1 position of the 10 sugar noiety.
The inhibitory activity of conmpound 7 on thronbin is about 2-fold nore
potent than that of conpound 6. Under the sane experinental conditions,
conmpounds 3 JF and 5 exhi bited no nmeasurabl e i nhibition of

t hr onbi n- cat ﬁaﬂ' reaction even at a concentration as high as 200
[err]M 15 EXAMPLE 11 The

ki netic studes of conpounds 1, 2, 4, 6 and 7 were conducted to determ ne

t he type of inhibition and the inhibition constants (K[err]). Conpound 2

conpetitively inhibited S-2238qyg hydrolysis by bovine thronbin, with a
Klerr] value of 0.042 [err]M (Figure 2). On the other

HO l
HO (X)\
HO

Pedunculagin



20 hand, conpounds 1, 4,6 and 7 showed m xed nonconpetitive inhibition of
S-2238 hydrol ysis by bovine thrombin with Klerr] values of 3.9, 0.42,
0.98 and 0.83 [err]M respectively (Figure 3, graphs of conpounds 4, 6
and .7 not shown). These results i ndicate that the conmpound 2 binds to
the active site of thronbin, whereas conmpounds 1, 4, 6 and 7 bind to two
different sites, both at the active sité& of thronbin and a secondary 25
site. -28 -

EXAMPLE 12 The key role of thronmbin in the bl ood coagul ati on cascade
is that it catal yzes the conversion of fibrinogen to fibrin clots.
Therefore, the effect of these tannins on the 5 proteolytic activity of
thornbin on its macronol ecul ar substrate, fibrinogen was exam ned. The
conpounds 1, 2, Figreryl 7 exhibited dose-dependent inhibition of

t hr ombi n-cat al yzed conversion of fibrinogen to fibrin clots (Table 2),
(Figure 4). Al the conpounds whi ch exhi bited m xed nonconpetitive

i nhibition, conpounds 1, 4, 6 and 7,

OH
HO OH
OH
HO /CO
co OH
HO CO—O . O oR
AN
HO co co
HO OH
HO OH
OH

Penta-O-gallyl-B-glucoside



showed a decrease (2 to 7 fold) in their 1C50 values of inhibition of
fibrin clot formation 10 (Table 2) conpared to those of inhibition of
S- 2238 hydrolysis. This indicate that the second binding site is nost
probably the anion binding exosite (ABE)[err] of thronmbin. On t he ot her
hand, the Ierr]. values of conpound 2 for hydrolysis of synthetic and
macr onol ecul ar substrates were conparab@e (Table 2). This is expected as
conmpound 2 is a conpetitive inhibitor of thrombin (Figure 2) and it only
binds to the active site of 15 thronmbin. Anbng these tannins, conpound 4
showed the nost potent inhibitory activity on the thronbin-induced
fibrinclotting, with an ICerr] of 0.0 14 [err]M ,
EXAMPLE 13 20 To test the specificity of these tannins, their effects on
proteol ytic acﬁﬁgury of factor Xa was determ ned. As shown in Figure 5,
conpounds 1, 2, 4, 6 and 7 inhibited factor Xa- catal yzed hydrol ysis of
synthetic substrate S-2222 (N-benzoyl -L-isol eucyl -L-argi ni ni ne-p-
nitroaniline hydrochloride and its nethyl ester). The I (Jerr] values were
0.17, 0.56, 0.21, 0.72 and 0.28 [err]M respectively (Table 3). These
values are 1.5 to 3 tines_less than those 25 for the inhibition of thronbin
indicating that only a smgl'l preference for thronmbin than factor Xa.
The kinetics of inhi bHO| f factor Xa for these tannins were al so
exam ned. Al the fi onpounds (1, 2, 4, 6 and 7) are conpetitive
i nhi bitors of factorC§4 catlng that they bind only to the active
site of the enzyne whi ch apparently bound to
ABE and the active site of thro i coul d onIy bind t he 30 active site
¢ i in nature. Conpound”2, however, binds

to

0—CO
HO e} OH
/
OH oo oH
OH OH

Tellimagrandin II



- 29 - the active site of both the enzynes. Thus these results can be

expl ai ned based on the fact that factor Xa, unlike thronbin, does not
have ABE (Figure 6). The K[err] val ue of conpound 2 for inhibition of
factor Xa was 0.99 [err]M and about 23-fold nore than than of t hronbi n

are about 1.2 - 6.8 tines of factor Xa (Tables 2, 3). Conmpound 4
conpetitively 5 inhibited factor Xa witAOthe simlar Kl err] values for
i nhi bition of thronbin and factor Xa.
EXAMPLE 14 The formation of tannin-enzyne conpexes are usually
medi at ed by hydrogen bondi ng 10 between phenolic hydroxyl groups and pol ar
groups in the active site of enzyne.8 In order to determne the role of
t he hydroxyl groups of phenolic noieties, conmpound la, with no phenol i c
hydroxyl groups was synthesized as well as the nethylated erivatives, |b
and 2a. These Figuxe ddupounds showed no inhibition of thrombin even at
concentrations up to 100 [err]M These results indicate that the
phenol i ¢ hydroxyl groups of the tannins play a key 15 role in their
inhibitory effect on thronbin.

OH




.Those skilled in the art will appreciate that the invention described
herein is susceptible to variations and nodifications other than those
‘specifically described. It is to be understood that the invention

i ncludes all such variations and nodifications. The invention also includes
.20 all of the steps, features, conpositions and conpounds referred to or

indicated in this speci fication, iddividually or collectively, and any
and all conbinations of any two or nore of said steps or features.
-30 - Bl BLI OGRAPHY: 1. Yoshida, T., Chen, L., Shingu, T., Okuda, T.
Chem Pharm Bull. 8:2940-2949, 1988. 2. Okuda, T., Yoshida, T.,
Ashida, M, Yanki, K J. Chem Soc. Perkin Trans
Figure 11,
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5-Desgalloylstachyurin



I,'.: 176%- 1772, 1983. 3. Tanaka, T., Nonaka, G 1., N shioka, |I. J. Chem Res
(M :2001-2009, 1985. 4. Lee, M . naka, G 1., Nishioka,
| . Phyt'ochém stry 8:2835-2839,

Tanaka, T., Mkashi, K., N shi-oka, |REPLACEMERTSHEET

8:2151-2156, 1990. 6. Lee, S.H., Tangka, T., Nonaka*’e., Ni shi oka

Phyt ochemi stry 11:3621- 3625, 1990. 7. Fenfon 111 AUGSIICr ps|,
F. A, Mon, D.G, Miraganore, J M Bl ood Coagul ation and
Fi brinolysis 2:69-75, 1991. . Spencer; -C:M, Cai} Y., Martin, R,
Gaffney, S.H, Goulding, P.N Lilley T H _ Haslam
E. Phyt oc@}rﬁg\‘ 27:2397- 240H"m BIIHMLUUH#HH ., Mersinger, L.,
Knabb, R “J. Biol. Chem 30:18289% 829 Akoum A., Josefonvicz,
J., Sigot, M Thronb. Res. 60:9-18, 1990. 11. Furie, B., Bing, D H,

Fel dman, R J., Robison, D.J., Burnier, J.P., Furie, B. C.J. Biol.
Chem 2571.3875A 3thod df98aucing, Zetarding enwethevise ithibitthy Hoodclod forvatiofChean  Soc.

56: 58, 1934,
subject said method comprising administering to said subject an anti clotting effective

O

amount of a tannin or a derivative, homologue or chemical analogue thereof for a time

and under conditions sufficient to inhibit blood clot formation.

2. A method according to claim 1 wherein said blood clot formation is serine protease

functional activity.

3. A .method according to claim 2 wherein said serine protease is thrombin.

4. A method accordiﬁg to claim 2 wherein said serine protease is Factored Xa.

S. A method according to any one of claims 1 to 4 wherein said tannin is a plant
tannin.

6. A method according to claim 5 wherein said_plant is Geum japonicum.

7. A method according to claim 6 wherein said tannin comprise a substituent on a

phenolic moiety which is capable of forming a bond or other association with an amino

acid or side chain thereof in the active site of a serine protease.

8. A method according to claim 7 wherein said tannin is penta-O-galloyl-#-D-

glucose.
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13. 'i'odhunter, J.A. Methods in Enzynol 63(A):383-411, 1979 14. Rupin,

A., Mennecier, P., Nanteuil, de G, Fraubte—M-—Verbeure
Thronbin Res. 3:217-225, 1995.  15. | HeHDSHEET HAMBEERef n REREACEMENT |SHEET

Herault, J.P., Crepon, B., Lorneau, 1REPLACED Phaf m D. |nerdp
1030- 1038, 1996. 16. Hatano, T., YosBkda, T., Shingu, |T.} @kudan B
Chem Pharm Bull. 10: 3849- 3856, 1988. 593
-31 - Table 1. Effects of 1-7, and Heparin on Prothromgin Tine (PT),

Thronbin Tinme (TT) and Activated Partial Thronbopl astinlIipe (APTT) assay
in vitro[egrr]

A method according to claim 8 wherein said penta-O-galloyl-#D-glucose

comprises the structure:

§ [T

HO OH

OH

p-2ard
£ 5.

10. A method according to claim 7 wherein said tannin is pedunculagin.

11. A method according to claim 10 wherein said pedunculagin comprises the

structure:
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14. A method according to claim 7 wherein said tannin is casuariin.

15. A method according to claim 14 where said casuariin comprises the structure:
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17. A method according to claim 16 wherein said 5-desgalloylstachyurin comprises the

structure:

18. Use of a tannin or a derivative, homologue or chemical analogue thereof in the

manufacture of a medicament for reducing, retarding or otherwise inhibiting blood clot

formation in a subject.

19.  Use of a tannin according to claim 18 wherein said blood clot formation is serine

protease functional activity.
20.  Use of a tannin according to claim 19 wherein said serine protease is thrombin.
21.  Use of a tannin according to claim 19 wherein said serine protease is Factor Xa.

22.  Use of a tannin according to any one of claims 18 to 21 wherein said tannin is a

plant tannin.
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on a phenolic moiety which Is capable of forming a bond or other association with an

amino acid or side chain thereof in the active site of a tannin.

25.  Use of a tannin according to claim 24 wherein said tannin is penta-O-galloyl-3-D-

glucose.

26.  Use of a tannin according to claim 25 wherein said penta-O-galloyl-#D-glucose
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27.  Use of a tannin according to claim 24 wherein said tannin is pedunculagin.
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29.  Use of a tannin according to claim 24 wherein said tannin is tellimagrandin II.
30. Use of a tannin according to claim 29 wherein said tellimagrandin II comprises the
structure:
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Use of a tannin according to claim1l wherein said blood clfo fgrrragLon 'S
serine protease functional activity. -380- Use of a tanpin a éoﬁ.dtmﬁﬁgo
claim2 wherein said serine protease is thronbin. 4. ef—a.tannin

according to claim?2 wherein said serine protease is Fact

31.  Use of a tannin according to claim 24 wherein said tannin is casuariin

THIS SHEET HAS BEEN
REPLACED

32.  Use of a tannin according to claim 31 wherein said casuariin comprises the

structure:

A

33.  Use of a tannin according to claim 24 wherein said tannin is 5-
desgalloylstachyurin.
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5.  Use of a tannin accordi ng to any one of clains 1f T3 SHEEF BAR BEEN
tannin is a plant tannin. 6. Use of a tannin accolss L don
wherein said plant is Geum japoni cum 7. Use of a |t RERLACEMENT SHABT t|o
claim6 wherein said tannin conprises a substituent on |a i i
# amag e
Y PR,

which is capable of formng a bond or otther associ ati on
or side chain thereof in the active site of a tannin
tannin according to claim7 wherein said tannin is pentja-
gl ucose.
REPLACEMENT SHEET

34.  Use of a tannin according to claim 33 wherein said 5-desgalloylstachyurin

comprises the structure:

* c L M s - %

35. A pharmaceutical composition when used in reducing, retarding or otherwise
inhibiting blood clot formation comprising a tannin or a derivative, homologue or
chemical analogue thereof and one or more pharmaceutically acceptable carriers and/or
diluents.
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ABSTRACT

A METHOD FOR INHIBITING CLOT FORMATION

This invention relates to the isolation and identification of five tannins from the methanol
extract of Geum japonicum which showed strong anticoagulant effect by prolonging thrombin
time and activated partiél thrombin time significantly. They are pedunculagin, penta-O-
galloyl-B-glucoside, tellimagradin, casuarilin, and S-desgalloylstachyurin. All five tannins
inhibit thrombin enzymatic activity in a dose-dependent manner. Among these inhibitors,
pedunculagin competitively inhibit the thrombin-induced fibrin clot, whereas others inhibit
thrombin enzymatic activity in a noncompetitive manner. Tellimagradin shows the strongest
inhibition with ICso at concentration of 14 nM for thrombin-catalyzed hydrolysis of
fibrinogen. Others give ICsq at concentration range of 26 nM to 150 nM. These tannins are
potent and specific thrombin inhibitors and exhibit strong anticoagulant effects. Thus these
compounds could be useful in prevention/treatment of cancer, cardiovascular and

cerebrovascular diseases, such as atheroscalerosis, myocardial infarction and stroke.
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10. Use of a tannin according to claim7 wherein said tannin is

peduncul agi n. 11. Use of a tannin according to claim 10 wherein said
peduncul agi n conprises the structure: [err]
-36-  12. Use of a tannin according to claim7 wherein said tannin is
tellimagrandin I1. 13. Use of a tannin according to claim12 wherein
said tellimagrandin I1l.conprises the structure:

- R O 0 I!Il
1. Use of a tannin or a derivative, homologue or chemical analogue thereof in the

manufacture of a medicament for reducing, rétarding or otherwise inhibiting blood clot

formation in a subject.

2. Use of a tannin according to claim 1 wherein said blood clot formation is serine

protease functional activity.

3. Use of a tannin according to claim 2 wherein said serine protease is thrombin.

4, Use of a tannin according to claim 2 wherein said serine protease is Factor Xa.
5. Use of a tannin according to any one of claims 1 to 4 wherein said tannin is a
plant tannin.

6. Use of a tanmn according to claim 5 wherein said plant is Geum japonicum.

7. Use of a tannin according to claim 6 wherein said tannin comprises a substituent

on a phenolic moiety which is capable of forming a bond or other association with an

amino acid or side chain thereof in the active site of a tannin.

8. Use of a tannin according to claim 7 wherein said tannin is penta-O-galloyl-8-D-

glucose.

REPLACEMENT SHEET

480 3340-0

19 APR 2001 1A =




| 14. Use of a tannin according to claim?7 wherein said tanninis
casuariin. 15. Use of a tannin according to claim 14 wherein said
casuariin conprises the structure: [err]

-35-"
9. Use of a tannin according to claim 8 wherein said penta-O-galloyl-8-D-glucose

comprises the structure:

OH

m Iy
Om—o% Q

10.  Use of a tannin according to claim 7 wherein said tannin is pedunculagin.

OH

11.  Use of a tannin according to claim 10 wherein said pedunculagin comprises the
structure:

HO
' O co
HO \
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- .37-  16. Use of a tannin according to claim7 wherein said tannin is 5-

desgal | oyl st achyuri n. 17. Use of a tannin according to claim 16 wherein
sai d 5-desgal | oyl stachyurin conprises the structure:
OH [err] -

=36~

12.  Use of a tannin according to claim 7 wherein said tannin is tellimagrandin II.

13.  Use of a tannin according to claim 12 wherein said tellimagrandin II comprises
the structure: '

o

T U
TN\
PO % y

OH
HO i OH gO - OH

14.  Use of a tannin according to claim 7 wherein said tannin is casuariin.

15.  Use of a tannin according to claim 14 wherein said casuariin comprises the
structure:
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18. A pharmaceutical conposition when used in reducing, retarding or
otherwi se inhibiting blood clot formation conprising a tannin or a
derivative, honol ogue or chem cal anal ogue thereof and one or nore
pharmaceutically acceptable carriers and/or diluents.

-37-
16.  Use of a tannin according to claim 7 wherein said tannin is 5-
desgalloylstachyurin. | '

17.  Use of a tannin according to claim 16 wherein said 5-desgalloylstachyurin

comprises the structure: e e
on ) A 1

o

18. A pharmaceutical composition when used in reducing, retarding or otherwise
inhibiting blood clot formation comprising a tannin or a derivative, homologue or
chemical analogue thereof and one or more pharmaceutically acceptable carriers and/or

diluents.
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ABSTRACT
A METHOD FOR INHIBITING CLOT FORMATION

This invention relates to the isolation and identification of five tannins from the methanol
extract of Geum japoniéum which showed strong anticoagulant effect by prolonging thrombin
time -and activated partial thrombin time significantly. They are pedunculagin, penta-O-
galloyl-B-glucoside, tellimagradin, casuarilin, and 5-desgalloylstachyurin. All five tannins
inhibit thrombin enzymatic activity in a dose-dependent manner. Among these inhibitors,
pedunculagin competitively inhibit the thrombin-induced fibrin clot, whereas others inhibit
thrombin enzymatic activity in a noncompetitive manner. Tellimagradin shows the strongest
inhibition with ICsy at concentration of 14 nM for thrombin-catalyzed hydrolysis of
fibrinogen. Others give ICsg at concentration range of 26 nM to 150 nM. These tannins are
potent and specific thrombin inhibitors and exhibit strong anticoagulant effects. Thus these
compounds could be useful in preventionftreatment of cancer, cardiovascular and

cerebrovascular diseases, such as atheroscalerosis, myocardial infarction and stroke.

(Figure 6 is to be published).
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