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TThis is% uatlon in-part of application Serial No. é”flled
. Qct ober 12 1990, which is incorporated herein by reference. ,
1. FIELD CF THE | NVENTI ON - The present invention relates to the .

“use of 10 proant hocyani di n polyners having 2 to 30 flavonoid units, in
treatlng respiratory virus infections. .

PROANTHOCYANIDIN POLYHERB HAVING ANTIVIRAL
ACTIVITY METRODS OF OBTAINING HAME

CROES=-REFTERENCE TO RELATED APPLICATION
This is a continuatidn-in—part of
sapplication Serial No. 07/596,893, filed October 12,
1990, which is incorporated herein by reference.

1. FIELD OF THE ENTION
. The present invention relates to the use of

IQproanthocyanidin polymers, having 2 to 30 flavonoid
units, in treating respiratory virus infections.
Additionally, it has been'féund that the use of the
proanthocyanidin polymers having 6 to 30 flavonoid

_ 15un.i.ts is effective in treating virus infections in’

" general. The chemical characteristics of certain
.newly discovered proanthocyanidin polymers are also
encompassed. '

20 ' 2. BACKGROUND OF THE INVENTION

2.1 ETHNOBOTANICAL USES OF EXTRACTS FROM
THE CROTON TREE AND FROM CALOPHYLLUM
INOPHYLUM

A number of different Croton tree species,
including Croton salutaris, Croton gossypifolius,

285 Croton palanostima, Croton lechleri, Croton
erythrochilus and Croton draconoides, found in South
America, produce a red viscous latex sap called Sangre
de Drago. It is most often utilized by mixed descent
and native people of the Peruvian Amazon for flu and

30 giarrhea. It is taken internally for tensillitis,
‘throat infections, tuberculosis, peptic ulcers,

intestinal disorders, rheumatism and to enhance

fertility and is used by both adults and children. It
is also used extensively to stop bleediﬁg,'herpes, and
for wound healing. The sap is placed directly on open
wounds as an anti-infective and to accelerate the
healing ftoce§§. Ithsmapplied ?f'thﬁ gums of

35
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Addltlonally, it has been found that the use of the proant hocyani di n
porynérs having 6 to 30 flavonoid 15 units is effective in treating virus
i nf ecti ongoioprose®sener al . The chemi cal characteristics of cepPCRUS91/07679 Y

di scover ed proant hocyani din polyners are also enconpassed. 20

2. BACKGROUND OF THE | NVENTI ON 2271 ETHNOBOTANI CAL USES OF
EXTRACTS FROM THE CROTON TREE AND FROM CALOPHYLLUM

| NOPKYLUM A nunber of different Croton tree species,

including Croton salutaris, Croton goss prQ|IUS 25 Croton pal osi'na,
Croton | echl eri ,PA%iRBES ag %ﬁrﬁQﬂﬁhlﬁﬁgl 'onI&r&éoﬁgFﬂegFgfbﬂﬁé in
South  Aneri Ca,aQFQdmxﬁaI afhsh s Wadel ¢ ¥dresslivedbdeeding. de Drago.
It is nost often utilized | xed_desge d e 0] e
Peruvi an Amazon for flu anﬁyﬁ%ﬁ%?%he‘%éqq tlh% 5(1%%% gr ﬁg#go %5%"@ :
tonsillitis, t@W@E@nidWQmwmQﬁdﬁst&ﬂﬁﬁiﬂﬁﬂﬁﬁ&?tcpeéPF@laFéeFSﬂ 3ipgt esti nal
di sorders, rheuighi 2ikadid OifeNeitfed £ dddilne,aRMich Eiﬁ@bbistth adul ts

and children. It
anti-inflammatory activity, Persinos et al., 1979, J.

Pharm. Sci., 68:124. Taspine has also been shown to
inhibit RNA-directed DNA polymerase activity in the
myeloblastosis virus, Rauscher leukemia virus and
10simian sarcoma virus (Sethi, 1977, Canadian J. Pharm.
Sci., 12:7).
Calophyllum inophylum is a tree ranging from
India to East Africa to Polynesia. Seed 0il is used
in folk medicine as an antiparasitic in treatment of
Sgcabies, ringworm and dermatosis as well as other uses
such as for analgesia. 1In Indo-China the powdered
‘resin is used for ulcers and wound healing. 1In
Indonesia the bark is applied externally to treat '
swollen glands and internally as a diuretic. The sap
is used as an emollient for chest pain as well as for
tumors and swelling. Leaf extracts are used as a wash
for inflamed eyes. The Cambodians use leaf extracts
in inhalations for treatment of vertigo and migraine.

The Samoans use the sap as an arrow poison.
25

20

2.2 PROANTHOCYANIDIN MONOMERS AND
POLYMERS AND THEIR USES

Proanthocyanidin and proanthocyanidin
polymers are found as colorless phenolic substances in
303 wide variety of many plants, particularly those with
a woody habit of growth (e.g., the Croton species and
Calophyllum inophylum). The general chenmical |
structure of a polymeric proanthocyanidin consiste of
linear chains of 5, 7, 3', 4' tetrahydroxy or 5, 7,
353', 4', S' pentahydroxy flavonoid 3-ol units linked
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i s al so used extensively to stop bl eeding, herpes, and 35 for wound

Real i*ng.

-2

The sap is placed directly on open wounds as an anti-infective
and to MWOS2H669% t he healing process. It is applied tPQUUSHUARETOf

patients after tooth extractions. It is also utilized as a vaginal

wash in cases of excessive bl eeding. -3 - It has been shown that
Sangre de Drago from Croton draconoides and from Croton.|lechleri contains

together through common C(4) - (6) and/or C(4) - C(8)
bonds, as shown below.

oil
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. T CJ

g J .

k,))

Biosynthetic studies have indicated that
proanthocyanidin polymers consist of monomer units of
the type shown below, See Fietcher et al., 1977,
J.C.S. Perkin, 1:1628.
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The monomer unit (generally termed
*leucoanthocyanidin®) of the polymer chain may be
‘based on either of two stereochemistries of the C-
ring, at the 2 and/or 4 position designated cis
(called epicatechins) or trans (called catechin).
Therefore, the polymer chains are based on different

30 structural units, which create a wide variation of

polymeric proanthecyanidins and a large number of
poseible isomers (Hemingway et al., 1982, J.C.S.
Perkin, 1:1217). C13 NMR has been useful to identify
the structures of pelymeric proanthocyanidins and )

35 recent work has elucidated the chemistry of di-, tri-
and tetra-meric proanthocyanidins. Larger polymers of
the flaveneid 3-o0l units are predominant in most

M
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5 an alkaloid identified as taspine, which exhibits anti-inflamatory . .
“activity, Persinos et al., 1979, J. Pharm Sci., 68:124. Taspi ne has al so
been shomo 92£066dHhi bi t RNA-directed DNA pol ynerase acti vit POIAUSHSO7679
nyel obl astosi s virus, Rauscher Ieuken1a virus and 10 Sim an sarcoma Virus

(Sethi, 1977, Canadi an J. Pharm , —13 7). Cal ophyl | um
i nophylumis a tree ranging from Indla to East Africa to .Pol ynesia. Seed
oil is used in folk nedicine as an antiparasitic in treatnment of '15

scabi es, ringworm and t as for

anal gesia. In Inﬁ °¥ﬁ|% 55@'85% z?%"$€§§é¥413 u'egiForﬁH?ge!s and wound
healing. In | nliemcnaethalbarlk”'é. Mg i ResxtGhenal,| ¢5t318r eat swol len .
glands and internally as apdisieidsy ag}uaﬁguhéaglsgem§gg agtal egollient for

 vash’ - for i niPaREAsE,EEoteln 'eimim”d SELLLEY o o bgpges o Ued 28

i nhal ations fos bie2bgeoalotoYer {Newnmamdetri gl 5 K987, Mag. Smmanchume t he

sap as an arrow poi 398y 2Sproanthocyaniafh mdreners O KNP YONVERS  AND

been used in the treatment of diseases associated with
increased capillary fragility and have also been shown
to have anti-inflammatory effects in experimental

10 animals (Beladi et al., 1977, Aan. N.Y. Acad. Sci.,
284:358). A procyanidin monomer was found to have
antiviral activity against Herpes Simplex virus in an’
in vitro assay. (Beiadi, et al., supra.) Beladi et’
al. tested the viricidal effect of a number of

15 flavenoid monomers including apigenin, pelargonidin,

quercetin and a proanthocyanidin mepomer on Herpes

Simplex virus. The proanthocyanidin monomer was found

to be the most effective in virus~inactivating

activity, followed by pelargonidin and quercetin.

Apigenin had only a slight effect. The effect of

quercetin and the procyanidin monomer on the

multiplication of Herpes Simplex virus in HEp-2 cells
was also investigated. As concluded by Beladi et al.,
the monomeric flavonoids tested had viricidal
activity, but only a slight inhibitory effect oh virus
multiplication in the in vitro assays.:

Prior to the present invention, there has
been no disclosure regarding the use of |
proanthocyanidins containing two or more flavonoid
units for treating respiratory virus infections.
Additionally, there has been no disclosure regarding
the use of proanthocyanidins of six or more flavenoid
units for treating virus infections in general.

s For the purpose of the present application,
a proanthocyanidin polymer isolated from the Croton
species is designated "proanthocyanidin polymer A" and
that isclated from Calophyllum inophylum is designated

20
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POLYMERS AND THEI R USES Pr oant hocyani di n and pr oant hocyani di n
“pol yhers are found as col orl ess phenolic substances in. 30 a wi de variety of

many phagiedsessy ticularly those with —a woody habit of gpewbsdizesre the
Croton speci es and Cal ophyl I um i nophylum). The general chem cal

structure of a polyneric proanthocyani dFrnScensi sts of | i near chains of 5,
7, 3, 4 tetrahydroxy or 5, 7, 35 3", 4', 5 pentahydroxy flavonoid 3-ol
units linked - 3- t oget-her

t hrough common C(4) - (6) and/or C(4) - C(8)
“proanthocyanidin pelymer B*. However, such

designation is solely for simplicity of discussion and
not neéessarily intended to imply that the polymers
_are different classes of compounds. Both
5 proanthocyanidin polymer A and proanthocyanidin
polymer B are considered to be within the term
proanthocyanidin polymer as described herein.

_ 2.3 RESPIRATOR CYTIAL VIRUS
10 Respiratory Syncytial Virus (RSV) belongs to
the virus family Paramyxoviridae, genus Pneumovirus,
and is responsibie for causing lower respiratory tract
infections such as bronchiolitis and pneumonia in the
infant and child. The virus is considered to be in
5 important agent of acute respiratory disease in
children and it is expected that up to 50% of infants
will suffer from RSV infections during'the;r first
winter. 1In young children with pulmonary or cardiac
disease, up to a 37% mortality rate has been reported
20 gue to RsV. Although RSV respiratory infection is
common in the young, the virus is found in respiratory'
secretions of infected persons of any age. Outbreaks
among the elderly have been associated with serious
and fatal illness, and RSV infection can be the source
% of fever and pulmonary infiltrates in immunosuppressed
adults (Englund et al., 1988, Ann. Int. Med.,1:203).
A vaccine of inactivated RSV has proven to
be ineffective against RSV infection and leads to an
unusual immune and lung inflammation upon subsequent'
RSV infection. Therefore, recent research has
concentrated on developing either potent lxve vaccines
or an effect;ve antiviral compound.
Ribavirin, I-B-D-rxbofuranosyl—i. 2, 4~
15 triazole 3-carboxamide), the current drug of cheice,
has been found to reduce the severity of illness and
amount ©f virus shed in acute respiratory infections
of RSV or influenza virus. Currently ribavirin is

This Shiet ilii Beleln Ilei]ac




—_—

hondss~ as 'shrown' bel ow. [err] 10
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consi st uni ts of t he type shown bel.ow, See Fle ,
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used for the treatment of RSV 1nfections of the
respiratory tract in aerosol form. However, because
of its toxicity, ribavirin is less desirable for use
systemically. 2Additionally, ribavirin has been found

5 to be teratogenic in animals. This has raised serious
concern for female health care personnel administering
or exposed to ribavirin (Gladu et al., 1989, J. Toxic
Env. Health, 28:1).

10 2.4 OTITIE8 MEDIA AND OTITIS EXTERNA
otitis media, inflammation of the middle

ear, is second ohly to colds as the most common
disease of early childhood. More than 60% of all
children will have an episode of otitis media by age
15 gix. The greatest risk for the development of acute
otitie media lies in infectjons caused by respiratory
~syncytial viruses, rhineviruses, influenza A viruses
or adenoviruses (Henderson, et al., N. Eng. J. Med.,
1982, 1377} Ruuskanin, et al., Pediatr. Infect. Dis.
J., 1989, 94; Sanyai, et al., J. Pediatr., 1980, 11).
It has been found that prevention of the respiratory
viral infection decreases the incidence of otitis
media (Heikkinen, et al., AJDC, 445 (1991). Use of a
flu vaccine has been found to be effective. Ho&ever,
there are a number of reasons why this is an
unsatisfactory approach: it is necessary to admxnister
the vaccine annually, two doses must be given
~initially, there is a problem of continual antigenic
variation of the influenza viruses and the resulting
fluctuation in efficacy of the vaccine and the cost.

20

25

2.5 INFLUENZA VIRUSES
Influenza viruses are members of the

35 Orthomyxoviridae family and are distributed world-
wide. Five pandemics have occurred in the 20th
century, with the 1918 outbreak killing at least 21

million. In the United States, over 500,000 deaths
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The. mononer unit (generally termed 25 "l eucoant hocyani din") of the pol yner
¢hai n, may be based on either of two stereochem stries of the C ring,

at the 2 and/or position designated cis (cal | ed epi cat eghi ans
(cal l ed cHQ A“S i feHARn g

Therefore, the polyner chains are base r'ent
30_structural unlts whi ch create a wi de variyati on of pol ymeric
pr oant hocyani di ns and a | arge nunber of possi bl e i soners (Hem ngway et
al., 1982, J.C.S.  Perkin, 1:1217). Cl13 NWR has been useful to identify

the structures of polyneric proanthocyanidins and 35 recent work has
el uci dated the chawaeé yeoh sitributed to aimt hwinza epidemjceasveocyhai dins.

Lo ger PoATErS oy ae St B, 3l MU QUG A 9GRAL, " oS
' occurring almost every winter, and transmission is
primarily through the respiratory route. Amantadine
5 has been shown to shorten the fever duration and
'respiratory synptoms by only about 50%, but causes
some central nervous system side effects, '
- Rimantidine, as yet unlicensed, shows a similar
effect, although it is not associated with the central
10 nervous system side~effects seen with amantadine.
| Primary influenza viral pneumonia, a common
complication of influenza infections, has not been
shown to be treatable by either rimantidine or
amantadine. Prophylactically, influenza has been
controlled by the use of inactivated influenza virus
vaccines with about 80% protective efficacy. .

15

2.6 HERPES SIMPLEX VIRUS
Herpes simplex virus (HSV) is a member of

the Herpitoviridae family, and is distributed world-
wide. Transmission of the virus occurs via direct
contact from person-to-person, with common entry of
HSV-1 through the oral cavity and infection of HSV-2
through the genital tract. The prevalence of HSV
antibeody is inversely proportional to socioeconomic
status, with close to 100% of HSV~-positive adults in
underdeveloped countries and 30-50% in devéloped
countries. Acyclovir, idoxuridine (IDU or 2-deoxy-5-
iodouridine), trifluridine and vidarabine (adenine
arabinoside, Ara~a) are effective in treatment of
various HSV infections, with trifluridine and
acyclovir the drugs of choice. Vidarabine, the choice
for ophthalmic infections, is not effective topically
a5 2gainst herpes labialis or other skin/genital

infections. Acyclovir is not effective topically when

used against recurrent genital infections. However,

it is effective when used i.v. and p.o. Acyclovir is

20
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4 above 2,000 daltons, containing 6 or nore units, Newman et al ./

1987, *Hag. Res. Chem, 25:118. Prooant hocyani di ns have been
reported WO 92/¢8688ess protein binding ability and a possibl pcyy ﬁl,mgwal
role (Newran et al., 1987, Mag. Res. Chem, 25:118). Proanthocyani
nononers and di ners have been used in theatxeatnent of di seases
associated with i ncreased capillary fragility and have al so been shown
to have anti-inflammtory effects in experinental 10 animals (Beladi et
al ., 1977, Ann. N Y. Acad. Sci., 284:358). A procyani di n nononer was

found to have not recommended for routine use in treatment of
recurring HSV genital infections as ganglionic latency
1s £till present and outbreaks occur after treatment
is stopped.

3. BUMMARY OF THE INVENTION

The present invention relates to a method of
treating respiratory virus infections, comprising
administering to a warm-blooded animal, a

10 therapeutically effective amount of an antiviral agent
comprising a proanthocyanidin polymer. The
proanthocyanidin polymer preferably contains 2 to 30
flavonoid units, more preferably 2 te 15 flavonoid

‘units, and most preferably 2 to 11 flavonoid units.

'S The flavonoid units include but are not limited to

catechins, epicatechins,.gailocatechins,
galloepicatechins, flavanols, flavonols, flavandiols,
leucocyanidins, anthocyanidins, or combinations
thereof. The flavenoid units can be singly or doubly
linked to each other. More specifically, the method
of the invention can be used to treat respiratory
infections induced by a respiratory syncytial virus as
well as Parainfluenza virus 3, Influenza A, Influenza

o8 B virus and virus associated with otitis media and
otitis externa. The proanthocyanidin polymer can be

administered intravenously, intraperitoneally,
subcutaneously, intramuscularly, orally, topically, or
by inhalatzon.

The proanthocyanzdzn polymers are effective
against most of the viruses implicated in otitis
media. They are soluble in agueous solutions, are
readily formulated for parenteral, oral, iopical
(i.e., into ear and nose) administration and thus are
35 admirably suited for use in the prophylaxis or

treatment of otitis media.

The preanthocyanidin polymers are similarly
egﬁective against the viruses implicated in otitis

20
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antiviral activity against,Herpes Sinplex virus in an in vitro assay.

(.Bel adi, et al., supra.) Beladi et al. tested the viricidal effect of a
nunber ofW@P270669Hno0i d nononers i ncl udi ng api'geni n, pel ar gorpCT/US91/07679
guercetin and a proant hocyani din nononer on_Her pes Si mpl ex virus. The
pr oant hocyani di n nononer was found to Pe?the nost effective. in
virus-inactivating activity, followed by pel argonidin and quercetin. 20
Apigenin had only a slight effect. The effect of guercetin and the
procyani di n nononer on the mul ti plication of i npl ex yirus_in

. Her pes Sinp
HEp-2 cells WRXERTRA i N\ RAGAURR APCHY ITYEESLAZE. E?‘:BEFQdP“E‘?l #°C  the
mononeric fl avonainks tyaspathidasembrans dahe praanthotyanbdinopbyymessi ght
i nhibitory effect | LUS s tinld j i € o LLre.agsays. -
Prior to the pr esceaﬁ? %%v%%ll%ani,ﬂ t%eérﬂelqcé}ge%dbgg%p’ngi}gi éé%ogﬂré regar di ng
the use of pr cemit takl e rf ormsl atinmisd @F ko comengirertayointe units

for treating respidmifdy vithstid ety Additional ly, there has been
no di scl osure regardi ng he use r oant hocyani (glg‘gs of Eix [ _nore

t of
f1 avonoi d units for treaT’F?lngﬁq"lg“?W’éth usgtydn£px) treaking
For the purpose aofespirsraxeninglintddtiions have a structure selected

10
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a .proant hocyani din pol yner isolated fromthe Croton speci es is

desi gnated_" ocyani di n pol ymer A" and that isolated fr
Cal ophyl | &Nﬂ%{? Wum i s designated. = “perrussiorer
- 5- "proant hocyani din polynmer B". However, such designation is

solely for sinplicity of discussion and not necessarlly intended to inply
that the polyners are different classes of conmpounds. Both 5
proant hocyani di n pol ymer A and proant hocyani di n

from I, II, and.IIi, and their esters, or ethers or
the corresponding oxonium salts

: I13
30 where a, b =1 to J, Xx=0o0orl1, n= O.to 28,
preferably 0 to 13, more preferably 0 to 9.
The proanthocyanidin polymer useful for
treating a respiratory virus infection can comprise 2
to 30, preferably 2 to 15, most preferably 2 to 11
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polymer B are considered to be within the term proanthocyani din polyner
as descri bed herein. 2 .3 RESPI RATORY SYNCYTI AL VIRUS 10
Respi rat ow0 83/06§98 al Virus (RSV) belongs to t he virus fanpty/use1/07679
Par anmyxovi ri dae, genus Pneunovi rus, and is responsible for causing | ower
respiratory tract i nfections such as lwognchiolitis and pneunpnia in the
infant and child. The virus is considered to be in 15 inportant agent of
acute respiratory disease in children and it is expected that up to 50%
of infants will suffer fromRSV infections during their first W nter.
I'n young childr | PR 1 Qv '%Qéﬁetuﬂé i@ 395796
nortality rate ﬁgb%'g%ﬁp#eporte%bl% tﬁﬁ(ﬁg‘ Ré'\"/'g Al t.hou g es atory
infection is %ﬁ#ﬁﬁﬁ\|?FE?EF)R£ME?IQﬁﬁPqﬂ45E§ PXORIUR SR ?eE%?Fg?g
secretions of infected persons of any age. Qutbreaks anong the elderly
have been associated with serious and fatal illness, and RSV infection
can be the sourge 25 of fever and puInDnary |nf|Itrates i n i mMmunosuppr essed
adults (Englund¥et al., 1988, Ann. Int. A vacci ne
of inactivated RSV has proven to

(oH),

10

. Iv
vwhere X, Y=1to 3, z =1 or 2.
Anocther embodiment of the invention further
relates to a method of treating virus infections
comprising administering, to a warm-blooded animal, -a

15

therapeutically effective amount of antiviral agent
2ocomprisihg a proanthocyanidin polymer containing 6 to
30 flavoneid units, preferably €6 to 15 flavonoid units
and more preferably 6 to 11 flavonoid units. The
flavonoid units include but are not limited to
catechins, epicatechins, gallocatechins,
2sgalloepicatechins, flavanols, flavonols, flavandiols,
leucocyanidins, anthocyanidins, or combinations .
thereof. The flavonoid units can be singly or double
linked to eac¢h other. The method can be used to treat
virus infections which are caused by paramyxovaridae,
3p orthomyxovaridae or herpes viruses. The
proanthocyanidin polymer can be administered
intravenously, intraperitoneally, subcutaneously,
intramuscularly, orally, topiéally; or by inhalation.
The present invention also relates to
35 proanthocyanidins useful for treating virus infections
in general having a structure selected from I, II, and
II1I, above, and esters, ethers and corresponding

[
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bé ineffective against RSV infection and |eads to an  unusual immne and
Iung i nfl ammati on upon subsequent 30 RSV infection. Therefore, recent
resear ch hwi 92/0669Scent r at ed on devel opi ng either potent i v PGEEISIHH679
or an effective antiviral conpound. Ri bavirin,

(1-[err]-Dribofuranosyl-1, 2, 4- 35 triazoi2 B-carboxanide), the current
drug of choice, has been found to reduce the severity of illness and

anount of virus shed in acute respiratory infections of RSV or influenza
virus. Currently ribavirinis

oxonium salts thereof, where n = 4 to 28, preferably 4
to 13, most preferably 4 to 9.
The present invention also relates to novel
proanthocyanidins which are obtained from a Croton
sspecies and from a Calyphyllum inophylum species and
their esters, ether and oxonium derivatives. Such
proanthocyanidin can be isolated from the whole plant,
the bark, the leaves, the roots or the latex. 1In a
preferred embodiment, the proanthocyanidin can be
10obtained from Croton lechleri and from Calophyllum
inophylum. These novel proanthocyanidin polymers are
characterized by IR, UV-visible, and/or C NMR
. spectroscopy. '

15 4. BRIEF DESCRIPTION OF THE FIGURES
Figure 1 Fourier-transform infra-red spectrum of

proanthocyanidin polymer A isolated from the Croton

tree. ) _

Figqure 2 'H Nuclear magnetic resonance spectrum of
2oproanthocyanidin'polymer A isolated from the Croton

tree. Sample was in D,0 at 400 MHz.

Figure 3 Broad-band decoupled "C nuclear magnetic

resonance spectrum of proanthocyanidin polymer A in D,0
sat 100 MHz. ’

Fiaqure 4 The C NMR spectra of proanthocyanldln

polymer B isolated from Calophyllum inophylum,

obtained at 100 MH2z in D,0.

- Figure 5 Fourier~transform infra-red spectrum of
3°proanthocyanidin polymer B isolated from Calophyllum
znopdylum. : '

F1gg:e € The effect of proanthocyanxdxn polymer A and
Amantadine on lung consolidation in mice infected with
influenza A (HIN1) virus (early treatment initiation).
asFigure 7 The effect of proanthocyanidin polywer A and
Amantadine on lung virus titers in mice infected with
influenza A (HIN1) virus (early treatment initiation).

—— .
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- 6+ . ‘used for the treatment of RSV infections of the respiratory
tract in aerosol form However, because of its toxicity, ribavirinis

| ess desir W0I2(0669use systenically. Additionally, ribaviri RCTEESYEEI679
found 5 to be teratogenic in aninmals. This has raised serious concern f.or
femal e health care personnel adm nistering 13or exposed to ribavirin (d adu
et al., 1989, J. Toxic Env. Health, 28:1). 10 2.4 OTITIS
MEDI A AND OTI TI' S EXTERNA Qitis nedia, inflammtion of the

m ddl e ear, 'is second only to colds as the nost conmon di sease of early
chi | dhood. More t FaguB@yBof Thel effett| df eproanthdcyan ki palytero andt i s

medi a by age 15 ShﬂanIQ?xﬂEeﬂﬁe§§t8b§ 1f§§YéQ§ ggyﬁgggysﬁﬂ(gyoiﬁ?$emale

otitis media lies ILn infections ¢ause res |rator¥ syhcyti al vi ruses,
r hi novi r uses, |an&§ﬁz&nﬂeFFPGsEéth influenza A (HIN1) virus (ear y

initiation).

SFigure 9 The.effect of proanthocyanidin polymer A and
Amantadine on arterial oxygen saturation (Sa0,) in
female mice infected with influenza A (HIN1) virus
(early treatment injtiation).

Figure 10 The effect of proanthocyanidin polymer A
10and Amantadine on lung consolidation in mice infected

with influenza A (HIN1) virus (late treatment

initiation).

Figure 11 The effect of proanthocyanidin polymer A on

lung titers in mice infected with influenza A (HIN1)

Byvirus (late treatment initiation).

Figure 12 The effect of proanthocyanidin polymer A

and Amantadine on arterial oxygen saturation (Sa0;) in

male mice infected with influenza A (HIN1) virus (late
treatment initiation). |

Figure 13 The effect of proanthocyanidin polymer A

and Amantadine on arterial oxygen saturation (sa0,) in

female mice infected with influenza A (HIN1) virus

(late treatment initiation).

Figure 14 The effect of Ribavirin on lung virus

titers in mice infected with influenza A (HIN1) virus.

Figure 15 The effect of intrapefitoneal Ribavirin

- treatment on lung consolidation in influenza A (HIN1)
virus infected mice.

30215335_15 The effect of intraperitoneal Ribavirin
treatment on blood Sa0,¥ in influenza A (HIN1) virus
infected mice.
Eiguxe 17 The effect of proanthocyanidin polymer A
and Ganciclovir on HSV-2 vaginal lesions in mice.

ssFigure 18 The effect of proanthocyanidin polymer a in
S%¥ and 103 topical formulations, compared to placebo
and acyqlovir, in a 5% topical formulation.
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or adenoviruses (Henderson, et al., N Eng. J. Med., 1982, 1377,
Ruuskanin, et al., Pediatr. Infect. Dis. 20 J., 1989, 94; Sanyai, et al.,
J. Pedi aw0 9270685, 11). It has been found that preventi ACI/USII/O7679
respiratory viral infection decreases the incidence of otitis medi a
(Hei kki nen, et al., AJDC, 445 (1991). Usetof-a flu vacci ne has been
found to be effective. However, 25 there are a nunber of reasons why this
is an ‘unsatisfactory approach: it is necessary to adninister . the
vacci ne annual ly, two doses nust be given initially, there is a problem

of continual antigenics. m&guuawnund t he

resul ting fluctuation gn; efflgy X PR YABREOST .

2.5 | NFLUENZA VI RUSES 1 ) are_nenbers of the 35
Ot honyxoviridae famly aﬁﬁoaﬁ%hQFXRn44iReﬂi%ﬂﬂWQFs or RPd¥MeESye pandeni cs
have occurred i gsébg1286R thecﬁfﬁsﬁﬂt anﬁi%¢ﬂr&11&k&hmubbueak killing at

least 21 kLE&Brxsgdtgg mgﬁgﬁﬁkf%éﬁé¥is éﬂ%&éﬁ@%o@?ﬁhﬁazns.
Leucoanthocyanidins are generally monomeric flavonoids -
which include catechins, epicatechins, gallocatechins,
galloepicatechins, flavanols, flavonols, and flavan-
3,4=-diols leucocyanidins and anthocyanidins. The
10proanthocyanidin polymers useful for treating
respiratory virus infections have 2 to 30 flavonoid

units, preferably 2 to 15 flavonoid units, and most
preferably 2 to 11 flavonoid units. The |
proanthocyanidin polymers useful for treating virus

% infections in general, including but not limited to,
infections related to influenza viruses, parainfluenza
viruses, viruses of the types known as
paramyxovxrzdae, orthomyxovaridae, and herpes vxruses,
have 6 to 30 flavonoid units, preferably 2 to 15

2°flavonozd units, and most preferably é to 11 flavonoid
units. :

Proanthocyanidin polymers having a varying
number of flavenoid units are known and have been
reported, for example, in W.L. Mattice, et al.

zsphytéchemistry, 23, p. 1309-1311 (1984); Z.
Czochanska, et al., J.C.S5. Chem. Comm., 375 (1979);
W.T. Jones, et al., Photochemstry, 15, p. 1407-1409
(1976) ; E. Haslam, Plant Polyphenols, p. 75 (1989),
which are all incorporated by reference. Tho=ze
polymers havings the recited ranges of flavonoids
units and described in these references are useful for
the methods of the present invention.

30

35

I

This Sheet Has Been R,

N




-7- have been attributed to influenza epidencs over the | ast twenty
years. The out breaks are seasonal, occurring al nost every wnte and
transni ssiwo 9240669%ri marily through the respiratory route. Am{'d’é?‘lﬂ"gghas
been shown to shorten the fever duration ang _respiratory synptons by only
about 50% but causes sone central nervoussystem side effects.

Ri manti di ne, as yet unlicensed, shows a simlar effect, although it is
not associated with the central 10 nervous systen1side-effects seen with

amant adi ne. .
5.2 METHODS FOR OBTAINING USEFUL
PR THOCYANIDIN PO ERB

$5.2.1 JISOLATION
Useful proanthocyanidin polymers are
5obtained from various plants including but not limited
to the classes Filices, Coniferae, Monocotyledoneae,
and Dicotyledonae (J.B. Harborme, THE FLAVONOIDS,
ADVANCES IN RESEARCH SINCE 1980 (1988)). They can be
obtained using the entire tree or plant, the bark,
1°stem§, roots or latex. -

These plant source materials are extracted
with water and/or a water miscible solvent. The
preferred solvents are alcohol of 1-3 carbon atoms or
acetone. The agueous extract is used directly or

15 after solvent removal. If the solvent is removed, the
solid residue is redissolved in a solvent, preferably
a lower alcchol or aceteone, and 1nsolub1e materials
are discarded. The s:luble fraction is subjected to
gel filtratien (e.g., over a Sephadex), reversed-phase

‘20 column chromatography (e.g., C-8), or gel-pe:meation
chromatography (e.g., divinyl benzene cross-linked
gels) such as PL-GEL or membranes (e.g., an Amicon
membrane) using water or water and a water miscible
solvent, with or without a buffer, as the mobile

25 phase. The water miscible solvent is preferably a 1-3
carbon alcohol, acetone or acetonitrile.

The useful proanthocyanidin pelymers of this
invention are the fractions detected by ultraviblet
(uv). They have their major UV absorption maxima

30 petween about 200-350 nm, with peaks usually at 200-
210 nm, and 275-285 nm.

With regard to the novel proanthocyanidin
polymer compositions which form part of the basis of
this invention, such polymers can be obtained from the
Croton tree or Calophyllum spéciés by using the above-
described extraction method. The soluble fraction is
sub)ected to gel f11tration, reversed-phase column

35
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Primary influenza viral pneunobnia, a common conplication of influenza
i nfections, -has not been shown to be treatable by either rimantidine or

anantadln E | actically, influenza has been 15 controll RPerse
|nact|vé? | uenza virus vacci nes with about 80% protective

efflcacy 2.6 HERPES. S §RLEX VI RUS Her pes

sinmplex virus (HSV) is a nenber of 20 the Herpitoviridae famly, and is

di stributed worl d- w de. Transm ssion of the virus occurs via direct

contact from person-to-person, with common entry of HSV-1 t hrough the

oral cavity andSsﬂ;gﬁ%%gﬁrgﬁhyﬁn@gqé;ggﬁggggﬂhtd“}dmaﬂdgghphyacbr The

preval ence of H ¥ s’ i nversel r.o ortlonala&ﬁ |0e non1c
status, with cl oRenPEanese, PSRy -YALST | ‘gﬁﬁf[ and, a Fe 55& 5ed
countries and 30gblvent, dexﬁhoaedulthmmmrbuﬁtem@sclm mobiidex phadene (1 DU

or 2-deoxy- 5- 30ah§deﬂa'9 ant! tfa iSO CAHYR MY Ahe PolFRgRsNEre

ar abi nosi de, Ara are e var
i nfections, mntﬁdFFPFFaﬂlﬂﬁhEQaﬂﬁ at %c&%ﬂiﬁwqftQRP #P9-350: Adi-ce.

Vi dar abi ne, the choice According to a preferred embodiment of the
present invention, a novel proanthoecyanidin polymer
can be prepared as follows: Latex obtained from a
Croton tree (e.g., Croton lechleri) or from
10calophyllum inophylum is used directly or is
concentrated by the removal of water (e.g.,
.lyophilized). It is extracted with water, a lower
alcohol of about 1-3 carbons, or with acetone to give
an agqueous soluble fraction. The agueous~soluble
Sfraction of the lyophilized or otherwise concentrated
material is subjected to partitioning by ethyl
acetate/water solution and to gel filtration (e.g.,
Sephadex) using water and/or water and alcohol and/or
water and acetone, with or without a buffer as the
0pebile phase. The fractions containing a chromophoric
band are detected by ultraviolet (uv) (Amax about 20C-
350 nm) and collected and concentrated and subjected
to gel filtratidn again, if necessary, to yield the
proanthocyanidin polymer. Alternatively, the agueous~
soluble fraction described above is lyophilized or '
concentrated or is used directly and is subjected to
. reversed-~phase column chromatography (RP HPLC), using
watér and/or water and acetone and/or water and
alcohol as the mobile phase. The fractions containing
a chromophoriec band detected by uv (max about 200-350
nm) are collected and concentrated, and subjected to
RP HPLC again, if necessary, to yield the
proanthocyanidin polymer. Alternatively, the aqueous-
45 Soluble fraction, described above, is lyophilized,
concentrated or is directly subjected to gel
.permeation chromatography (GPC), using water and/or
_ water and alcohol and/or water and acetonitrile, with

25
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for ophthalmc infections, is not effective topically 35 against herpes

| abi alis qr ot . skin/genital I nfections. Acyclovir is n |
topically We%p&a’%sed agai nst recurrent genital infections. (ﬁ%&%ﬁf’h]’% it
is effective when used i.v. and p:.o. AcyclLoyhr-is ' not

recommended for routine use in treatnent of recurring HSV genital
I nfections as ganglionic |atency

or without a buffer, as the mobile phase. The
fractions containing a chromophoric band detected by
uv at Amax about 185~350 nm are collected and
concentrated and subjected to GPC again, if necessafy,

$to yield the proanthocyanidin polymer. See examples
in Sections 6.1 - 6.3, infra.

' As demonstrated in Section 6.2 when
chromatographed on a Perkin Elmer LC-620 using Polymer
Labs PL-gel 5m 500 A, 300 x 7.5 mm and THF-water (95:5

10v/v) system at a flow rate of 1 ml/min,
proanthocyanidin A has a retention time of 7.2 min.
and proanthocyanidin B has a retention time of 6.5
min. Typical spectra for proanthocyanidin polymers
are shown in Figs. 1 and 5.

15

5.2.2 BYNTHESIS OF USEFUL PROANTHOCYANIDIN
POLYMERS AND DERIVATIYEB THEREOF

It is known that leucoanthocyanidins can be
condensed in mildl} alkaline or acidic solutions te
20 form proanthocyanidins. As an example, L.Y. Foo and
R.W. Hemingway, J. Chem. Soc., Chem. Commun., 85
-(1984) were able to synthesize a trimer -from flavanol
monomers. J.A. Delcoun, et al.,, J. Chem. Soc. Perkin
Trans. I., 1711 (1983) teaches that under mild, low
25 pH, conditions and an excess amount of (+)~catechin,
condensation occurred to form higher and predominantly
linear [4,8)-linked oligomers. Specifically, dimers,
trimers and tetramers of the flavonoid analogues were
synthesized and characterized by NMR spectroscopy. By
30 use of such condensation reactions proanthocyénidin
polymers of up to about 30 flavonoid units can be
synthesized for use in the methods of the invention.
As an alternative to the above synthesis, enzymatic
synthesis can be employed to produce the useful
sproanthocyanidin polymers. The novel proanthocyanidin
polymer'compositions of the present invention

3
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Is still present and out breaks occur after treatnent I's stopped. 5

3. SUMWARY OF THE | NVENTI ON . The present invention relates to a
met hod -of WQPYRE6¥y respiratory virus infections, conprisi ngPCT/US91/07679
adm nistering to a warm bl ooded animal, a 19 t herapeuticaltly effective
amount of an antiviral agent . conprising a BrSanthocyanidin pol yner. The
proant hocyani di n pol ynmer preferably contains 2 to 30 flavonoid units,
nore preferably 2 to 15 flavonoid units, and nost preferably 2 to 11

flavonoid units. 15 The [flqyonoid upits i.nclude but_are nqt limted to
cat echi ns, epicaté@ﬁqi§?°§§ﬁﬁb8§ﬁ@€ﬁékéfd gﬁﬁ??ﬁeﬁ?ﬁaﬂ@%ﬁﬁﬁ%, f1 avanol s,
flavonol s, flavandiyrithesizedbycgachdreactionBocyani dins, or conbinations
t hereof. The flavonoi d uni t%sq:@}{sﬁgésbggé*qtﬁhgglgﬂp&yn_2901 daty gRch

other. More specifically, the né nvention ‘can he used to
treat respirat oryPreﬂﬁﬁ@ctﬁYOﬁmﬁeﬁéeaeEW’ésrEgpP?&H)Y’;P’EM a8 BY rus as
wel | as Parainfl| gaie pdadtioh dfithéecpeayher! witheazid chIoridess cand virus

Ao pocL At el i AT Th the' pReBEhEL"Br hEe PTGy Nocyanidin
particular utility is the preparation by reaction with
acid anhydrides in pyridine as utilized for the
acylation of certain other lower molecular weight

10 flavonoids by Thompson, et al., JCS, 1387 (1872),
Fletcher, et al., JCS, 1628 (1977) and Hemingway, JCS,
1299 (1982).
Ethers can be prepared by standard methods
of etherification such'as by reaction of the polymer
Swith alkyl halides and alkyl tosylates in bases.
Methyl ethers are readily prepared by the use of
diazomethane as utilized in the etherification of
certain other low molecular weight flavoneids by
Thompson, JCS, 1387 (1972), Hemingway, JCS, 1299
20 (1982).
' The oxonium salts (sometimes referred to as
pyrilium salts or anthocyanidins) may be prepared by
the so-called Bate-Smith reaction (Chemistry and
Industry, 1953, 377), by warming with agueous or
5alcoholic-acids (see also, Thompson, et al., JCS, 1387
(1972) and references cited in Haslam, PLANT
POLYPHENOLS, 1989, p. 28, Cambridge Press). This
reaction can be advantageously catalyzed by iron
(Porter et al., Phytochemistry, 25, 223 (1986)).

2

$.3 CHARACTERIZATION OF NOVEL
PROANTHOCYANIDIN POLYMERS

Novel proanthocyanidin polymers prepared
according to the present invention have solubility in
methanel and water. The polymeré are soluble in water
and aqueous solution including alcohol seolutions to a
degree of -at least about 10 mg/ml.

35
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adm ni stered intravenously, intraperitoneally, subcutaneously,
intranuscugﬁigi rally, topically, or by i nhal ati on. The
pr oant hocy ’ﬂ‘%ﬁl yners are effective agai nst nost of t HRCT/USqL/02679

inplicated in otitis medi a. They are soluble in aqueous solutions, are
readily fornul ated for parenteraJ,'cﬁ%uT t opi cal (i.e., into ear and
nose) adm nistration and thus are 35 admrably suited for use in the
prophylaxis or - treatnent of otitis nedia. ~ The

proant hocyani din polymers are simlarly ef fec Lye against t he viruses
inplicated in otitis he proanthocyanidin polymers have been

analyzed by a number of methods to determine their
molecular weight and various other chemical and
physical features. Various stereoisomers of
S5proanthocyanidin polymers have been obtained and are
within the scope of the present invention.

Column chromatography has been used to
isolate water soluble fractions containing novel
proanthocyanidin polymers varying in average molecular

10weight from about 700 daltons to about 3000 daltons,
which corresponds to 2-3 to 9-11 average flavonoid
units, respectively.

Bc-NMR spectroscopy indicates that the
proanthocyanidin polymers contain flavonoid moieties
in which the individual flavonoid ring units possess
various stereochemistries.

15

UV-visible spectroscbpy is consistent with
the possible presence of a flavylium mojety or
moieties within certain of the proanthocyanidin
2opolymers. _
The characterization of proanthocyanidin
polymer A and proanthocyanidin polymer B is further
discussed in the examples at Sections 6.3 and 6.5.
Functional derivatives of these polymers can be made
and may be useful as intermediate for the preparation A
of useful proanthocyanidin polymers.

5.4 .PROPHYLICTIC AND THERAPEUTIC USBES
OF PROANTHOCYANIDIN POLYMERS

Proanthocyanidin polymers have been shown to
be active in vitro and in vivo against a wide variety
of viruses, and can be advantageously used in
prophylactic and therapeutic applications against
as diseases induced by such viruses.

30

The proanthocyanidin polymers can be used
either alone or in combination with other antiviral or
antimicrobial agents to prevent and/or treat diseases
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MR




- 9- externa. Because such viruses are |ocated outside of the

& ynpani c ﬂ@ﬂﬁg t he proant hocyani di n pol yners can be t qpiy %

adm nistered 1nto the ear in a suitable forrmulation so as itﬁgi@ 07679
directly into 5 contact with thewigouses. The

pr-oant hocyani di ns useful for treating respiratory virus i nfections have a
structure sel ected 10 : 15 '

induced by or complicated with viral infections from

viruses including, but not limited to: paramyxovaridae

such as respiratory syncytial virus, orthomyxovaridae

such ‘as influenza A, B and C, and herpes viruses such
§as Herpes Simplex virus.

Proanthocyanidin polymers have various
advanfages in the treatment of viral infections
including, but not limited to:

1) a broad range of antiviral activity;

.10 2) very low toxicity;

3) no teratogenicity; and

4) application to both systemic as well as

localized (i.e., topical) applications.

15 5.5 - ROUTES OF ADMINISTRATION
The proanthocyanidin polymers of the present

invention can be administered for prophylactic and

therapeutic applications by a number of routes,

including but not limited to: oral, injection
20 jneluding but not limited to, intravenous, .
intraperitoneal, subcutaneous, intramuscular, ete¢,, by
topical application such as to nasal, nasopharyngeal
linings and into the ear, and by inhalation via
aerosolization and application to respiratory tract
linings, etc.

' When used according to the present invention
against viruses, effective dose ranges of the
proanthocyanidin polymers are about $.0 - about 30

mng/kg if given orally (P.0.), about 0.1 - about 10
3omg/kg if given intraperitoneally (I.P.), and about 5 -

about 30 mg/kg/day if given by aercsol. If given
| topically, the proanthocyanidin polymer is applied in
a suitable vehicle at a concentration of about 5 to
about 1S5%.

When administered to warm-blooded animals,

including humans, the proanthocyanidins nay be

25
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combined with water, an agueous solution or any
physiologically acceptable carrier or vehicle.

The following series of Examples are
presented for purposes of illustration and not by way
sof limitation on the scope of the invention.

6. EXAMPLES

6.1 IBOLATION OF A NOVEL PROANTHOCYANIDIN
POLYMER FROM A CROTON LECHLERI BPECIES

{PROANTHOCYANIDIN POLYMER A

In one series of experiments, a novel
proanthocyanidin polymer was obtained as follows:

C. lechleri trees were tapped and felled
near the village of San Pablo de Cuyana on the Nanay
River 100 kilometers from Iquitos, Peru. The latex
was obtained over a period of 24 hours by scoring the
trees. :

10

The latex (11).qbtained from the Croton
lechleri trees was diluted with isopropancl in the
oratio of 1 part latex to 3 parts isopropanol (31) and
-allowed to stand for 15 hours at 10°C. The resultant
isopropanol-diluted latex was centrifuged, and the
insoluble material was removed by decantation, leaving
‘the mother liquor (3.7 1). The mother liguor was
25.c:oncem'.r:atled to dryness by rotoevaporation at 33°C to
give 240 g of a deep-red brown powder. This
concentrated material (980 g) was subjected to gel
filtration using Sephadex CM~50 with water (20 1) as
the mobile phase. The early-eluting fractions
3°cbntaining a red pigment were detected at A 200-350 nm
or by vistual detection of a red band eluting through a
transparent column. To isolate the proanthocyanidin
polymer, the early-eluting fractions were collected
and subjected to gel filtration chromatography and/or
35 HPLC as described below.
The HPLC isolation was performed by
injecting 5 ul of concentrated samples onto a Perkin-
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35 . o - 10 - froml, Il, and IIl, and
their esters, or others or t he correspondi ng oxoniumsalts .
WO 92/06695 PCT/US91/07679

- 22 -

Elmer LC Analyst liguid chromatograph system eguipped
with an IC-200 autosampler, LC 600 pumps and a LC-235
diode array detector using a Waters Ultrahydrogel 500
GPC column with Burdick and Jackson HPLC-grade water
Sat 0.8 ml/min at ambient temperéture, with detection
at A 280 and 195 nm. The proanthocyanidin polymer was
found to have a retention time of 4.6-5.6 minutes
depending on sample concentration, column conditioning
and temperature.
10 The red-pigment containing fractions
isolated from Sephadex CM-50 were combined and
subjected to gel filtration chromatography over
Toyopearl HW=40S (2.5 L), using water, 10%
acetone/water, 20% acetone/water, and finally 40%
acetone/water in a step gradient fashion. The late-
eluting red fractions detected by uv-vis as Amax 340
nm, were combined and concentrated for further '
purification on HPLC as described above. The comblned
fractions isolated from HPLC were again subjected to
gel filtration chromatography over Toyopearl HW-40S to
yzeld a preanthocyanidin polymer designated
proanthocyanidin polymer A.

15

In another series of experiments, a novel
proanthocyanidin polymer was obtained as follows:

* Four liters of cold crude latex from the C.
lechleri (or from the entire macerated plant, the bark
or the roots) were diluted with twelve liters of
isopropanol, stirred and stored at 5°C for 15 hours.

3o'rhe residue was removed by filtration and the solution

- evaporated to dryness, in vacuo, yielding about 970 g.
of solids. _

' The solids were added, with stirring, to 6 1

of water and 3.6 1 of n-butanol. The agueous phase

35 Was separated and concentrated to dryness giving 700 g
of material vhich was added, with stirring, to 2 1
methancl, and then 12 1 of ethyl acetate was added.

——— ——— The solution was kept at 15° for 15 hrs and the soligd
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material removed by filtration and discarded. The
solution was concentrated to dryness yielding
approximately 390 g. of .crude proanthocyanidin polymer
A. '

The proanthocyanidin polymer A fraction was
concentrated by .a combination of cation exchange,
adsorption and size exclusion chromatography as
follows: 450~-600 g of the crude proanthocyanidin
polymer A was bassed through a CM-Sephadex C-50 bre—
column using de-ionized water as the eluent. The
orange and dark red fractions were collected and then
chromatographed, using de-ionized water, over another
Sephadex C-50 column equipped with a UV detector set
at 460 nm, and 1-2 1 fractions were collected. The
initjal pink band was discarded and the subsequent
effluent passed through a column containing Sephadex
G-50 until the broad red-brown band was eluted. 15%
agueous acetone was passed through the G-50 column
until the effluent was colorless. Fractions of the

"effluent were examined by HPLC as described in Section

6.2, and those fractions containing proanthocyanidin
polymer A were combined and evaporated to dryness
yielding about 210 g. of proanthocyanidin polymer A.

6.2 PURIFICATION OP PROANTHOCYANIDIN
POLYMER 2

About 150 g. of crude proanthocyanidin
polymer A, obtained as described in Section 6.1 above,
was dissolved in 300 ml 20% agueous acetone and was
chromatographed over a mixed-mode gel- '

permeation/absorption column (Toyopearl HW40S, a

spherical methyl methacrylate polymer of 40 pm
particle size). 16 1 were collected, then the eluting
solvent was changed to 40% agueous acetone and 8 more
liters were collected, then the elution was continued
with 4 1 of 60% aqueous acetone. The fractions
containing proanthocyanidin polymer A, as shown by

—_—

———
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///;0 where a, b =1to 3, x =0 or 1, n =0 to 28, preferably 0 to 13,
nor e p_referablé 0 to 9. The proant hocyani di n pol yner useful for

P6&20ry virus infection ggn.conprise 2 t o RCT/HIS81/G7619 y
2 to 15, nost preferably 2 to 13. 35

treating a

lE__

10

15

20

25

35

HPLC (See Section 6.3), were combined and the solvent
removed in vacuo yielding approximately 57 g. of
solid.

Final purification was accomplished by a
combination of adsorption and size~exclusion
chromatography: §50-75 g. of the above solid were
dissolved in 90% ethanol and introduced onto a column
containing Sephadex LH-20 (a cross-linked dextran gel
with hydroxypropyl groups attached by ether linkages
to glucose units of the dextran chains). Elution was
carried out using 10 1 of 90% agqueous ethanocl, then 15
1 of 20% agueous acetone, 5 1 of 40% aqueous acetone,
5 1 of 50% aqueous acetone and then 5 1 of 60% agueous
acetone. Fractions were collected at 2 1 intervals
and assayed by HPLC. The fractions containing
proanthocyanidin polymer A were combxned and
evaporated to dryness in vacuo at 35° giving 35 g. of
pure proanthocyanidin polymer A. |

For the HPLC, a 30 cm gel-permeation column
for non-aqueous'mobile phases was used in which the
stationary phase is Polymer Laboratories PL-Gel 5m
500A (a divinylbenzene-polystyrene polymer, 5 g
particles, 500A pore size). The HPLC systenm was
equipped with a diode array detector that generates UV
spectra, with the detecter set at 280 nm..

Samples are dissolved in 95% agq THF, which
is also the developing solvent. At a flow rate of 1
ml/min, the proanthocyanidin polymer A peak maximum
has a retention time of 7.2 £ 0.5 min.{
proanthocyanidin polymer B has a retention time of 6.5
¢ 0.5 min, indicating that proanthocyanidin polymer B
has a larger molecular weight than proanthocyanidin
poelymer A. '

\
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nmononeric flavanoid units having structure IV, or esters, ethers or
correspondi ng oxoni um salts thereof. 5

WO 92/06695 '_ PCT/US91/07679
- 25 - :

6.3 CHEMICAL IDENTIFICATION AND STRUCTURAL
FEATURES OF TRE PROANTHOCYANIDIN

POLYMER A

In the infrared, the proanthocyanidin
polymer A of the invention, obtained as descrihed in
Section 6.1 above, shows a very broad intense peak
ranging from 3550-2500 and other peaks at 1612, 1449,
1348, 1202, 1144, 1107, 1068 and 1027 cm-1l. See
Figure 1.

The 1H NMR spectrum in D;0 (400 MHz 24°C)
exhibited very broad peaks'at §7.1, 6.9, 6.1, 4.7 and
2.8 ppm. See Figure 2. .

10

Ultraviolet-visible spectral analysis in H;0

revealed broad peaks at A 202, 235, (shoulder), 275,

305 (shoulder), 460 and trailing greater than 600 nm.

Although the UV data of the present polymer closely

resembles those of other known ptoénthocyanidins. the

visible data are clearly different. The known
proanthocyanidin monomers and polymers are colorless

(N 205, 240, 275 nm) and have no absorption in the

visible range, whereas certain of the isolated novel

proanthocyanidin polymer A of the present invention
are colored and have a visible absorption at 460 nm.

The color of the proanthocyanidin polymer suggests the

,5 Presence of a flavylium moiety or moieties within the
proanthocyanidin polymer. This is consistent with the
visible spectroscopic data reported for closely
related monomeric anthocyanins which contain’ the
flavylium moiety-(k 460-560 nm).

10 The 13C NMR spectra of the proanthecyanidin
polymer was obtained at 100 MHz in D,0. The
experiments performed were broad-band decoupled. As
shown in FIG. 3, the 13C NMR spectrum in D,0 exhibited
very broad peaks at § 155(C-5, C=7, C-9), 145(C-3', C-

3% 5')°, 143(C-3', C=4'), 130(C-1', C'-1'°, C~4'"), 128(C~
1'), 121(C-6), 116(0-1', Cc-5'), 109(C-8, C=2'", C=6'®),
97(c~6), B2(C-2), 76(C~2), 73(C~3), and 38(C-4) ppm,

15
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[érf] ~ where x, y =1to 3, z =1 or 2. Anot her enbodi nent of
the invention further relates to a nmethod of treating virus infections
conpri si ng WOA2/0698ri ng, to a warm bl ooded aninal, a ther ap@GE{E¥S31/47679
effective anount of antiviral agent coenp6ising a proanthocyanldln pol yrer
containing 6 to 20 30 flavonoid units, preferably 6 to 15 flavonoid units
and nore preferably 6 to 11 flavonoid units. The flavonoid units include
but are not linmited to catechins, epicatechins, gallocatechins, 25 °

gal | oepi cat echfas, thea\mmedpmmﬁonoBsrmGava'ﬂbPol%C N%Lﬂ?&ﬂ/am di ns,

anthocyanldlnsﬁugaegengbﬁg ﬁgspoiﬁfgeﬁf -sthife Mo aQiedepB8htéscan be S|ngly

or double Ilin 10 eac The et hod can be useq.to tgeat Vi rus
i nfections mhléﬁtHPE“cﬁbgeﬂ°B? PR ARAL RRpADthogy ABnPRIVEPF Bae or

her pes virusesofTiRe present invention and known proanthocyanidin
S polymers. The most significant difference is a
substantially larger peak in the region of 109 ppm for
- the proanthocyanidin polymers of this invention when
compared with 13C NMR spectra of other
proanthocyanidin polymers known in the literature
10 (compare with spectra in Czochanska et al., 1979,
J.C.S. Chem. Comm., p. 375-77; in Harborne, J.B. and
Mabry, T.J. ed., The Flavonoids: Advances in Research,
Chapman and Hall, NY, 1982, pp. 51-132, incorporated
herein by reference). The 13C NMR data of the polymer
5  §g indicative of the proanthocyanidin class of
polymers. In particular, the 13C NMR chemical shift
data of the isolated proanthocyanidin polymer (C-
=132 ppa, C=2'=115 pm, C~3' & C-4'=145 ppm, C~5'=116
ppm, C-6'-107 ppm, C-3' & C-5' =146 ppm, C-4'-133 ppm)
is consistent with a polymer composed of procyanidin B
ring moieties with the individual £lavonel C ring
units possessing both the 2,3-trans and 3,4~trans
(similar to (+)~-catechin; C~2=83 ppm, C~3=73 pER, c—
4=38ppm) and 2,3-cis-3,4-trans [similar to (- )~
epicatechin; C-2=77 ppn, C-3=73 ppm, C-4=73 ppm]
stereochemistries. The present experiment data
jndicates that proanthocyanidin polymer A is comprised
of catechin, epicatechin, gallocatechin and
galloepicatechin. The HPLC data suggest that the
average number of flavonoid units is about 7. The
HPLC data also suggests that number of flavonoid units
vary from 2 to 1l.
The proanthocyanldin polymer A is soluble in
s methanol, water and aqueous solutions. The
proanthocyanidin polymer A is soluble in water at
concentrations of at least about 10 mg/ml. The .
- polymer has lower solubility in normal saline and

20
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|ntraper|toneally subcut aneously, intramuscularly, orally, topically, or

by i nhal at i\¥6.92/06695 The present invention also rel at es RGT/B891/07679 ..

proant hocyani di ns useful for treating=v@7us infections  in general having
a structure selected froml, I, and 11, above, and esters, ethers and

~correspondi ng -12-

othér salt solutions. Mass spectral analysis indicate

that proanthocyanidin polymer A has a molecular weight
"average of about 2,100 daltons.

5 | 6.4 ISOLATION OF A PROANTHOCYANIDIN POLYMER
: FROM CALOPHYLLUM INOPBYLUM
THOCYANIDIN POLYMER B)

A novel proanthocyanidin polymer according

to the present invention can be isolated by a method
similar to that described above in Section 6.1 from
the entire macerated plant, the bark, the leaves, the
roots or the latex of Calophyllum inophylum.

10

AccorDing to a preferred methed, the proanthocyanidin
polymer is obtained by the method described in section
6.1, except that water is used as the preferred
extraction solvent.

15

In one series of experiments, a novel
proanthocyanidin polymer, designated proanthocyanidin
polymer B, was obtained from Calophyllum inophylum
.0 latex. | o

2,849 g of the latex from Calophyllum
inophylum was mixed with 12.4 1 of a 1:1 mixture of
isopropanol and water, stirred and stored at room
temperature for 36 hours. The residue was removed by

25 filtration and the solution was evaporated to dryness,
in vacuo, giving 133.5 g of solids.

The solids were added, with stirring, to 30.
g of methancl. The solution was then filtered away

- from the solids, and a 1:1 mixture of water and ethyl

30 acetate was added. The water fraction was separated
and n-butyl alcohol was added. The water fraction was
separated from the alcohol fraction and concentrated
to dryness yielding approximately 10.4 ¢ of crude
proanthocyanidin polymer B. .

35 The crude proanthocyanidin polymer B was
passed through a CM-50 Sephadex CC column using de-
jonized water as the eluting solvent. A red band was

-
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oxonium sal ts thereof, where n 4 to 28, preferably 4 to 13, nost

pr ef et abl oo The present invention also re
proanthoé%%nid?ﬁ@smhich are obtained froma Croton 5 speC|é§ﬁ§H§$

Cal yphyl | um i nophyl um speci es and thegjgr-esters, ether and oxoni um
derivatives. Such proanthocyanidin can be isolated fromthe whol e plant,
the bark, the | eaves,. the roots or the latex. In a preferred enbodi nent,
t he proant hocyani din can be 10 obtained from Croton lechleri and from

Cal ophyl | u%bﬁqabibarr\anaheisce%ﬁhcaaOaélm@cyam-ehm a0l IRmp, ar e
characteri ze

Vi Si , err ro
4. BRI EF DE%E&F?TF@NHX?°$HEqPFEEﬁEE$ ap$ é}ﬂp¥ﬂﬂu44d? t*angﬁgrmlnfra red
spectrun1ofandpnoanhhmepasldcatpnbyealuéaosglemeghﬁecwnthe Croton tree.

Figure 2 [egg%gpgggFﬁgnlgﬁgng%&ggggsgnan&g &%régﬂégn g%gthocyanldln

polyrrergA m t he was | n err]Oat 400
VHz . a solution of proanthocyanidin polymer is
essentially colorless. At higher concentrations, the
solution of proanthocyanidin polymer B is tan.
6.5 CHEMICAL IDENTIFICATION AND S8TRUCTURAL
10 FEATURES OF THE PROARTBOCYANIDIN
POL R B
The C NMR spectrum of proanthocyanidin
polymer B (Figure 4) confirms that the polymer is a
member of the class of proanthocyanidin polymers and
5 comprises principally catechin and epicatechin

monomeric flavonoid units. Gel permeation
chromatography (GPC) indicates that proanthocyani&in
polymer B has a molecular weight that is larger than
proanthocyanidin polymer A. Consistent with the GPC

20 data, HPLC-GPC retention time of proanthocyanidin
polymer B is shorter than that for proanthocyanidin
polymer A under the same conditions ~- again
indicating7the larger size of proanthocyanidih polymer
B. HPLC indicates that polymer B has a molecular .

25 weight average of about 3000 daltons, corresponding to
an average number of flavonoid units of about 10. The
HPLC data also suggests ﬁhat the number of flavonoid
units vary from 5 to 16. Mass spectral analysis
indicates that proanthocyanidin pelymer A has a

30 molecular weight average of about 2100 daltons.

. The Fourier-transform infra-red spectrum of

proanthocyanidin polymer B is guite similar to that of
proanthocyanidin polymer A (See Figure $ and Figure

l).
35 Likewise, the UV-visible spectrunm of
proanthocyanidin polymer B is similar to that of _
I
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Fi gure 3 Broad-band decoupled [err] C nucl ear magnetic resonance spectrum -
of proanthocyanidin polyner Ain Dlerr]O at 100 MHz. 25 Figure 4 The
[ err] C NVRwapez/066950f pr oant hocyani di n pol yner B i sol ated fPOMMUS91/07679
Cal ophyl | um I nophyl um obtai ned at 409g9Meiz in Dierr] O Figure 5 _
Fourier-transforminfra-red spectrum of 30 proanthocyani din polyner B

I sol ated from Cal ophyllum inoplylum Figure 6 The, effect of

pr oant hocyani di n pol ymer A and Amant adi ne on | ung consolidation in mce

infected with robﬂ&hdépiﬁz&uﬁFﬁamymdrLMSeiﬁuﬁd3&dﬂ1ﬁﬂanuusennetoat|on) 35
Figure 7 The E&fect g gggthocyanldln pol ymer A and Amant adi ne on | ung
virus titers 8K fAfe d"®R t h I nfluenza A (HIN1) virus (early

treatnment initiation). '

7. S8CREENING OF PROANTHOCYANIDIN POLYMER A
5 FOR TIVI ACTIVITY

In one series of experiments,
proanthocyanidin polymer A was tested for antiviral
activity against the-following viruses: Respiratory
syneytial virus subtype variants, A2-Tracey, A-Long,

10 B-46791, B-47063 and B-18537; parainfluenza virus,
type 3 (PIv-3); adenoviruses, type 5§ and 7; influenza,
A-Taiwan (HIN1l); A-Leningrad (H3N2); A-Japan; A-Port
Chalmbers; A-NWS33; B-USSR; B-Tama; B-RF; measles
virus, and Edmonston strain.

15 _ All viruses were obtained from the Influenza
Research Center, Baylor - College of Medicine, Houéton,
Texas, with the exception of measles virus which was
obtained from ATCC. For comparison, ribavirin was
included in the screening assay.

20 The following procedure was used to assay
for antiviral activity. Assays were performed in 96~
‘well tissue culture plates. All dilutions and tissue
culture suspensions were prepared in minimal essential
medium containing antibiotics penicillin and

25 streptomycin and 2% fetal calf serum (2% FCS~MEM).

Test compounds (0.05 ml) were added in guadruplicate

to wells of the test plates containing a subconfluent

monolayer of HEp2 cells (ca. 3 x 10° cells). The
compounds were diluted using serial 2-fold dilutions

usually starting with a final concentration of 1

ng/ml. Approximately 100 median tissue culture

infectious doses (TCIDy,) of the appropriate test virus

in 0.05 ml was added. Tissue control wells contained
28 medium, without virus or antivira; compound, and

antiviral control wells contained antiviral compound
without virus. Ribavirin was included in each assay
as a positive antiviral control, except for the

. This Sheet Has Been Replaced




- 13- Figure 8 The effect of proanthocyanidin polyner A and Amantadine
on arterial oxygen saturation (SaQerr]) in mle mce infected with :

i nfluenza §d virus (early initiation). 5 Figure 9 TheciUset/o0679
proant hocyani din polymer A and Amantadhge.on arterial oxygen saturation
(Sagerr]) in female mce infected wth influenza A (HIN1) virus (early
treatnent initiation). Figure 10 The effect of proanthocyanidin polyner A
10 and Amant adine on lung consolidation in mce infected with influenza A

(HINL) virus Quadndvirt@edtuhere! Ribh3LEOR) fails to demonstrate
antivital activity. Back titrations of each test
virus were also included ineach assay. All plates
were incubated at 37°C in a 5% CO, incubator. Virus

§ control wells were observed daily. When these wells
exhibited 80-100% cytopathic effect (CPE), all wells
were observed for CPE. Ih addition to visual and
microscopic observance of CPE, inhibition of syncytial
formation was used to confirm activity against RSV.

10 In each antiviral assay, a 50% minimal
inhibitory concentration (EDs,) was determined. The
EDy,, was calculated by determining the median minimal
concentration of compound tested in wells inhibiting
CPE 50% compared to virus control wells. The actual

6 calculation of the EDy value was done with the aid of

~ the computer program, "Dose-effect analysis with

microcomputers" of Chou et al., 1984, Adv. Enz.
Regul., 22:27-55.

The effect of each compound on the growth of
uninfected tissue culture cells, seeded at low
densities to allow rapid growth, was also evaluated.
From this assay, a 50% minimal toxic concentration
(IDy,) was determined. The assay for cell toxicity or:
inhibition of cell growth involved the following '
procedure. Test compounds (0.1 ml/well) were serially
diluted 2-ofld. To the appropriate wells were added

- 0.1 ml of human HelLa, AS54% or Hﬁpz cells, 0.1 ml of

mouse L3929 cells, 0.1 m of monkey Vero cells or 0.1 ml
of canine MDCK cells. Approximately 3 x 10’ cells were
added to each well. Control wells consisted of wells
containing a range of cell concentration (e.g., 3 x 10°
cells, 1:2 dilution of this number, 1:4, 1:8 and 1:16)
in medium without any antiviral compound. A vehicle

35 control consisting of serial dilutions of whatever

vehicle was used for a particular compound (e.g., 10%
DMSO, S0% methanel) was also included in each assay in

20
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~Figure 11 The ef fect of proanthocyanidin polyner A on lung titers in mce
infected with influenza A (HIN1) 15 virus (late treatnent initiation
Figure 12WM® 829669t of proanthocyanidin polymer A and AmeRERGISHS/ETET9
arterial oxygen saturation (Sa(Jerr]l)4jn. male nmice infected with
i nfluenza A (HIN1) virus (late treat ment initiation). 20Fi gure 13 The
ef fect of proant hocyanl d| n polymer A and Amant adi ne on arterial oxygen

saturation (Sa(err]) - female mce infected with influenza A (HIN1)
virus (I aEGFiEEQEEE”tAW' f:ii’%é@”l)e e fﬁ&%fte']d‘l a-@”'%'ﬁfdc §hi a06gR bavirin on
| ung virus ters in mce Infecte luenza, A, (HI N1)_virus.

Figure 15 TRz SMBRILAY § nATHeE |’~'i°(5'ﬁ€&|1 med 3 5i FPHta"N'é%t Son |ung
consol i dati Bﬁtl Aol a&kueaaapéuﬁhﬂ Wﬂéachddhbkﬁnﬂ\féﬁ&ye,d yA[ags5-30 Figure 16

The effect Qf Litone bavir reat,ment jan. blood.Saderr]%in
i nfluenza AB E&?igﬁﬁﬁé°f ?n¥gi g n#b%ﬁe yi% FehasoiAup, Bt g@t of
proanthd%yamumrm pekyadded toaaHIChﬂtlslovThrenln«n#&zlnﬂgrnaB=hd5|ons I n
m ce. S5H guneohB1TRE. ¢ hECheOb, B AAMEDOLY AL LIA WIRiord 1) was®?0 and 10%
topi cal formul ations, conpared pl a

added to each well to solubxlxze any precipitate

formed in each well. Plates were read on a plate

reader (UV MAX, Molecular Devices) to determine the

10 optical densities in each well. The median

concentration of antiviral compound in the last wells
causing a 50% reduction in 0.D. was determined and
termed “IDg,". All wells in the assay were also
observed microscopically for inhibition of cell

1% growth. The results are shown in Table 1.

20
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and acyclovir, in a 5% topical fornulation.

- 14 - 5. DETAI LED DESCRI PTION OF THE | NVENTI ON 5 1.
USEFUL PRWWI DI N POLYMERS ‘ Pr oant hocyani di n PSTIVUSOT6TY
pol ymers, useftu

or the present anti-viral jyiethods are

TABLE 1

Effect of In Vitro Screening for Antiviral Activity
- with Proanthocyanidin Polymer A

EDy (4g/ml)

S
Virus Proanthocyanidin Polvmey A Ribavirin
Experiment 1
RSV - £.5 4.0
Parainfluenza virus 3 >94 ' 15.6
10 Influenza A ge 15.0
Influenza B 125 18.0
Adenovirus - >125 ———
Rhinovirus >125 125
Measles : >125 31.3
15 Experiment 2
RSV ' 17.2 24.2
Parainfluenza virus 38.3 15.7
Influenza A 31.3 14.3
Influenza B 125 X 18.0
Adenovirus 5 >250 >1000
Adenovirus 7 5250 >1000
20 Rhinovirus >125 125
Measles >125 31.3
Experiment 3
RSV 12 1
Parainfluenza virus 3 5 . 12
25 Influenza A 4 ) 14

Adenovirus 7 >250 >1000

In the first experiment of Table 1, the ED,,

for the proanthocyanidin polymer A was determined to

30 be 8.5 wg/ml for RSV. This activity compares quite
closely to ribavirin with a EDy determined to be 4.0
ug/ml for RSV. The IDy, (an index of cell toxicity) of
the proanthocyanidin polymer A was 94 upg/ml. In the
second experiment of Table 1, the Ebmlfor the

35 proanthocyanidin polymer A was 17.2 ug/ml for RSV as
compared to 24.2 for ribavirin, and the 1Dy, was 250
ug[ml; In the third experiment of Table 1 the EDy for
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5 conprised of nmononeric units of | eucoanthocyani dins. Leucoanthocyani dins
are general ly nononeric flavonoids which include catechins, epicatechins,
gal | ocat echiBYys/06484 | 0€Pi cat echins, flavanols, flavonols, and gdrugst/e7679
3,4-diols leucocyani dins and ant hocyani dins. The 10 proant hocyani din

pol ymers useful for treating respiratory virgg Lnfections have 2 to 30

fl avonoi d units, preferably 2 to 15 flavonoid units, and nost

preferably 2 to 11 flavonoid units. The proant hocyani di n pol yners usef ul
for treating virus 15 infections in general, including but not limted to,

i nfections rel at ed tQhE”ELﬂﬁﬂiﬂo¥§£H§§§n ﬁgqﬁﬁéglguyygalz whguae;ndvgggses
~of the types known as aranyxovi ridae, ort’honyxovari dae, "and her pes

viruses, have 6 toIBs VpavgRepHeTthan 3RQHG/My 2 to 15 20 flavonoid
units, and nost preferably 6 tphélrésaloscetl antiviral activity of the

oo hocY e bebe BUBARGBHRRI KU Pr KLl U LIBAAAR i are
Phyt ocheni stry, 2% pach389sagivasideternined ky gaimilating the drwgc s
Chem Comm , 375 (19¢@)ectiVeTIndeREPSIF! definddUH AU HaAt o BT IDy,/EDy,.
1407-1409. The Selective Index of the proanthocyanidin polymer A
for RSV was 11 and 14.5 and 21 in the three
experiments. .
10 . Virus rating'(vn) was obtained by averaging
the sum of the CPE values (0 for no CPE; 4 for 100%
CPE) assigned to treated, infected monclayers at each
coﬁpound concentration. This average is subtracted
from the average of the sum of the CPE values in an
15 equal number -of virus control wells. A further
adjustment was made to reflect any observed
cytotoxicity., Values for VR were assigned as follows:
VR greater than 1, defined as definite anti-viral
activity; a VR of 0,5-0.9; as moderate to guestionable
20 activity; a VR of 0.31-0.5, as slight activity. The
slight activity could be attributable to cytotoxicity
or cytopathic effects of the compound per se. The VR
of the proanthocyanidin polymer A against RSV was 1.5,
indicating definite anti-viral activity in these in
vitro assays. Also, the proanthocyanidin polymer A
demonstrated substantial anti-viral activity against
parainfluenza and influenza A viruses in all three
experiments,

In another series of experiments, polymer A
was tested for antiviral activity against RSV, types A
and B, influenza types A (Flu-A) and B (Flu-B), and
parainfluenza types (PIV-1) and 3 (PIV-3).

The cell lines used were Human HeLa, AS549
and HEp-2 cells, mouse 1929 cells, monkey Vero cells,
canine MDCK cells.

_ The effect of the proanthocyanidin polymer A
__on the viability and growth of cells was determined by

25
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(1976); E. Haslam Pl ant Pol yphenols, p. 75 (1989), 30 which are al
IFncor porated by reference. Those pol ymers havings the recited ranges of

f1 avonoi dsyo ¢278deds and described in these references are usepgr/is91/076v9¢
met hods of the present invention. 3%4

measurement of mitochondrjal respiration and expressed
as a 50% minimal toxic concentration (ID,). In this
assay, as in the ED50 assay, the proanthocyanidin
polymer A was assayed in serial 2-fold dilutions in
§ quadruplicate across 96-well microtitre plates.
Again, wells were seeded at the lew density of 3x10}
cells per well to allow for rapid growth. Vehicle
controls which consisted of serial dilutions of
vehicle (which, in the case of proanthocyanidin
10 polymer A, was water) were included in each assay in
duplicate. Blanks which consisted of media alone and
media plus drug were also included. &All plates were
incubated ‘at 37¢C in a 5% CO, incubator until the tip
concentration of cells in control wells reached
15 confluency, usually 3 days. All wells in each assay
were observed microscopically for cyctotoxicity. Then:
0.05 ml of MTT (3-[4,5~dimethythiazole-2-yl]~2,5~
diaphenyltetrazolium bromide) (5 mg/ml in PBS) was
added to all wells and the incubation continued.
20 Three hours later acid alcohol (0.05 ml of N HCl in
.- - isopropyl alcohol) was added to each well. The
* optical densities (0.D.) of each well were read at 490
nm using a plate reader (UV MAX, Molecular Devices).
The percent viability of cells at each concentration
of drug was calculated by dividing the mean of the
0.D.'s of the drug treated wells (minus the mean of
the drug blank) by the mean of the 0.D.'s of control
vells (minus the mean of the blank), ‘and multiplying
by 100. The effect of the vehicle on cell viability
was similarly calculated. A dose response curve for
the toxicity of proanthocyanidin polymer a was
generated and the ID,, determined.
The following procedure was used to assay
for antiviral activity. Assays were performed in 96-
well tissue culture plates. All dilutions and tissue
culture suspensions were prepared in minimal essential
medium containing antibiotics penicillin and -

- 28
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5.2 METHODS FOR OBTAI NI NG USEFUL . PROANTHOCYANI DI N POLYMERS
5..2. 1 .1 SOLATI ON Usef ul proant hocyani din polyners are .5 obtained

fromvariou j ncluding but not limted to the classes Fjl

Coni f er ae, i”()‘ﬁ%g%gedoneae, ‘and Di cotyl edonae (J.B. Harborne, HF"[@J:‘SC?IIWGW
FLAVONO DS, ADVANCES | N RESEARCH SI NCE 1980 (1988)). They can be obt ai ned
using the entire tree or plant, the bark,; 10 StéPs - roots or |atex.

These plant source naterials are extracted with water and/or a water,

nt sci bl e sol vent. The preferred solvents are al cohol of 1-3 carbon atons
or acetone. The aqueous extract is usgd dir c%Lxgo after sol vent

"
renoval . |f the sol v&kreREYFIReAnc B8 £elpi; sPRER; (2% KESMRMed in
a solvent, preferably Test |compouridsol{al. 06r magecwere, addddi i oduddrupkicatel S

are discarded. The solybl e .fsr ' i bj ' ilt | ,
over a Sephadex), revé#§€§96ﬁ§§§'%@eb§F%#h?§%%§%a?§8F3%ﬁ§“%é*d%?gééﬁﬁ#&%ﬁk
gel -perneation  chr omsmegiayssy ofe HEP2 @elilgy(CBen3eXellT @sdls)nkedhe :

5 compounds were diluted using serial 2-fold dilutions
usually_starting with a final concentration of 1
mg/ml. Approximately 100 median tissue culture
infectious doses (TCIDy) of the appropriate test virus
in 0.05 ml was added. Tissue control wells contained

10 medium, without virus or antiviral compound, and
antiviral control wells contained antiviral compound
without virus. Ribavirin was included in each assay
as a positive antiviral control, except for the
adenoviruses where Ribavirin fails to demonstrate

15 antiviral activity. Back titrations of each test

virus were also included in each assay. All plates

were incubated at 37°C in a 5% €O, incubator. Virus
control wells were cbserved daily. When these wells
exhibited 80-100% cytopathic effect (CPE); all wells
were observed for CPE. In addition to visual and
microscopic observance of CPE, inhibition of syncytia
formation was used to confirm activity against RSV.
In each antiviral assay, a 50% minimal
inhibitory concentration (ED,,) was determined. The-

ED, was calculated by determining the median minimal

concentration of compound tested in wells inhibiting

CPE 50% compared to virus control wells. The actual

calculation of the EDy, value was done with the aid of

30 the computer program, "Dose~effect analysis with

microcomputers" of Chou et al., 1984, Adv. Enz.
Regul., 22:27-55. |
The selective index for proanthocyanidin
polymer A was then calculated as the ratio of the ID,,
3s over the EDy,. '

20

25

- The results are shown in Tables 2-6. The
results indicate that proanthocyanidin pelymer A is as
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-gels) such as ‘PL-GEL or nerbranes (e.g., an Amicon nenbrane) using water
or water and a water mscible solvent, with or without a buffer, as the

nobi | e 25 ase, The water niscible solvent is pref erably al’L‘l‘?
al cohol , g&?%ﬁ@’%r acetonitrile. The usef ul oan Pﬁo@yanl din

pol yners -of this invention are the fractjeons detected by ul travi ol et
(uv). They have their major UV absorption naxi ma 30 between about 200- 350
nm -with peaks usually at 200- 210 nm and 275-285 nm Wth
regard to the novel proanthocyanidin pol ymer conpositions which form
part of the basis [ C t d from
the 35 Croton: tr%géortt‘a? §?’| umlsz%gfmfgg En’ﬂ?bi@?ﬁ? g@&gseép t@v‘(}t?scrl bed

extraction met hodd@ndhg, sBIYrble BFnd,i FhU-d andsﬁb}’éﬁt-éﬂ YHtrRy & rati on,

reversed- phase cokéf@ctive index values indicate low cytotoxicity for
proanthocyanidin polymer A.
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-16- chr-omat ogr aphy,
.Using water or water

pol yrer o SR

and a water
e phase

According to a preferred enbodi nent of the gresent

pr oant hocyani di n pol yner

Croton tree (e.g.,

used directly or
| yophilized). It

can be prepared as

Croton lechleri) or from 10 cal ophyl |l um I nophylumis
i s concentrated by the renoval

is extracted with water, a | ower

10

15

20

35

slx.

RIBAVIRIN (pg/ml)

I,

(yg/ml)

IDe 8.1,

750.0

PROANTHOCYANIDIN
750.0

KDy

16.0

POLYNER A

Effect of Proanthocyanidin Polymer A and

Ribavirin Against PLU-A.

Table 3.
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al cohol of about 1-3 carbons, or with acetone to give an aqueous sol uble
fraction. The aqueous-soluble 15 fraction of the |yophilized or otherw se
concentrat ewooa/egewsl is subjected to partitioning by ethyl apgiraysyiveicrs
solution and to gel filtration (e.qg., Sephadex) using water and/or water
and al cohol and/ or wat er and acetone, wdJhggr-w thout a buffer as the 20
nobi | e phase. The fractions containing a chronophoric band are detected
by ultraviolet (uv) ([err]nmax about 200- 350 nn) and col lected and .
concentrated and subj ected to gel filtration-again, if necessary, to
yield the proant hocyani din polynmer. Alternatively, the aqueous- 25

sol uble fraction descri bed above is 1yophilized or concentrated or is
used directly and is subjected to rever sed- phase col um chronat ogr aphy
(RP HPLC),; using wat er ‘and/ or water and acetone and/or water and

al cohol as the nobile phase. The fractions containing 30 a chronophoric
band detected by uv (max about 200-350 nm are collected and

concentr at ed, and&nﬁuected to RP HPLC again, if necessary, to yield the

proanthocyanldln polymer. Alternatively, the aqueous- 35 soluble fraction,
descri bed above, is |yophilized,
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__caoncentrated or- is-directty subjected to gel perrreatlon chromat ogr aphy
(GPC) usi ng water and/ or wat er and al cohol and/or water an

"acet oni tr pez/8k¢98 - '1‘7171359"076?9

wi thout a buffer, as the nobile phase. The fractions containing a

chromophori c band detected by
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uv at .[err]max about 195-350 nmare collected and concentrated and
subjected to GPC again, if necessary, 5to yield the proanthocyanidin

pol yrer . Wges in Sections 6.1 - 6.3, infra. PCT/Yi§91/07679
denonstrated in Section 6.2 when chronmategé@phed on a Perkin El mer LC 620
using Polynmer Labs PL-gel 5m 500 A, 300 x 7.5 nmand THF-water (95:5
10v/v) systemat a flowrate of 1 mM/mn, proanthocyanidin A has a
retention time of 7.2 mn. and proanthocyanidin B has a retention tine of
6.5 mn. Typical spectra foFractios o praantipayanddin palymehohrhave Fi gs.

LSS R T s g T LA T

POLYMERS AND DERI known
| eucoant hocyani di FE3RGATRE- %EPERﬁ&Eﬁﬂ*Y?rﬁWQﬂﬁfﬁﬂqéﬁmﬁnéaBP HEFch

solutions to 20 fgpeplateant bR6YEFaEkion haAsi Ry o rddichlak. WeiGh® and R W
Synthos, 26 a tr SnBYEFRER, PFafi TaL ot of Erresponding 52 ap—'a? a3
Chem Soc. Perkinflavonaid mopomeni;(unmmg)t&nﬂﬂhh¢1ﬁegpndnaencﬁuoa Iow
having a molecular weight average of 3000 daltons
(corresponding to 9 to 11 flavonoid meonomeric units).
The two fractions show essentially the same chemical
10 shifte in the “C and 'H NMR spectra as the
unfractionated proanthocyanidin polymer A.
In vitro experiments indicate both fractions
are active against RSV. The fraction having an
average of 2 to 3 flavonoid units has an in vitro RSV
15 antiviral activity of EDw=10 ug/ml, while the second
fraction having an average of 9-11 flancnocid units has
an EDg=40 ug/ml.

8. EFFECTIVENESS OF PROANTHOCYANIDIN
20 - POLYM A _FOR EATMENT 8V

In vivo and in vitro assays indicate that
the novel proanthocyanidin polymer A of the invention
is a useful therapeutic agent for the treatment of RSV
infections. The present invention provides a safer

25 therapeutic treatment for RSV infections without the
toxic effects associated with Ribavirin, the currently
approved composition for treatment of such infections.

Hispid Cotton Rats were innoculated with RSV
A2 intranasally on day 1 and given an intraperitoneal

30 dose of 0.1-30.0 mg/kg of the proénthocyanidin polymer
prepared in distilled water on day 2, 3 and 4.

Control ‘animals received an equal volume of distilled
water. In one experiment, as a comparison, a dose of
10-90 mg/kg of Ribavirin was used. All animals wvere
killed on day 5. Lungs were removed and washed via -
transpleural lavage. The fluid collected was asseésed
for RSV titer in a microtiter assay using HEp2 cells.

This Sheet Has Been R,
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25pH, conditions and an excess anount of (+)-catechin, condensati on
"occurred to form hi gher and predom nantly | inear [4,8]-1inked oligoners.
Speci f i calywip 92766695 S . trimers and tetraners of the flavonoiPCTAHSIGUEY
wer e synthesi zed and characterized by NVR gpectroscopy. By 30 use of such
condensati on reactions proanthocyani din pol'ymers of up to about 30

fl avonoid units can be synt hesi zed for use in the nmethods of the

i nventi on. As an alternative to the above synthesis enzymati c

synt hesi s can be enpl oyed to, ggrﬁqgc‘ge} ed’sgrpr%rlqc*?ggﬂ

pol ymers. The novel groanthocg nmer ositions .o e present
i nvention ture plates. All lutlons and tissue culture

suspensxons were-prepared.in minimal essential medium
containing antibiotics and 5% fetal calf serum (5%

g FCS-MEM). Lung lavage fluid was added in
guadruplicate to wells of the test plates containing a
subconfluent monolayer of cells (ca. 3x10’ cells).
Approximately 100 median tissue culture infectious
doses (TCIDy) ©of the appropriate test virus in 0.05 ml

10 was added. Tissue control wells contained medium, but
no virus. All plates were incubated at 37°C in a S%
‘€0, incubator. Virus control wells were observed
daily. When these wells exhibited 80-100% CPE, all
wells were observed for CPE. 1In addition to visual

15 CPE, inhibition of syncytia formation is used to

confirm activity against RSV. Lung RSV titer log, was

calculated as described by Dubovi et al., 1983; 1984.

The results are shown in Tables 7-8.

As shown in Table 7, for each experiment,
the proanthocyanidin polymer A demonstrated a dose-
dependent decrease in RSV titer compared to controls.
This indicates that the proanthocyanidin polymer A has
effective antiviral activity against RSV in vivo. As
shown in Table 8, direct comparison of the antiviral
effect of the ptocyanidin polymer A to ribavirin
(intraperitoneal administration) demonstrates that the
polymer composition of the invention is significantly
more potent that ribavirin, the drug currently used to
treat RSV infections.

Hispid Cotton Rats were inoculated with RSV
A2 int:inésally on day 1 and given an oral dose of
1.0-10.0 mg/kg of the proénthocyanidin polymer on days
2, 3 and 4. All animals were killed on day 5 and lung
a5 tissues were collected. Lungs were removed and washed

via transpleural lavage. The fluid eollected was
assessed for RSV titer in a microtiter assay using

20

25

e —

ect Has Been Re| lace

\\II\I\\ T \I\\



specifically exenplified herein can al so. be synthesized by such reactions.
Esters of proanthocyanidin polyners can be prepared by standard nethods of

‘acyl ation wgajz/mgg)y 5 the reaction of the polymer with aci uccmSmrmw or
acid anhydrides in the presence of base. O _particular utility is the

preparation by reaction with acid anhydrTd®& Tn pyridine as utilized for
the acylation of certain other |ower nolecular weight 10 flavonoids by
Thonmpson, et al., JCS, 1387 -(1972), Fletcher, et al., -JCS, 1628 (1977)
and Hem ngway, can be ﬁre ared by

st andard nethodsCEEBF égﬁiFf%ggé%$€ﬁﬁgﬁﬁﬁfeﬁquyE&g%%ﬁFﬁnaGF EREYRotYner 15
wi th alkyl halide%abdéd alLkyl tosylates .in bases. Met hyl ethers are
readily prepared by the usepgfenown in Table 9, the proanthocyanidin
polymer adm;nxstered orally szgnxficantly lowered RSV
5 titers at 10 myg/kg compared to controls. This
indicates that the proanthocyanidin polymer has
effective antiviral activity when administered orally

against RSV and is more active than ribavirin.

10 e & e

TABLE 7

Effect of Proanthocyanidin Polymer A Against
RSV Infection of Cotton Rats, Intraperitoneal Dosing

15 Treatment Lung P
(Mg/Kg) titer, :

EXPERIMENT #1

control 3.98 £ 0.14 . ——-
: (9549)
20 4.4 3.78 % 0.31 0.08
(6025) 36.9% kill
0.3 3.21 ¢ 0.05 : 0.05
(1621) 83.0% kill _
1.0 3.28 + 0.65 0.04

25 {1905) 80.1% kill

EXPERIMENT #2

Control 4.3 * 0.8 I
(20,000)
30 .
1.0 3.1 % 0.5 0.08
(1258) 94% kill-
3.0 3.4 * 0.5 0.05
(2,511) 87% kill :
35 10.0 -~ 3.6 # 0.3 | 0.06
(3,981) 80% klll .o
heet Has BeeInllIT[ililced




di azonet hane as utilized in the etherification of certain other |ow-

nbl ecut ar wei ght fl avonoi ds by Thonpson, JCS, 1387 (1972), Hem ngway,
JCS, 1299 2wq 92706495 The oxonium salts (soneti nesPCHUSILAT6T0
as pyriliumsalts or anthocyanidins) may-bgapsepared by the so-called
Bate-Smth reaction (Chem stry and | ndustry, 1953, 377), by warnming with
aqueous or 25 alcoholic acids (see also, Thonpson, et al., JCS, 1387
(1972) and references cited in Haslam PLANT PCLYPHENCOLS, 1989, p. 28,
Canbri dge Press). fTheatmentefahgon can be advantageously catalyzed by iron

(Porter et al-,'PEéHQ?Rgvlsttite2§, 223 (1986)). 5.3
CHARACTERI ZATI ON NOVEL ' PROANTHOCYANI DI N POLYMERS
Novel  proanthocyanidin polyvners prepared according to the present
i nvention have sol EXPERIMENT #3 net hanol and water. The polyners are
soluble in water and aqueous sol ution including al cohol solutions to a
degree of at |ea$t Cop&FOLI0 FyPd¥ £ 0.14 -
{9,549)
3.0 4.00 £ 0.02 n.s.
(10,000) 0% kill
10.0 3.88 £ 0.3 n.s.
10 (7,585) 20.6% kill
30.0 3.70 + 0.28 n.s.
(5,011) 47.5% kill
15 EXPERIMENT #4
Control 5.22 £ 0.27 -———
- (165,958)
0.1 4.87 * 0.32 n.s.
(74,131) 55.3% kill -
20 0.3 4.25 % 0.39 0.014
(17,782) 8%.3% kill .
1.0 4-27 i 0-5 00046
(18,620) 88.8% kill
3.0 4.41 % 0.19 0.012
28 (25,703) 84.5% kill
30
- 35
et Has Been Replaced
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- 19 - - - - The proant hocyani di n pol ymers have been analyzed by a
nunber of nmethods to determne their nolecular weight and vari ous ot her

chem cal amb 9plpge9scal features. various stereoisoners of 5 pCr/usS91/07679
proant hocyani di n pol ynmers have been obt ai n_e-d“an_d are

Treatment Lung P
(Mg/kg) titer, :

EXPERIMENT #5

5 (31,622)
10 4.5 % 0.2 n.s.
(31,622) 0% kill
30 4.0 & 0.3 0.03
(10,000) 68.4% kill
10 gp 2.8 ¢ 0.3 '<0.0001
(631) 98% kill
Jung titer represents: RSV titer log ,,/g lung
(Mean + S§.D.)
15 : 3 I ]
20
25
30
35
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wi thin the scope of the present invention. Col umm  chr omat ogr aphy
has been used to isolate water soluble fractions containing novel

pr oant hocyWi0i9dr0669®| yners varying in average nol ecul ar 10 vwelpghyyégi9g9eteOut
700 daltons to about 3000 dal tons, which cqgresponds to 2-3 to 9 11 aver age
flavonoid units, respectively. Perr] C-NVR spect roscopy

I ndi cat es that the pr oant hocyani di n-pol ynmers contain flavonoid noieties

15 in which the individual flavonoid ring units possess vari ous
stereochem stri es. UV-visibIg cg roscopy i s consistent ‘with
t he possi bl e presence of a fIavyIiun1nD| ?@E% noi eti es mnthln certain of

t he proant hocyani di n 20g Proan oc ap@l i On of
proant hocyani di n polynerx g% {E I ¥l |s further

di scussed in the exanples QBt 8al hgg; by tfégt noa mgnal deri-vatives
of these polyners can be made 25 and be useful as |nterned|ate for

the preparatios pr@hn&h@kwhnnaﬂanPba9maaldug/nq)ynﬁrs

Lung | P
titer, -
Contrel 5.22 3'0.27 —
10 (165,958)

0.1 4.87 % 0.32 _ n.s.
: (74,131) 55.33% Kill

0.3 4.25 + 0.39 0.014
(17,782)  89.29% Kill

15 1.0 4.27 + 0.5 _ 0.046
(18,620) 88.78% Kill

3.0 4.41 * 0.19 0.012
(25,703) 84.51% Kill -

Ribavirin (Mg/Kg)

20 '
Control 4.5 % 0.2 : -———
(31,622)
10 4.5 2 0.2. n.s.
(31,622) 0% Kill
25 30 4.0 % 0.3 0.03
(10,000) 68.4% Kill
90 2.8 * 0.3 <0.0001

(631) 98% Kill

Jung titer represents. RSV titer log /g lung
30 (Mean # §.D.)

® & @

—
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5.4 . PROPHYLACTI C AND THERAPEUTI C USES

PROANTHOCYANI DI N POLYMERS 30

Shown 't o
Vi ruses,

OF

Proant hocyani di n pol ymers have been
WO 98Z/06606 in vitro and in vivo against a w de vari-cRGI/USBI/07679
and can be advantageously used in L4anophylact|c and therapeutic

appllcatlons agai nst 35 di seases induced by such viruses. The

pr oant hocyani di n pol yners can be used .
with other antiviral or

di seases

10

15

20

ei t her

al one or in conbination
antimcrobial aomB&E ®0 prevent and/or treat

Bffect of Oral Proanthocyanidin Polymer A
Against RBV Infection of Cotten Rats

- Treatment Lung P
(Mg/Kg) titer,
EXPERIMENT #1
Control 4.45 % 0.50 -
(28,183)
1.0 3.62 % 0.42 0.045
(4268) 85.7% kill
3.0 4.22 ¥ 0.23 n.s.
(16,595) 41.1% kill
10.0 3.95 % 0.48 n.s.
(8912) 68.4% kill
EXPERIMENT #2
ung P
titer,
Control 3.86 % 0.55 ———
: ' (7,244)
1.0 3.60 £ 0.02 n.s.
(3,981) 45.0% kill
3.0 g 3.71 £ 0.50 n.s.
(5,129) 29.2% kill
10.0 T 2.90 % 0.57 0.06

25

30

(794) 89.0% kill

—_—
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=.20.-.. . .induced by or conplicated mﬁfh viral infections from viruses

i*ncl udi ng, but not limted to: paranyxovaridae such as respiratory

syncyt i al d'gZI y‘shonyxovarl dae such as influenza A, B and gCTAISYIO76TES
as

Vi ruses such Her pes Si npl ex virus. Proant hocyani di n
pol yners have various advantages in the tré&#&tent of viral infections
I ncl uding, but not limted to: 1) a broad range of antivira
activity; 10 2) very Iom/tOX|C|ty 3) no .
teratogenicity, (L.:)F -apprcatTomto—bottrsystemt as wel |
as %ﬁ§ﬁ§§§ﬁifq t opi cal ) appllcatlons 15
5.5 ROUTES OF ADNINISTRAH(%&n -
g
titer, : P
Control 3.90 £ 0.3 —_—
5 (7,943)
1.0 . 3!90 t 008 n.S'o
: (7,943) 0.0% Kill
3.0 4.00 * 0.8 n.s.
{10,000) 0.0% Kill
10 j0.0 2.90 £ 0.5 ~ 0.01
(794) 92% Kill
Ribavirin 3.30 x 0.5 ' ~0.07
(40 mg/Rg) (1,985) 80% Kill

Jung titer represents RSV titer log 10/9 lung
15 (Mean 2 S§.D.)

An additional series of experiments
conducted as described above confirms the in vivo
activity of polymer A against RSV.

20 Proanthocyanidin polymer A displayed a mean
ED;, value of 1.52 * 0.62 mg/kg following 3-day i.p.
administration, and 3.6 * 1.66 mg/kg following 3-day
p.c. administration. See Table 10. The reference
antiviral agent, ribavirin, displayed ED;, values of 40

25 * 6, and > 90 mg/kg following i.p. and p.o.

admxnlstrat;on, respectxvely Proénthocyanidin

polymer A at a dose of 10 mg/Xg p.©. resulted in a 68~

92% reduction in lung RSV titers following oral

administration, and a 21-~80% reduction following i.p.

administration. Ribavirin (40 mg/kg) resulted in a

>90% reduction in lung titers following oral

administration, and a 50% reductien following i.p.

adnministration.

I
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THe proant hocyani di n polynmers of the present I nvention can be
adn1n|stereﬂg$o rophyl actic and t herapeutic applications by a nunber of
rout es oR@’sgut not limted to: oral, injection 20incl é@?’r‘&%ﬂﬂ"ﬁbt
limted to, intravenous, i ntraperif{aongal, subcutaneous, intranuscul ar,
etc., by topical application such as 1o nasal, nasopharyngeal Iinings
and into the ear, and by inhalation via =~ aerosolization and application to

respiratory tagiel 161 NOBer&d€ of Proanthocyadidinipedyaesonding to the:
present invenidfinst ST NFALect 1610 Hifspdld \Cottencragnges of the
proant hocyani din polyners are about 5.0 - about 30 no/kg if given oraIIy

(P.Q), about3+pdy-Imtwaperitonem) paingiven | EduApgykgbneal Iy (1.P.), and

about 5 - about 30 ng/kg/day if given by aerosol. |f given toplcally,
t he proant hocyani din polymer is apM|(?¥61#thQ§1!!iﬁéDIe vehicle at a
concentratio a¥all 2.3 X2 e ATa Aber ::'--— = ered to
war m bl oodéfl anlnals :lncludlng hunans %t%a pr oant hocyan -|ns may be
3 ' 3.0 $0
4 0.3
S 3.0
——Mean : B.E.M. __1.52 % 0.62 40 £ 5.8
10 3.pay oral Dosing | BD,, (ng/X9)
| Proanthocyanidin
EXD.# Polymer A
Ribavirin . ’
1 3.0 >90D
15 2 1.0 >90
3 10.0 '
4 3.0
5 1.0
Mean % BEM 3.6 & 1.66 . >90
20 . o, : '
In vivo experiments have -also been performed
to study the effect of proanthocyanidin polymer A upen
- course of respiratory syncytial virus infectién in
African green monkeys.
25 Proanthocyanidln polymer A was weighed out

in 25 mg aliquots and refrigerated as the dry powder
until use. Glucose vas prepared as a 0.5% solution
and refrigerated. A 25 mg sample of proanthocyanidin
polymer A was dissolved in 50 ml 0.5% glucose daily

30 2and the solution sterilized by filtration through a
0.22 um membrane filter. Subsequent dilutions were
made in 0.5% glucose from the 0.5 mg/ml solution at
1:2 and 1:5 to give concentrations of 0.25 mg/ml and
0.1 mg/ml respectively.

25 . Groups of three monkeys were dosed with
proanthocyanidin pelymer A at 0.5 mg/kg, 0.25 mg/kg or
0.1 mg/kg by administering the drug at 1 ml'per kg of

This Sheet Has Been Re[ilaced




-71-"7 "7 combined with water, an aqueous sol ution or any phy5|olog|cally

accept abl e &6ar|er or vehlcle The follow ng series of Exanples
are presen Fur poses of illustration and not by way 5 pETHUS kO N
on the scope of the |nvent|on T - 6. EXAMPLES

body weight by intravenous injection. The time of .
administration of the drug infusion to each monkey was
approximately 1 minute. A control group of three
monkeys received 1 ml of the 0.5% glucose solution.
Four hours after the initial treatment with
5 proanthocyanidin polymer A, each of the monkeys was
infected with a 107 dilution of stock respiratory
syncytial virus. - The titer of the stock virus was
1x10° TCIDy/ml. Each monkey received 1 ml of the 102
virus dilution by intratracheal inoeculation and 1 ml
10 applied drop~wise to external nares. The total virus
dose therefore was 2x10° TCIDy/monkey. Treatment with
.proanthocyanidin polymer A was administered again 8
hours later resulting in daily doses of
proanthocyanidin polymer A of 1.0, 0.5, and 0.2 mg/kg
with three monkeys per group. Twice daily treatment
continued at 8 a.m. and 8 p.m. for a total of seven
days.

15

To determxne virus shedding throat swabs
wvere taken daily each morning prior to treatment with _
proanthocyanidin polymer A using a dacron nasale-
Pharyngeal swab. The swab was placed in 1.0 ml of
tissue culture (minimum essential medium with a 10%
fetal bovine serum and penicillin, streptomycin and
fungizone). Titrations were performed on the throat
swab solutions by pteparation of ten-fold dilutions
which were inoculated inte duplicate wells of BSC-40
cells grown in 24-well plates. Following incubation
at 37°C in a CO, incubator the titer of each specimen
30 was determined by microscopic examination for viral

cytopathology and the titer expressed as the log, of
the TCID,, per ml. At the time of each morning
specimen collection each monkey was examined for
- rhinorrhea and other respiratory symptoms including
35 coughing, sneezing and signs of respiratory distress.
The animal attendant would also note any coughing or

sneezing during routine daily care of the monkeys.
-

20

25
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6.1 | SOLATION OF A NOVEL PROANFHOCYANI DI N " T TTPOLYMER FROM A

CROTON LECHLERI SPECI ES " (PROANTHOCYANI DI N POLYMER A 10
I n one serivwe 9Qfps89s0€er i nents, a novel proanthocyani di n pol ynpPCT/AI891/07679
obt ai ned as foll ows: C. legpleri trees were tapped and felled

near the village of 5an Pabl o de Cuyana on the Nanay R ver 100 kil oneters
fromlquitos, Peru. The |latex was obtained over a period of 24 hours by
scoring the gbugeeen days after Virus alrocylhbiorbieaichedsf then t he Croton

| echl eri trees_was_dj.|ut i Lh,i r ' s f 1 part |atex
to 3 parts’i EBBpgﬁﬁnng(g%yaéﬁq é’i?l%%cﬂeog%&a%rf gﬁﬁ}ggﬁgurs gt

10[err] C Th&itesslﬁana neUSUplbpahb¢ndﬁsaHXHﬁqain§$-w@@regnmPFﬁéged, and

t he |nsolu??g FRYBri 8 e?@?nggpggg néygggﬁzuﬂfyg, | eaving the nother

liquor (3.7 The t uor was,25 ‘concentrated to ,dryness by
rot oevaporation at 33[ PP EeBH1tS Pf I DUXAYLRRUS, g ¥¢tHr own powder .

This  corEeproantHotpafiddh HOEPmEr Aesre ymvdrcited igefrablei Lation
using Sephadgs W30 it BnYBhCEoh€Pol nétikeyd edi 500138 IR
respiratory syncytial virus, shedding virus in the
oropharynx for 7 to 10 days or longet. Virus titers
reached five and six logs,, in two of the three contrel
0 ponkeys and 3.5 log, in the third. In the monkeys
receiving proanthocyanidin polymer A at the highest
dose of 1 mg/kg/day, the time of virus shedding and
titers of virus shed were much reduced. One monkey

shed virus for one day, a second for three days, and a

third for four days. In one monkey, the maximum virus

titer was two logs. The mid dose of 0.5 mg/kg/day was
also seen to shorten the time of shedding in two
monkeys with the third monkey excreting virus in the
oropharynx for nine days. Virus titers were generally
lower although maximum titers of four logs were
detected in two of the three monkeys and three logs in
the third. A minimal effect was seen at the lowest
dose of 0.2 mg/kg/day. Virus shedding was seen for
six or seven days and a maximum titers of three logs,
were seen in two monkeys and five logs in the third
monkey. Antibody titers to respiratoery syncytial
virus were detected in all monkeys at 14 days with

titers of 1:40 to 1:160.

20 ' Daily mean log,, titers are presented for
each treatment group (See Table 12)., Mean titers were
lower in each of the three treatment groups when
compared with the mean titers in the control group on
each of the sampling days. The mean titers were

35 considerably reduced in the 1.0 mg/kg/day treatment
group, and a dose related reduction is also seen in

the other two groups.-
.
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30 containing a red pignent were detected at X 200-350 nm or by visual
detecti.on of a_re and eluting through a transparent col um. i te
t he proant %Qfﬁfﬂ‘g?éﬁ polymer, the early-eluting fractions Mg’g%'(Md
and subjected to gel filtration chromatograpf®t-and/ or 35 HPLC as descri bed

bel ow. The HPLC isol ation was perforned by injecting 5
[err]l of concentrated sanples onto_a PerKkin- ' .
- 22 . Clinical symptoms were more prevalent in the

control monkeys than in the monkeys treated with
proanthocyanidin polymer A (See Table 13). . Rhinorrhea
is the most easily observed symptom and was seen in
each of the three controls. No signs of toxicity were

S observed during daily examinations of the monkeys at
the time of sampling or during daily inspection during
the course of the study. '

10

15

20

25
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ElI*mer 1C Anal yst liquid chromat ograph system equi pped wth an |IC 200
autosanpl 9&éhgap punps and a LC-235 diode array detector u5|n a vaters
UItrahydrod%I GPC col um wi th Burdick and Jackson HPLC-BFBL 7619 5
at 0.8 nl/mn at anbient tenperature, with_detection at [err] 280 and 195
nm The proant hocyani di n pol ynmer was founB®To have a retention tine of
4.6-5.6 mnutes depending on sanple concentration, colum condi'tioning

and tenperature. 10 The red-pignent containing fractions isolated
from Sephadex CH 50 were combi ned and subjected to gel filtration

chr omat ogr aphy over Toyopearl HWA40S (2.5 L), using water, 10%
acetone/water, 20% acetone/water, and finally 40% 15 acetone/water in a
step gradient fashion. The | ate- eluting red fractions detected by uv-vis
as [err]max 340 nm were conbined and concentrated for further
purification on HPLC as described above. The conbi ned fractions isol ated
from HPLC were &yain subjected to 20gel filtration chromatography over
Toyopear| HWA40S to yield a.froanthocyanldln pol ymer desi gnat ed

pr oant hocyani di n pol ymer A. 20 022 000 ees $%a
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I n anot her seri‘es of experinents, a novel -25 proant hocyani din pol yner was
obtai ned as foll ows: : : Four liters of cold crude |atex fromthe
C. | echl WD 206605 om t he entire macerated plant, the bark RGT/USRI/PTETIs)
were diluted with twelve liters of | sopropanol, stirred and stored at
5[err]C for 15 hours. The residue was reﬁﬁ%gﬂ by filtration and the

sol ution evaporated to dryness, in vacuo, Yyielding about 970 g. of

sol i ds. The solids were added, with stirring, to 6 1  of.
water and 3.6 1 of n-butanol. The aqueous phase 35 was separated and

concentrated to dryness giving 700 g of material which was added, with
stirring, to 2 1

nmet hanol, and then 12 1 of ethyl acetate was added.
The sol uti on was kept '

at 15[err] for 15 hrs and the solid
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23 material renoved by filtration-and di scarded. The sol ution was
concentrated to dryness yiel ding approxi-mately 390 g. of crude

pr oant hocy‘é@i’&m@‘ | yner A 5 The proant hocyaRCE/USQNA®Er A
fraction was concentrated by a conbination of cation exchange,
adsorption and size excl usion chronmat ogisgphy as fol l ows: 450-600 g of

t he crude proanthocyani din pol ymer A was passed through a CM Sephadex
C-50 pre- 10 colum using de-ionized water as the eluent. The
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orange and dark red fractions were collected and then ~chr omat ogr aphed,

usi ng de-ionized water, over another Sephadex C-50 col um ' { th
a W detecWPIZ/B6695 5t 460 nm and 1-2 1 fractions were col P&wﬁ%@ 15

initial pink band was di scarded and the subsequent ef fl uent passed

t hrough a col um contai ni ng Sephadex =5&-50 until the broad red-brown
band was el uted. 15% aqueous acetone was passed through the G50 colum
until the effluent was col orless. Fractions of the 20 effluent were -

exam ned by HPLC as described in Section 6.2, and those fractions

cont ai ni ng proant hocyani ¢inhsummapel, yproakthecpandin rpol ymet dvay@s ated to -

d I el di t 21 . I gl A.
6 3" Port Fi CATPERPCE DRGN g AcRe kA DF DBRGEIBEAERELEERM ™) (0 e
proant hocyani direspiratoeslyy syncxtisft ¥irue iBfeeSien pdRy Afriman Heen 1

above, Wamokeyd.Ved idesa0@enh . 808y ARYCUGeACEY ONStravenBIss 30
chronatogrgphed gver a m '

(Toyopear | ° Hvd8Jjegtion %%&%gﬂg%FﬁVFtﬁPﬁég€%%€n£S%‘?@Jrg{r&g;bﬁgl Fg?r] m
' virus shedding from the oropharynx, reduced titgrs of
virus shed and reduced clinical symptoms. A dose of
0.5 mg/kg administered twice daily was also effective
in reducing all three parameters of infection although
10 to a lesser degree than was observed at the higher

dose.

9. EFFECTIVENESS OF PROANTHOCYANIDIN
POLYMER A
15 FOR TMENT OF INFLUENZA A

Male and female BALB/c mice were used in in
vivo tests to study the effectiveness of
proanthocyanidin polymer A against Influenza A. The
mice weighed 13-16 g and were obtained from Simohsen

20 Laboratories (Gilroy, CA). They were guarantined 24
hr prior to use, and maintained on Wayne Lab Blox and

tap water. Once the animals were infected, 0.006%

oxytetracycline (Pfizer, New York, NY) was added to

the drinking water to control possible secondary
- 25 - bacterial infections.

Influenza A/NWS/33 (H1N1l) was obtained from
K.W. Cochran, University of Michigan (Ann Arbor, MI).
‘A virus pdol was prepared by infecting confluent
monolayers of Madin Darby canine kidney (MDCK) cells,

30 incubating them at 37°C in 5% €O;, and harvesting the
cells at 3 to 5 days when the viral cytopathic effect
was 90 to 100%. The virus stock was ampuled and
stored at -80°C until used.

" The proanthocyanidin polymer A was dissolved
in sterile water for injection (WFI) each day at the
appropriate concentrations and used immediately. 1-
Adamantanamine HCL (amantadine) was purchased from

* This Sheet Has Been Reﬂlaced
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Tparticlelsize). 16 1 were col

t he el ut wan9ayaee9sont i nued

fracti ons -
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| ected, then the eluting sol vent was
changed to 40% aqueous acetone and 8 nore 35 liters were collected,
with 4 1 of 60% aqueous acetRCEUSFHH7679
cont ai ni ng proanthocygg%gin pol ynmer A, as shown by

Sigma (St. Leuis, MO) and was dissolved in sterile

saline. 1-B-D-Ribo

furanosyl-1,2,4~triazole-3-

carboxamide (ribavirin) was purchased from ICN

Pharmaceuticals,'In
dissolved in steril
An Ohmeda

c. (Costa Mesa, CA) and was
e saline.
Blox 3740 pulse oximeter (Ohmeda,

Louisville, OH) with ear probe attachment was used.

Each mous
dilutions assayed i

e lung was homogenized and varying
n triplicate for infectious virus

in MDCK cells as described by Sidwell, RW, Huffwan JH,
Call E.W., Alghamandan_ﬂ.,_Cook P.D., Robins, R.K.
"Effect of Selenazofurin on Influenza A and B Virus

Infections in Mice",

Antiviral Res., 6§:343~53 (1986).

Two experiments were conducted as follows:
Experiment 1: Seventeen male and seventeen female

nice were infected

‘intranasally (i.n.) with an

approximate 90% lethal dose of virus (0.06 ml). This

viral inoculum was

equivalent to an approximately 10°

cell culture 50% infectious doses in MDCK cells.

Treatment with 30,

10 or 3 mg/kg/day of

proanthocyanidin polymer A or 125 mg/kg/day of
amantadine was begun 2 days pre-virus exposure and
continued once daily for 8 days. Pulse oximeter
readings of arterial oxygen saturation (Sa0Q;) were
determined on 5 male and 5 female mice daily through

10 days pOSt“VJ.!\lS

exposure and again on days 14 and

21. On infection days 2,4,6,8,10,14 and 21, 3 mice (2
nale, 1 female or 2 female, 1 male) were killed and
their lungs removed, graded for consolidation, and
frozen for laser assay of virus titer. Consolidation

was scored from 0 (

normal) to 4 (100% consoljdation).

The same animals used for Sa0, determinations were held
for 21 days and deaths noted as they occurred. As

toxicity controls,

3 male and 3 female sham-infected

mice were treated concomitantly with each dosage level

of test compouﬁd.

These animals together with normal

ThlS Sheet Has Been R,
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HPLC (See Section 6.3), were conbined and the sol vent .renoved in vacuo
yi el di ng approximately 57 g. of sol i d. Final purification
was acconpWeemesss a 5 conbination of adsorption and size- BCE/USIHNTET9
chromat.ography: 50-75 g. of the above sgkhd were di ssolved in 90%

et hanol and introduced onto a col umm cont ai ni ng Sephadex LH 20 (a
‘cross-1linked dextran gel w th hydroxypropyl groups attached by ether

linkaggs 1? touaweaeeaumi&% OéréhﬁeMét d aimrmdtpi dtely A xutdroTovv?szw -
carried out usin ueoys_ et hano n 0 6 aqueous
acetone, 5 1 off gﬁéﬁﬁﬂﬁeﬁﬂg n% tex € é%ﬂag§§7§§ﬂﬁﬁﬁ% acet one and

then 5 1 of 60% aqueous acetone Fractions were collected at 2 1

intervals 15 ap%ggiéﬁ)éﬁ@ By Hehie éﬂ?ﬁeﬂﬁéﬂt% CR{Urt I to
proant hocyani d were conp IEorated toEFryness in

vacuo at 35 gi FP‘RQ’&E"B‘ &t e"ceBErE 5?%%“t‘lﬁ%%%n‘l é}

For the HPIC, axpasagegel -perneation colum 20 for.non aqueous nobi | e

precer tas v BBl Biuyns bl LoRRC-SLESE SV sl ot o1

parti.cl es, 500%agoevaghated uaenmpcuns9quem¢vﬁm@1yszs with Yate's
correction. Mean survival time increases, virus titer

and Sa0, value differences were analyzed by t-test.

10 Lung consolidation scores were evaluated by ranked sum
analysis. The Exstatix™ program run on a Macintosh IIX
computer was used to determine % standard errors
(S.E.).

An overview of the results of these

16 experiments is shown in Tables 14 and 15. The

overview of the two experiments shows mean data
compiled from all time points in which assays were
made. The toxicity controls for fhese'experiments
indicated the 30 mg/kg/day dose of proanthoéyanidin
20 polymer A was toxic to the mice.
Experiment 1 (Ea treatment initiation}: 'The
summary of Expériment 1 (Tabkle 14) indicates
significant influenza disease-inhibitory effects of
the 30 and 10 mg/kg/Qay dosages of proanthocyanidin
polymer A based on the reduction of lung
consolidation. The Sa0,t were significantly increased
in the infected female mice receiving the 10 and 3
20 mg/kg/day doses.

Amantadxne was intended as a positive
control in these experiments. Amantadine did not
appear significantly effective in this experiment.
However, it has been subsequently learned that this

3¢ particular influenza virus is resistant to Amantadine.

More detailed examination of these

" parameters can be seen in Figures 6~9 for Experiment

25
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equipped'mdth a diode array detector that generates UV 25 spectra, with the
detector set at 280 nm Sanpl es are di ssol ved |n 95@6a THF,
whi ch WO /869% he devel oping solvent. At a flow rate of Hﬂ7
t he proant hocyani di n pol ymer A peak nesigeum has a retentlon tlne of
7.2 0.5 mn.; 30 proanthocyanidin polyner B has a retention tine of 6.5
0.5 mn, indicating that proanthocyanidin polymer B .~ has a |arger
mol ecul ar weilght Ihimgn qensaitidatiani dFagure 6épovasrparticdRrly
inhibited on the early sampling days; the
consolidation gradually increased in all groups
through the remainder of the experiment, but never
feacned the level of the virus controls.
5 Lung virus titers (Figure 10) were not
reduced early in the study, but by day 8 and 10,
significant reductions were seen in mice treated with
the 10 and 3 mg/kg/day dosages of proanthocyanxdxn
polymer A.
10 The Sa0, data were separated for male and
female mice, since 5 .animals of each sex were used for
these determinations. Essentially no inhibition of
Sa0, decline was seen in male mice treated with either
compound (Figure 12). The female mice appeared to
15 respond better, however (Figure 13), with the 10 and 3
ng/kg/day doses of proanthocyanidin polymer A
inhibiting by approximately 10% of the Sa0, decline.
* It should be noted that in this experiment, therapy
ceased on day 6, and by the next day, the Sa0; in the
treated animals began to decrease at a rapid rate.
This suggests a need to continue therapy a few
additional days. |

20

Experiment 2 (Late treatment ihitiation): The summary
results of this experiment are seen in Table 15. It
should be noted that in this delayed treatment stﬁdy
all the male toxicity contrcl mice survived the high
dose proanthocyanidin polymer A treatment, although
they lost considergble weight. These animals were
slightly older than those used in Experiment 1, and-
weighed an average of 1 g mere.

25

As seen in Experiment 1, no significant
increase in survivors was seen in the infected,
a5 treated groups, although significant mean survival
time increases were observed in female mice treated

with 10 and 3 mg/kg/day of proanthocyanidin polymer A
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6.3 CHEM CAL IDENTIFICATICN AND STRUCTURAL,

FEATURES OF THE PROANTROCYANI DI N : In the infrared, the '
pr oant hocyM@i93706695 pol yner A of the invention, obtained as dEEZPSEBE"Wﬂ 5
Section 6.1 above, shows a very broad_.ggLense peak rangi ng from

3550- 2500 and ot her peaks at 1612, 1449, 1348, '1202, 1144, 1107, 1068
and 1027 cm 1. See Figure 1. The 1H NWVR spectrumin
Derr]O (400(%2124i§yr]Cdvéﬁammﬁtnﬂmg/egebﬁé)%ﬂéeakgmat 6 7.1, 6.9,
6.1, 4.7 and ppm See Figure 2. Utraviolet-visible
spectral ana??g?g ?n Herr]O reveal ed broad peaks at [err] 202, 235,

(shoul der).

275, 3Dbe (3hternate~-dayc(ungl cormdliidatdonat er t han 600 nm

Al though theg iy, ‘c‘lﬂﬁé 2fet ﬁ°‘9"efﬁrhmé’%bf'eﬁ?ﬂ‘*“gﬁgaﬁ%%b' es those of

ot her known proan

The known
5

10

15

20
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35

ocyani di ns Vi Si
polymer A therapy again caused inhibition of

congolidation, although to a lesser extent than seen
using earlier-initiated therapy.

early different.

Lung virus titers (Figure 11) were only
marginally reduced by proanthocyanidin polymer A
therapy.

The Sa0; data for male and female mice are
summarized in Figures 12 and 13. As was observed in
Experiment 1, the female mice tended to iespond better
to proanthocyanidin polymer A therapy than the males,
with somewhat variable, but dose-responsive inhibition
of Sa0, decline. We conclude this material has a
moderate effect agaznst the murine influenza
infection. _

In view of amantadine's inactivity, an
experiment was run using a 75 mg/kg/day dose of
ribavirin, which is known to be highly active against
the influenza virus infections (Sidwell, R.W.,
Huffman, J.H., Hare, G.P., Allen, L.B., Witkowski,
J.T., Robins, R., "Broad-Spectrum Antiviral Activity
of Virazole: 1-f8-D-ribofuranosyl-l,2,4-triazole=-3~
carboxamide", Science, 177:705-6 (1972)). The drug
was given i.p. twice daily for 5§ days beginning 4 hr
post-virus inoculation. The same disease parameters
as used in the present experiments were employed with
the ribavirin study.

The overall results of this ribavirin
experiment are shown in Table 16. The drug was not
lethally toxic, although it caused moderate host
weight loss. All infected, ribavirin-treated mice
survived the infection. Lung consolidation and lung
virus titers were significantly reduced, and the mean
Sa0, decline was inhibited. The lung consolidation,
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proant hocyani di n nononers and polyners are colorless 20 ([err] 205, 240,
275 nn) and have no absorption in the vi si bl e range, whereas certain of

t he i sol at ewenreé69s proant hocyani di n pol ymer A of the presegr/iR¥Eo% 79n
are colored and have a visible absorption at 460 nm The color of t

proant hocyani di n pol ymer suggests the~$8~ presence of a fIavyllun1nD|ety or
noi eties within the proanthocyanldln polymer. This is consistent with

monomer i o anCHENFTATE AR 580t JAEL HES Shef, S9v BErkndrseif (BarT)
460- 560 nm) . Fi@ures 14- 16. The 13C NMR spectra of the proanthocyanidin
L o oy ey L7 ch 3Ll a1 by £ df e et 1 e
Dlerr]O exmIﬁHﬂﬂ}flca“Weﬁ?fﬁﬁﬁaaapéakéb&Flférr] 155(CG-5, G7, C9),
145(C. gl,(CC- 35 23, FréinndoyaRidih pddpaer 1A uken g 1véﬁ‘£59 s
82% C2), 76(&'5)]1 %‘!fﬁc%)&@r’ré’éﬁgtggfgpﬂ & 5.5 “onde daily ¥ord

days, exerted moderate inhibition of the infectien.

‘The material wvas most efficacious when treatment was

initiated 2 days pre-virus exposure, although

significant inhibition was also seen when therapy was

0 gelayed until 4 hr post-virus exposure. The toxicity

controls did not survive a dose of about 30 mg/kg/day.
Disease-inhibiting effects were primarily limited to
10 mg/kg/ddy. Amantadine was ineffective against this
influenza virus strain. Ribavirin was inhibitory to
the virus infection. It is concluded that
proanthocyanidin polymer A has anti-influenza virus
activity.
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suggest

anti viral

The 13C NWVR dat a

bet ween t he novel
i nvention and kndGT/US91/07679 -

for the *prodel phinidin B ring.

26 -
sonme key points of structura

pr oant hocy WOXN210G695 y ner s

di f ferences

of the present
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10 (conpare with spectra in Czochanska et al., 1979, J.C.S. Chem
Comm, p. 375-77; in Harborne, J.B. and Mabry, T.J. ed., The
FI avonoi ds:WQP240688 i n. Resear ch, Chapman and Hal |, NY, 19g% §§’l|(|07679

The 130 NVR data

51- 132, incorporated herein by referenge).
polyner 15 is indicative of the proanth@&ani din class of poI ynmers. In
particular, the 13C NMR chem cal shift . data of the isolated
pr oant hocyani (ﬁn pol ymer (C o 03132 pgm eC- B=145|pm C 3 & C4'=145
ppm C5'=1163 ppm | C 07 bpm @3 & 8 58=1%6|ppm C 4'-133 ppn) 20
I's consistent Shith a ppl r corrposed of rocyanl d| n B o i Ng noi eties
wththelndlﬁdﬁal f1 hvonol“C 1l ngg Elt : pQB sifng t&)ththe23trans
and 3,4-trans§ = [S|rrlar to (+)- até'&hlﬁ 2‘83 pn Cy=73 ppm C .
4=38ppn] and 3§C| 3| 4-#raps [simlar to (-)- 25 e;;i catgechin; G 2=77
ppm C3=73 p - 4=T7PB pﬂ)nj- 1 gfergochenistries. The ggesent experiment
dat a |$1dha€es t hpat ntgocyaniwsli napo@ymu Ai¢$ comprised © of
catechin, epi Gtechin,|g I at€chin and 30 galloepi¢ateghin. The HPLC
dat a suggest 'gthe average nunber of fl avonoi wunl s is about 7.
The HPLCgdata al sp suggests that nunber of flavo 16| d&units vary
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yner
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The
other salt sol utions.

congeybikégyns of at |east about 10 ng/m . The
pr oant hocyani di n pol ynmer A has a nol ecul ar

The Jpr oant’hocyani di' n" pol
| ower solubility in norma

aqueous sol utions.
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average of about 2,100 daltons. 5 6.4 |SOLATION OF A
PROANTHOCYANI DI N POLYMER FROM CALOPHYLUM | NOPHYLUM

( PROANTHOOYON2/96699 0L YMVER B) A novel proant hoc P58/ USH/BW7Y ner
accordi ng to the present inventionggan be isolated by a nethod

simlar to that described above in Section 6.1 from the entire
macerated plant, the bark, the |eaves, the roots or the | atex of

Cal ophy!l I um i nophyl um AccorDing to a preferred nmethod, the

pr oant hocyani di n pol ymer is obtained by the nethod descrlbed in Section

6.1, except that water Il on sol vent.
In one selroi es of exper*%nm@éy g’e%@mng§§§#éﬁﬁﬁpol ymer,
desi gnat ed proanthocyanldlrkoi P DA .(.,eJhngﬁe‘f.;

py&2l ophyl ['um
i nophyl um 20 | at ex. Fom Cal ophy! | um

O
i nophyl um was ni xed wi Thelve. ﬁﬁﬂéﬁﬁ"eS?P%P|H9PFGN§ Uﬂth°“t|sopropanol and
wat er, sti9rggtobedgt €6 cpardinfuenzavirimetaipe 3,f qpI863jiowese The resi due

Was reaned bged in an experiment to determine antiviral activity
of proanthocyanidin polymer A. The monkeys were
divided randomly into four groups of three monkeys
each. The respective groups received proanthocyanidin
polymer A at doses of 10, 3.3, or 1.0 mg/kg/day with
the drug dissolved in 0.5% glucose. A control group
of three monkeys received 0.5% glucose without the '
drug. Each of the monkeys received treatment by
intravenous bolus injection as divided doses twice
daily at 8 a.m. for 7 days. The injections were made
into the saphenous vein of sedated monkeys. See Table
17.

10

15

Treatment was initiated four hours before
virus inoculation. Four hours léter, a 102 dilutien

20 of PIV-~3 was prepared and inoculated as a 1 ml volume
intratracheally and a 1 ml volume placed on the
external nares. The titer of the inoculated virus was
10%5 TCIDy, per ml.

26 Throat swabs were taken daily and placed in
1 ml of tissue culture medium. Fluid was expressed
from the swab and the tissue culture fluid was
titrated for virus. Tenfold dilutions of the throat
swab specimens were prepared and inoculated inteo

30 duplicate wells of 24 well tissue culture plates
seeded with Vero cells. Titers were determined by
microscopic examination of the cultures for viral
cytopathology. The monkeys were observed daily for
clinical symptoms including rhinerrhea,; sneezing anad

3% coughing. At 14 and 21 daye post-infection, bloed was
drawn for detection of antibody to PIV-3 using a serum
neutralization assay.
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25 filtration and the sol ution was evaporated to dryness, I n vacuo,
gi,ving.133.5 g of solids. The solids were added, with

stirring, tavg®/ee69s 9 of nethanol. The solution was then filt ecadusyEsrér9
fromthe solids, and a 1:1 mxture of water and ethyl 30 acet ate was

added. " The water fraction was separai?xﬁs = and n-butyl al cohol was
added. The water fraction was separated fromthe al cohol fraction and
concentrat ed to dryness yielding approximately 10.4-g of crude .
proant hocyani di n polynmer b. 35 ' The crude praoant hocyani di n
pol ynmer B was passé%P?thﬁmﬁhﬁa¥3w3ﬂ9&5§§h&HE?“EC‘BSPEﬁﬁduégﬂﬁ de-
i oni zed wat er ppyifesBtnttng mjorcitly sheddingavdresswithin 24 hours

after virus inoculatien. Virus shedding continued in
-all monkeys through the eighth day post-infection with

5 some monkeys shedding virus through day 9 and 10. See
Table 18. '

The mean virus titers for each group are
shown in Table 19. Proanthocyanidin pelymer A at 10
mg/kg/day appear to reduce the mean titers on all of

10 the days post-infection by one log or better. The 3.3
ng/kg/day dose was seen to have a slightly lesser
effect than the 10 mg/kg/day dose but again all titers
were less than the controls. No appreciable effect
was seen at 1.0 mg/kg/day.

15 Synptoms of respiratory infection were more
common in the centrol monkeys than in any one of the
three proanthocyanidin polymer A treated groups.
During the 11 days of observation with 3 monkeys per
group, 33 total symptom days are possible. 1In the

20 group receiving proanthocyanidin polymer A at 10
mg/kg/day only 7 of those 33 days were observed to
have monkeys with symptoms. The 3.3 mg/kg/day dose.
resulted in only 2 days and the 1.0 mg/kg/dose
resulted in 7 days. The principal symptom observed

26 yas rhinorrhea (See Table 20). '

Antibody titers to PIV-3 at 14 and 21 days
after virus inoculation are reported. All monkeys
were observed to develop antibody with what appeared
to be slightly higher titers in the treated monkeys
when compared with the untreated controls. See Table
21. | |

Thus, proanthocyanidin polymer ‘A was seen to
have a beneficial effect on the course of
parainfluenzavirus, type 3, in African green monkeys
treated with 10 and 3.3 mg/kg/day with
proanthocyanidin polymer A. Proanthocyanidin polymer
A was seen to reduce the titers of virus shed in the

-
e

This Sheet Has Been Rt

[T



- 28- col l ected and fractionated using a LH 20 CC col um, el ut ed

w th 70% aqueous et hanol solution and 20% 50% and 70% agueous acet one
sol uti ons t\WOJH2/669S pr oant hocyani din pol yner B. At | ower coPRPCFNISH/OTENS,
5 a solution of proanthocyanidin pol YEle B S essentially colorless. At
hi gher concentrations, the sol ution of proanthocyanidin polymer B is

t an. 6.5 CHEM CAL | DENTI FI CATI ON AND STRUCTURAL 10
FEATURES OF THE PROANTHOCYANI DI N POLYMER B

The [err] C N\R I ; n I gi lJQqur e 4)
confirns thaﬁ%l%ﬁqegt%a hgﬂ%g‘%e?hgfm%ep%%gé% é;#r:c?g‘# hocyani di n
pol yners and Symptoms seen with this infection.

Table 17. Treatment Groups of African Green Monkeys
Selected to Evaluate the Antiviral aActivity of

5 Proanthocyanidin Polymer A Against Parainfluenzavirus,
Type 3 ' B
Monkey Number Bax Weight (kg) Treatment with

Proanthocyaniding
Polyser A
10
1299 ) 4 2.0 5 ”,‘g' b-i.‘o" Ldev,
u‘l . ‘-‘ . 5 q,'ﬁ, bti-‘c. i-.'l
L300 | 1.8 S mg/kyg, b.i.d., S.v.
K144 u 5.0 ° 1.6% qlks. b-"‘.' i.v
L302 L 2.4. . 1.67 ",t’p ’-io‘o' i.v
'5 X143 x 4.6 1.67 q,kg; bti-‘-' i.v
L301 | 2.8 0.5 mg/kg, b.i.d., f.v.’
X347 n 4.8 0.5 q’kg' blildc‘ d.v.
K342 r 2.8 0.5 q,hg, b.‘.odl.. d.v.
K337 } 4 1.8 0.5% glue’.., b-i." i'
K346 4 3.0 0.5% glucose, b.i.4, iv
K34s r ‘3.2 0.5% glucese, b.i.d, iv
20 .
25
30
35
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conprises principally catechin and epicatechin nmononeric fl avonoid
units.” Gel perneation chromat ography (GPC) indicates that

pr oant h‘ocyawdjgﬂmgs pol ymer B has a nol ecul ar wei ght that is peyraso1/07en
proant hocyani din polymer A Consistent with the GPC 20 data, HPLC GPC

retention tinme of proanthocyanidin- _;gy ymer B is shorter.than that for
pr oant hocyani di n pol ymer A under the sane conditions -- again
indicating the | arger size of proanthocyani din pol yner. B. HPLC .
i ndi cates that polynmer B has a nolecular 25 weight average of about 3000
dal tons, corresponding to “an average nunber of flavonoid units of
about 10. The . HPLC data al so suggests that the nunber of flavonoid
- units vary fromS to 16. Mass spectral analysis i ndi cat es t hat
proant hocyani di n polynmer A has a 30 nol ecul ar wei ght average of about
2100 dal tons. _ The Fourier-transforminfra-red spectrum of
proant hocyani din polymer Bis quite simlar to that of :
proanthocyaﬁ(ﬁ n pol ymer A (See Figure 5 and Figure - 1). 35
Li kew se, the UV-visible gpectrum of proanthocyani%in polymer B is
simlar to that of
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pr oant lhocyani din polyner A was tested for antiviral activity against
the foll ow YhJoéges: Respiratory syncytial virus subtype riant
A2-Tr acey, E?ong, 10 B-46791, B-47063 and B-18537: parai n_flu@ﬁéﬁﬁl(@éf”

type 3 (PIV-3); adenoviruses, type 5 ané97+ influenza, A- Tai wan (HI N1);
A-Leni ngrad (H3N2); A-Japan; A-Port " Chal nbers; A-NWS33; B-USSR;, B- Tang;
B- RF; neasl es virus, and Ednonston strain. Al'l viruses
were obtained fromthe Influenza - Research Center, Baylor Coll ege of

Medi ci ne, HouSebhe 20. TTata]l Days imdiicieMcnkeys ShowadesSymptomswhi ch was
obt ai ned frontATEErainfluenpavices, Typm\d rInfestson included in the
> ;

screeni ng assay—20 he—f-otl-ow-hgprocedure—was—used_to_assay

for antiviral actigidatmefissays were performed in 96- e bat i SSUE

cul.ture pl at esayspirdtadi | uti ons and tissue cul ture suspensions were

prepared | i i i 2l gedium.containing antihiotics penicillin
al calf serum (2% FCS- VEM) . st

and 25 st rPept onycg t@@f‘. 3
conmpounds (0.05 m .mla‘é% /edydigadrupl i cate to wells %;3 he test

pl at es cont ai ni ng B~ PebconBlYa¥kg/day nonol ayer of HEp2 cells gz 3 x
10[err] cells). Th- Pel-Rc3nmg/b¥/ 98 e dil uted using serial 23¥ d
di lutions

Table 21. Antibedy Titers to Parainfluenzavirus, Type
3, in African Green Nonkeys Infected With the Virus

10 and Treated With Proanthocyanidin Polymer A’
_ Monkey w
B.X.
Treatment Buaber 14 Days 21
Days - :
15
Control X337 1140 11160
0.5% . © ., K346 _ 1120 1:80
glucose, i.v. : K345 1:180 : 1:160
‘P.Polymer A, ' 1299 11160 31320
10 mg/kg/day, x341 1:160 1:320
20 i.v. . L300 11160 : 1:320
‘P.Polymer A, K144 1180 1:80
3.2 mg/kg/day, 1302 1:160 1:320
i.v. X143 11160 11160
‘P. Polymer A, 130} 11160 1:320
1.0 »g/kg/day K347 1:80 1:160
BeVWe ) K342 1:40 ' . 1:180
25

10.1 EFFECTIVENESS OF PROANTHOCYANIDIN
POLYMER A FOR TREATMENT OF HERPES

SIMPLEX VIRUS TYPE 2 VAGINITIS

In vivo experiments were performed to study
30 the effectiveness of proanthocyanidin polymer A in
comparison with ganciclovir against herpes simplex
virus type 2. Ganciclovir is known to be effective
against herpes simplex virus typé 2.
In one series of experiments, both

compositions were formulated for intraperitoneal
injection by dissolving in physiological saline.
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30 usual ly starting with a final concentration of 1 ng/ m .

Approxi mately 100 nedian tissue culture - infectious doses (TCIDerr])
of the appr 'gt%gdsest Vi rus in 0.05 mM was added. Ti sswwﬂg
wel | s cont al medi um w thout virus or antiviral conpound, an
antiviral control wells contained anti ¥Pr al conpound W t hout Vi rus.
Ri bavirin was included in each assay as a positive antiviral control,
except for t he : - 30 -

Swiss Webster female mice (Simonsen Labs,
Gilroy, CA) weighing approximately 20 grams each at
the start of the experiment were infected
intravaginally with hefpes simplex virus type 2 (HSV~

s 2), E194 strain. This was accomplished in a 3-step
process. First, the vagina of each mouse was swabbed
for 5 seconds with a cotton tip applicator dipped in
0.1 N NaOH. This treatment irritates the vaginal area
so that the infection takes better. Approximately 1

10 hour later each vagina was dry swabbed for 5 seconds.

" Then an applicator dipped in virus medium was used to
swab each mouse for 20 seconds. The swabs were gently
and slowly twisted back and forth during the time they
were in place.

15 Six hours after virus infection,
intraperitoneal (i.p.) injections were administered
using proanthocyanidin polymer A, ganciclevir, or
placebo. Treatments were also given i.p. twice daily
on days 1 threugh 7 after virus chalienge. The daily

20 dose of each compound was 30 mg/kg/day, with 15 mg/kg

given at each injection. Since on day 0 of the

infection only one dose was given, the daily dose for
that day was 15 mg/kg/day.

Groups of 5 mice were sham-infected using
the process described above for virus infection,
except that no virus was present for the final step.
These mice were treated the same way ahd at the same
times ag above. Mice were checked daily for survival,
and weights were recarded'before the first (day 0) and
after the last (day 8) treatment.

. Lesion scores in infected mice were
determined daily on days 3-14 of the infection. A
score of 1+ indicates redness immediately around the
35 vagina. 2+ indicates spread of the lesion toward the

anus. 3+ indicates a lesion (usually with swelling)
from the vagiha to the anus. There .are variations to
this since some mice may have a vaginal lesion plus a

25
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adenovir-uses where Ribavirim-fail’s to denonstrate antiviral activity. Back
titrations of each test virus were also included i neach assay. Al:l plates

were i ncubaWeN92u06698[ err]C in a 5% C err] incubator. Virus coPCTAISIMO7ETY
were observed daily. Wen these wells gthbited 80- 100% cyt opat hi c effect

(CPE), all wells were observed for CPE."In addition to visual and

m croscopi ¢ observance of CPE, inhibition of syncytial formation was used

to confirmactivity agai nst RSV. In each antiviral assay, a 50%

mini mal nhi BegobK GANERA!£RL1ON SETLELL IafP ol HilklgoThE BRI CM ] vas
cal cul ated by determning the nmedian m ni mal® concentratiomi ol comnmpound
tested i n wefi€ i BAepierAgn CPECEY BRI PERR FiRe \RL deatdhidgol wells. The

actual cal cubakrpadothibaghDterthe Vandicomachd ane duyish t It &hdgof the
conput er pro uters” of Chou et

al ., 1984, Agég@Eﬂ?goégﬁg];ffgéﬁggié s!ess "ia A C‘{loa'cﬁ% % fFEMP of each
conpound of whuldrapphavftangofdeowrdas ithe anest tafifected micecdded at | ow
off. Some animals developed hind limb paralysis (and
later died). This condition did not add to the lesion
- score. _ | .
Deaths were recorded daily for 21 days. The
10 mean day of death calculation took into account only
mice that died. Vaginal virus titers were made by
titration of virus obtained from vaginal swabs 3 days
after virus inoculation. - These titrations were
conducted in Vero cells in 96-well plates.
15 calculation of virus titer was made by the 50%
endpoint dilution method of Reed, L.J. and Meunch, M.,
Am. J. Hyg., 27:493-438 (1938). |
_ Statistical interpretations of survival
(Fisher exact test), mean day to death (Student's t
test) and virus titer (Student's t test) were made by-
two-tailed analyses.
' Table 22 below shows the average lesion
scores with standard deviations and statistical
analyses for the experiment.

20

25

30

35
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densities to allow rapid growh, was al so evaluated. Fromthis assay, a 50%
m ni mal toxic concentration (1D err]) was determ ned. The assay for cel
toxicity omvg oivogs9s on of cell
Test conpounds (0.1 m/well) were serially diluted 2-ofld. To

appropriate wells were added 0.1 ml of 7Ruman HelLa, A549 or HEp2 cells, 0.1

m of nouse L929 cells,
cells. Approximately 3 x 10[err]
wel I's consisted of wells containing a r
x 10[err] celfable; 22
W t hout any ' '
di lutions of

5

10

15

20

. 25

30

35

ox

a
Ydde

-di BEEMGE

i

IRLTapsFE

gﬁ |
g% _an BArees &

growt h invol ved the foll ow ng p{:ﬁ}eifé;'ihﬁ579

0.1 mof nonkey Vero cells or 0.1 m of canine MDCK

cells were added to each well. Contro

e of cell concentration (e.g., 3

neal propntbagyapiddp i n nedi um
lex CFRE JvPeg 201 seri al

s 084 for a particul ar compound (e.g., 10%

DVM60, 50% net hanol) was al so included in each assay in

* Aftar virus challenge.

: Stansdard gcvi-tion .
P <0.05, ™ p<0.01™ p<0.001 (two-tailed Student's t test).

e Lasi geo
Proaath. Pol. A GQanciclovir
pay* {30 mq/kq/day {30 ma/kq/day) Placebo
B | 0.220.2" 0.120.2 0.320.3
4 0.2320.3 0.220.20¢ 1.121.0
L3 0.720.99 0.220.39¢ 1.921.2
6 1.321.4°0 0.220.20%e 3.”10‘
7 1.521.3%e 0.220.30¢¢ 3.122.6
8 1.821.5¢ 0.320.400¢ 3.021.6
9 2.121.4 " 0.450,30¢e 3.221.4
10 2.321.4 0.520.500r ‘3.2821.3
11 2.311.5 D.St-.l"' 3-:“03
12 2.221.4 0.920.20%e 3.2¢1.3
13 l.ltl.S' 0.‘30'."" 3-::10‘
14 1.8£1.S¢ 0.620.6%2 J.121.4
Grand Avg. 1.520.8*° 0.420.3vwe 2.621.0
(Days 3-1¢) :

Proanthocyanidin polymer A showed a statistically
significant decrease in average lesion score compared

to0 the placebo control.
effective.

survival of the treated mice.

Ganciclovir was also

Figure 17 gives a visual impression eof the
degree of lesion inhibition exhibited by 30 m§~
proanthocyanidin polymer A per kg relative to the
placebo control and ganciclevir. Table 23 shows

This Sheet Has Been Re;ilaced




- 31 - duplicate. Al plates were incubated at 37[err]Cin a 5% CJ err]]

i hcubat or . trol wells containing cells, but no test cogpound
reached con@%@@gs- [4,5- Dinmethylthiazol-2-yl]-2,5-Di phenyl?@@bﬁ’ﬁﬁ%
Brom de (MIT) was added to all wells. _-Thgee hours btater, acid al cohol (0.1
m of 0.4 NHA in isopropyl alcohol) was added to each well to solubilize
any precipitate forned in each well. Plates were read on a plate reader (W
MAX, Mol ecul ar Devices) to determ ne the optical densities in each welf.
The medi an comabaer a8i.0nEgkeatt bYi tatrapePPtosed] Bivadetidcypiflaincausi ng a
50% r educt i onPolyDed. AWIredehenti sadsafdivel nEnd "vddiidl 'virtld wells in the

assay were al FitepsdnvM¥dcei Infectpdcihtyatoginaiipivwitm Hérped | growth. The
results are sRémPplex YiEMs Type 2 (HSVe2).

Survivors/ Mean Day Virus Titer*
5 Compound Pose Tota) (%) to Daath {Day 3)
VYirug-Infected
Pro. Pol. A 30 4/10(40) 9.5£3.2 2.9:21.1
Canciclovir 30 10/10(200) ** >21 1,7¢1.0n
Dninfected Toxicity Controls
o : ' ost Wt. ange®
Pro. Pol.A 30 5/5(100) >21 : +2.8
10 Ganciclovir ao 5/5(100) 21 - +1.0
Placebo - £/5(100) >21 +2.5

109,508 cell culture infectious dose par al.

‘Determined on day 8. Reprasents the difference in grams between
day O and day 8 weights. "P<0.00Z, two~tailed Pizher exact test
(survival) or two-tailed Student’'c t test (mean day to death amd
virus titer parameoters.) .

15 proanthocyanidin polymer A showed an increased
survival (40% survival compared to 15% in the placebo
group). The ganciclovir group had 100% survival.
Table 23 also shows that proanthocyanidin polymer A
treated mice had less virus than the placebo control,
but the results were not statistically significant.
Ganciclovir caused a significant reduction in virus
titer.

20

Results inh toxicity control mice showed
proanthocyanidin polymer A was well tolerated and
caused no adverse effects at the doses used;
Ganciclovir treated mice gained less weight than
placebo controls. -

Thus, proanthbcyanidin polymer A
admin@stered intraperitoneally at a dose of 30
mg/kg/day had. moderate antiviral activity in this
model. There was no apparent toxicity of the
pProanthocyanidin polymer A formulation to mice.

Another series of preliminary experiments,
as in which the proanthocyanidin polymer A compositien is

administered orally, showed some anti-HSV-2 activity
but only at the highest dose administered, i.e., 270

.25

mg/kg/day. L
| This Sheet Has Been RTlaced
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but only at the highest dose administered, i.e., 270
mg/kg/day.

In another series of experiments, the
proanthocyanidin polymer A gompositicn-was formulated
for topical application against HSV-2. The efficacy
of proanthocyanidin polymer 2 is compared with
ganciclovir and acyclovir. Both ganciclovir powdre
and acyclovir cream were obtained commercially.

Squibb cream base #£8, which served as a vehicle and as-
the topical placebo control, was also commercially
obtained. .

The methods of infecting the mice, setting
toxicity control and the parameters measured to
evaluate the infection were the same as described
above for the intraperitoneal tests. Topical '
treatments on the day of infection were given at +6
hours. They were then given twice daily for 7 more
days. '

Treatment for 7.5 days with proanthocyanidin
polymer A at two doses resulted in a statistically
significant reduction in lesien scores of the period
of evaluation for the 10% dose. This is presented
graphically in Figure 18 and in Table 24. The 5% dose
also reduced lesion development relative to the
placebo control, but the results were not
statistically significant. Acyclovir cream nearly
completely prevented lesion formation in infected
animals. More nmice treated wtih proanthocyanidin
pciymer A at 5% and 10% doses survived the infection
that placebo conﬁrols (Table 25) and vaginal virus
titers were reduced at the 10% dose. In addition, the
numbers. of mice without lesions on day 14 were greater
than in the placebo group. None of the uninfected
toxicity control mice lost weight or died ‘as a result
of treatment with any of the cream formulations.
(Table 25). '
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Wi th ~P}Mnt MRRM%i n Pol yner A

10

15

20

25

30

32 [ A W e R ]

Effect of In Vitro Screening for 'ltivi ral Activity
- : PCT/US91/07679

- 95 = .

A |

It can be concluded that topically applied
proanthocyanidin polymer A as a 10% cream was active.
only three mice developed vaginal lesions, but the
lesions all progressed to maximum severity. The
proanthocyanidin polymer A cream formulations were
somewhat dry to the toueh, since the composition
hydrated and absorbed some of the water from the
Squibb cream base. This may have affected the
performatnce of the proanthocyanidin polymer A cream.
Partial hydration of the material in water prior to
wixing it with the crean base may provide a more
aquecus and biocavailable product for topical
application. '

Table 24. Effect of topical Proanthocyanidin Polyﬁer
A Treatment on Eerpes Simplex Virus 7Type 2 (ESV-2)
vaginitis in Mice.

Average Lesion Scere

Day' P. _Pol. A S% P. Pol. A 10% Acyclovir S% Placebo
3 0.3.%2 0.3* . 0.2 £ 0.2 0.2 % 0.2 0.3 £ 0.2
4 0.3 + 0.5 0.6 ¢ 1.0 0.1 £-0.2 0.% + 0.9
5 0.7 £ 1.1 6.6 2 1.1 0.0 % 0,0 0.8 * 0.9
8 1.0 & 1.6 1.3 ¢ 1.7 . 0.6 2 0.0 1.7 *+ 1.5
? 1.7 % 1.8 ‘1.1 %2 1.8 0.0 £ 0.0 2.3 ¥ 1.7
8 - 1.9 & 2.0 1.1 2 1.8 0.1 % 0.2 2.5 % 1.8
9 1.9 + 1.8 1.1 %1.B 0.0 0.0 2.6 2 1.8
10 1.6 £ 1.1 1.1 2 1.8 0.0 £ 0.0° 2.6 % 1.8
11 1.6 ¥ 1.1 1.1 %£1.8 0.0 % 0.0 2.5% 1.8
12 1.6 2 1.1 1.12-2 2.8 - 0.0 % 0.0 2.6 % 1.8
13 1.6 £ 1.2 1.1 £ 1.8 0.0 2 0.0 2.6 % 1.8
14 1.6 ¥ 1.1 1.1 & 1.8 0.0 £ 0,07 2.6 ¢ 1.8
Avg 1.4 % 0.6 1.0 w = 2.0 £ 0.9

¢
-]
L]
w
. a
..
Copm
14
o
.
e

(Days 3-14¢)

‘Aftar virus challenge.

bstandard deviation. - . _

p <0.05, "p <0.01, Tp <0.001 (tvo-tailed Student's
. . ) . ftest).
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Adenovirus 7 >250 ‘ >1000 20 Rhi novirus

>125 WO 92/066585 Measl es . >125 PCT/US91/07679
31.3 ‘Experinent 3 - RSV _ 49 . ' 12

31 Par ai nfl uenza virus 3 -5 12 25 Influenza A

4 14 Adenovirus 7 : >250 >1000
In the first experinent of Table 1, the EQerr] for the o
proant hocyani di n polymer A was determned to 30 be 8 S [err]g/m for RSV.
This activity conpares |te_g el 1 ED[ err]
determined to be 4.0 . ,F ci&???h"' bR \ fbnﬁfndex of cell
toxicity) of t he proantho’v.' 0 JOImVAL A-Was [err7o/m. In the

second experiment of TaQQE“ftstﬁ€°EDP€rYf FBrt?ﬁES §3‘o'ﬂénthocyanidin
pol yner A was aht iR ilr@lr agtilviity, BeYfagmed usaapathe &am@4.2 for ribavirin,

and the 1 018! 1 B as the WedeT wikh bBEahlhbdySXPELA Bl ysbly TV € 1
e A, indicate that proanthocyanidin polywer B is
effective and has an ED,, of 6 ug/ml.

The invention described and claimed herein
is not to be limited in scope by the specific
embodiments herein disclosed, since these embodiments
are intendéd as illustrations of several aspects of
the invention. Any equivalent embodiments are
intended to be within the écope of this invention.
Indeed, various modifications of the invention in
addition to those shown and described herein will
become appérent to those skilled in the art from the
foregoing description: Such modifications are also
intended to fall within the scope of the appended

20‘ .claa.ms .
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_the proanthqcyanidi-n-potyrer~A-was 12 [err]g/m and the D err] was
.greater than 250 [err]g/m. . The results of antiviral activity

of the WO sr/obessy ani di n pol ymer . A conpared to ribavirin i npOTAISIN/026T0Y
was determ ned by cal cul ating the drggl Selectlve\Lnd§§\§SI) defined as
the ratio of IDerr]/EDerr]. The ective Index of the proanthocyanidin

Tl gy

WHAT 1S CLAIMED 38:

1. A method of treating a respiratory virus
infection, comprising administering to a warm-blooded
animal a therapeutjcally effective amount of an .

§ antiviral agent comprising a proanthecyanidin polymer.

2. The method of claim 1 in which the
proanthocyanidin polymer contains 2 to 30 flavonoid

~ units.
10
3. The method of claim 1 in which the
proanthocyanidin polymer contains 2 to 15 flavonoid.
units.
15 4. The method of claim 1 in which the
precanthocyanidin polymer contains 2 to 11 flavonoid
units.

5. The method of claim 2, 3, or 4 in which the
20 flavonoid units are catéchins, epicatechins,
gallocatechins, galloepicatechins, flavanols,
flavonols, flavandiols, leucocyanidins,
anthocyanidins, or combinations thereof.
25 6. The method of claim 1 in which the
respiratory virus is a respiratory syncytial virus.

7. The method of claim 1 in which the
20 respiratory virus is Parainfluenza virus 3, Influenza
A virus, Influenza B virus, or a virus associated with

otitis media or otitis externa.

8. A method of treating a virus infection
comprising administering to a warm-blooded animal a
therapeutically effective amount of an antiviral agent
comprising a proanthocyanidin polymer containing 6 to

35

30 flavonoid units.
is Sheet Has Been Re ]aced

T




L= )
O Wil sl r-
1

for RSV was_11 and.l14.5-and.2i~in the three experinments. 10
-“VFrus~rating (VR) was obtai ned by averagi ng the sum of the CPE val ues (0

+ for “no CPRyo%: ‘ggggOO% CPE) assigned to treated, infectedPdIAUSNVOTEY at
each conmpound concentration. This.aygrage is subtracted fromthe

average of the sumof the CPE values in an 15 equal ont r ol
well's. A further adj ust nrent was made to reflect a‘m m* mmﬁ“r
cytotoxicity. Values for VR were assigned as follows:* ¢ VR gteater*than 1

defined as definige anji pa¥thél of gfédﬁﬂ%?haébfﬂ&gﬂiﬂ%ééﬂ@og as noderate to
guestionabl e 20 agti, vit VR 0

, acti,vi The
sl i ght actlvFP?PEbﬁFﬂgbédﬁ%?}?fﬁﬁ%&ﬂ (f(ﬂﬁ?ﬂék&éﬁ&ﬁ? c?topathlc '
.effects of ttRecappotidapry effedtive/Ramount dthamprowiMiralaagent pol yner A
agai nst RSV t Vit i N these in
25 vitro assaysplhgi“g ?hggbgoangﬁ%cyéﬁéﬁhﬁhfyﬁér\eaﬁﬂafﬂyi eﬁo%gtrated
subst anti &l aﬁtflavpapiécvnwtsy agai nst par ai nfl uenza and i nfluenza A
viruses in all three experlnents : I n anot her series of
experinents, polyngr '

A method of treating a virus infection,
comprising administering to a warm~blooded animal a
therapeutically effective amount of an antiviral agent

10 comprising a preoanthocyanidin polymer contalnzng 6 to

' 11 flavonoid units.

11. The method of claim 8, 9 or 10 in which the
flavonoid units are catechins, epicatechins,
15 galloéatechins, galloepicatechins, flavanols,
. £lavenols, flavandiols, leucocyanidins,
anthocyanidins, or combinations thereof.

12. The method of claim 8 in which the virus is
20 a paramyxovaridae, orthomyxovaridae or herpes virus.

13. The method according to claim 1 or 8 wherein
the proanthocyanidin polymer is administered
intravenously.

25
~14. The method according to claim 1 or 8 wherein
the proanthocyanidin polymer is administered
intraperitoneally. '

15. The method according to claim 1 or 8 wherein
the proanthocyanidin polymer is administered
subcutaneously.

16. The method according to claim 1 or & wherein
the proanthocyanidin polymer is administered
intramuscularly.

35
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_was. test ed. for. antiviral” activity aga”mlllmmll amx and B, influenza
.types A (Flu-A) and B (Flu-B), and ypes (PIV—l) and 3

(PI'V-3). WO 92/06695 The cell lines dsedl weré Himan HelLa, ROTHUS91/07679
HEp-2 cells, nouse L929 cells, nonkey ¥ere cells, cani ne MDCK cel | s.
The effect of the proanthocyanidin polynmer A on the viability and
gromh of cells was determ ned by :

34

17. The method according to claim 1 or 8 wherein
' the proanthocyanidin polymer is administered orally.

18. The method according to claim 1 or 8 wherein
5 the proanthocyanidin polymer is administered
topically.

19. The method according to claim 1 or 8 wherein
the proanthocyanidin polymer is administered by
10 aerosol.

20. The method according to claim 14 wherein the
proanthocyanidiﬂ polymer is administered
intraperitoneally in a range of about 0.1 to about 10

% mg/kg.

21. The method according teo claim 17 wherein the
proanthocyanidin poiyﬁer is administered orally in a
range ofiabout 5.0 to about 30 mg/kKg.

20 '

22. The method according to claim 18 wherein the
proanthocyanidin polymer is administered topically in
a suitable vehicle in a concentration range of about 5
to about 15%.

5 _

23. The method according to claim 19 wherein the
proanthocyanidin polymer is administered in a range of
about 5 to about 30 ng/kg/day.

30 . y
24. The method of claim 2 or 8 in which the

flavonoid units are singly or doubly linked to each

other. )

35
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measurement of mitochondrial respiration and expressed  as a 50%ninimal
t Oxi ¢ ConcenwOm2/06696! Dl err]). In this assay, as in the ED50 assay, the

pr oant hocyani di n pol ymer A was assayed in serial 2-f | RCT/IS91/07679
qguadruplicate across 96-well mcrotitre=pBdtes. Again, wells were see

at the low density of 3x10[err] cells per well to aIIo

grow h. Vehicle controls. V\/ni ch consisted of serial di |mm”wm" I(m")m'
vehicle (which, in tgg a,g roant hocyani din 10 pol yrmer* A ¢ was

were included in eag{ﬁu ss 5 H‘\e hodof i eba i :Bla-nkmwy &heconsi st ed of
nmedi a al one andP¥roa POYphidinrhigls e rer | at es wer e

i ncubated at 374garifxin a 5% CJerr] m%duéb%éoérqgfhﬁﬁq%et‘ﬁlérﬁg‘ 1, .
concentration of cells in control. wells reached 15 confluency, usually 3
days. Al wells in each a&Sqy wer e observed m croscopically for
cyctotoxicity. T Mt MIT (3-[4, 5-di net hyt hi amel e-2-yl]-2, 5-
di aphenyl t et de) (5 ng/m in PBS) was 240 to all wells and
t he i ncubation SpHinyed. 2 hours | at e=% ol (0.05 m of N
HCl in i sopropyl # as added t d"%bay Pl 1] TYre opti cal
densities (O D.) of ¢ were read at 490 AL Lng a plate reader

(UvV MAX, Mol ecul ar ) _
_(ON’Q r ‘O",I
®o),

(] — OH),

,\/

s | CE d

II

20

25

30

. : I1I .
where a, b = 1 to 3 = '
- . ¢ X 00r1,n=otoza.
26. The method of claim 25 wherein n = ¢ to 13
- 27. - The method of claim 25 wherein n = ¢ to 9.
is Sheet Hai llaﬂen|1i~|=li'a°ed
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The_percent.viability-of celds-at each concentration“25'6f "drug was

cal cul-ated by dividing the nean of the OD.'s of the drug treated wells
(m nus the np@m2aje69s t he drug bl ank) by the nean of the O D
wells (mnus the nean of the blank), and multiplying by 100§C¥hgﬁ§2¢@@$

of the vehicle on cell viability 30 wasggipilarly calculated. A dose

response curve for the toxicity of proanthocyanidin '
generated and the ID[err] determ ned. The ﬂ IIW mmlua re
was used to assay 35 for antiviral activity. Assays were =pecfotne

wel | tissue culturggplagﬁg mé{ﬁogléfnéfggheyuiﬁ|¢5yag the Culture

suspensi ons were are n mn mal essent) al medi um cont ai ni ng
anti bi otics pgﬁpeﬁgpgﬁyaﬂadxn polymer comprises 2 to 30 monomeric

flavonoid units having structure IV

.+—(ou),
™

. . . o
10 7 ‘
' H)y =t
(OH) LS \

(OH),

15
Iv
where x, y=1¢to 3, z = 1 or 2.

20 29. The method of claim 28 in which the
proanthocyanidin poelymer comprises 2 to 15 monomeric
flavonoid units.

30. The method of claim 28 in which the

2 proanthocyanidin polymer comprises 2 to 11 monomeric
flavonoid units.

30

s
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=-35°-7" " streptonycinTand 2% fetal calf serum (2% FCS"MENWy. "~ "Tést
conpounds (&Porﬁ%ﬁ'g‘ wer e added in quadruplicate to wells of the test

pl ates conta subconf | uent nonol ayer of HEp2 cells (CEPCﬁ r]
cells). The 5 conpounds were diluted using serial 2=feld-diluti on%ﬁg%g‘%

usual ly starting with a final concentratgpn of 1 - ng/m . Approximatety 100
medi an tissue culture I nfectious doses (TCI O er rl\iﬂﬂ"lﬂ"m pate
test virus in 0.05 mM was added. Tissue control ! ,ﬂ’m’ﬁg&”

medi um w thout ~virus or antiviral conpound, and anti ¥iral mcon wel |'s

. contai ned anti viraPlconmFhenthethaidt baucleinug. {7 PRYEY i ¢hdvas included in
each assay  proantddchianda3nt hik' @l traol, except for the adenovi ruses

. where Ribavirip 4f %ill scftylo denonks‘;érgatges%ggggg'ﬁ?iﬁ?f%&%ﬂ:tﬁ‘iﬂ“t Ve Bdck
titrations of eac est virus were also included in each assay. All

pl at es Wy € I ncubated _a{ 37[err]Cin a 5% CJerr] incubator. Virus

.1o '/ (OH),

——d
("01.* o — 0",-
\ /
{oH),
15
(Ow),
I I1
20 |
25
30
ITI
where a, b = =
% ’ 1t03,x-oor1,n=4tozs.

32. The method of Claim 31 whe'r:e_in h =4 to 13

33. The method of claim 31 wherein n = 4 to 9.
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:DcanteelxmehbsrmerENUbéeFvEd”U%YIy When these welI's “'exhibited 80-100%
"cytopathic effect (CPE), all wells 20 were observed for CPE. In addition to
vi sual an&V09249ﬁ@9&)scop| c observance of CPE, inhibition of sSpOTAUS93/67679
formati on was used to conflrn1act|V|£ﬁkf?ajnst RSV. |n gach

antiviral assay, a 50% m ni nal ory concentratl
determ ned. The ED err] was cal cul ated by determ ni dﬁm mi
m ni mal concentratlon of conpound tested in wells in 0%

comar ed 19 v 1454 o By aHYRTE Bl CBREHARACRERE 477, £ T

anal ysi s wi €roton rﬁmwmmnﬂ sster,Clethest and, oxgasu;n Adv. Enz. Regul .,
22:27-35. gerivatives tﬂl%béf”‘%deﬁ%ﬂé?¥%§dfﬁ& proant hocyani di n pol ymer
A was then cal cul ed as Qé&JO of the IEIerr] 35 over the EDerr].

The results are Eﬂ wth®, q%ﬂﬂ ofrddssolvidg inswaker cand/enat

proant ho®yani di n pol ya®raguésugfisolution;

(b) <the capability of exerting a pronounced
antiviral effect when administered in vivo
to an animal or a human; and

_ (é) having a structure comprising flavonoid
10 units selected from the group consisting of
catechins, epicatechins, gallocatechins,
galloepicatechins and combinations thereof.

35. The proanthocyanidin polymer of élaim 34
5 naving from about 2 to about 11 flavonoid units.

36. The proanthocyanidin polymer of claim 34
having an average of about 7 flavonoid units.

20 37. The proanthocyanidin polymer of claim 34
obtained from Croton lechleri.

38. A proanthocyanidin polymer, obtained from a
Croton species and ester, ether and oxonium

5 derivatives thereof, characterized by:

(a) infrared spectral analysis of intense peaké
' ranging frem 335052500 and other peaks at
1612, 1449, 1348, 1202, 1144, 1107, 1068 and

10 1027 cm~1; and .

(b) an ultraviolet spectral anmalysis of broad
peaks at vavelength 202, 235 (shoulder),
275, and 305 (shoulder).

36 39. A proanthocyanidin polymer, obtained from a
Croton species and ester, ether and oxonium
derjvatives thereof, characterized by:
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~eB6 - ss 14 off 6ot ineewass ri Faviuith for inhibiting groWh' 6F T REVEA

PtV-1,+PIV-3

i ndi cate | oWWOH2606695

FLU-A and FLU-B in vitro. The sel ective i ndex val ues

and B,

city for proant hocyani di n polymer A. 5 PCI/US%1/07679

| R 00 W

(2) infrared spectra substantially as

_ illustrated in Fig. 1; and

(b) an ultravioclet spectral analysis of broad
peaks at wavelength 202, 235 (shouldef),

- 8 275, and 305 (shoulder).
40. The proanthocyanidin polymer of claim 38
further characterized by: '
(c) visible spectral absorption at wavelenqth of
10 about 460 nm.
41. The proanthocyanidin polymer of claim 39
further characterized by:
(c) visible spectral absorption at wavelength of
15 about 460 nm.
42. The proanthocyanidin polymer of claim 38
further characterized by:
(c) ®c NMR spectra substantially as illustrated
20 in Fig. 3. | '
43. The proanthocyanidin polymer of claim 39
further characterized by:
(¢) Bc NMR spectra substantjally as illustrated
25 in Fig. 3. '
44. The proanthocyanidin polymer of claim 40
further characterized by:
30 (d) YC NMR spectra substantially as illustrated
in Fig. 3.
45. A proanthocyanidin polymer, which is
cbtained from Calophyllum inophylum, and ester, ether
35 and oxonium derivatives thereof, characterized by
(a) the capability of dissolving in water and/or
an agueous solution;
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(b) the capability of exerting an antiviral
effect; and .
(c) flavonoid units compr;sing catechins and

epicatechins.
5
46. The proanthocyanidin of claim 45 which is
characterized by infrared spectra substantially as
illustrated in Fig. 5.

10 47. The proanthocyanidin of claim 46 which is
further characterized by spectra hdving absorption
peaks at 202-204 and 275-280 nm.

48, The proanthocyanidin of 47 which is further

15 characterized by C NMR spectra. substantially as
illustrated in Fig. 4.

49. A method for treating a respiratory
syncytial virus infection, comprising administering,

?0 to a warme=blooded animal, an effective amount of an
antiviral agent comprising a proanthocyanidin polymer
wherein said proanthocyanidin polymer is obtained from
a Croton tree by a method which comprises: :

(a) extracting the whele plant, the bark, the
25 stems, the roots or the latex of the Croton
tree with a lower alcohol of about 1-3
carbons, acetone, water or other water
miscible solvent or combinations thereof to
obtain an agueous scluble fraction;

.30 (b) subjecting the agueous soluble fraction to
gel filtration using water and/or water and
a water miscible solvent with or without a
buffer as the mobile phase; or to reversed-

as phase column chromatography using water,
and/or water and ‘a water miscible solvent as
the mobile-phase; or to gel permeation
chromatography using water and/or water and
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water miscible solvent and acetonitrile with
or without a buffer as the mobile phase; or
combination thereof and
(c) collecting the fractions detectable by ultra
violet spectroscopy having a A maximum at
about 200-350 nm, '
said proanthocyanidin polymer being administered
parenterally at a dose range of about 0.1-10 mg/k§
body weight, orally at a dose range of about 5.0-30.0
mg/kg body weight, or by inhalation at a dose range of
5-30 mg/kg/day.

sb; The method. of claim 49 in which the Croton
tree is Croton lechleri.

51. A proanthocyanidin polymer compesition
obtained from a Croton tree by a method which
comprises:

(a) extracﬁing the whole plant, the bark, the

stems, the roots or the latex of the Croton
tree with a lower alcohol of about 1-3
carbons, acetone, water or other water
miscible solvent or combinations thereef to
obtain an aqueous soluble fraction;

(b) subjecting the aqueous soluble fraction to

gel filtration using water and/or water and
a water miscible solvent with or without a
buffer as the mobile phase; or to reversed-
phase column chromatography using water,
and/or water and a water miscible solvent as
the mobile-phase; or to gel permeation
chromategraphy using water and/or water and

water miscible solvent and acetonitrile with -

or without a buffer as the mobile phase; or
combination thereof and
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collecting the fractions detaectable by ultra
vialet spectroscopy having a A maximum at .
about 200-350 nmn.

The composition accerding to claim 46, in

which the Croton tree is Croton lechleri.

The composition acceording to claim 51,

further characterized by:

53.
10 (a)

(b)
15

S54.

20

infrared spectral analysis of intense peaks

‘"ranging from 3350-2500 and other peaks at

1612, 1449, 1348, 1202, 1144, 1107, 1068 and
1027 ecm=1; and '

an ultraviolet spectral analysis of broad
peaks at wavelength 202, 235 (shoulder),
275, and 305 (shoulder). )

The proanthocyanidin polymer of claim 53

further characterized by: a *C NMR spectrum

substantially as illustrated in FIG. 3.

55.

The composition according te claim 54

further characterized by: visible spectral absorption
at wavelength 460 nm.

25
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{57y Abstract

The present invention provides for pmanthocyanidin polymers with significant antiviral activity. The proanthocyanidin p
lymers can be chemically synthesized or can be isolated from a Croton or a Calophyllum plant species. The present invention ¢
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speci fi cal Wy g/isek’ acti ons have been isolated: one fraction having a

nol ecul ar wei ght 5 average of 700 daltons (corresponding to PGIUS91/07679

fl avonoi d nononeric units) and the second fraction havi ng a nol ecul ar

wei ght average of 3000 daltons (corresponding to 9 to 11 fl avonoid

nononmeric units). The two fractseons shd/¥sentially the same chemical 10

shifts in the [err]C and [err]H I@R spectra as the unfractionat ed

proant hocyani di n pol yner A ' In vitro experinents indicate both

fractions are active against RRY. The fraction having an average of 2

to 3 flavonoid units has an in vrero¥ RSV 15 antiviral activity of

EDferr] =10 [err]g/nl, anhide the &ﬂco@ fraction having an average of 9-11
8.

flanonoid units has San'aD g&r] =0 Err] g/m.
EFFECTI VENESS OF PROAﬁrH@:YArE DI mzo POLYMER A FOR TREATMENT

OF RSV vQ/o and ro assays indicate that t he novel
proant hocyani di n pol yrrer A of t hw i nu}nt i on is a useful therapeutic

- agent for the treat i
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FAf 64t PBnd ™ “tHe" Br ESERE =i AVERL'YBH provi des a safer 25 therape t reat ment

f'or RSV i nf Btdz%é t hout the toxic effects associ ated w t h Rl_bavi rin,
t he current B%Ar oved conposition for treatnent of such i BCEYSVAG7679

Hi spid Cotton Rats were innocul ated with RSV A2 intranasally on day 1
and given an intraperitoneal 30 dose of 0.1-30.0 ng/kg of the
proant hocyani di n pol ymer prgpared in d7Al8 11 ed water on day 2, 3 and 4.

Control aninmals received an equal vol une of distilled water. In one
experiment, as a conparison, &Edose of 10-90 ny/ kg of Ribavirin was
used. All a-ni mal s were 35 ki l hgd on day 5. Lungs were renoved and washed
Vi a transpleural |avage. TH¥ fluid collected was assessed for RSV

titer in a-mcrotiter assay ua_.ng Ep2 cells.
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SERpel B 144 rROFENNIEAYSEHRYRY performed in 96-wel'lY t4'483EY ekl ture 7 9®

pI at es. &Hdai(% and tissue culture suspensi ons were prepared in
m ni nal esse iu containing anti biotics and 5% f et al pEaAVUSHRHIETH
(5% 5 FCS-MEM . Lung | avage fluid was added in gquadruplicate to wells of

the test plates containing a subconfluent nonol ayer of cells (ca.

3x10[err] cells). Approxi mately 100 nmedi aigfjgssue cul ture infectious
doses (TCIDerr]) of the approprlal'§_test virus in 0.05 m 10 was added.
Ti ssue control wells contained nedigm but no virus. All plates were
I ncubated at 37[err]Cin a 5% err] incubator. Virus control wells
wer e observed daily. V\hen t heseewel ks exhi bited 80-100% CPE, all
wel s were observed for In add"’tl to visual 15 CPE, inhibition of
syncytia formation is’ d fi activity agai nst RSV. Lung RSV
titer log[err] was at des.crlbed by Dubovi et al., 1983; 1984.
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The Tesui t's ‘are ‘'shown i'n Tabl'es 7-8. As'shown in Table 7, for
each experi neOto2/ggge4 he proant hocyani din polymer A denpnstrated a dose-

dependent decrease In RSV titer conpared to controls. Thi s PRIYUS91467679
t hat the proant hocyanidin polymer A has effective antiviral activity
agai nst RSV in vivo. As shown in Table 8, direct conparison of the
antiviral 25 effect of the procyanjgdin pol9/H8 A to ribavirin
(intraperitoneal adm nistration) dexonstrates that the pol yrer
conposition of the invention is si &ui ficantly nore potent that

ribavirin, the drug currently usedgo treat RSV infections.
H spid Cotton Rats were inocul at ed=w tim RSV A2 intranasally on day 1 and
of the proant hacyani din polymer on

given an oral dose of  1.0-10 0 gg/
days 2, 3 and 4. Alla.amdral‘iv\e& |l ed on day 5 and lung 35 tissues
were col l ected. Lungs Bre& em@ edend=washed via transpleural |avage.
The fluid collected wa® O asgesssl % RSV titer in a mcrotiter assay
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ST 42,00 2 EERS EEIS "as G85CEFTbed above. Results are shown in Tabl e 9
‘As shown i g?hgs , the proant hocyani din pol ymer adm ni st

Si gnlflcant“f owered RSV 5 titers at 10 ng/ kg conpared to c?‘f%@@?)‘%
i ndi cat es that t he proant hocyani di n pol yner has ef fective antiviral
activity when adm nistered orally againsﬁjiﬁgland I's nore active than

ri-bavirin. 10 ' - 1
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| nf ect’i on ofwngy ggeat s, Intraperitoneal Dosing .15 Treatnent Lung
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Intraperltoneal ‘Dosi-ng- o5 Proanth
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(.24, ©3L)edb5733po Ki | | 0. .25 ~0'3uh1
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(18,62 % Ki | |
. PROANTHOCYANIDIN POLYMERS EAVING ANTIVIRAL
ACTIVITY METRODS OF OBTAINING BAME

CROESS=REFERENCE TO RELATED APPLICATION
This is a continuation-in~part of
sapplication Serial No. 07/596,893, filed October 12,
1990, which is incorporated herein by reference.

1. FIELD OF THE INVENTJION

The present inventjon relates to the use of
Oproanthocyanidin polymers, having 2 to 30 flavonoid
units, in treating respiratory virus infections.
Additionally, it has been found that the use of the
proanthocyanidin polymers having 6 to 30 flavonoid
units is effective in treating virus infections in
general.

15
The chemical characteristics of certain

newly discovered proanthocyanidin polymers are also
encompassed.

2. BACKGROUND OF THE INVENTION

2.1 ETHNOBOTANICAL USES OF EXTRACTS TFROK
THE CROTON TREE AND FROM CALOPHYLLUX
INOPHYLUM

A number of different Croton tree species,
including Croton salutaris, Croton gossypifolius,
ZSCroton'pélanostima, Croton lechleri, Croton
erythrochilus and Croton draconoides, found in South
America, produce a red viscous latex sap called Sangre
de Drago. It is most often utilized by mixed descent
and native people of the Peruvian Amazon for flu and
30 diarrhea. It is taken internally for tonsillitis,
throat infections, tuberculosis, peptic ulcers,
intestinal disorders, rheurmatism and to enhance
-fertility and is used by both adults and children. It
is also used extensively to stop bleeding, herpes, and
for wound healing. The sap is placed directly on open
wounds as an anti-infective and to accelerate the
healing process. 1It is applied to the gums of

20
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3.0 4.41 0.19 ' 0.012 (25, 703)

84.51% Kil | Ri bavirin (My/ Kg) 20 Contr ol 4.5 [err] 0.2
- (31, 622) 10 4.5 [err] 0.2 n.s.
-31,622) 0%Kill 25 30 4.0 0.3 0.03
(10,000) 68.4%Kill 90 2.8 [err] 0.3 <0. 000
" (631) 98% Ki I | Lung titer represents: RSV titer log [err]/g lung

30 (Mean [err] S.D.)

patients after tooth extractions. It is also utilized
as a vaginal wash in cases of excessive bleeding.
It has been shown that Sangre de Drago from
Croton draconoides and from Croton lechleri contains
San alkaleoid identified as taspine, which exhibits
anti-inflammatory activity, Persinos et al., 1979, J.
Pharm. Seci., 68:124. Taspine has also been shown to
inhibit RNA~directed DNA polymerase activity in the
myeloblastosis virus, Rauscher leukemia virus and
10simian sarcoma virus (Sethi, 1977, Canadian J. Pharm.
Sci., 12:7).
Calophyllum inophylum is a tree ranging from
India to East Africa to Polynesia. Seed 0i) is used
in folk medicine as an antiparasitic in treatment of
Sgcabies, ringworm and dermatosis as well as other uses
such as for analgesia. In Indo~China the powdered.
resin is used for ulcers and wound healing. 1In
Indonesia the bark is applied externally to treat
swollen glands and internally as a diuretic. The sap
20is used as an emollient for chest pain as well as for
tumors and swelling. Leaf extracts are used as a wash
for inflamed eyes. The Cambodians use leaf extracts
in inhalations for treatment of vertigo and migraine.
sthe Samoans use the sap as an arrow poison.

2+2 PROANTHOCYANIDIN MONOMERES AND
POLYMERS AND THEIR UEFES

_ Proanthocyanidin and proanthocyanidin
polymers are found as colorless phenolic substances in
303 wide variety of many plants, particularly those with
a woody habit of growth (e.g., the Croton species and
Calophyllum inophylum). The general chemical
structure of a peolymeric proanthocyanidin consiste of
linear chains of §, 7, 3', 4' tetrahydroxy or 5, 7,
353', 4', S' pentahydroxy flavonoid 3-ol units linked
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TFABLE 9 Ef fect of Oral Proanthocyanidin Polyner A
Agai nst RSV Infection of Cotton Rats

-3-

together through common C(4) ~ (6) and/or C(4) - C(8;
tonds, as shown below.

10

Biosynthetic studies have indicated that
proanthocyanidin polymers consist of monomer units of
the type shown below, See Fletcher et al., 1977,

. J.C.S. Perkin, 1:1628.
15

Ho

|

Q\r/k\(/ .
20 Gy S AL
i : 22 R=%
:ﬁg;gH b R = DH

The monomer unit (generally termed
"leucoanthocyanidin®") of the polymer chain may be
based on either of two stereochemistries of the C-
ring, at the 2 and/or 4 position designated cis
(called epicatechins) or trans (called catechin).
Therefore, the polymer chains are based on different
30 structural units, which create a wide variation of
polymeric proanthocyanidins and a large number of
possible isomers (Hemingway et al., 1982, J.C.S.
Perkin, 1:1217). C13 NMR has been useful to identify
the structures of polymeric proanthocyanidins and
35 recent work has elqcidated the chenmistry of di-, tri-
and tetra-meric proanthocyanidins. Larger polymers of
the flavonoid 3-0l units are predominant in most
plants, and are found with average molecular weights

25
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Treat nent Lung

(My/ Kg) titer[err] 5 EXPERI MENT #1 Cont r ol 4.45

0.50 --- (28, 183) 1.0 3.62 0.42

0. 045 (4168) 85. 7% kill 10 3.0 4.22 [err] 0,23

n.s. (16,595) 41.1%kill 10.0 3.95 0.48 n.s.
(8912) 68.4% kil 15 EXPERI MENT #2 Lung

P titer.

above 2,000 daltons, containing 6 or more units,
Newman et al., 1987, Mag. Res. Chem., 25:118.

Proanthocyanidins have been reported to
possess protein binding ability and a possible
biological role (Newman et al., 1987, Mag. Res. Chen.,
25:118). Proanthocyanidin monomers and dimers have
been used in the treatment of diseases associated with
increased capillary fragility and have also been shown
to have anti-inflammatory effects in experimental

10 animals (Beladi et al., 1977, Ann. N.Y. Acad. Sci.,

284:358). A procyanidin mopomer was found to have
antiviral activity against Herpes Simplex virus in an
in vitro assay. (Beladi, et al., supra.) Beladi et
al. tested the viricidal effect of a number of
flavonoid monomers including apigenin, pelargonidin,

quercetin and a proanthocyanidin ronomer on Herpes
Simplex virus.

15

The proanthocyanidin monomer was found
to be the rmost effective in virus-inactivating
activity, foliowed by pelargenidin and quercetin.
Apigenin ha< only a slight effect. The effect of
quercetin and the procyanidin ronomer on the

20

multiplication of Herpes Simplex virus in HEp-2 cells
was also investigated. As concluded by Beladi et al.,
the monomeric flavonoids tested had viricidal
activity, but only a slight inhibitory effect on virus
multiplication in the in vitro assays.

Prior to the present invention, there has
been no disclosure regarding the use of

25

30 proanthocyanidins containing two or more flavonoid
unjites for treating respiratory virus infections.
Additionally, there has been no disclosure regarding
the use of proanthocyanidins of six or more flavenoid

units for treating virus infections in general. '

15 For the purpose of the present application,
a proanthocyanidin polymer isoclated from the Croton
species is designated “"proanthocyanidin polymer A" and
that isolated from Calophyllum inophylum is designated
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Control  3.86 0.55 - (7,244) 20 1.0 3.60 0.01
n.s. (3,981) 45.0% ki |l 3.0 . 3.71 [err] 0.50
n.s. : (5,129) 29.2%kill 25 10.0 2.90 0.57
0. 06 (794) 89.0%kill" 30
- S -
"proanthocyanidin poiymer B*. However, such

designatien is solely for simplicity of discussion and
not necessarily interded to imply that the polymers
are different classes of compounds. Both

5 proanthoecyanidin polymer A and proanthocyanidin
polymer B are considered to be vithin the term
proanthocyanidin polyner as described herein.

2.3 REBSPIRATORY BYNCYTIAL VIRUS
Respiratory Syncytial Virus (RSV) belongs to

the virus family Pararyxoviridae, genus Pneumeovirus,
and is responsible

1¢

for causing lower respiratory trac:t
infections such as bronchislitis and pneumonia in the
infant and child. The virus is considered to be in

—-
w

inportant agent of acute respiratory disease in

children and it is expected that up to S0% of infants

will suffer from RSV infections during their first

winter. In young chiildrer with pulmonary or cardiac

up to a 37% nmortality rate has been
ue to RSV.

reported
Although RSV :espirasory infection is
common in the young, %the virus is found in respiratory

secretions of infected persons of any age. Outbreaks

among the elderly have been asscciated with serious
- and fatal illness, ané RSV infection can be the source
" of fever and pulmonary infiltrates in immunosuppressesd
adults (Englund et al., 1938, Ann. Int. Med.,1:203).
A vaccine of inactivated RSV has proven to
be ineffective against RSV infection and leads to an

30 unusual immune and lung inflammation upon subsequent
RSV infection. - Therefore, recent research has

concentrated on developing either potent live vaccines
or an effective antiviral compound.

Ribavirin, (1-B-D-ribofuranosy1—1, 2, 4-

as triazole 3-carboxamide), the current drug of choice,

tas been found to reduce the severity of illness and

anount of virus shed in acute respiratory infections

cf RSV or influenza virus. Currently ribavirin is
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35

-47- EXPERI MENT #3
titer[err] P

used for the treatoent of RSV infections of the
respiratory tract in aerosol form. However, because '
of its toxicity; ribavirin is less desirable for use
syscguically.- Additionally, ribavirin has been found
to be teratogenic in animals. This has raised serious
concern for female health care personnel administering

or exposed to ribavirin (Gladu et al., 1989, J. Toxic
Env. Health, 28:1).

2.4 OTITIS MEDIA AND OTITI8 EXTERNA

otitis media, inflammation of the middle
ear, is second only to colds as the most common
disease of early childhood. More than 60% of all
children will have an episode of otitis media by age
siXx. The greatest risk for the development of acute
otitis media lies in infections caused by respiratory
syncytial viruses, rhinoviruses, influenza A viruses
or adenoviruses (Henderson, et al., N. Eng. J. Med.,
1982, 1377; Ruuskanin, et al., Pediatr. Infect. Dis.
J., 1989, %4; Sanyai, et al., J. Pediatr., 1980, 11).
It has been found that prevention of the respiratory
viral infection decreases the incidence of otitis
nedia (HeikXinen, et al., AIDC, 445 (19%91). Use of a
flu vaccine has been found to be effective. However,
there are a number of reasons why this is an
unsatisfactory appreoach: it is necessary to administer
the vaccine annually, two doses must be given
initially, there is a problem of continual antigenic
variation of the influenza viruses and the resulting
fluctuation in efficacy of the vaccine and the cost.

Nt

2.5 INFLUENZA VIRUSES
Influenza viruses are members of the
Orthomyxoviridae family and are distributed world-
wide. Five pandemics have occurred in the 20th
century, with the 1918 outbreak x{lling at least 21
million. In the United States, over 500,000 deaths
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Contr ol 3.90 0.3 (7,943) 1.0 3.90 [err] 0.8

n.s. (7,943) 0.0% Ki Il 3.0 4.00 0.8
> n.s. (10, 000) 0.0%Kill 10 10.0 2.90
-[err] 0.5 0.01 (794) 92% Ki |
Ribavirin 3.30 0.5 0. 07 (40 nog/ kg) (1,995)
T 80% Ki || Lung titer represents RSV titer log [err]/g lung 15 (Mean
'S.D.) An additional series of experinents conducted as
descri bed above confirns the in vivo activity of polynmer A against RSV
20 Proant hocyani di n polynmer A displayed a nean

have been attributed to influenza epidemics over the
last twenty years. The outbreaks are seasonal,
occurring almost every winter, and transmission is
primarily through the respiratory route. Amantadine
$ has been shown to shorten the fever duration and
respiratory symptoms by only about 50%, but causes
some central nervous system side effects.
Rimantidine, as yet unlicensed, shows a similar
effect, although it is not associated with the central
10 nervous system side-effects seen with amantadine.
Primary influenza viral pneumonia, a common
complication of influenza infections, has not been
shown to be treatable by either rimantidine or
amantadine. Prophylactically, influenza has been
controlled by the use of inactivated influenza virus
vaccines with about 80% protective efficacy.

15

2.6 HERPES GIMPLEX VIRUS
Herpes simplex virus (HSV) is a member of
the Herpitoviridae family, and is distributed world-
wide. Transmission of the virus occurs via direct
contact from person-to-person, with common entry of
HSV-1 through the oral cavity and infection of HsSV-2
through the genital tract. The prevalence of HSV
antibeody is inversely proportional to socioeconomic
status, with close to 100t of HSV-positive adults in
underdeveloped countries and 30-50% in developed
countries. Acyclovir, idoxuridine (IDU or 2-~deoxy-5-
30 iodouridine), trifluridine and vidarabine (adenine
arabinoside, Ara-~aA) are effective in treatment of
various HSV infections, with trifluridine and
acyclovir the drugs of choice. Vidarabine, the choice
for ophthalmic infections, is not effective topically
35 against herpes labialis or other skin/genital
infections. Acyclovir is not effective topically when
used against recurrent genital infections. However,
it is effective when used i.v., and p.o. Acyclévit is

20

25
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EDferr] value of 1.52 0.62 ng/kg follow ng 3-day i.p. adm ni stration

and 3.6 1.66 ng/kg follow ng 3-day p.o. admnistration. See Table 10
“The reference antiviral agent, ribavirin, displayed ED[err] val ues of
40 25 6, and > 90 ng/kg following i.p. and p.o.  administration,
© respectively. Proanthocyanidin pol ymer A at a dose of 10 ng/ kg p.o.

resulted in a 68- 92% reduction in lung RSV titers follow ng oral

admi ni stration, and a 21-80% reduction foBlowing i.p. 30 adm nistration.
Ri bavirin (40 ng/kg) resulted in a >90% reduction in lung titers
foll ow ng oral adm ni stration, and a 50% reduction follow ng i.p.

adm ni stration. 33t recommended for routine use in treatment of

recurring HSV genital infections as ganglionic latency
is still present and outbreaks occur after treatment
is stopped.

3. 80 OF THE INVENTION
The present invention relates to a method of
treating respiratory virus infections, comprising
administering to a warm-blooded animal, a

10 therapeutically effective amount of an antiviral agent
comprising a proanthocyanidin polymer. The
proanthocyanidin polymer preferably contains 2 to 30
flavonoid units, more preferably 2 te 15 flavonoid
units, and most preferably 2 to 11 flavonoid units.
The flavonoid units include but are not limited to
‘catechins, epicatechins, gallocatechins,
galloepicatechins, flavanols, flavonols, flavandiols,
leucocyanidins, anthocyanidins, or cembinations
thereof. The flavonoid units can be singly or doubly
linked to each other. More specifically, the method
of the invention can be used to treat respiratory
infections induced by a respiratory syncytial virus as
well as Parainfluenza virus 3, Influenza A, Influenza
B virus and virus associated with otitis media and
otitis externa. The proanthocyinidin pelyner can be
administered intravenously, intraperitoneally,

subcutaneocusly, intramuscularly, orally, tepically, or
by inhalation.

15

20

25

0 The proanthocyanidin polymers are effective
against most of the viruses implicated in otitis
media. They are soluble in agqueous solutions, are
readily formulated for parenteral; oral, topical
(i.e., into ear and nose) administration and thus are

35 admirably suited for use in the prophylaxis or
treatment of otitis media.

The preanthocyanidin polymers are similarly
effective against the viruses implicated in otitis
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Tabl e 10. Effect of Proanthocyanidin Polymer A  Against RSV infection of

Hi spid Cotton Rats: - 3-Day Intraperitoneal Dosing ED[ err] (nmg/ kQ)

Pr oant hocyani di n Pol yner A Ri bavirin 5 ' 1

1.0 40 2 0.3 30
.3 : 3.0 50 4

0.3 5 3.09 - Mean S.E. M

1.52 0.62 40 5.8 10 -

ED[ err] (mg/ kg) 3-Day Oral Dosing ED[ err] ( g/ kg)

Pr oant hocyani di n
externa. Because such viruses are located outside of

the tympanic membrane, the proanthocyanidin polymers
can be topically administered into the ear in a
suitable formulation so as to come directly into

5 contact with the viruses.

The proanthocyanidins useful for treating
respiratory virus infections have a structure selected

10

15

20

25

3%
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Exp. # Pol ymer A Ri bavirin 1
3.0 15 2 1.0 >90
3 - 10.0 4 3.0
1.0 Mean SEM 3.6 1. 66 9 20
In vivo experinments have al so been perforned to study the effect of
pr oant hocyani di n pol ynmer A upon course of respiratory syncytial virus
infection in African green nonkeys. 25 Pr oant hocyani di n
pol ymer A was wei ghed out in 25 ng-al¢ quots and refrigerated as the dry
powder until use. G ucose was prepared as a 0.5% sol ution and
refrigerated. A 25 ng sanple of proanthocyanidin pol ymer A was di ssol ved
in 50 m 0.596gkggosp qﬁiLéW%Qwand the solution sterilized by filtration
t hrough a 0.22 Terrm rdde PPP YR IrSEBRRfueRt OFRI&RS GRS were
the ccrresponding oxorium salts _
—lOn),
N0 ' (o
(o et | i .
h J
1o, c
Moy~
08,
e — M..
Moy,
] Coin,
: )——@"
| Y
2 o,
mo..——]
N
{0M),
15
1 I1
20
o,
25
: I11
30 where a, b =11t0 3, x =0 or 1, n= 0 to 28,
preferably 0 to 13, more preferably 0 to 9.
~ The proanthocyanidin polymer useful for
treating a respiratory virus infection can comprise 2
. to 30, preferably 2 to 15, most preferably 2 to 11
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made in 0.5%glucose fromthe 0.5 ng/m solution at 1:2 and 1:5 to give
concentrations of 0.25 ng/m and 0.1 nmg/ M respectively. 35 -
Groups of three nonkeys were dosed with proant hocyani di n pol ynmer A at
0.5 ng/ kg, 0.25 ng/kg or 0. 1 ng/kg by adm nistering the drug at 1 mi
per kg of - 49- body wei ght by
I ntravenous injection. The tine of adm ni stration of the drug infusion
to each nonkey was . approximately 1 mnute. A control group of three

.-11.-

monomeric flavanoid units having structure IV, or
esters, ethers or corresponding oxonium salts thereof.

N _
(o),

oM, ——
™
\(OH).
10

Iv
where X, Yy =1 to 3, z =1 or 2.
15 Another embodiment of the invention further
relates to a method of treating virus infections
comprising adrministering, to a warm-blooded animal, a
therapeutically effective amount of antiviral agent
comprising a proanthocyanidin polymer containing 6 to
30 flavonoid units, preferably 6 to 15 flavonoid units
and more preferably 6 to 1) flavonoid units. The
flavonoid units include but are not limited to
catechins, epicatechins, gallocatechins,
2sgalloepicatechins. flavanols, flavonols, flavandiocls,
leucocyanidins, anthocyanidins, or combinations
thereof. The flavonoid units can be singly or double
linked to each other. The method can be used to treat
virus infections which are caused by paramyxovaridae,
30 orthomyxovaridae or herpes viruses. The
proanthocyanidin polymer can be administered
intravenously, intraperitoneally, subcutaneously,
intramuscularly, orally, topically, or by inhalation.
The present inveﬁtion also relates to
35 proanthocyanidins useful for treating virus infections
in general having a structure selected from I, II, and
III, above, and esters, ethers and corresponding
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nonkeys received 1 nml of the 0.5% gl ucose sol ution. Four hours
after the initial treatnent with 5 proanthocyani din polyner A, each of the

nmonkeys was infected with a 10[err] dilution of stock respiratory
syncytial virus. The titer of the stock virus was 1x10[ err]

TCI Derr]/mM. Each nonkey received 1 nml of the 10[err] virus dilution by
intratracheal inoculation and 1 m 10 apptied drop-wi se to external nares.
The total virus dose therefore was 2x10[err] TC D err] (nmonkey. Treatnent
W th proant hocyani di n pol ynmer A was adm ni stered again 8 hours | ater
resulting in daily doses of proant hoecyenrdi n polynmer A of 1.0, 0.5, and
0.2 ng/ kg with three nonkeys per group. Tw ce daily treatnent

continued at 8 a.m and 8 p.m for a total of seven days.

To deter i ne virus, sheddig, L hab puelin.. nErp dRken saidekaRgh morni ng

prior to treat ment M oo pr oan cyani di n pol ymer usi ng a dacron nasal -
pharyngeal swab. ¥ReldwHOShoRriexeBdYih * §-nm of tissue cul ture
(m ni mum essenti al medi um whe hpreskd invdratigh dbse melatesmaandveknicillin,
streptonycin and goi{mMidicyanedins vhidhi A5 opREend®IfrohNBdcx¥tohhe t hroat
swab sol utions by _prepar ablop- & of ¥a1hphst Ul Yhb@Mirun species ana
' their esters, ether and oxonium derivatives. Such
proanthocyanidin can be isolated from the whole plant,
the bark, the leaves, the roots .or the latex. 1In a
preferred embodiment, the proanthogyanidin can be
10obtained from Croton lechleri and from Calophyllum
inophylum. These novel proanthocyanidin polymers are
characterized by IR, UV-visible, and/or ¥C NMR
spectroscopy. '

15 - 4. BRIEF DESCRIPTION OF TEE FIGURES

Figure 1 Fourjer-transform infra-red spectrum of
proanthocyanidin polymer A isclated from the Croton
tree. .
Figure 2 'H Nuclear magnetic resonance spectrum of
2°proanthocyanidin polymer A isolated from the Croton
tree. Sample was in D,0 at 400 MHz. '
"Figure 3 Broad-band decoupled ¢ nuclear magnetic
resonance spectrum of proanthocyanidin polymer A in 0,0
at 100 MHz. _
Srign;g_i The C NMR Spectra of preanthocyanidin
polymer B isolated from Calophyllum inophylum,
obtained at 100 MHz in D,0.

Figure 5 Fourier-transform infra-red spectrum of
3oproanthocyanidin polymer B isolated from Calophyllum
inoplylum.

Fiqure 6 The,effect of proanthocyanidin polymer A and
Amantadine on lung consolidation in mice infected with
influenza A (HIN1) virus (early treatment initiation).
asFigure 7 The effect of proanthocyanidin polymer A and
Amantadine on lung virus titers in mice infected with
influenza A (HIN1) virus (early treatment initiation).
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whi ch were inoculated into duplicate wells of BSC- 40 cells grown in

24-wel | plates. Follow ng incubation at 37[err]Cin a CJerr] incubator
the titer of each specinen was determ ned by m croscopi c exam nation
for viral cytopat hol ogy and the titer expressed as the log[err] of

the TGl D[err] per M. At the time of each norning speci men col | ection
each nonkey was exam ned for rhi norrhea and other respiratory synptons
i ncl udi ng 35 coughi ng, sneezing and signs of respiratory distress. The
ani mal attendant woul d al so note any coughi ng or sneezi ng during
routine daily care of the nonkeys. - 13 - :

-50-

Figure 8 The effect of proanthocyanidin polymer A and
Amantadine on arterial oxygen saturation (Sa0,) in male
nice infected with influenza A (HIN1l) virus (early
initiation).

SEigure 9 The effect of proanthocyanidin polymer A and
Amantadine on arterial oxygen saturation (Sa0,) in
female mice infected with influenza A (HINl) virus
(early treatment initiation).

Figure 10 The effect of proanthocyanidin polymer A
10and Amantadine on lung consolidation in mice infected
 with influenza A {HIN1) virus (late treatment

initiation). ' -

Fiqure 11 The effect of proanthocyanidin polywmer A on

lung titers in mice infected with influenza A (KIN1)

Syirus (late treatment initiation). .

Figure 12 The effect of proanthocyanidin polymer A

and Amantadine on arterial oxygen saturation (Sa0;) in

male mice infected with influenza A (HIN1) virus (late
treatmnent initiation).
2°£;gg;g_;; The effect of proanthocyanidin polymer A
and Anantadine on arterial oxygen saturation (Sa0,) in
female mice infected with influenza A (HIN1) virus
(late treatment initiation).
Figure 14 The effect of Ribavirin on lung virus
titers in mice infected with influenza A (HIN1) virus.
Figure 15 The effect of intraperitoneal Ribavirin
treatment on lung consolidation in iﬁfluenza A (HINL)
virus infected mice.
3°£igg;g_l§ The effect of intraperitoneal Ribavirin
treatment on blood Sa0,% in influenza A (HIN1l) virus
infected mice.
Figure 17 The effect of proanthocyanidin polymer A
and Ganciclovir on HSV-2 vaginal lesions in mice.
ssFigure 18 The effect of proanthocyanidin polymer A in
5% and 10% topical formulations, compared to placebo
and acyclovir, in a 5% topical formulation.
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Fourteen days after virus inocul ation each of the

nonkeys was bl ed and

the sera tested for antibody titers in a neutralization assay agai nst
approxi mat el y 100 TG Dl err] of respiratory syncytial virus.
The results of intravenous dosing with 5 proanthocyani din polynmer A are

summari zed in Table 11. Each of the three contro

nonkeys becane

Infected with respiratory syncytial virus, shedding virus in the

oropharynx for 7 to 10 days or longer. Virus titers

reached five and six

| ogs[err] in two of the three control 10 nonkeys and 3.5 log[err] in the

third. In the nonkeys recei ving proanthrecyani din polymer A at the
hi ghest dose of 1 ng/kg/day, the tinme of virus sheddi ng and titers of
virus shed were much reduced. One nonkey shed virus for one day, a

second for three days, and a 15 thlrd>for f our
maxi mum Vi r us titer was B¥ DESCRIPTION
al so seen to shorten the tﬁnﬁ 282

da S.

| n_one nonkey, the
8-k g/ day was
R8with the third

nmonkey excreting virus in vhean:hdvyaahawm;fgememnﬁ- (iaaysaueeé rus titers
vere generally 20.Lop{ At RAUON JEAEMIAL {31858 Rledddl akQOS vere
Scomprised of monomeric units of leucoanthocyanidins.
Leucoanthocyanidins are generally monomeric flavenoids
which include catechins, epicatechins, gallocatechins,
galloepicatechins, flavanols, flavonols, and flavan-
3.4-diols leucocyanidins and anthocyanidins. The
10proanthocyanidin polymers useful for treating
respiratory virus infections have 2 to 30 flavonoid
units, preferably 2 to 15 flavonoid units, and most

preferably 2 to 11 flavonoid units.

The

proanthocyanidin polymers useful for treating virus
"Sinfections in gemeral, including but not limited to,
infections related to influenza viruses, parainfluenza

viruses, viruses of the types known as

paramyxoviridae, orthomyxovaridae, and herpes viruses,
have 6 to 30 flavenoid units, preferably 2 te 15
2°flavonoid units, and most preferably 6 to 11 flavonoid

units.

Proanthocyanidin pelymers having a varying
number of flavonoid units are known and have been
reported, for example, in W.L. Mattice, et al.

25phytochemistry, 23, p. 1309-1311 (1984); 2.

Czochanska, et al., J.C.S. Chem. Comnm.,

375 (1979);

W.T. Jones, et al., Photochemstry, 15, p. 1407-1409
(1976) ; E. Haslam, Plant Polyphencls, p. 75 (1989),

30

which are all incorporated by reference. Those

polymers havings the recited ranges of flavonoids
units and described in these references are useful for

the methods.of thg present invention.

35
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detected in two of the three nonkeys and three logs in the third. A

m ni mal effect was seen at the lowest = dose of 0.2 ng/kg/day. Virus
'sheddi ng was ‘seen for 25 six or seven days and a maximumtiters of three

| ogs[err] were seen in two nonkeys and five logs in the third nonkey.
Antibody titers to respiratory syncyti al virus were detected in all
nonkeys at 14 days with titers of 1:40 to 1:160. 30 Dai |l y nean
log[err] titers are presented for each treatnent group (See Table 12).
Mean titers were | ower in each of the thr;e treat ment groups when
conpared with the nean titers in the cont 7ot group on each of the
sanpling days. The nean titers were 35 considerably reduced in the 1.0
ng/ kg/ day treat nent group, and a dose related reduction is also seen in

the other two groups. s.2 METHODS FOR OBTAINING USEFUL
PROANTBOCY IN POLYMERS

5.2.3 JISOLATION
Useful proanthocyanidin polymers are

5obtained from various plants including but not limited
to the classes Filices, Coniferae, Monocotyledoneae,
and Dicotyledonae (J.B. Harborne, THE FLAVONOIDS,
ADVANCES IN RESEARCH SINCE 1980 (1988)). They can be
obtained using the entire tree or plant, the bark,

10 Stenms, roots or latex.

These plant source materials are extracted
with water and/or a water niscible solvent. The
preferred solvents are alcohol of 1-3 carbon atoms or
acetone. The agueous extract is used directly or

15 after solvent removal, If the solvent is removed, the
solid residue is redissolved in a solvent, preferably
a lower alcohol or aceteone, and insoluble materials
are discarded. The s:luble fraction is subjected to
gel filtration (e.g., over a Sephadex), reversed-phase

jocolumn chroratography (e.g., C-8), or gel-permeation
chromatography (e.g., divinyl benzene cross-linked
gels) such as PL-GEL ¢r membranes (e.g., an Amicen
membrane) using water or water and a water miscible
solvent, with or without a buffer, as the mobile

25 phase. The water miscible solvent is preferably a 1-3
carbon alcohol, acetone or acetonitrile.

The useful proanthocyanidin polymers of this
invention are the fractions detected by ultraviolet
(uv) . They have their major UV absorption maxima

30 petween about 200-350 nm, with peaks usually at 200-
210 nm, and 275-285 nm.

With regard to the novel proanthocyanidin
peolymer compositions which form part of the basis of
this invention, such polymere can be obtained from the
Croton tree or Calophyllum species by using the above-
described extraction method. The soluble fraction is
subjected to gel filtration, reversed-phase column
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Clinical synptons were nore prevalent in the control nonkeys than in the
monkeys treated with proant hocyani di n pol ynmer A (See Table 13).

Rhi norr hea is the nost easily observed synptom and was seen in each of
the three controls. No signs of toxicity were observed during daily

exam nations of the nonkeys at the time of sanpling or during daily

I nspection during the course of the study. 10 :

chromatography, gel-permeation chromatography, or
menbranes. Using water or water and a water miscible
solvent, with or without a buffer as the mobile phase
and the relevant fractions containing the polymers are
Sdetected using uv at a range of about 200-350 nm.
According to a preferred embodiment of the
present invention, a novel proanthocyanidin polymer
can be prepared as follows: Latex obtained from a
Croton tree (e.g., Croton lechleri) or from
10calophyllum inophylum is used directly or is
concentrated by the removal of water (e.q.,
lyophilized). It is extracted with water, a lower
alcohol of about 1-3 carbons, or with acetone to give
an agueous soluble fraction. The agueous-soluble
Seraction of the lyophilized or otherwise concentrated
material is subjected to partitioning by ethyl
acetate/water solution and to gel filtration (e.g.,
Sephadex) using water and/or water and alcohol and/or
water and acetone, with or without a buffer as the
2 nobile phase. The fractions containing a chromophoric
band are detected by ultraviolet (uv) (Amax about 200-
350 nm) and collected and concentrated and subjected
to gel filtration again, if necessary, to yield the
proanthocyanidin polymer. Alternatively, the aqueous-
soluble fraction described above is lyophilized eor
concentrated or is used directly and is subjectéd to
reversed-phase column chromatography (RP HPLC), using
water and/or water and acetone and/or water and
3oalcohol as the mobile phase. The fractions containing
a chromophoric band detected by uv (max about 200-350
' nm) are collected and concentrated, and subjected to
RP HPLC again, if necessary, to yield the
proanthocyanidin polymer. Alternatively, the aqueous-
a5 Soluble fraction, described above, is lyophilized,
concentrated or is directly subjected to gel
permeation chromatography (GPC), using water and/or
water and alcohol and/or water and acetonitrile, with
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or without a buffer, as the mobile phase. The
fractions containing a chromophoric band detected by
uv at Amax about 195~350 nm are collected and
concentrated and subjected to GPC again, if necessary,
5to yield the proanthocyanidin polymer. See examples
in Sections 6.1 - 6.3, infra.
' As demonstrated in Section 6.2 when
. chromatographed on a Perkin Elmer LC-620 using Polymer
Labs PL-gel Sm 500 A, 300 x 7.5 mm and THF-water (95:5
10v/v) system at a flow rate of 1 ml/min,
proanthocyanidin A has a retention time of 7.2 min.
and proanthocyanidin B has a retention tinme of 6.5

mnin. Typical spectra for proanthocyanidin polynmers

are shown in Figs. 1 and 5.
15

5.,2.2 B8YNTHESIS OF UBEFUL PROANTHOCYANIDIN
POLYMERS AND DERIVATIVES THEREOF

It is known that leucoanthocyanidins can be
condensed in mildly alkaline or acidic solutions te
20 form proanthocyanidins. As an example, L.Y. Foo and
R.W. Hemingway, J. Chem. Soc., Chem. Commun., 85
(1984) were able to synthesize a trimer-from flavanol
monomers. J.A. Delcoun, et al,, J. Chem. Soc. Perkin
Trans. Y., 1711 (1983) teaches that under mild, low
25 pH, conditions and an excess amount of (+)-catechin,
condensation occurred to form higher and predorminantly
linear ({4,8)-linked oligomers. Specifically, dimers,
trimers and tetramers of the flavonoid analogues wvere
synthesized and characterized by NMR spectroscopy.
¥ use of such condensation reactions proanthocyanidin
peolymers of up to about 30 flavonoid units ean be
synthesized for use in the methods of the invention.
As an alternative to the above synthesis, enzymatic
synthesis can be employed to produce the useful
proanthocyanidin polyﬁers. The novel proanthocyanidin
polymer compositions of the present invention

By

35
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specifically exemplified herein can also ke
synthesized by such reactions.
Esters of proanthocyanidin polymers can be
prepared by standard methods of acylation such as by
sthe reaction of the polymer with acid chlorides or
acid anhydrides in the presence of base. Of
particular utility is the preparation by reaction with
acid anhydrides in pyridine as utilized for the
acylation of certain other lower molecular weight
10 flavonoids by Thompson, et al., JCS, 1387 (1972),
Fletcher, et al., JCS, 1628 (1977) and Heningway, JCS,
1299 (1982).
Ethers can be prepared by standard@ methods
of etherification such as by reaction of the polymer
1Swith alkyl halides and alkyl tosylates in bases.
Methyl ethers are readily prepared by the use of
diazomethane as utilized in the etherifjcation c¢
certain other lov molecular weight flavonoids by
Thompson, JCS, 1387 (19572), Hemingway, JCS, 129¢%
20 (1982).

The oxonium salts (sometimes referred to as
pyrilium salts or anthocyanidins) may bé prepared by
the so-called Bate-Smith reaction (Chemistry and
Industry, 1953, 377), by warming with aquéous or
alcoholic acids (see also, Thompson, et al., JCS, 1387
(1972) and teferences-cited'in Haslan, PLANT
POLYPHENOLS, 1983, p. 28, Cambridge Press). This
reaction can be advantageously catalyzed by iron
3°(Porter et al., Phytochemistry, 25, 223 (1986)).

25

$.3 CHARACTERIZATION OF NOVEL
BPROANTHOCY AN R POLYM

Novel proanthocyanidin polymers prepared
according to the present invention have solubility in
methancl and water. The polymers are soluble in water
and aqueous scolution including -alcohol solutions to a

degree of at least about 10 mg/ml. _ .
REPLACEMENT SHEET
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The proanthocyanidin polymers have been
analyzed by a number of methods to determine their
molecular weight and various other chemical and
physical features. Various stereoisomers of

Sproanthocyanidin polymers have been obtained and are
within the scope of the present invention.

Column chromatography has been used to
isolate water soluble fractions containing novel

. proanthocyanidin polymers varying in average molecular
0weight from about 700 daltons to about 3000 daltons,
which corresponds to 2-3 to 9-11 average flavonoid
units, respectively.

Dc-NMR spectroscopy indicates that the
proanthocyanidin polymers contain flavoneid moieties
in which the individual flavonoid ring units possess
various stereochemistries.

15

Uv-visible spectroscopy is consistent with
the possible presence of a flavyliur moiety or
moieties within certain of the proanthocyanidin

20polYners. ' _ :

The characterization of proanthocyanidin'
pelymer A and proanthocyanidin polymer B is further
discussed in the examples at Sections 6.3 and 6.5.

25Functional derivatives of these polymers can be made
and may be useful as intermediate for the preparation
of useful proanthocyanidin polymers.

S.4 PROPHYLACTIC AND THERAPEUTIC UBES
OF PROANTHOCYANIDIN POLYMERS

Proanthocyanidin polymers have been shown to
be active in vitro and in vivo against a wide variety
of viruses, and can be advantageously used in
prophylactic and therapeutic applications against

3sdiseaseé induced by such viruses.

-30

The proanthocyanidin polymers can be used
either alone or in combination with other antiviral or
antimicrobial agents ts prevent and/or treat diseases
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induced by or complicated with viral infectiong from

viruses including, but not limited to: paramyxovaridae

such as respiratory syncytial virus, orthemyxovaridae

such as influenza A, B and ¢, and herpes viruses such
Sas Herpes Simplex virus.

Proanthocyanidin polymers have various
advantages in the treatment of viral infections
including, but not limited to:

1) a broad range of antiviral activity;

10 2) very low toxicity;
’ 3) no teratogenicity; and

4) application to both systemic as well as

localized (i.e., topical) applications.

15 5.5 ROUTES OF ADMINISTRATION
The proanthocyanidin polymers of the present
invention can be administered for prophylactic and
therapeutic applications by a number of routes,
including but not limited to: oral, injection
20 including but not limited to, intravenous,
intraperitoneal, subcutaneous, intramuscular, etc., by
topical application such as to nasal, nasopharyngeal
linings and into the ear, and by inhalation via
aerosolization and application to respiratory tract
25linings, etc. '
When used according to the present invention
.against viruses, effective dose ranges of the
proanthocyanidin polymers are about 5.0 - about 30
ng/kg if given orally (P.0.), about 0.1 - about 10
ng/kg if given intraperitoneally (I.P.), and about § -
about 30 mg/kg/day if given by aerosel. If given
topically, the proanthocyanidin polymer is applied in
a gsuitable vehicle at a concentration of about 5 to
3sabout 15%.
When administered to warm-blooded animals,
including humans, the proanthocyanidins may be
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combined with water, an agqueous solution or any
physiologically acceptable carrier or vehiecle.

The following series of Examples are
presented for purposes of illustration and not by way
50f limitation on the scope of the invention.

€. EXAMPLES

6.1 IBOLATION OF A NOVEL PROANTEROCYANIDIX
POLYMER YROM A CROTON LECELERI EPECIES
{PROANTHOCYANIDIN POLYMER A

10 In one series of experiments, a novel

proanthocyanidin polymer was obtained as follows:
_ €. lechleri trees were tapped and felled
near the village of San Pablo de Cuyana on the Nanay
River 100 kilometers from Iguitos, Peru. The latex
was obtained over a period of 24 hours by scoring the
trees.

_The latex (1l) obtained from the Croton
leckleri trees was dilﬁted with isoprepancl in the

__ratio of 1 part latex to 3 parts isopropanol (31) and
allowed to stand for 15 hours at 10°C., The resultant
isopropanol-diluted latex was centrifuged, and the
insoluble material was removed by decantation, leaving
the mother liquor (3.7 1). The mother liquor was

25concentrated to dryness by rotoevaporation at 33°C to
give 240 g of a deep-red brown powder. This
concentrated material (980.g) was subjected to gel
filtration using Sephadex CM-50 with water (20 1) as
the mobile phase. The early-eluting fractions

jp containing a red pigment were detected at A 200-350 nm
or by visual detection of a red band eluting through a
transparent column. To isolate the proanthocyanidin
polymer, the early-eluting fractions were collected
and subjected to gel filtration chromatography and/or

35 HPLC as described below.

The HPLC isolation was performed by
injecting 5 ul of concentrated samples onto a Perkin-

REFLACEMENT SHER
09 JAN 1997




[err] 10

- 22 -

Elmer LC Analyst liquid chromatograph syster equippec
with an IC-200 autosampler, LC 600 pumps and a LC-23&
diode array detector using a Waters Ultrahydrogel 50¢
GPC column with Burdick and Jackson HPLC-grade water
Sat 0.8 ml/min at ambient temperature, with detection
at A\ 280 and 195 nm. The proanthécyanidin polymer was
found to have a retention time of 4.6~5.6 minutes
depending on sample concentration, column conditioning
and temperature. '
10 The red-pigment containing. fractions
isolated from Sephadex CH-50 were combined and
subjected to gel filtration chronatography over
Toyopearl HW-40S (2.5 L), using water, 10%
acetone/water, 20% acetone/water, and finally 40%
acetone/water in a step gradient fashion. The late-
eluting red fractions detected by uv-vis as Amax 340
nm, were combined and concentrated for further
purification on HPLC as described above. The combines
fractions isolated from HPLC were again subjected to
2ogel filtration chrormatography over Toyopearl HW-40S te
yield a proanthocyanidin polymer designated
. proanthocyanidin polymer A.

15

In another series of experiments, a novel
25proanthocyanidin polyner was obtained as follows:

Four liters of celd crude latex from the C.
lechleri (or from the entire macerated plant, the bark
Or the roots) wvere diluted with twelve liters ;f
isopropanol, stirred and stored at 5°C for 15 hours.

3o'rhe residue was removed by filtration an§ the soluticn
evaporated to dryness, in vacuo, yielding about %70 g.
of solids. :

The sclids were added, with stirring, to 6 1

of water and 3.6 1 of n-butanel. The aqueous phase

35 Was separated and concentrated to dryness giving 700 ¢
of material which was added, with stirring, to 2 1

methanol,.and then 12 1 of ethyl acetate was added.
The solution was kept at 15° for 15 hrs and the solid
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I n summary, proanthocyanidin polynmer A was seen to have a
definite beneficial effect on respiratory syncytial virus

infection in African green ’ nonkeys. A dose of 1.0 ng/kg given
by intravenous injection twice daily resulted in shorter
.duration of virus shedding fromthe oropharynx, reduced
titers of _ virus shed and reduced clinical synptons. A dose of
23

material removed by filtration and discarded. The
sclution was concentrated to dryness yielding
approximately 390 g. of crude proanthocyanidin polymer
A.

5 The proanthocyanidin polymer A fraction was
concentrated by a combination of cation exchange,
adsorption and size exclusion chromatography as
follows: 450-600 g of the crude proanthocyanidin
polymer A was passed through a CM-Sephadex C-50 pre-

1C  column using de-ionized water as the eluent. The

6ranqe and dark red fractions were collected and then
chromatographed, using de-ionized water, over another

Sephadex C~50 column equipped with a UV detector set

at 460 nm, and 1-2 1 fractions were collected. The

initial pink band was discarded and the subsequent
effluent passed through a column containing Sephadex

G-50 until the broad red-brown band was eluted. 15%

agqueous acetone was'paSSed through the G-50 colunmn |

until the effluent was colorless. Fractions of the

effluent were examined by HPLC as described in Section
' 6.2, and those fractions containing proanthocyanidin

polymer A were combined and evaporated to dryness

yielding about 210 g. of proanthocyanidin polymer A.

15

20

5 6.2 PURIFICATION OP PROANTHOCYANIDIN
POLYMER A

About 150 g. of crude proanthocyanidin
polymer A, obtained as described in Section 6.1 above,
was dissolved in 300 ml 20% aqueous acetone and was
chromatographed over a mixed-mode gel-
permeation/absorption column (Toyopearl HW40S, a
spherical methyl methacrylate polymer of 40 um
particle size). 16 1 were collected, then the eluting
solvent was changed to 40% aqueous acetone and 8 more
liters were collected, then the elution was continued
with 4 1 of 60t aqueous acetone. The fractions
containing proanthocyanidin polymer A, as shown by
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0.5 ng/ kg adm nistered twce daily was al so effective I n

reducing all three paraneters of infection although 10 to a

|l esser degree than was observed at the higher dose.

9.- EFFECTI VENESS OF PROANTHOCYANI DI N _

POLYMER A FOR TREATMENT OF | NFLUENZA A

Mal e and fermal e BALB/c mce were used in in Vivo tests to
study the effectiveness of _proant hocyani di n pol yner A

agai nst Influenza A. The : m ce wei ghed 13-16 g and were

obt ai ned from Si nonsen 20 L3for atori es (Glroy, CA). They were
quar anti ned 24 hr prior to use, and nai ntai ned on Wayne Lab
Bl ox and tap water. Once the animals were infected, 0.006%

oxytetracycline (PfilLeSedlcSectdon, 6 NY), waseackettineg and the solvent the
drinking water to siveal iposdudl 9isbLiNylapyroxirately 52%. obacteri al

I nfections. I nfluenza A/ N\W5/ 33 (HLN1) was obtai ned
from I%dW Cochran, University of Mchlg an (Ann Arbor, M).

A virus pool was prepared by SFARIFAORRI HRRt2cconP fohdd BY 2 pnol ayers
of Madi n Darby san¢embinatmeny ¢f\RCKprpeidrs and size-exclusion

chromatography: 50-75 g. of the above solid were
dissolved in 90% ethanol and introduced onto a colunn
containing Sephadex LH-20 {a cross-linked dextran gel
vith hydroxypropyl groups attached by ether linkages
10 %o glucose units of the dextran chains). Elution was
carried out using 10 1 of 90% agueous ethanol, then 15
1 of 20% aqueous acetone, 5 1 of 40% aqueous acetone,
5 1 of 50% aqueous acetone and then 5 1 of 60% agueous
acetaone. Fractions were collected at 2 1 intervals
15 and assayed by HPLC. The fractions containing
proanthocyanidin polymer A were combined and
evaporated to dryness in vacuo at 35° giving 35 gq. of
rure proanthocyanidin polymer A.

For the HPLC, a 30 cm gel-permeation column
for non-aqueous nobile phases was used in which ¢
stationary phase is Polymer laboratories PL-Gel Sz
3004 (a divinylbenzene~polystyrene polymer, 5 u
tarticles, 5001 pore size). The HPLC systen was

quipped with a diode array detector that generates UV
spectra, with the detector set at 280 nm.

Samples are dissolved in 95% aq THF, which
is also the developing solvent. At a flow rate of 1
tl/min, the proanthocyanidin polymer A peak maxirunm
has a retention time of 7.2 & 0.5 min.;

0 proanthocyanidin polymer B has a retention time of 6.5
¢ 0.5 min, indicating that proanthocyanidin polymer B

has a larger molecular weight than proanthocyanidin
polymer A.

20

*
<4
[} ]

25
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30 I ncubating themat 37[err]Cin 5% CJerr], and harvesting the

cells at 3 to 5 days when the viral cytopathic effect was 90
to 100% The virus stock was anpul ed and stored at -80[err]C
unti |l used. The proant hocyani din pol ymer A was

di ssol ved . 35 in sterile water for injection (WI) each day at

t he

appropri ate concentrations and used i nmedi ately. 1-
adamant anam ne HCL (amant adi ne) was pyichased from Si gma
(St. Louis, M) and was dissolved in sterile

6.3 CHEMICAL IDENTIFPICATION AND STRUCTURAL ,
‘FEATURES OF THE PROANTHOCYANIDIN
POLYXER A

In the infrared, the proanthocyanidin
polymer A of the invention, obtained as described in
Section 6.1 above, shows a very broad intense peak
ranging from 3550-2500 and other peaks at 1612, 1449,

1348, 1202, 1144, 1107, 1068 and 1027 cm=l. See
Figure 1.

The 1H NMR spectrum in D,0 (400 MH2z 24°C)
exhibited very broad'peaks at § 7.1, 6.9, 6.1, 4.7 and
2.8 ppm. See Figure 2. '
Ultraviolet-visible spectral analysis in H;0
revealed broad peaks at A 202, 235, (shoulder), 275,
305 (shoulder), 460 and trailing greater than 600 nn.
Although the UV data of the present polymer closely
resembles those of other known proanthocyanidins, the
visible data are clearly different. The known
preanthocyanidin mbnomers and polymers are colorless
20 {A 205, 240, 275 nm) and have no absorption in the
visible range, whereas certain of the isolated novel
proanthocyanidin polymer A of the present invention
are colored and have a visible absorption at 460 nn.
The coler of the proanthocyanidin polymer suggests the

o5 Presence of a flavylium moiety or moieties within the
proanthecyanidin polymer. This is consistent with the
visible spectroscopic data reported for closely
related monomeric anthecyanins which coentain the
flavylium moiety (A 460-560 nm).

10

15

30 " The 13C NMR spectra of the proanthocyanidin
polymer was obtained at 100 MHz in D,0. The
experiments performed were broad-band decoupled. As
shown in FIG. 3, the 13C NMR spectrum in D,0 exhibited
very broad peak; at § 155(c~5, c-7, C-9), 145(Cc-3', C-

3% 5')°, 143(C-3', C=4'), 130(C-1', €'~1'", C-4'"), 128(C-
1'), 121(C-6), 116(C-2', C=S'), 109(C-8, C-2'", C~6'?*),

97(c~6), 82(C-2), 76(C-2), 73(C~3), and 38(C~4) ppnm,
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saline. 1-[err]-DRibofuranosyl-1,2,4-triazol e-3- car boxam de

(ribavirin) was purchased from|CN Phar maceuticals, Inc. (costa Mesa, -
CA) and was di ssolved in sterile saline. An Ohneda Bl ox
3740 pul se oxi nmeter (GChneda, Louisville, OH with ear probe attachnent
was used. Each nouse | ung was honogeni zed and varyi ng
dilutions assayed in triplicate for infectious virus in MDCK cells as
described by Sidwell, RW Huffman JH, 10 Call E. W, Al ghamandan H., Cook
P.D., Robins, R K "Ef fect of Sel enazofurin on Influenza A and B Virus
Infections in Mce", Antiviral Res., 6:363-53 (1986). Two
experinents were conducted as foll ows: Experinent 1: Seventeen mal e
and seventeen fenal e mce were infected intranasally (i.n.) with an

. 0 : . : :
o oxt Tt € S0% EbBhe CRRBARonIbE4S (P28 enelF e fpfel L 10Cl) U v
doses in MDCK celSMg9esh SomeckeyeRRinkst Af FErUEGuEsl FAFLREPLS) of
pr oant hocyani di n peowgerrthe apvalRantgiligallagrahthocyarigiinape ygreras begun 2
days pre-virus expogHeCprdiént in¢éttioRUSR QHendptéantneeydniliis. Pul se
oxi met er §eadiNgRedl. AhG' hoke VOLASPs S Wl edr?LeL ) vere
substantially larger peak in the region of 109 ppm for
the proanthocyanidin polymers of this invention when
compared with 13C NMR spectra of other
proanthocyanidin polymers known in the literature
(compare with spectra in Czochanska et al., 1979,
J.C.S. Chem. Comm., p. 375-77; in Rarborne, J.B. and
Mabry, T.J. ed., The Flavonoids: Advances in Research,
Chapman and Hall, NY, 1982, pp. 51~-132, incorporated
herein by reference). The 13C NMR data of the polymer
is indicative of the proanthocyanidin class of
polymers. In particular, the 13C NMR chemical shift
data of the isolated proanthocyanidin polymer (C-
6'=132 ppm, C=2'=115 pm, C-3' & C-4'=145 ppm, C~5'=116
PpR, C-6'-107 ppm, C-3' & C-5' =146 ppm, C-4'-133 ppm)
is consistent with a polymer composed of procyanidin B
ring moieties with the individual flavonol € ring
units possessing both the 2,3-trans and 3,4-trans
(similar to (+)-catechin; Cc-2=83 ppm, C-3=73 ppm, C-
,s 4=3ppm) and 2,3~-cis-3,4-trans [similar to (-)=
. epicatechin; C-2=77 ppm, C-3=73 ppr, C-4=73 ppm)
stereochemistries. The present experiment data
indicates that proanthocyanidin polymer A is comprised
. of catechin, epicatechin, gallocatechin and
%0 galloepicatechin. The HPLG data suggest that the
average number of flavonoid units is about 7. The

HPLC data also suggests that number of flavonold units
vary from 2 to 11. '

10

15

20

The proanthocyanidin polymer A is soiuble in
a5 methanol, water and aqueous solutions. The
proanthocyanidin ﬁolymer A is soluble in water at
concentrations of at least about 10 mg/ml. The
polymer has lower solubility in normal saline and
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25 determined on 5 male and 5 female mce daily through 10 days

post -virus exposure and again on days 14 and 21. On infection days
2,4,6,8,10,14 and 21, 3 mice (2 male, 1 female or 2 fenale, 1 nale)
were killed and their lungs renoved, graded for consolidation, and 30
frozen for 'l aser assay of virus titer. Consolidation was scored fromO
(normal) to 4 (100% consol i dation). The sane ani mals used for Sa(g err]
determ nati ons were held for 21 days and deaths noted as they occurred.
As toxicity controls, 3 male and 3 f&hal e shaminfected 35 mce were

treated concomtantly with each dosage | evel of test conpound. These
ani mal s together w th nornal

other salt solutions. Mass spectral analysis indicate
that proanthocyanidin polymer A has a molecular weight
average of about 2,100 daltons.

5 6.4 IBOLATION COP A PROANTHOCYANIDIN POLYMER
FROM CALOPHYLLUM INOPHYLUM
(PROANTHOCYANIDIN POLYMER B)

A novel proanthocyanidin polymer according
to the present invention can be isolated by a method
similar to that described above in Section 6.1 from
the entire macerated plant, the bark, the leaves, the
roots or the latex of Calophyllum inophylum.

AccorbDing to a preferred method, the proanthocyanidin

polymer is obtained by the method described in Section

o 18 6.1, except that water is used as the preferred
extraction solvent.

10

In one series of experiments, a novel
proanthocyanidin polymer, designated preoanthocyanidin
polymer B, was obtained from Calophyllum inophylum

20 latex.

2,849 g of the latex from Calophyllunm
inophylum was mixed with 12.4 1 of a 1:1 mixture of
isopropancl and water, stirred and stored at room
temperature for )6 hours. The residue was removed by

25 filtration and the solution wvas evaporated to dryness,
in vacuo, giving 133.5 g of solids.

The solids were added, with stirring, to 30
g of methanol. The solution was then filtered away
from the solids, and a 1:1 mixture of water and ethyl

‘30 acetate was added. The water fraction was separated
and n-butyl alcohol was added. The water fraction was
separated from the alcohol fraction and concentrated
to dryness yielding approximately 10.4 g of crude
proanthocyanidin polymer B.

The crude proanthocyanidin polymer B was
passed through a CH¥-50 Sephadex CC column using de-
ionized water as the eluting solvent. A red band was
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-57- untreated mce were weighed i Mmediately prior to treat ment
and 18 hr after the final treatnent. Experinent 2: This experinent
‘was identical to Experiment 1, except therapy began 4 hr post-virus 5
exposure. Statistical Evaluation: Increase in survivor numnber was
.eval uated using chi.square analysis with Yate's correction. Mean
survival tine increases, virus titer and Sa(err] value differences
were anal yzed by t-test. 10 Lung consolidation scores were eval uated by
ranked sum anal ysis. The Exstatix[err] programrun on a Macintosh |
conputer was used to determ ne standggd-errors (S.E).

An overview of the results of these 15 experinents is shown in Tables 14
and 15. The overview of the two experinments shows nmean data

conpiled fromall tine points in which assays were made. The toxicity
control s for tPRGECEeActRdfinastionateddueing thie280Ctpokypalay dose of
proant hocyani demtzd pakhneet Aqguasus GYhanbDd s$diutioRcand 20%, 50% -

and 70% aqueous acetone solutions to give
proanthocyanidin polymer B. At lower concentrations,
$ a solution of proanthocyanidin polymer B is
essentially colorless. At higher cdncentracions, the
solution of proanthocyanidin polymer B is tan.

6.5 CHEXICAL IDENTIFICATION AND S8TRUCTURAL
10 FEATURES OF THE PROANTHOCYANIDIN
POLYMER B

The "¢ NMR spectrum of proanthocyanidin
polymer B (Figure 4) confirms that the polymer is a
member of the class of proanthocyanidin polymers and
15 comprises principally catechin and epicatechin
monomeric flavonoid units. Gel permeation
chromatography (GPC) indicates that proanthocyanidin
polymer B has a molecular weight that is larger than
proanthocyanidin polymer A. Consistent with the GPC
20 data, HPLC-GPC retention time of proanthocyanidin
polymer B is shorter than that for proanthocyanidin
polymer A under the same conditions =- again
indicating the larger size of proanthocyanidih polymer
" B. HPLC indicates that polymer B has a molecular
75 weight average of about 3000 daltons, corresponding to
‘an average number of flavonoid units of about 10. The
HPLC data also suggests ﬁhat the number of flavonoid
units vary from 5 to 16. Mass spectral analysié
indicates that proanthocyanidin pelymer A has a
30 molecular weight average of about 2100 daltons.
The Fourier-transform infra-red spectrum of
proanthocyanidin polymer B is quite similar to that of

proanthocyanidin polymer A (See Figure S and Figure
1). '

Likewise, the UV-visible spectrum of
proanthocyanidin polymer B is similar to that of
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Experinment 1 (Early treatnent initiation): The summary of Experi nent
1 (Table "14) indicates 25 significant influenza disease-inhibitory effects
of the 30 and 10 ng/ kg/ day dosages of proanthocyani din pol ymer A
based on the reduction of Iung consolidation. The Sa(Jerr] % were
significantly increased in the infected female m ce receiving the 10
and 3 30 ng/ kg/ day doses. Amant adi ne was i ntended as a
positive control in these experim2@ts. Amantadi ne did not appear
significantly effective in this experinent. However, it has been

subsequently learned that this 35 particular influenza virus is resistant
t o Amant adi ne.

. 1 1 1 t
paramet ers can %reoagetgﬁcyannﬂigu egﬁ%efi‘gk?glr‘g%ﬁg??ngﬁ%'%e%e JEese

the peak at 460 nn.

7. BCREENING OF PROANTHOCYANIDIN POLYMER A
5 zO Iv CTIVITY

In one series of experiments,
proanthocyanidin polymer A was tested for antiviral
activity against the following viruses: Respiratory
syncytial virus subtype variants, A2-Tracey, A-Long,

10 B-46791, B-47063 and B-185137; parainfluenza virus,
type 3 (PIV-3); adenoviruses, type 5 and 7; influenza,
A-Taiwan (HIN1); A-Leningrad (H3N2); A-Japan; A-Port
Chalubers; A-NWS33; B-~USSR; B-Tama; B~-RF; nmeasles
virus, and Edmonston strain. )

e s

15 All viruses were obtained from the Influenza
Research Center, Baylor-College of Medicine, Houston,
Texas, with the exception of measles virus which was
obtained from ATCC. For comparison, ribavirin was
included in the screening assay.

20 The following procedure was used to assay

for antiviral activity. Assays were performed in 96-

well tissue culture plates. All dilutions and tissue

culture suspensions were prepared in minimal essential
medium containing antibiotics penicillin and
streptomycin and 2% fetal calf serum (2% FCS~MEM).

Test compounds (0.05 ml) were added in guadruplicate

to wells of the test plates containing a subconfluent

monclayer of HEp2 cells (ca. 3 x 10’ cells). The
compounds were diluted using serial 2-fold dilutions

usually starting with a final concentration of 1

mg/ml. Approximately 100 median tissue culture

infectious doses (TCIDy) of the appropriate test virus
in 0.05 ml was added. Tissue control wells contained
medium, without virus or antiviral compound, and
antiviral contrel wells contained antiviral compound
without virus. Ribavirin was included in each assay
as a positive antiviral control, except for the

25

e’

35
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1. Lung consolidation (Figure 6) was particularly inhibited on the early
sanpling days; the consolidation gradually increased in all groups
. through the renmi nder of the experinment, but never reached the | evel of
the virus controls. 5 , Lung virus titers (Figure 10) were not
reduced early in the study, but by day 8 and 10, significant reductions
*were seen in mce treated with the 10 and 3 ng/ kg/day dosages of
pr oant hocyani di n pol ymer A. 10 The Sa(J err] data were separated
for mal e and femal e mice, since 5 animals of each sex were used for
t hese deterninations. Essentially no imRPbftion of Sag err] decline was
seen in mle mce treated with either . conpound (Figure 12). The fenale
m ce appeared to 15 respond better, however (Figure 13), with the 10 and 3

adenoviruses where Ribavirin fails tc demonstrate
antiviral activity. Back titrations of each test
virus were also included ineach assay. All plates
were incubated at 37°C in a 5% CO, incubator. Virus
control wells were observed daily. When these wells
exhibited 80-100% cytopathic effect (CPE), all wells
were observed for CPE. In addition to visual and
nicroscopic observance of CPE, inhibition of syncytial
formation was used to confirm activity against RSV.

_ In each antiviral assay, a 50% minimal
inhibitery concentration (EDy;) was determined. The
ED,, was calculated by determining the median minimal
concentration of compound tested in wells inhibiting
CPE 50% compared to virus control wells, The actual
calculation of the ED,, value was done with the aid of
the computer program, "Dose-effect analysis with
microcomputersY of Chou et al., 1984, Adv. Enz.
Regul., 22:27-58,

The effect of each compound on the érowth of
uninfected tissue culture cells, seeded at low
densities to allow rapid growth, was also evaluated.
From this assay, a 50% minimal toxic concentration
(IDy,) was determined. The assay for cell toxicity or
inhibition of cell growth involved the following
procedure. Test compounds (0.1 ml/well) were serially
diluted 2-0fld. To the appropriate wells were added
0.1 ml of human HeLa, AS49 or HEp2 cells, 0.1 ml of
mouse L9329 cells, 0.1 m of monkey Vero cells or 0.1 ml
of canine MDCK ¢ells. Approximately 3 x 10’ cells were
added to each well. Control wells consisted of wells
containing a range of cell concentration (e.g., 3 x 10’
cells, 1:2 dilution of this number, 1:4, 1:8 and 1:16)
in medium without any antiviral compound. A vehicle
control consisting of serial dilutions of whatever
vehicle was used for a particular compound (e.g., 10%
DMSO, 50% methanol) was also included in each assay in
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ny/ kg/ day doses of proant hocyani din polynmer A i nhi biting by

approxi mately 10% of the Sa(Jerr] decline. It should be noted that in

t hi s experinent, therapy ceased on day 6, and by the next day, the

Sal err] in the 20 treated aninal s began to decrease at a rapid rate.

This suggests a need to continue therapy a few addi ti onal days. 25
Experinent 2 (Late treatnent initiation): The sunmary results of this
experinment are seen in Table 15. It =~ 33houl d be noted that in this

del ayed treatnment study all the male toxicity control mce survived the
hi gh dose proant hocyani din polynmer A treatnent, although t hey | ost

consi der abl e vveldg,lg,thcag'gesglqnbg@lé WREE incubak@ltdy Ol@ek,thay those used
in Experlnent 1,.a

ra As
seen in Experi msie ’1"°“r?8‘§an|ﬁ‘ﬁtc°énf°""°q1 HSF%%S%W‘R’EW?MV&& was seen in
the infected. 3t ppeheed qprpepsd. alashedhcaifdpefitxart-(4edn survi val
time increases udm@thbsehvebl-n-{eal s-0ipReiylertedzol iunvBrbnide and 3

ny/ kg/ day of proggifjogyanididy RQ! XTE'weéd1s. Three hours later, acid
alcohol (0.1 ml of 0.4 N HCl in isopropyl alcohol) was
added to each well to solubilize any precipitate
formed in each well. Plates were read on a plate
reader (UV MAX, Molecular Devices) to determine the
optical densities in each well. The median )
concentration of antiviral compound in the last wells ;
causing a 50% reducticn in 0.D. was determined and
termed "ID,". All wells in the assay were also
observed microscopically fcr inhibition of cell
growth. The results are shown in Table 1.
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(Tabl e 15).

;:The alternate-day |ung consolidation
Pr.oant hocyani di n

consol i dati on,
-earller-lnltlated t her apy.

only

10

15

20

25

35

over al |

mean | ung scores were again

r educed.

findings are shown in Figure 10.

usi

pol ymer A therapy again caused inhibition of 5
al though to a | esser extent than seen

ng

Lung virus titers.(Figure 11) were
margi nal ly reduced by proanthocyanldln polyner A

- 32 -

TABLE 1

t her apy.

2ffect of In Vitro 8ereening for antiviral Activity
with Proanthocyanidin Polysmer A

EDy (sg/ml)

Virus
Experiment 1
RSV

Parainfluenza virys 3

Influenza A
Influenza B
aAdenovirus

Rhinovirus

Measles

Experiment 2

RSV

Parainfluenza virus
Influenza A
Influenza B
Adenovirus 5
Adenovirus 7
Rhinovirus

Measles

Experiment 3

RSV

Parainfluenza virus 3

Influenza A
Adenovi;us 7

In the first experiment of Table 1,

Proanthocyanidin Polvmey A

8.5
>384

125
>125
>3125
>125

17.2

38.3

31.3
125
>250
>250
>125
>125

12

S

4
>250

Ribavirin

‘.
1S.

0
6

15.0
18.0

125

31.3

24.

15.
14.
is.
>1000
>1000
125

31
12
14
>1000

2
?
3
0

the ED,,

for the proanthocyanidin polymer A was determined to

be 8.5 ug/ml for RSV.

This activity compares quite

closely to ribavirin with a EDy determined to be 4.0

1g/ml for RSV.

second experiment of Table 1, the ED,, for the
proanthocyanidin polymer A wvas 17.2 ug/ml for RSV as
compared to 24.2 for ribavirin, and the 1D, was 250

Kg/ml.

The IDy,, (an index of cell toxicity) of

the proanthocyanidin polymer A was 54 ug/ml. 1In the

In the third experinent of Table 1 the ED,, for
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10 The Sa(J err] data for male and femal e m ce are summari zed in
Figures 12 and 13. As was observed in Experinent 1, the female mce

tended to respond better t o proant hocyani din polymer A therapy than the
males, wi th somewhat variable, but dose-responsive inhibition of

SaJ err] decline. W conclude this material has a noder ate effect

agai nst the nurine influenza I nfection. In view of

amant adi ne's inactivity, an experiment was run using a 75 ng/ kg/ day dose
of ribavirin, which is known to be highdgy active agai nst t he

I nfluenza virus infections (Sidwell, RW, Huf fman, J.H., Hare, G P.,
Allen, L.B., Wtkowski, J.T., Robins, R, "Broad-Spectrum Antiviral
Activity 25 of Virazole: 1-[err]-D-ribofuranosyl-1,2,4-triazol-e-3-

car boxamni de", Sci ebe, puaEhthQSy&nidgy pplynethe Hpagl2 #9ad ghdhe . p. twice
daily for 5 days baginusfigreater thyro2Bovegua.i nocul ati on. The same di sease

parameters as used in themgr g‘mtsegg ﬁmt,glvx@égl éMth 30 the
ribavirin study. overal resu t ﬁ&‘ﬁéf avirin

experi nent are shmﬁﬁ°l‘ﬂ“1‘é‘b¥‘é“f6“ w bxi c,
al though it causé&d essicrBsay (west deternined by Calculatlng the druq

Selective Index (SI), defined as the ratio of ID,/EDy.
The Selective Index of the proanthocyanidin polymer A
for RSV was 11 and 14.5 and 21 in the three
experinents,

10 Virus rating (VR) was obtained by averaging
the sum of the CPE values (0 for no CPE; 4 for 100%
CPE) assigned to treated, infected monolayers at each
compound concentratioen. This average is subtracted
from the average of the sum of the CPE values in an

15 equal number of virus control wells. A further

adjustﬁent was nmade to. reflect any observed

cytotoxicity. Values for VR were assigned as foilows:

VR greater than 1, defined as definite anti-viral

activity; a VR of 0.5-0.5, as noderate to questionable

activity; a VR of 0.1-0.5, as slight activity. The
slight activity could be attributable to cytotoxicity
or cytopathic effects of the coppound per se., The VR

of the proanthocyanidin polyner A against RSV was 1.5,

indicating definite anti-viral activity in these in

vitro Assays. Also, the proanthocyanidin polymer A

demonstrated substantial anti-viral activity against

parainfluenza and influenza A viruses in all three
experiments.

20

25

" In another series of experiments, polymer A
30 was tested for antiviral activity against RSV, types A
and B, influenza types A (Flu-A) and B (Flu-B), and
parainfluenza types (PIV-1) and 3 (PIV-3).
The cell lines used were Human Hela, A549
25 and HEp-2 cells, mouse L1929 cells, monkey Vero cells,
canine MDCK cells.
. The effect of the proanthocyanidin polymer A
on the viability and growth of cells was determined by
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wei ght loss. Al infected, ribavirin-treated mce 35 survived the

I nfection. Lung consolidation and | ung virus titers were significantly
reduced, and the nean Sa(d err] decline was inhibited. The |ung

consol i dati on, - 60- virus titer,
and Sa(Jerr] data are shown in nore detail in Fi gures 14-16.

Thus, in this experinment, ribavirin exerted significant influenza

i nhi bition. Proanthocyanidin3golyner A when given to

measurement of mitochondrial respiration and expressed
as a 50% minimal toxic concentration (IDy). In this
‘assay, as in the ED50 assay, the proanthocyanidin
polymer A was assayed in serial 2-fold dilutions in
g quadruplicate across 96-well microtitre plates.
Again, wells were seeded at the low density of 3x10’
cells per well to allow for rapid growth. Vehicle
controls which consisted of serial dilutions of
vehicle (which, in the case of proanthocyanidin
10 polymer A, was water) were included in each assay in
duplicate. ﬁlanks which consisted of media alone and
media plus drug were also included. All plates were
incubated at 37°C in a 5% CO, incubator until the tip
concentration of cells in control wells reached _
15 confluency, usually 3 days. All wells in each assay
were observed microscopically for cyctotoxicity. Then
0.05 ml of MIT (3-[4,5~-dimethythiazole~2-yl]=2,5~
diaphenyltetrazolium bromide) (5 mg/ml in PBS) was
added to all wells and the incubation continued.
Three hours later acid alcohol (0.05 ml of N HCl in
isopropyl alcohol) was added to each well. The
optical densities (0.D.) of each well were read at 49¢
nm using a plate reader (UV MAX, Molecular Devices).
The percent viability of cells at each concentration
of drug was calculated by dividing the mean of the
0.D.'s of the drug treated wells (minus the mean of
the drug blank) by the mean of the 0.D.'s ef control
wells (minus the mean of the blank), ‘and multiplying
- by 100. The effect of the vehicle on cell viability
was similarly calculated. A dose response curve for
the toxicity of proanthocyanidin polymer A was
génerated and the ID;, determined.
The following procedure was used to assay
35 for antiviral activity. Assays were performed in 96-
well tissue culture plates. All dilutions and tissue
culture suspensions were prepared in minimal essential
medium containing antibiotics penicillin and

- 20

© 25

30
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5 influenza A (HINl)-infected mce i.p. once daily for a days, exerted
nmoderate inhibition of the infection. The material was nost efficacious
when treatment was initiated 2 days pre-virus exposure, although
significant inhibition was al so seen when therapy was 10 del ayed until 4 hr
post-virus exposure. The toxicity controls did not survive a dose of
about 30 ng/ kg/ day. Di sease-inhibiting effects were primarily limted to
10 ng/ kg/ day. Amant adi ne was i neffective against this i nfluenza virus

strain. Ribavirin was inhibitory to thasvierus infection. It is concluded
t hat proant hocyani di n pol yner A has anti-influenza virus - activity. 20
25

streptomycin and 2% fetal calf serum (2% FCS-MEM).
Test compounds (0.05 ml) were added in quadruplicate
to wells of the test plates containing a subconfluent:
 monolayer of HEp2 cells (ca. 3 x 10’ cells). The
5 compounds were diluted using serial 2-fold dilutions
usually starting with 2 final concentration of 1
mg/ml. Approximately 100 median tissue culture
infectious doses (TCIDy,) of the appropriate test virus
in 0.05 ml was added. Tissue control wells contained
medium, without virus or antiviral compound, and
antiviral control wells contained antiviral compound
without virus. Ribavirin was included in each assay
as a positive antiviral control, except for the
adenoviruses where Ribavirin fails to demonstrate
antiviral activity. Back titrations of each test
virus vere also included in each assay. All plates
were incubated at 37°C in a S% €O, incubator. Virus
control wells were observed daily. VWwhen these wells
exhibited 80-100% cytopathic effect (CPE), all wells
were observed for CPE. 1In addition to visual and
microscopic observance of CPE, inhibition of syncytia
formation was used to confirm activity against RSV.
In each antiviral assay, a 50% minimal
25 inhibitory concentration (EDy,) was determined. The
EDyy was calculated by determining the median minimal
concentration of compound tested in wells inhibiting
CPE 50% compared to virus control wells. The actual
calculation of the ED, value was done with the aid of
20 the conputer program, "Dose-effect analysis with
microcomputers® of Chou et al., 1984, Adv. Enz.
Regul., 22:27-55.
The selective index for proanthocyanidin

polymer A was then calculated as the ratio of the 1D,
35 over the ED,,.

10

15

20

The results are showh in Tables 2-6. The
results indicate that proanthocyanidin polymer A is as
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35

30

- 36 -~

effective as ribavirin for inhibiting growth of RSV-A

and B, PIV-l, PIV-3, FLU-A and FLU-B in vitro.

The

selective index values indicate low cytotoxicity for

proanthocyanidin polymer A.

10

=
=
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Fractions of proanthocyanidin polymei A have
been further purified by HPLC using a GPC column and
standards. Specifically, two fractions have been
isolated: one fraction having a molecular weight
average of 700 daltons (corresponding to 2 to 3
flavonoid monowmeric units) and the second fraction
having a molecular weight average of 3000 daltons
(corresponding to. 9 to 1) flavonoid monomeric units).
The two fractions show essentially the same chemical

‘shifte in the C and 'H NMR spectra as the

unfractionated proanthocyanidin polymer A. -

In vitro experiments indicate both fractions
are active against RSV. The fraction having an
average of 2 to J flavonoid units has an in vitro RSV
antiviral activity of EDy=10 ug/ml, while the second
fraction having an average of 9-11 flanonoid units has
an EDg=40 ug/ml. '

8. EFFECTIVENESS OF PROANTHOCYANIDIN
POLYMER A FOR TREATMENT OF REV

In vivo and in vitro assiys indicate that
the novel proanthocyanidin pelymer A of the invention
is a useful therapeutic agent for the treatment of RSV
infections. The present invention provides a safer
therapeutic treatment for RSV infections without the
toxic effects associated with Ribavirin, the currently
approved cemposition for treatment of such infections.

Hispid Cotton Rats were innoculated with RSV
A2 intranasally on day 1 and given an intraperitoneal
dose of 0.1-30.0 mg/kg of the proanthocyanidin polymer
prepared in distilled water on day 2, 3 and 4.

Control animals received an equal volume of distilled
water. In one experiment, as a comparison, a dose of
10-90 mg/kg of Ribavirin was used. All animals were
kKilled on day 5. 1Lungs were removed and washed via
transpleural lavage. The fluid collected was assessed
for RSV titer in a microtiter assay using HEp2 cells.
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Assays were performed in 96-well tissue
culture plates. All dilutions and tissue culture
suspensions were prepared in minimal essential medium
containing antibiotics and St fetal calf serum (5%
FCS-MEM). Lung lavage fluid was added in
guadruplicate to wells of the test plates containing a
subconfluent monolayer of cells (ca. Ix10’ cells).
Approximately 100 median tissue culture infectious
doses (TCIDy,) of the appropriate test virus in 0.05 ml
was added. Tissue control wells contained medium, but
no virus. All plates were incubated at 37°C in a S%
CO, incubator. Virus control wells wvere observed
daily. When these wells exhibited 80-100% CPE, all
wells were observed for CPE. 1In additien to visual
CPE, inhibition of syncytia formation is used to
confirm activity against RSV. Lung RSV titer log, was
calculated as described by Dubovi et al., 1983; 1984.
The results are shown in Tables 7-8.

As shown in Table 7, for each experiment,
the proanthocyanidin polymer A demonstrated a dose-
dependent decrease in RSV titer compared to controls.
This indicates that the proanthocyanidin polymer A has
effective antiviral activity against RSV in vivo. As
shown in Table 8, direct comparison of the antiviral
effect of the procyanidin polymer A to ribavirin
(intraperitoneal administration) demonstrates that the
polymer composition of the invention is significantly
more potent that ribavirin, the drug currently used to
treat RSV infections.

' Hispid Cotton Rats were inoculated with RSV
A2 intranasally on day 1 and given an oral dose of
1.0-10.0 mg/kg of the proanthocyanidin polymer on days
2, 3 and 4. All animals were killed on day 5 and lung
tissues were collected. Lungs were removed and washed
via transpleural lavage. The fluid collected was
assessed for RSV titer in a microtiter assay using
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10. EFFECTI VENESS OF PROANTHOCYANI DI N POLYMER A

FOR TREATMENT OF PARAI NFLUENZA VI RUS Twel ve African green
monkeys w thout 5 antibody to parainfluenzavirus, type 3, (PIV-3) were
used in an experinment to determ ne antiviral activity of proant hocyani din
pol ymer A. The nonkeys were di vided randomy into four groups of three
nonkeys each. The respective groups received proanthocyanidin 10 pol yner
A at doses of 10, 3.3, or 1.0 ng/kg/day_Mﬁéh_ the drug dissolved in 0.5%
gl ucose. A control group of three nnnke§ recei ved 0.5% gl ucose w t hout
t he drug. Each of the nonkeys received treatnent by I nt ravenous bol us
I njection as divided doses twice 15 daily at 8 a.m for 7 days. The

i nj ections were neitBp2 celld ast Hesepjdednausveci Resblixcdakeghsmmnlkays. See
Tabl e 17. Table 9. ' :
As shown in Table 9, the proanthocyanidin
polymer administered orally significantly lowered RSV
§ titers at 10 mg/kg compared to controls. This

indicates that the proanthocyanidin polynmer has

effective antiviral activity when administered orally

against RSV and is more active than ribavirin.

10 e e

TABLE 7

Effect of Proanthocyanidin Polymer A Against
REV Infection of Cotton Rats, Intraperitoneal Dosing

15 Treatment Lung P
(Mg/Kg) titer,

EXPERIMENT #1

Control 3.98. ¢ 0.14 ——-
(9549)
20 5.4 3.78 % 0.31 0.08
(6025) 36.9% kill
0.3 3.21 % 0.05 0.05
(1621) 83,0% kill
1.0 3.28 * 0.65 0.04
25 {1905) 80.1% kill
EXPERIMENT #2
Control 4.3 * 0.8 -
(20,000)
a0 o
1.0 3.1 % 0.5 _ 0.08
(1258) 94% kill
3.0 3.4 % 0.5 0.05
(2,511) 87% kill

35 10.0 3.6 % 0.3 0.06
(3,981) 80% kill -
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Treatment was initiated four hours before virus inocul ation. Four hours
later, a 10[err] dilution 20  of PIV-3 was prepared and inoculated as a 1
m vol une intratracheally and a 1 m volune placed on the ext er nal
nares. The titer of the inoculated virus was 10[err] TAD err] per m.
25 Throat swabs were taken daily and placed in 1 m of tissue
culture nmedium Fluid was expressed fromthe swab and the. tissue
culture fluid was titrated for virus. TeAPord dilutions of the throat
swab specinmens were prepared and inoculated into 30 duplicate wells of 24
wel | tissue culture plates seeded with Vero cells. Titers were

determ ned by M GIR3GRARHhE 1N Nation of the culpures for vira
cytopat hol ogy. The nogyeys werikeebserved daily f or clinical synptons

i ncludi ng rhinorrhea, sneezing and 35 coughing. At 14 and 21 days

post -i nfection, bIo0d-4wé;-——4n:mNn-LgL_dsLegLLgn—ai_anL+mehL44L£lxa3 usi ng
“a serum  neutral i ZAFESAMERE A3

S Control 3.98 * 0.14 -——
(9,549)
1.0 - 4.00 £ 0.02 n.s.
. (10,000} 0% kill
10.0 3.88 + 0.3 n.s.
0 (7,585) 20.6% kxill
30.0 3.70 + 0.28 n.s.

(5,011) 47.5% xill

EXPERIMENT #4

15
Control 5.22 % 0.27 -——
(165,958)
0.1 4.87 % 0.32 n.s.
(74,131) 55.3% kill
20 0.3 4.25 % 0.39 0.014
(17,782) 8%5.3% kill
1.0 4.27 * 0.5 0.046
(18,620) 88.8% kill
3.0 4.41 = 0.19 0.012
25 (25,703) 84.5% kill
30
35
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- 65 - Each of the 12 nonkeys becane infected with PIV-3
with the majority shedding virus within 24 hours after virus inocul ation.
Vi rus sheddi ng continued in al I rnmonkeys through the ei ghth day
post-infection with 5 some nonkeys sheddi ng virus through day 9 and 10. See
Tabl e 18. The mean virus titers for each group are shown in
Tabl e 19. Proant hocyani din polynmer A at 10 ng/ kg/ day appear to reduce the
nmean titers on all of 10 the days post-infection by one log or better. The

3.3 ng/ kg/ day dose was seen to have a slightly lesser - effect than the
10 ny/ kg/ day dose but again all titers - 44 -
Treatment Lung _ P

(Mg/kg)  titer,
EXPERIMENT #5

Control 4.5 % 0.2

5 {31,622)
10 4.5 * 0.2 n.s.
(31,622) O% kill
30 4.0 = 0.3 0.02
{10,000) €8.4% kill
10 49 2.8 * 0.3 <0.0001
(631) 98% kill
Jlung titer represents: RSV titer log /g lung
(Mean + S$.D.)
18 ® R &
20
25
30
35
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were |l ess than the controls.

ng/ kg/ day. 15

- common in the control

proant hocyani di n polynmer A treated groups.

observation with 3 nonkeys per

" possi bl e.

synpt ons.
ny/ kg/ dose

rhi norrhea (See Tabl e 20).

21 days

See Tabl e 21.
have a benefi ci al

10

15

20

25

effect ofhEsoanxitoay

group,

No appreci abl e effect
Synpt ons of

33 total

was seen at 1.0

respiratory infection were nore
nonkeys than in any one of the

t hr ee

During the 11 days of

synpt om days are
In the 20 group receiving proanthocyanidin polymer A at 10
ng/ kg/ day only 7 of those 33 days were observed to

The 3.3 ny/ kg/ day dose

have nmonkeys with

resulted in only 2 days and the 1.0
resulted in 7 days. The prid& pal synptom observed 25 was

Anti body titers to PIV-3 at 14 and

after virus inoculation are reported. All
observed to devel op antibody wi th what gppggr£d
titers in the treated nonkeys

ef fect oR¥M@izdurigaipst REV
in African green nonkeys

nonkeys
to be slightly higher
when conpared with the untreated controls.
ahiting Roliymerpdl xn@r A was seen to
arpion®fzavi rus, type 3,

wer e

Cottop Rats L0t r3pe 428/ day wi th
5 Proanthocyanidin Polymer (Mg/Xqg).

Lung '
titer,

Control 5.22 + 0.27 —_
(165,958)

0.1 4.87 ¢ 0.32 n.s.
(74,131) 55.33% Kill

0.3 4.2% * 0.39 0.014
(17,782) 89.29% Kill

1.0 4.27 + 0.5 0.046
(18,620) B88.78% Kill

3.0 4.41 * 0.19 0.012
(25,703} B4.51% Kill

Ribavirin (Mg/Kg)

Control 4.5 % 0.2 .—-
(31,622)

10 4.5 £ 0.2 n.s
{31,622) 0% Kill

3

a0 4.0 £ 0.3 0.03 i
(10,000) - 68.4% Kill 4
. * h ]

90 2.8 + 0.3 <0, 000
{631) 88% Xill

Jung titer represents: RSV titer log ,,/g lung

(Mean % S.D.)

35
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proant hocyani di n pol ynmer A. Proant hocyani di n pol yner

reduce the titers of virus shed in the

- 66 -

10

15

20

25

t hroats of
synptons seen with this infection.
African G een Mnkeys

-4 6~

TABLE 9

A was seen to

i nfected nonkeys and may have reduced the
Tabl e 17. Treatnent G oups of

- Effect of Oral Proanthocyanidin Polymer A
Againat RE8V Infection of Cotton Rats

Treatment Lung

P
(Mg/Kg) titer,
EXPERIMENT #1
Control 4.45 * 0.50 -
(28,183)
1.0 3.62 % 0.42 0.045
(4168) 85.7% kill
3.0 4.22 % 0.23 n.s.
(16,595) 41.1% kill
10.0 3.95 * 0.48 n.s.
(8912) 68.4% kill
EXPERIMENT #2
Lung P
titer,
Control 3.86 * 0.55 ——
(7,244)
1.0 3,60 * 0.01 n.s.
(3,981) 45.0% kill
3.0 . 3.71 = 0.50 n.s.
(5,129) 29.2% kill
10.0 2.90 = 0.57 0.06

(794) 89.0% kill
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Sel ected to Evaluate the Antiviral Activity of 5 Proanthocyani din Pol yner

15

20

25

35

Agai nst Par ai af | uenzavi rus, Type 3 Monkey Nunber Sex Wi ght
" (kg) Treatnment with .
Pr oant hocyazi di n Pol ymer A 10
L299 F 2.0 5 ng/kg, b.i.d., i.w L341
"M 4.6 5 nmg/ kg, b.i.d., i.v. L300 M
1.3 5 ng/ k b.i.d., i.v. K144 M 5.0
1.67 ng/kg, b.i.d., i.v L302 M 2. 4 1. 67
mg/ kg b.i.d., i.v K143 M =47- 4.6 1.57 ny/ kg,
b.i.d., i.v L301 M 2.8 0.5 ng/ kg, b.i.d.
1LV K347 M 4.8 0.5 ng/kg, b.i.d., i.e.
K342 F EXPERIMENT 73 0.5 nmg/kg. b.1.d., 1.v. - K337
F 2.8 0.5% gl ucose, b.i.d, iv. K346 F
3.0 0.5% gl ucose, b.itwng v
titer, P
Control 3.90 = 0.3 —_—
5 (7,943)
1.0 3.90 &£ 0.8 n.s.
(7,943) ' 0.0% Kill
3.0 4.00 % 0.8 n.s.
(10,000) 0.0% Kill
0 30.0 2.90 + 0.5 0.01
(794) 92% Kill
Ribavirin 3.30 % 0.5 0.07
(40 mg/kg) (1,995) 80% Kill

JLung titer represents RSV titer log /9 lung
{Mean = S5.D.)

An additional series of experiments
conducted as described above confirms the in vivo
activity of polymer A against RSV.

Proanthocyanidin polymer A displayed a mean
ED;, value of 1.52 * 0.62 mg/kg following 3-day i.p.
administration, and 3.6 t 1.66 mg/kg following 3-day
p.o. administration. ~See Table 10, The reference
antiviral agent, ribavirin, displayed EDy values of 40
+ 6, and > 90 mg/kg fellowing i.p. and p.o.
administration, respectively. Proanthocyanidin
pelymer A at a dose of 10 mg/kg p.o. resulted in a 68~
92% reduction in lung RSV titers following eoral
administration, and a 21-80% reduction following i.p. -

-administration. Ribavirin (40 mg/kg) resulted in a

>90% reduction in lung titers following oral
administration, and a 50% reduction following i.p.
administration.
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K345
30

10

16

20

25

3.2 0.5% glucose, b.i.d, iv 20 25

4 . -‘8-

Table 10. Effect of Proanthocyanidin Polymer A
Against R8V infection of Hispid Cotton Rats:

3-Day Intraperitoneal Dosing EDg (Rg/Xkg)
Proanthocyanidin
EXp. ¥ _Polymer A Ridavirin
b 8 1.0 40
2 0.3 30
3 3.0 50
4 0.3
S .o
!‘an ‘- B.Box. 1.52 ’- °c‘2 40 ’- §.a
3-Day ©Oral Dosing ~ EDg(mg/ky)
Proanthocyanidin
Exp.¥f Polymer A
Ribavirin
b § 3.0 >90
2 3,0 >90
3 10.0
4 3.0
5 1.0
Mean & BEX 3.6 + 1.66¢ >90

. In vivo experiments have also been performed
to study the effect of proanthocyanidin polymer A upon
course of respiratory syncytial virus infectién in
African green monkeys.

Proanthocyanidin polymer A was weighed out
in 25 mg aliquots and refrigerated as the dry powder
until use. Glucose vas prepared as a 0.5% solution
and refrigerated. A 25 mg sample of proanthocyanidin
polymer A was dissolved in 50 ml 0.5% glucose daily
and the solution sterilized by filtration through a
0.22 um menbrane filter. Subsequent dilutions were
made in 0.5% glucose from the 0.5 mg/ml solution at
1:2 and 1:5 to give concentrations of 0.25 mg/ml and
0.1 mg/ml respectively.

Groups of three monkeys were dosed with
proanthocyanidin polymer A at 0.5 mg/kg, 0.25 mg/kg or
0.1 mg/kg by administering the drug at 1 ml per kg of
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body weight by intravenous injection. The time of
administration of the drug infusion to each monkey was
approximately 1 minute. A control group of three
nonkeys received 1 ml of the 0.5% glucose solution.

Four hours after the initial treatment with
proanthocyanidin polymer A, each of the monkeys was
infected with a 107 dilution of stock respiratory
syncytial virus. The titer of the stock virus was
1x10° TCIDy/ml. Each monkey received 1 ml of the 10%
virus dilution by intratracheal ineculation and 1 ml
applied drop~wise to external nares. The total virus
dose therefore was 2x10’ TCIDy/monkey. Treatment with
proanthocyanidin polymer A was administered again 8
hours later resulting in daily doses of
proanthocyanidin polymer A of 1.0, 0.5, and 0.2 mg/kg
with three monkeys per group. Twice daily treatment
continued at 8 a.m. and 8 p.m. for a total of seven
days. . , '

To determine wvirus shedding throat swabs
were taken daily each morning prior to treatment with
proanthocyanidin polymer A using a dacron nasal-
pharyngeal swab. The swab was placed in 1.0 ml of
tissue culture (minimum essential medium with a 10%
fetal bovine serum and penicillin, streptomycin and
fungizone). Titrations were performed on the throat
swabp solutions by preparation of ten-fold dilutions
vhich were inoculated inte duplicate wells of BSC-40
cells grown in 24{-well plates. Following incubation
at 37¢C in a CO, incubator the titer of each specimen
wvas deternined by microscopic examination for viral
cytopathology and the titer expressed as the log,, of
the TCIDs per ml. At the time of each morning
specimen collection each monkey was examined for
rhinorrhea and other respiratory symptoms including
coughing, sneezing and signs of respiratory distress.
The animal attendant would also note any coughirig or
sneezing during routine daily care of the monkeys. m Q)
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Fourteen days after virus inoculation each of the
monkeys was bled and the sera tested for antibody
titers in a neutralization asshy against approximately
100 TCIDy, of respiratory syncytial wvirus.

The results of intravenous dosing with
proanthocyanidin polymer A are summarized in Table 11.
Each of the three control monkeys became infected with
respiratory symcytial virus, shedding virus in the
orophafynx for 7 to 10 days or longer. Virus titers
reached five and six logs, in two of thée three control
monkeys and 3.5 log, in the third. In the monkeys
receiving proanthocyanidin polymer A at the highest
dose of 1 mg/kg/day, the time of virus shedding and
titers of virus shed were much reduced. One monkey
shed virus for one day, a second for three days, and a
third for four days. In one monkey, the maximum virus
titer was two logs. The mid dose of 0.5 mg/kKg/day was
also seen to shorten the time of shedding in two
monkeys with the third monkey excreting virus in the
oropharynx for nine days. Virus titers were generally
lower although maximum titers of four logs were
detected in two of the three monkeys and three logs in
the third. A minimal effect was seen at the lowest
dose of 0.2 mg/kg/day. Virus shedding vas seen for
six or seven days and a maximum titers of three logs,
were seen in two monkeys and five logs in the third
monkey. Antibody titers to respiratory syncytial
virus vere detected in all monkeys at 14 days with
titers of 1:40 to 1:160. '

Daily mean logy, titers are presented for
each treatment group (See Table 12). Mean titers were
lower in each ot'the three treatment groups when
compared with the mean titers in the control group on
each of the sampling days. The mean titers were
considerably reduced in the 1.0 mg/kg/day treatment
group, and a dose related reduction is also seen in

the other two groups. REPLACENﬂﬂerﬁ
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Clinical symptoms were more prevalent in the
control monkeys than in the monkeys treated with
proanthocyanidin polymer A (See Table 13). Rhinorrnea
is the most easily observed symptom and vas seen in
each of the three controls. HNo signs of toxicity wvere
observed during daily examinations of the monkeys at

the time of sampling or during daily inspection during
the course of the study.

09 JAN 1997
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5 Control, d ucose

13/ 33 P.
Pol . A. 10 ng/ kg/ day o 7/ 33 ' r. Pol.A 3:3
ng/ kg/ day 2/ 33 P. Pol.A, 1.0 ny/kg/day
7/ 33 Tabl e 21.

Anti body Titers to Parainfluentavirus, Type 3, in

African Green Monkeys Infected with the Virus 10 and Treated Wth

Pr oant hocyani di n Pol yner A Monkey

Anti body Titer at Days Tr eat ment Nunber

21 Days 15 Cont r ol K337 =-53- 1:40
K346 1:20

0. 5% 1: 80 gl ucose, i.v.
K345 1180 1:160 - P.Polymer A, L299

1: 60 1: 320 10 ny/ kg/ day, - K341 1: 160
1: 320

14 Days
1: 160

10

10

oI.) W=3
9

15

at Swabs (Days P
7 .
4
]
3
1

in Thrxo
"
3.
2.
0.

5
.0
.2
7
3

20

Monkeys Treated with proanthocyanidin

25

Mean Titers of RSV in Throat Swabs From

2
2
0
.2
.0

African Green
Logee
1
.0
.0
.0
.0

Table 12.
Polymer A.

Traataant
- Group

Coantrol

3 mg/kg/day

5 mg/hg/day
0 wg/kg/day

&
0.
0.
| 98
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20 L300 © 1:160 1: 320 20

P. Pol yner A, K144 1: 80 1: 80 3.3 ng/ kg/ day,
L302 - 1:160 1: 320 . V. K143

1:160 1: 160 P. Pol yner A L301 1:160

-1:320 1.0 ng/ kg/ day K347 1: 80 1: 160

K342 1:40 - 1:180 25 10. 1 EFFECTI VENESS
OF PROANTHOCYANI DI N POLYMER A FOR TREATMENT OF HERPES
SI MPLEX VIRUS TYPE 2 VAG NI TI S -54- | N Vvivo experinents were
perforned to study 30 the effectiveness of proanthocyanidin polynmer A in
conpari son with ganciclovir against herpes sinplex virus type 2.
Ganciclovir is known to be effective agai nst herpes sinplex virus type
2. In one series of experiments, both 35 conpositions were
formul ated for intraperitoneal - i njection by dissolving in

physi ol ogi cal sal i ne.
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- 70 - Swi ss Webster fenmale mce (Sinonsen Labs, G | roy,
CA) wei ghing approximately 20 grans each at the start of the experinent
were infected intravaginally with herpes sinplex virus type 2 (HSV- 5 2),
E194 strain. This was acconplished in a 3-step process. First, the vagi na
of each nouse was swabbed for 5 seconds with a cotton tip applicator

di pped in 0.1 HNaOH This treatnent irritates the vagi nal area so t hat
the infection takes better. Approximtely 1 ' '

55~

In summary, proanthocyanidin polymer A was
seen to have a definite beneficial effect on
respiratory syncytial virus infection in African green
monkeys. A dose of 1.0 mg/kg given by intravenous
injection twice daily resulted in shorter duration of
vitus_sheddinq from the oropharynx, reduced titers of
virus shed and reduced clinical symptoms. A dose of
0.5 mg/kg administered twice daily vas also effective
in reducing all three paranmeters of infection although

to a lesser degree than was observed at the higher
dose.

10

9. EFFECTIVENESS OF PROANTHOCYANIDIN
POLYMER A

1 FOR_TREATMENT OF INFLUENZA A
Male and female BALB/c mice were used in in
vivo tests to study the effectiveness of
preanthocyanidin polymef A against Influenza A. The
mice weighed 13-16 g and were obtained from Simonsen
20 Laboratories (Gilroy, CA). They were quarantined 24
hr prior to use, and maintained on Wayne Lab Blox and
tap water. Once the animals were infected, 0.006%
oxytetracycline (Pfizer, New York, NY) was added to
the drinking water to control possible secondary
- 25 bacterial infections. ,
Influenza A/NWS/33 (H1N1l) was obtained from
K.W. Cochran, University of Michigan (Ann Arbor, MI}).
A virus pool was prepared by infecting confluent
monolayers of Madin Darby canine kidney (MDCK) cells,
30 incubating them at 37°C in 5% €O,, and harvesting the
cells at 3 to 5 days when the viral cytopathic effect
was 90 to 100%. The virus stock was ampuled and
stored at ~80°C until used. _
The proanthocyanidin polymer A was dissolved
in sterile water for injection (WFI) each day at the

pPropriate concentrations and used immediately. 1-
REPLACEMENT SHEE damantanamine HCL (amantadine) was purchased from

35
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10 hour | ater each vagina was dry swabbed for 5 seconds. Then an
applicator dipped in virus nmediumwas used to swab each nouse for 20
seconds. The swabs were gently and slowy tw sted back and forth during

the tine they were in place. 15 Si x hours after virus |nfect|on
I'ntraperitoneal (i.p.) injections were adm nistered usi ng

proant hocyani di n polymer A, ganciclovir, or pl acebo. Treatnents were
also given i.p. twice daily on days 1 through 7 after virus challenge.
The daily 20 dose of each conpound was FRfmy/ kg/ day, vith 15 ng/ kg gi ven
at each injection. Since on day 0 of the I nfection only one dose was

given, the dailgy or h M sl .G oups
of 5 mce were sifgmin ec%‘gglﬁéfﬁ %‘ sE.r‘aocess d‘gSCI’I 655 a%ove for virus
i nfection, eﬁgigii'thér BrB-Bip E&ﬂ?ﬁ&%? eRe ATEFia3R1e3ma) step. These
nce were treatmmm (m;ammlira)t asc puzehased tfxms IEN above. M ce were

checked daily fp{aruaceutdleal éygasg@gge ERF Ml dalaef ore the first
(day 0) and Ja t r eat men Lesi on
scores in i fec‘f{écforr%vtcere&e\hé‘r égeggﬁ%t% lr‘?ﬂfe'd dally on days 3-14 of the

i nfection. An Ohmeda Blox 3740 pulse oximeter (Ohmeda,

Louisville, OH) with ear probe attachment was used.
Each mouse lung was homogenized and varying
dilutions assayed in triplicate for infectious virus
in MDCK cells as described by Sidwell, RW, Huffman JH,
Call E.W., Alghamandan H., Cook P.D., Robins, R.K.
"Effect of Selenazofurin on Influenza A and B Virus
Infections in Mice®, Antjiviral Res., §:343-53 (1986).
Two experiments were conducted as follows:
Experiment 1: Seventeen male and seventeen female
mice were infected intranasally (i.n.) with an
approximate 90% lethal dose of virus (0.06 ml). This
viral inoculum was equivalent to an approximately 10°
cell culture 50% infectious doses in MDCK cells.
Treatment with 30, 10 or 3. mg/kg/day of
proanthocyanidin polymer A or 125 mg/kg/day of
apantadine was begun 2 days pre-virus exposure and
continued once daily for 8 days. Pulse oximeter
readings of arterial oxygen saturation (Sa0,) were
25 determined on 5 male and S female mice daily through
10 days post-virus exposure and again on days 14 and _
21. On infection days 2,4,6,8,10,14 and 21, 3 mice (2
male, 1 female or 2 female, 1 male) were killed and
their lungs removed, graded for consolidation, and
30 frozen for laser assay of virus titer. Consolidation
was scored from 0 (normal) to 4 (100% consolidation).
The same animals used for Sa0, determinations were held
for 21 days and deaths noted as they occurred. As
toxicity controls, 3 male and 3 female sham-infected
35 nmice were treated concomitantly with each dosage level
of test compound. These animals together with normal

10

15

20

REPLACEMENT SHEET
09 JAN 1997




score of 1+ indicates redness imediately around the 35 vagi na. 2+

I ndi cates spread of the |esion toward the anus. 3+ indicates a |lesion
(usually with swelling) fromthe vagina to the anus. There are
variations to this since sonme mce may have a vaginal {esion plus A

| esion on the tail. Because many of the mice go on to die, the lesion

score near the tinme of death is
-57-

untreated mice were weighed imnediately prior to
treatment and 18 hr after the final treatment.

Experiment 2: This experiment vas identical to
Experiment 1, except therapy began 4 hr post-virus
S5 exposure.
Statistical Bvaluation: Increase in survivor number
was evaluated using chi square analysis with Yate's
correction. Mean survival time increases, virus titer
and Sa0, value differences were analyzed by t-test.
Lung consclidation scores were evaluated by ranked sum
analysis. The Exstatix™ program run on a Macintosh II
computer was used to determine %* standard errors
(S.E.).

10

An overview of the results of these
experiments is shown in Tables 14 and 15. The
overview of the two experiments shows mean data

- compiled from all time points in which assays were
made. The toxicity controls for these experiments
indicated the 30 mg/kg/day dose of proanthocyanidin
polymer A was toxic to the mice.

15

20

Experiment 1 _(Early treatment initiatjon): ‘The
summary of Experiment 1 (Table 14) indicates

25 significant influenza disease-inhibitory effects of
the 30 and 10 mg/kg/day dosages of proanthocyanidin
polymer A based on the reduction of lung
consolidation. The Sa0,% were significantly increased
in the infected female mice receiving the 10 and 3

30 DP9/kg/day doses. '

' Amantadine was intended as a positive
control in these experiments. Amantadine did not
appear significantly effective in this experinent.
However, it has been subsequently learned that this

as particular influenza virus is resistant to Amantadine.

\ More detailed examination of these
parameters can be seen in Figures 6~9 for Experiment
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carried through to the end of the 14 days. If this were not done, |esion
scores in the placebo group 5 woul d appear to go down as the nost affected
m.ce die of f. Some ani mal s devel oped hind |inb paralysis (and | at er
died). This condition did not add to the |esion score.

-Deat hs were recorded daily for 21 days. The 10 nmean day of death

cal cul ation took into account only mce that died. Vaginal virus titers
wer e made by titration of virus obt ai58ed from vagi nal swabs 3 days

after virus inoculation. These titrations were conducted in Vero cells in
96-wel | plates. 15 Calculatio Qf'virgs titer was naqi b¥ the 50%

endpoi nt di | ui-onFHRE HBNTP on (Fiourg b MHAF PaRticuianyy 5 yg-,
27:493-498 (1938)ibited on the eardiyatsagpling dawsy hhe& ati ons of survival
(Fisher exact dgasbliad®dsndgyadadSatifctehbe@Min a1l Joupst) and virus

El'iat)?a(ra (th gg?(@fﬁ’%ﬁ%\ﬁé’eghé '\gg'ré?eﬁﬁgﬁee%y&ﬁe te%%% laels&\c/i\ﬁ ﬁ@s%’%ﬁ izird devi ati ons
and stati sti cateachednghpsdevedrof the MiznEneontrobs-
5 Lung virus titers (Figure 10) were not
reduced early in the study, but by day 8 and 10,
significant reductions were seen in mice treated with

the 10 and 3 mg/kg/day dosages of proanthocyanidin
polymer A.

10 The Sa0, data were separated for male and

female mice, since 5 animals of each sex were used for
these determinations. Essentially no inhibition of
Sa0, decline was seen in male mice treated with either
compound (Figure 12). The female mice appeared to

. respond better, however (Figure 13), with the 10 and 3
mg/kg/day doses of proanthocyanidin polymer A
inhibiting by approximately 10% of the SaD, decline.
It should be noted that in this experiment, therapy
ceased on day 6, and by the next day, the Sa0; in the
treated animals began to decrease at a rapid rate.

This suggests a need to continue therapy a few
additional days. |

15

20

- xperim treatment initiation): The summary
results of this experiment are seen in Table 15. It
should be noted that in this delayed treatment study,
all the male toxicity control mice survived the high
dose proanthocyanidin polymer A treatment, although

30 they lost considerable weight. These animals were
slightly older than those used in Experiment 1, and
weighed an average of 1 g more.

As seen in Expefiment 1, no significant
increase in survivors was seen in the infected,

a5 treated groups, although significant mean survival
time increases were observed in female mice treated

with 10 and 3 mg/kg/day of proanthocyanidin polymer A
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30

35

10

15 -

20

25

35

(Table 15). Overall méan lung scores were again
reduced.

The alternate-day lung consolidation
findings are shown in Figure 10. Proanthocyanidin '
pelymer A therapy again caused inhibition of
consolidation, although to a lesser extent than seen
using earlier-initiated therapy.

Lung virus titers. (Figure 11) were only

'iarginally reduced by proanthocyanidin polymer A

therapy.

~_The Sa0, data for male and female mice are
summarized in Figures 12 and 13. As was observed in
Experiment 1, the female mice tended to respond better
to proanthocyanidin polymer A therapy than the males,
with somewhat variable, but dose-responsive inhibition
of sa0, decline. We conclude this material has a
moderate effect against the murine influenza
infection. i

In vie‘_i’ of amantadine's inactivity, an

experiment was run using a 75 mg/kg/day dose of
ribavirin, which is known to be highly active against
the influenza virus infections (Sidwell, R.W.,
Huffman, J.H., Hare, G.P., Allen, L.B., Witkowski,
J.T., Robins, R., "Broad-Spectrum Antiviral Activity
of Virazole: 1-8=-D-ribofuranosyl-l,2,4-triazole~3~
carboxanide®, Science, 177:705=-6 (1972)). The drug

was given i.p. twice Qaily for 5 days beginning 4 hr

post~-virus inoculation. The same disease parawmeters

as used in the present experiments were employed with
the ribavirin study.

The overall results of this ribavirin
experiment are shown in Table 16. The drug was not
lethally toxic, although it caused moderate host
weight loss. All infected, ribavirin-treated mice
survived the infection. Lung consolidation and lung

virus titers were significantly reduced, and the mean

Sa0, decline was inhibited. The lung consolidation,
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Table 22. Effect of Intraperitoneal Proanthocyanidin Pol ymer A Treat nment

on Herpes Sinplex Virus Type 2 (HSV-2) Vaginitis in Mce. 5

Aver age Design Score : Proanth. Pol. A Canci cl ovir Par
(30 ng/ kg/ day (30 ng/ kg/ day) Pl acebo 3 0.2[err]0.2
0.10.2 0.3[err]0.3

10

15

20

25

virus titer, and Sa0, data are shown in more detail in
Figures 14-16.

Thus, in this experiment, ribavirin exerted
significant influenza inhibitipn.'

Proanthocyanidin polymer A vwhen given to
influenza A (Hl1Nl)-infected mice i.p. once daily for 8
days, exerted moderate inhibition of the infection.

The material vas most efficacious when treatment wvas

initiated 2 Qays pre-virus exposure,-although
significant inhibition was also seen vhen therapy was
delayed until 4 hr post-virus exposure. The toxicity
controls did not survive a dose of about 30 mg/kg/day.
Disease~inhibjting effects were primarily limited to
10 mg/kg/day. Amantadine was ineffective against this
influenza virus strain. Ribavirin was inhibitory to
the virus infection. It is concluded that

proanthocyanidin polymer A has anti-influenza virus
activity.
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4 0.2[err]0.3 : 0.2[err]0.29 1.11.0 5 '
0.-70. 9** 0. 20. 2** - 01.9%1. 2 1.3[err]1l.4**
0.2[err]0.2%*x* 3.11. 4 7 1.51. 3** :
0.2[err]0.2** 3.11.6 10 8 1.81.5* : 0. 30. 4***
3:021.6 9 2. 1[err]1.4 0. 40. 3*** 3.2[err]l.4
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and
30

of the treated m ce.

62

kg relative to the 25 placebo control
survi val

|

10°0> des 50°0>ds
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Determ ned on day 8. Represents the difference in grass between dat O

and day 8 weights. P<0.002, two-tailed Fizher exact test (survival) or
two-tailed Student's [err] test (maan day to death and virus titer

par anmeters.) 15 Proant hocyani di n pol ynmer A showed an increased

survival (40% survival conpared to 15% i=n é%he pl acebo group). The
ganci cl ovir group had 100% survi val . Tabl e 23 al so shows t hat

proant hocyani di n pol ynmer A treated mce had | ess virus than the placebo
control, 20 but the results were not statistically significant.

Ganci cl ovir caused a significant reduction in virus titer.

Results in toxicity controlon (EBFEICTEVENESSPOPIPROXNTHOCYANDDER! yner A was
wel |l tolerated and caused ndﬂu@OUFB@.effects at t he doses used
Ganciclovir -treated m ce gai netRit & ! B ’ PE

Thus, proanthocyanldln poIywe1vé\Atriéﬂﬁﬂgﬁh&hetedkeygIuﬂthutonéalIy at a

dose of 30 had al ¢ 264 1 |t hi nmodel .
There was no apparent X|C|Pg;§$*fﬁyiﬂy§vigkgan§ﬂgcfgn| g Lér?
formul ation to mYse n an experiment to determine antiviral act vity

of proanthocyanxdin polymer A. The monkeys vwere
divided randomly into four groups of three monkeys
each. The respective groups received proanthocyanidin
polymer A at doses of 10, 3.3, or 1.0 mg/kg/day with
the drug dissolved in 0.5% glucose. A control group

of three monkeys received 0.5% glucose without the
drug. Each of the monkeys received treatment by
intravenous bolus injection as divided doses twice
daily at 8 a.m. for 7 days. The injectiohs vere made

into the. saphenous vein of sedated monkeys. See Table
i7.

10

15

Treatment was initiated four hours before
virus inoculation. Four hours later, a 10? dilutien
of PIV-3 was prepared and inoculated as a 1 ml volume
intratracheally and a 1 ml volume placed on the

external na:éé. The titer of the ineculated virus was
10%¢ TCIDy, per ml.

2 Throat swabs were taken daily and Placed in
1 ml of tissue culture medium. Fluid was expressed
from the swab and the. tissue culture fluid was
titrated for virus. Tenfold dilutions of the throat
swab specimens were'prepared and inoculated into

30 duplicate wells of 24 well tissue culture plates
seeded with Vero cells. Titers were determined by
microscopic examination of the cultures for viral
cytopathology. The monkeys were observed daily for
clinical symptoms including rhinorrhea, sneezing and

35 coughing. At 14 and 21 days post-infectfon, blood vas

drawn for detection of antibody to PIV-3 uslng a serum
neutralization assay.

20
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Anot her series of prelimnary experinments, 35 in which the
pr oant hocyani di n pol ynmer A conposition is adm ni stered orally, showed

sonme anti-HSV-2 activity but only at the highest dose adm ni stered,
i.e., 270 ng/ kg/ day. - 74 -

but only at the highest dose adm ni stered, i.e., 270 ng/ kg/ day.
I n anot her series of experinents, the

- 65 =~

Each of the 12 monkeys became infected with
PIV-3 with the majority shedding virus within 24 hours
after virus inoculation. Virus shedding continued in
all monkeys through the eighth day post=infection with
5 some monkeys shedding virus through day 9 and 10. See
Table 18. _
The mean virus titers for each group are
shown in Table 19. Proanthocyanidin polynmer A at 10
mg/kg/day appear to reduce the nean titers on all of
10 the days post-infection by one log or better. The 3.3
mg/kg/day dose was seen to have a slightly lesser
effect than the 10 mg/kg/day dose but again all titers
were less than the controls. No appreciable effect

was seen at 1.0 ng/Xg/day.

15 Symptoms of respiratory infection were more

common in the control monkeys than in any one of the
three proanthocyanidin polymer A treated groups.
During the 11 days of observation with 3 monkeys per
group, 33 total symptom days are possible. 1In the
group receiving proanthocyanidin polymer A at 10
mg/kg/day only 7 of thdse 33 days were observed to
have monkeys with symptoms. The 3.3 mg/kg/day dose

resulted in only 2 days and the 1.0 ng/kg/dose

resulted in 7 days. The principal syrptom observed
25 ' '

was rhinorrhea (See Table 20).

Antibody titers to PIV-3 at 14 and 21 days
after virus inoculation are reported. All monkeys
were observed to develop antibody with what appeared

30 to be slightly higher titers in the treated monkeys

when compared with the untreated controls. See Table
21.

20

Thus, proanthocyanidin polymer A was seen to
have a beneficial effect on the course of

a5 parainfluenzavirus, type 3, in African green monkeys
treated with 10 and 3.3 mg/kg/day with .

prbanthocyanidin polymer A. Proanthocyanidin polymer
A was seen to reduce the titers of virus shed in the
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pr oant hocyani di n pol ynmer A conposition was formulated 5 for topical
application agai nst HSV-2. The efficacy of proant hocyani din polyner A
is conpared with ganci clovir and acyclovir. Both ganciclovir powdre
and "acycl ovir cream were obtai ned comercially. Squi bb cream base #8,
whi ch served as a vehicle and as 10 the topical placebo control, was al so
commercially obt ai ned. The methods of infecting the mce,
setting toxicity control and the paraneg ers neasured to eval uate the
i nfection were the sanme as descri bed 15 above for the intraperitoneal
tests. Topi cal treatnments on the day of infection were given at +6
hours. They were then given twce daily for 7 nore days. )
Treatnent for 7.thxPArS Rt AnSREEAD %i%%&%o"?ﬁ%r’é“&t“’t ¥Redoses
resulted in a stsymptiamsalsleen wishgthis iioeectieducti on in | esion scores of
t he period of evaluation for the 10% dose. This is presented

graphically in F e 18 and in Taple 24. The 5% doseGr al. so_reduced
Iesion.developne)ﬁnfL Sl Ry §‘2§§§H éiﬁtﬁivi °ﬁ§ﬁ§'?ésults wer e
not statishig t 3 1

13 Po1fdt | £ \Adaitat2Babatht Yuenzavirus,
Type 3 _
P
¥ookey Xumber Bax Weight (kg) Trastssnt with
Proanthocyanidin
. Polyser A

10
u” ’ 2.0 s ”,kg' b.i.d.' ‘.'.
1341 x 4.6 5 ”,‘Q' boindo. Lev.
uoo | 1-. 5 nlkg' ?-iod.' ‘o'o
K144 M 5.0 1.672 ”,ks' b-io‘.p ‘.'
!.302 x 2¢‘ 1." ”Ikg. b.‘.ldo' i.'

15 X143 x 4.6 1.67 tgfkg, boi.‘c, l.v
L301 o 2.8 0.5 »y/kg, b.i.4., i.v.
X347 x 4.8 0.5 »g/kg, b.i.4., i.v.
X342 r a.8 0.5 q’kg. bo‘..do. i.v.
£337 r 2.8 0.5% glucoss, b.{.4, iv
X346 ) 4 3.0 0.5% glucose, b.i.4d, iv
X345 r 3.2 0.5% glucoss, b.1.4, iv

20 '

25

30

35
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conpletely prevented |lesion formation in infected

treated wti h proanthocyanidin 30 polynmer A at 5% and 10% doses survived the
i nfection that placebo controls (Table 25) and vagi nal virus titers
were reduced at the 10% dose. In addition, the nunbers of mce w thout
| esions on day 14 were greater than in the placebo group. None of the
uninfected 35 toxicity control mce |ost weight or died as a result

animals. Mdre mce

. of
treatment with any of the cream fornmul ati ons. (Tabl e 25).
- 67 =~
-
e ©en 699 8089
g -;ﬂ-‘ ot wi of d ob wi ol of ot
_ vy vV 4
10 wee owe ©eg gow
o Ml Hwisd it wiwtem
v Y v
-qgﬂ o0 woO OO ooo
&) [ LA s s ® * s s
[ ] g ] MYy o4 ¢ =t ymmeee =™
uuag
R -
BaF | 5 S9S wog gwn weo
15 - g o~ ~ TV MMM MM Aen
e:sn o
-t 3
s | o 888 gwe weg wee
~ g P N e Ney ViMme Ynn Yvw
= L &
rEE
Sko H 896 agw qan wee
thz N " VNV @M weYe wan
20 0w A :
Sa3 |3 euw ewo evw 8489
- ] - NYY Yo @eMm nnn
a9 K "
Oaog g :
NE™ | 9w ©eg gow mow
& ™ NINY MMM NN one
-wne -
0 3. 0
“53 onwd eso o0o0e gan
25 * W » . [ I ) *» @ - & @
gbg _Q S MMM amm WYTM
“eb
M 00 890 099 999 €99
D: wd i q e ot o4 md od g ot [ E. N,
« M M _
o a
wen
nes § 5$S 232 393 59
K g e 5- b4
ex | 3 a2 337 d3x 309
. | Y e
L ) o )
¥ = age 238 Toe
-~ = .zm .zn -y
. e -‘\s “\- z\s
8‘8 a . ar. z.
3 £] 822 B 2as 0oy
SoB AMRa PR Mad

REPLACEMENT SHEET
09 JAN 1997




- 75- It can be concluded that topically épplied

pr oant hocyani din polynmer A as a 10% cream was acti ve. Only three mce
devel oped vagi nal |esions, but the | esions all progressed to maxi mum
severity. The 5 proanthoayani din polynmer A cream fornul ati ons were
Somewhat dry to the touch, since the conposition hydr at ed and absor bed
sone of the water fromthe ‘Squi bb cream base. This may have affected
t he performatnce of the proanthocyaM(ﬂrlﬁolyner A crea.. 10 Parti al
hydration of the material in vater prior T8 “mxing it with the cream
base may provide a nore aqueous and bi oavail abl e product for topical
application. Tabl e 24. Effect of topical Proathocyanidin Polyner A

Treatment on Herpes sinplex Virus Type 2 (HSV-2) Vaginitis in Mce.
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Aver age Lesion Score Day P. Pol. A 5% P. Pol. A 10% Acyclcvir
5% Pl acebo 3 0.3 0.3[err] 0.2 [err] 0.3 0.2 + 0.2 0.3 +
0.3 20 4 0.3 + 0.5 0.6 + 1.0 0.1 + 0.2 0.5 0.9 5
0.7 + 1.1 0.6 + 1.1 0.0 0.0 0.8 0.9 6 1.0 + 1.6
1.3 1.7 0.0 0.0 1.7 1.5 7 1.7 1.8 1.1 + 1.8 0.0 +
0.0 2.3 1.7 8 1.9 2.0 1.1 1.8 0.1 0.2 2.5 1.8
9 1.9 + 1. 1.1 1.8 0.0 + 0-0g3 - 2.6 1.6 10 1.6 + 1.1
1.1 + 1.8 0. 0. O** 2.6 +1.8 25 11 1.6 + 1.1 1.1 +
1.8 0.0 0.0** 2.6 + 1.6 12 1.6 + 1.1 1.1 1.8 0.0 +0.C
2.6 + 1.6 13 1.6 1.1 1.1 + 1.8 0.0 + 0.0** 2.6 1.8 14
1.6 1.1 1. $able820. Tor&l DaAYs0in2VEicH Mpnkeys APgved 18yRpLtoRsi 1.0
0.3* 0.1 + 0.1to PapapnfilyemeaviryspoFyPs-IAPIRFLICB After virus chal | enge.
St andard devi at o — <0 05— <00t —p <6001 —(two-tairted—St udent ' s
Troatment Sy=ptoa
Days/Total :
5 Control, Glucase ill::
?. Pol.A, 10 mg/kg/day 7/33
. Pol.A, 3.3 mg/kg/day 2/33
P. Pol.A, 1.0 mg/xg/dxy 7733
Tadle 21. Antidbody Titaers to Parainfluenzavirus, Type
3, in Africap Groeen Xonkeys Infected With the Virus
10 and Treated With Proanthocyanidin Polymer 2
¥onkey aeﬁézﬂz_zaez_gﬁiui;
P2. -
Treataent Xuader 1¢ Days 21
Days
15
Control X337 ' 1140 11160
0.5% - EK3§6 1120 1120
glucose, i.v. XILs 1180 11160
‘P.Palymer A, 1399 11160 11320
10 »g/kg/day, ST ¥ 1:160 1:320
20 Lov. 1300 21160 11320
‘P.Polyner A, X144 1180 1:80
3.3 mg/xg/day, 1302 1:160 11320
l.v. X142 1:160 11160
‘P. Polymer A, 1301 11160 1:320
1.0 »g/kg/day 7 1:80 1:160
i.v. X342 1340 11180
25 : -
10,1 EFFECTIVENEES OF PROANTHOCYANIDIN
POLYMER A FOR TREATHMENT OF BERPES
S8IMPLEX VIRUS8 TYPE 2 VAGINITIS
In vivo experiments were performed to study
30 the effectiveness of proanthocyanidin polymer A in
comparison with ganciclovir against herpes simplex
virus type 2. Ganciclovir is known to be effective
against herpes simplex virus type 2. .
In one series of experiments, both
35

compositions were formulated for intraperitoneal
injection by dissolving in physiological saline.

REPLACEMENT SHEE
09 JAN 1997
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76

10

20

25

‘from the vagina to the anus.

Swiss Webster female mice (simonéen Labs,
Gilroy, CA) weighing approximately 20 grams aach at
the start of the experiment were infected
intravaginally with herpes simplex virus type 2 (HSV-~
2), E194 strain. This wvas accomplished in a 3-step
process. First, the vagina of each mouse was swabbed
for 5 seconds with a cotton tip applicator dipped in
0.1 N NaOH. Thie treatment irritates the vaginal area
so that the infection takes better. Approximately 1
hour later each vagina was dry swabbed for 5 seconds.
Then an applicator dipped in virus mediunm was used to
swab each mouse for 20 seconds. The swabs were cently
and slowly twisted back and forth during the time they
were in place.

Six hours after virus infection,
intraperitoneal (i.p.) injections were administered
using proanthocyanidin polymer X, ganciclovir, or
placebo. Treatments were also given i.p. twice daily
on days 1 through 7 after virus challenge. The daily .
dose of each compound was 30 mg/kg/day, with 15 ng/kg

iven at each injection. Since on day 0 of the
infection only one dose was given, the daily dose for
that day was 15 mg/kg/day.

Groups of S mice were sham-infected using
the process described above for virus infection,
except that no virus was present for the final step.
These nice were treated the same way and at the sanme
times ag above. Mice were checked daily for survival,
and veights were recorded before the first (day 0) and
after the last (day 8) treatment. '

Lesion scores in infected mice were

deternined daily on days 3-14 of the infection. A

score of 1+ indicates redness immediately around the
vagina. 2+ indicates spread of the lesion toward the
anus. 3+ indicates a lesion (usually with swelling)

There .are variations to
this since some mice may have a vaginal lesion plus a
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lesion on the tail. Because many of the mice go on to
die, the lesion score near the time of death jis
carried through to the end of the 14 days. If this
were not done, lesion scores in the placebo group
would appear to go'doun as the most affected mice die
off. Some animals developed hind limb paralysis (and
later died). This condition did not add to the lesien
score.

Deaths were recorded daily for 21 days. The
mean day of death calculation took into account only
mice that died. vVaginal virus titers were made by
titration of virus obtained from vaginal swabs 3 days
after virus inoculation. These titrations were
conducted in Vero cells in $6-well plates.
Calculation of virus titer was made by the 50%
endpoint dilution method of Reed, L.J. and Meunch, M.,
Am. J. Hyg., 27:493-498 (1838).

Statistical interpretations of survival
(Fisher exact test), mean day to death (Student's t
test) and virus titer (Student's t test) were made by
two-tailed analyses.

Table 22 below shows the average lesion
scores with standard deviations and statistical
analyses for the experiment.
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Table 22. Effact of Intraperitoneal Proantbocyanidin
Polymer A Treatmsnt on Herpes ainplcz virus Type 2

(B8V~2) Vaginitis in Mice.

Average Yaxicn Scare
rroasth. Pol. A Ganciclovir

pay (30 _»q/kqfday {30 mq/xq/dsy) Placedo
3 0.210.2% 0.120.2 0.320.3
4 0.220.3 Q.220.20¢ l1.1=1.0
5 0.720,9°° 0.220.2°° 1.921.2
€ L3231 .80 0.220.2°°° 3.121.¢
7 1.521.30e 0.280.300" 3.121.¢
B 1.821.5* 0.320.40°° 3.021.¢
9 2.121.4 0.420,300> 3.222.4
10 2.321.¢ 0.520.500¢ 2.221.3
11 2.321.5 0.5z~ 40w J.228.3
12 2.221.4 0,920,280 3.2£1.3
13 1.821.5¢ 0.620.€0v0 3.321.4
¢ . 1.821. 8¢ 0.620.6v0e J.121.¢
Grand Avg. 1.520.83°° 0.420.2vrs 2.621.0

{Days 2-1d)
¢ After virus challenge.
' gtandard deviation.

* p <0.05, T p<0.01™ p<0,001 (two-tsiled Student's t test).

Proanthocyanidin polymer A showed a statistically

significant decrease in average lesion score compared
Lo the placebo control. Ganciclovir was also

effective.

‘Figure 17 gives a visual impression of the

degree of lesion inhibition exhibited by 30 né
proanthocyanidin polymer A per kg relative to the

placebo control and ganciclovir.

survival of the treated mice.

Table 23 shows

09 JAN 1997




Teble 23.

Effect of Intraperitoneal Proantlocyanidin

‘Polymer A Treatment on Survival and vVaginal Virus

Titer in Mice Infected Intravaginally with Herpes
Bimplex Virus Type 2 (HSV-2).

Surv.,vors/ Xean Day Virus Titer
g Compound Pose Total (%) to Dagth = (Day 3)
Virus~-Infected
Pro. Pol. A IO 4710(480) 9.523.2 = 2.921.1
Casciclovir 30 10/10€2Q0)°* 221 1.721.,0*
Placedo - 3/30(¢1%) $.222.9 3.821,.2
Uninfected Toxicity Controle
Host Wt ange®
Pro. Pol.A 30 - 5/5(100) >21 2.8
10 Gasciclovir 30 575¢100) >21 +41.0
Placebo - $/5(100) >21 42.5

15

25

35

109,504 cell culture infectiouc dose per ml.
‘Deteruined on day 8. Reprasents the difference in grams betwsea
day 0 and day B weights. ‘P<0.002, two-tailed Pimher exact test

{survival) or two=tailed Studeot’'s £ tegt (msaun day to death and

virus titer

PATAROLATE.)

Proanthocyanidin polymer A showed an increased
survival (40% survival compared to 15% in the placebo
group). The ganciclovir group had 100% survival.
Table 23 also shows that proanthocyanidin polymer A
treated nice had less virus than the placebo control,
but the results were not statistically significant.
Ganciclovir caused a significant reduction in virus

titer.

Results in toxicity control nice showed
proanthocyanidin polymer A was well tolerated and
caused no adverse effects at the doses used.
Ganciclovir treated mice gained less weight than
placeko controls.

Thus, proanthocyanidin polymer A

administered intraperitoneally at a dose of 30
mg/kKg/day had moderate antiviral activity in this

model.

There was no apparent toxicity of the

Proanthocyanidin ﬁolymer A formulation to mice.
Another series of preliminary experiments,
in vhich the proanthocyanidin polymer A composition is
administered orally, showed some anti-HSV-2 activity
but only at the highest dose administered, i.e., 270

mg/kg/day.
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- 77 - 11. EFFECTI VENESS OF PROANTHOCYNI DI N

_Results fromin vitro tests for RSV antiviral activity, perfornmed under
the sane 5 procedures as the tests with proanthocyani di n pol yner A,
i ndi cate that proanthocyanidin polyner Bis effective and has an EDerr]

-of 6 [err]g/m. The invention described and clai ned herein
Is not to be limted in scope by the specific 10 enbodi nents herein

di scl osed, since these enbodi nents ar @4i Rt ended as illustrations of

several aspects of the invention. Any equival ent enbodi nents are
I ntended to be within the scope of this invention. | ndeed, vari ous

modi fications of ‘the invention in addition to, those shown and descri bed
herein wll Hato @R 1¥ppar She bighasdsdosei pRRinifEened. adrefc AR he
ng/kg/day.

~ In another series of experiments, the

proanthocyanidin polymer A composition was formulated
§ for topical application against HSV=2. The efficacy

of proanthocyanidin polymer A is compared with

ganciclovir and acyclovir. Both ganciclovir powdre

and acyclovir cream were obtained commercially.

Squibb cream base #8, which served as a vehicle and as
10 the topical placebo control, was alsc commercially
obtained.

The methods of infecting the mice, setting
toxicity control and the parameters measured to
evaluate the infection were the. same as described
above for the intraperitoneal tests. Topical
treatnments on the day of infection were given at +6

hours. They were then givén tvice daily for 7 more
days. '

15

Treatment for 7.5 days with proanthocyanidin
polymer A at two doses resulted in a statistically
significant raeduction in lesion scores of the period
of evaluation for the 10% dose. This is presented
graphically in Figure 18 and in Table 24. The 5% dose
also reduced lesion development relative to the

- placebo control, but the results wvere not
statistically significant. Acyclovir cream nearly
completely prevented lesion formation in infected
animals. More mice treated wtih proanthocyanidin

10 polymer A at 5% and 10% doses survived the infection

that placebo controls (Table 25) and vaginal virus
titers were reduced at the 10t dose. In addition, the
nunbers of mice without lesions on day 14 were greater
than in the placebo group. None of the uninfected

35 ‘toxicity control mice lost weight or died as a result

of treatment with any of the cream formulations.

(Table 25). o e e
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foregoing description. Such nodifications are al so intended to fall
within the scope of the appended 20 cl ai ns. 25 30
- 75

10

1$

20

25

It can be concluded that topicaliy applied
proanthocyanidin polymer A &5 a 10% crear Jas active.
only three mice developed vaginal lesions, but the
lesions all progressed to maxinum severity. The
proanthocyanidin polymer A crean formulations vere
somewhat dry to the touch, since the cénpasition
hydrated and absorted soze of the water fron the
Squibb crear base. This may have affected the
performatnce of the proanthocyanidin polymer A crear.
Partial hydration'of the raterial in vater prior to
wixing it with the crean base nay provide a mere
agueous and tioavailable product for topical
agplication. '

Table 2¢. Effect of topical Proanthocyaridin Polyner

A Treatzent ox Herpes Sirmplex Virus Type 2 (BSV~2)
vazinitis in xice. :

Davy' B._Pol. A S§% 2. Pol. A 10% Acyelevir S% Placebe
3 0.3 & ¢.3% 0.2 * 0.3 0.2 £ 0.2 0.3 ¢ 0.2
{ 0.3 * 0.5 0.6 ¢ 1.0 0.1 £:0.2 0.5 %+ 0.5
[3 0.7 & 1.1 6.6 2 1.1 0.0 £ 0.0 6.8 * 0.9
§ 1,0 * 2.8 1.3 & 1.7 0.0 2 0.0 1.7 £ 1.5
? 1.7 * 4.8 1.1 ¢ 1.8 8.0 = 0.0 2.3 £ 1.7
8 1.9 2 2.0 1.1 ¢ 1.8 0.1 * 0.27 2.5 * 1.8
9 1.9 = 1.8 1.1 * 1.8 0.0 &£ 0.0 2.6 & 1.5
0 1.6 & 1.1 1.1 2 1.8 0.0 £ 0.0™ 2.6 & 1.8
11 1.6 & 1.2 1.1 & 1.8 0,0 % 0.0 2.6 £ 1.8
12 1.6 2 3.1 1.1 2 1.8 0.¢ £ 0. 2.6 * 1.8
13 1.6 £ 1.1 1.1 %= 1.8 . 0.0 2 0.0 2.€ £ 1.8
14 1.6 £ 1.1 1.1 + 1.8 8.0 &£ 0.¢™ 2.6 * 1.6
Avg 1.4 £ 0.6 1.0 £ 0.3 0.1 = 0.1 2.0 ¢ 0.9
(Deys 3-1¢)

‘Aftar virus cballenge.

‘standard devistion.

P <0.05, Tp <0.03, Tp <0.001 (tvo-tailad Student's
ttest). -
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et

(c) bhaving a structure conprising flavonoid 10 units selected
fromthe group consisting of cat echi ns, epicatechins,

gal | ocat echi ns, gal | oepi cat echi ns and conbi nati ons t hereof.

2. The proant hocyani din polymer of claim21 15 having from about 2 to about

11 flavonoid units. 3. The preant hocyanidin polymer of claiml
havi ng an average of about 7 flavonoid units. 20 4. The

proant hocyani di n polymer of claim1l obtained from Croton | echleri.
5. A proant hocyani din polyner, obtained froma ~ Croton species and
ester, ether and oxonium 25 derivatives thereof, characterized by:

(a) i nfrared spectral #¥al yEPEECTIVENRAE OF ZRRANTHOCYANIDIN rangi ng from
3350- 2500 and ot her peaks atlﬂ‘lﬂi—LL—mlf—&%&e-lzoz 1144,
1107, 1068 and Result@2from in witko tests fofbRSvan ul traviol et
spectral anal ygis; Pirdf Wk ivity, performed under the same
5 procedures as the tests vith proanthocyanidin polymer

A, indicate that proanthocyanidin polymer B is
effective and has an EDy of 6 ug/ml.

The invention described and claimed herein
is not to be limited in scope by the specific
embodiments herein disclosed, since these embodiments
are intended as illustrations of several aspects of
the invention. Any equivalent embodiments are
intended to be within the scope of this invention.
Indeed, various modifications of the invention in
addition to those shown and described. herein will
become apparent to those skilled in the art from the.
foregoing description. Such modifications are also
intended to fall within the scope of the appended

20 clains.

10

16

25
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peaks at mavelength 202 235 (shoul der), 275, and 305

(shourder). 35 . A proant hocyani din pol ynmer, obtained froma
ester et her and oxoni um derivatives thereof,
B, j(l}mmq mimﬂmﬂmr (a) infrared spectra substantially
|ustrated in Fi g. 17 and (b) an ultraviolet
spectral anal ysi s of broad “peaks at wavel ength 202, 235
(shoul der),

WHAT I8 CLAIMED IB:

1. A method of treating a respiratory virus
infection, comprising administering to a warm-blooded
animal a therapeutically effective amount of an _

§ antiviral agent comprising a proanthecyanidin polymer.

2. The method of claim 1 in which the
proanthocyanidin polymer contains 2 to 30 flavenoid
units.

10

3. The method of clain 1 in which the

proanthocyanidin polymer contains 2 to 15 flavonoid

units.

15 4. The method of claim 1 in which the
proanthocyanidin polymer contains 2 to 11 flavonoid
units.

5. The method of claim 2, 3, or 4 in which the
flavonoid units are catechins, epicatechins,
gallocatechins, galloepicatechins, flavanols,
flavonols, flavandiols, leucocyanidins,
anﬁhocyanidins, or combinations thereof.

20

25 6. The method of claim 1 in which the

respiratory virus is a respiratory syncytial virus.

7. The method of claim 1 in which the
respiratory virus is Parainfluenza virus 3, Influenza
A virus, Influenza B virus, or a virus associated with
otitis media or otitis externa.

8. A method of treating a virus infection
35 comprising administering to a warm~blooded animal a
therapeutically effective amount of an antiviral agent
comprising a proanthocyan;dxn polymer containing 6 to

30 flavoneoid units. REPLA CEMBNF SHEE T
laced - | 09 JAN 1997
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5 275, and 305 (shoul der). 7. The proant hocyani di n

polymer of claimb — further characterized by: (c) visible
spectral absorption at wavel ength of 10 about 460 nm
n polymer of clair6 further characterized by:

(c) \Hm“mm"“ﬁ mlmm(absorptlon at wavel ength of 15 about 460

* .5 The proanthocyanidin polyner of claim5 further
characterlzed by. (c) ferr]C NWR spectra substantially as
illustrated 20 in Fig. 3. =79 ~ 10. The proant hocyani di n
pol ymer of claim®6 further characterized by:

9. A method of treating a virus infection,

comprising administering to a warm-blooded animal a
therapeutically effective amount of an antiviral agent

comprising a proanthocyanidin polymer containing 6 to
5 15 flavonoid units.

10. A method of treating a virus infection,
comprising administering to a wara-blocded animal a
therapeutically effective amount of an antiviral agent

10 comprising a proanthocyanidin polymer containing 6 to
11 flavonoid units. '

11. The method of clair 8, 9 or 10 in which the
flavonoid units are catechins, epicatechins,
15 cgallocatechins, galloepicatechins, flavanols,
flavonols, flavandiols, leucocyanidins,

anthocyanidins, or combinations thereof.

12. The method of claim 8 in which the virus is
20 a paramyxovaridae, orthomyxovaridae or herpes virus.
13. The method according to clain 1 or 8

the proanthocyanidin polymer is administered

intravenously.
25

wherein

14. The method according to claim 1 or 8

the proanthocyanidin polymer is adrinistered
intraperitoneally.

wherein

1S. The method according to claim 1 or 8

the proanthocyanidin polymer is administered
subcutaneously.

wherein

35 16. The method according to claim 1 or 8

the proanthocyanidin polymer is administered
intramuscularly. '

o | REPLACEMENT SHEET
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25 (c) [err]C NWR spectra substantially as illustrated

in Fig. 3.

11. The proant hocyani din polyner of claim?7

_further characterizedby: 30 _ (d) [err]C NWR spectra substantially as

-i Il ustrated

12. A proant hocyani din

3.
poly “M“ﬁﬁ“ﬁg“ “u!obtalned fron1calophylIun1|nophylun1 and ester, ether
35 an “Mi ves thereof, characterized by (a) the
- capabi [ty ot d?ssoIV|ng in water and/or an agueous

sol uti on;

10

15

20

25

30

35

e

b T
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17. The method according to claim 1 or 8 wherein
the proanthocyanidin polymer is administered orally.

18. The method éccordinq to claim 1 or 8 wherein
the proanthocyanidin polymer is administered
topically.

19. The method according to claim 1 or 8 wherein

the proanthocyanidin polymer is administered by
aerosol. .

20. The method according to claim 14 wherein the
proanthocyanidin polymer is administered
1ntraper1tonea11y in a range of about 0.1 to about 10 .
ng/Xkg.

]

21. The method according to claim 17 wherein the
proanthocyanidin polymer is administered orally in a
range of about S$.0 to about 30 mg/kg.

22. The method according to claim 18 wherein the
proanthecyanidin polymer is administered topically in

a suitable vehicle in a concentration range of about 5
to about 15%.

23. The method according to claim 19 wherein the
Proanthocyanidin pelymer is administered in a range of
about $§ to about 30 mg/kg/day.

24. The method of claim 2 or 8 in which the

flavonoid units are singly or doubly linked to each
other. :

Has Been Replaced 09 JAN 1997




17. The method according to claim1 or 8 wherein t he proant hocyani din
polyﬂ£;~+s’éﬁ”’n|stered orally. 18. The net hod according to claim

1 or ““lmnlproanthocyanidin pol ymer is adm nistered topi cal ly.
Aﬂh ing to claiml1l or 8 wherein t he proant hocyani din
pon nrnlétered by 10 aerosal 20. The nethod according to

cl ai m 14 wherein the proanthocyanlgln pol ymer is adm nistered
intraperitoneally in a range of about 0.1 to about 10 15 ng/kg.

25. The method of claim 1 in which the
proanthocyanidin has a structure selected from I, II
and IX1

{om,
[o] — OH).
i N\ /
(OH),
s 11
20
- 25
HO),
30
(oH),
Il
where a, b=1 to 3, x = 0 or 1, n= 0 to 28.
as ,
26. The method of claim 25 wherein n = 0 to 13.
27. _The method of claim 25 wherein n = 0 to 9.
REPLACEMENT SHEET
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21. T hod accor to claim17 wherein the pr oant hocyani di n
- poly w Iﬂ dorally in a range of about 5.0 to about 30
ngt kg. » Mw The net hod according to claim 18 wherein the
proanthocyanldfn bo r is admnistered topically in a suitabl'e vehicle
1n a concentration range of about 5 to about 15% 25 23. The
net hod according to claim 19 wherein the proant hocyani din pol ynmer is
adm nistered in a range of about 5 to about 30 ng/ kg/day. 30
24. The nmethod of claim2 or 8 in which-té& - flavonoid units are singly
or doubly linked to each ot her . 35 '
28,

The method of clainm 1 in which the
Proanthocyanidin polymer comprises 2 to 30 mononmeric
flavonoid units having structure IV

S
7z
(OH),
10 = ° ~
of), —— |
N
(OR),
15
Iv
where x, y = 1 to 3, 2=1or 2.
20 29. The method of ¢laim 28 in which the

Proanthocyanidin Polymer corprises 2 to

flavonoid units. 12 moneneric

30. The method of claim 28 in which the
25 Proanthocyanidin polymer con

prises 2 t i
flavonoid units. 7 i monemerie
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25. —Fhe-nethod of claim1 in which the proant hocyani din has a
- structure selected- froml, II and 111 [err]

LT

- 83 -~

31. The methed of claim 8 in which the

pProanthocyanidin has a structure selected from i 11
and II1 ' '

om,
o =\ A1),
\ 7/
(On),
I 11
20
25
30
; II1 .
where a, b =. '
- =1%t0 3, xX= 0 or 1, n= 4 to_28.
32. The method of claim 31 wherein n =4 to 13
33. The method of Claim 31 wherein n =4 to 9
his Sheet Has Been Replaced REPLACEMENT SHEET
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34. A proanthocyanidin polymer, obtained from a

Croton gpecies, and ester, ether and oxonium
derivatives thereof, characterized by:

(a) the capability of dissolving in water and/or

(REPLACENENT SHERT

5 an agueous solution;

(b) the capability of exerting a pronounced
antiviral effect when administered in vive
to an animal or a human; and-

(¢) having a structure comprising flavonecid

10 units selected from the group consisting of

catechins, epicatechins, gallocatechins,
galloepicatechins and combinations thereof.

35. The proanthocyanidin polymer of claim 34

% naving from about 2 to about 11 flavonoid units.

36. The proanthocyanidin polymer of claim 34

having an average of about 7 flaveonoid units.

20 37. The proanthocyanidin polymer of claim 34
cbtained from Croton lechleri.

38. A proanthocyanidin polymer, obtained from a

Croton species and ester, ether and oxonium

25 derivatives thereof, characterized by:

(a) infrared spectral analysis of intense peaks
ranging from 3350-2500 and other peaks at
1612, 1449, 1348, 1202, 1144, 1107, 1068 and

30 1027 em~1; and -

(b) an ultraviolet spectral analysis of broad
peaks at wavelength 202, 235 (shoulder),
275, and 305 (shoulder).

15 39. A proanthocyanidin polymer, obtained from a
Croton species and ester, ether and oxonium
derivatives thereof, characterized by:

This Sheet Has Been Repl

AN
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[err]

where a, b = to 3, x =0o0or 1, n =0 to 28. 35
Th,ﬂﬂBPhﬁd'/Tfﬂ]alﬁl 25 mhe einn=0to 13. '27. " The
nfrh”/of cl ai “f‘ﬁ\“\herel nn=0to 9.
\\\\\\ \\ e

10

(a) infrared spectra substantially as
illustrated in Fig. 1l; and

(b) an ultraviolet spectral analysis of broad
peaks at wavelength 202, 235 (shoulder),
275, and 305 (shoulder).

40. The proanthocyanidin polymer of claim 38
further characterized by:

(c) visible spectral absorption at wavelength of
about 460 nn.

'41. The proanthoacyanidin polymer of claim 39

further characterized by:

15

(c) wvisible spectral absorption at wavelength of
about 460 nm.

42. The proanthocyanidin polymer of claim 38

further characterized by:

20

25

——

—————

This Sheet Has B

i

(c) Bc NMR spectra substantially as illustrated
in Fig. 3.

43. The proanthocyanidin polymer of claim 39
further characterized by:
(e) ¥C NMR spectra substantially as illustrated
in Fig. 3.

44. The proanthocyanidin polymer of claim 40
further characterized by:'
(d) C NMR spectra substantially as illustrated
in Fig. 3.

45. A proanthocyanidin polymer, which is
obtained from Calophyllun inopbylum; and ester, ether
and oxonium derivatives thereof, characterized by

(a) the capability of dissolving in water and/or

an agqueous solution;

REPLACEMENT SHEBT|
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82—= a 28. The nmethod of claim1 in which the

pro ynmer conprises 2 to 30 nononeric flavonoi d
T 5 .

- 86 ~

(b) the capability of exerting an antiviral
effect; and

(c) flavonoid units comprising catechins and
epicatechins.

46. The proanthocyaﬁidin'of clain 45 which is

characterized by infrared spectra substantially as
illustrated in Fig.. 5.

10 47. The proanthocyanidin of claim 46 which is
further characterized by spsctra having absorption
peaks at 202-204 and 275-280 nn.

48. The proanthocyanidih of 47 which is further
15 characterized by ¥C NMR spectra substantially as
illustrated in Fig. 4.

49. A method for treating a respiratory
syncytial virus infection, comprising administering,
to a warm-blooded animal, an effective amount of an
antiviral agent comprising a proanthocyanidin polymer
wherein said proanthocyanidin polymer is obtained from
a Croton tree by a method which comprises:

(a) extracting the wvhole plant, the bark, the

20

25 stems, the roots or the latex of the Croton
tree with a lower alcchol of about 1~3
carbons, acetone, water or other wvater .
miscible solvent or combinations thereof to
20 obtain an agueous soluble fraction;

(b) subjecting the agueous soluble fraction to
' gel filtration using wvater andj/or water and
a wvater miscible solvent with or without a
buffer as the mobile phase; or to reversed-
- phase column chropatography using water,
: andfor vater and a water miscible solvent as
the mobile~phase; or to gel permeation

I chromatography using vater andfor water and
[
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[err] 15 where x, y =1 to 3, z=1o0r 2
_The nethed—-ef—ctairm 28 in which the pr oant hocyani di n

ri ses 15 nononeric

5 2 e T

- 87 =

wvater miscible solvent and acetonitrile with
or without a buffer as the mobile phase; or
combination thereof and
(c). collecting the fractions detectable by ultra
5 violet spectroscopy having a A maximum at
about 200-350 mm, _
said proanthocyanidin polymer being administered
parenterally at a dose range of about 0.1-10 ng/k§
body weight, orally at a dose range of about 5.0-30.0
10 mg/kg body weight, or by inhalation at.a dose range of
5=30 mg/kg/day.

50. The methed. of claim 49 in which the Croton
tree is Croton lechleri.

15
51. A proanthocyanidin polymer composition
obtained from a Croton tree by a method which
comprises:
(a) extracting the whole plant, the bark, the
20 stems, the roots or the latex of the Croton
tree with a lower alechol of about 1-3
carbons, acetone, water or other wvater
miscible solvent or combinations thereof to
" obtain an aqﬁeous soluble fraction;

(k) subjecting thée aqueous soluble fraction to
gel filtration using water andfor water and
a water miscible solvent with or without a
buffer as the mobile phase; or to reversed-

- phase colunn chromatography using water,

and/or water and a water miscible solvent as
the mobile-phase; or to gel permeation
chromatography using water and/or water and
water miscible solvent and acetonitrile with

g or without a buffer as the mobile phase; or
combination thereof and

R

—
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25 proant hocyani di n pol ymer conprises 2 to 11 nononeric
flavonoi d-upi-ts— 30 35

N A R

|

(c) collecting the fractions detactable by ultra
violet spectroscopy having a A maximum at
abou‘l_: 200~350 nm.

S 52. The conpositioh according to claim 46, in
wvhich the Croton tree is Croton lechleri.

53. The composition according to claim S1,
further characterized by:
10 (a) infrared spectral analysis of intense peaks
ranging from 3350-2500 and other peaks at
1612, 1449, 1348, 1202, 1144, 1107, 1068 and
1027 cn-1; and
(b) an ultraviclet spectral analysis of broad

15 peaks at wavelength 202, 235 (shoulder),
275, and 305 (shoulder).
S4. The proanthocyénidin polymer of claim 53
further characterized by: a C NMR spectrum
20 substantially as illustrated in FIG. 3.
55. The composition according to claim 54
further characterized dby: +visible spectral absorption
2 at wavelength 460 nn.
30
35
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- 83- 31. The nethod. of claim 8 in which the
proant hocyani din has a structure selected froml, 11, cand 11
[err]

89

ACTIVITY
ANTHOCYANIDIN POLYMERS HAVING ANTIVIRAL
PRO AND METHODS OF OBTAINING SAME

ABBTRACT

The present invention provides for
proanthocyanidin polymers with significant antiviral
activity. The proanthocyanidin polymers can be
chemically synthesized or can be isolated from a
Croton or a Calophyllum plant species. The present
invention encompasses methods of using |
proanthocyanidin polymers in'treating warm-blooded
animals, including humans, infected with
paramyxovaridae such as respiratory syncytial virus,
orthomyxovaridae such as influenza A, B and C, and
herpes viruses sucﬁ as Herpes Simplex virus.

{no appropriate figure)

This Sheet Has Been Re’placed . ' REP LACEMENT SHEET

AR

09 JAN 1997




. '.:
where a;, b = 1to 3, x =0 or 1#n = 4 to 28.
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35 | 32. The nethod of claim 31 wherein n = 4 to 13.

- 33. The nethod of claim31 wherein n = 4 to 9.

REPLACEMENT SHEET 64 34. A proant hocyani di n pol ymner,
obtained froma Croton species, and ester, ether and oxonium
derivatives thereof, characterized by: ' (a) the capability of
dissolving in water and/or 5 an aqueous sol ution;

2/18
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(b) the capability of exerting a pronounced antiviral effect

when adm nistered in vivo to an aninmal or a human; and

(c) having a structure conprising flavonoid 10 units sel ected
fromthe group consisting of cat echi ns, epicatechins,

gal | ocat echi ns, gal | oepi cat echi ns and conbi nati ons t hereof.
35. The proant hocyanidin polyner of claim 34 15 having from about 2 to
about 11 flavonoid units. 36. The proant hocyani di n pol ynmer of
claim 34 havi ng an average of about 7 flavonoid units. 20 37. The
pr oant hocyani di n pol ynmer of claim 34 obtained from Croton | echleri.

38. A proant hocyani din polyner, obtained froma Crot on speci es and
ester, ether and oxonium 25 derivatives thereof, characterized by:

(a) infrared spectral analysis of intense peaks rangi ng from
3350- 2500 and ot her peaks at 1612, 1449, 1348, 1202, 1144,

1107, 1068 and
3Ng

200 180 160 140 120 100 80 60 40 20 O  ppm

FIG. 3
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1027 cm 1; and 30 (b) an ultraviol et spectral analysis of broad

. peaks at wavel ength 202, 235 (shoul der), 275, and 305
_ (shoul der). 39. A proant hocyani din polynmer, obtained froma
Croton species and ester, ether and oxonium derivatives thereof,
characterized by: (a) infrared spectra substantially
as
4/18

L

220 200 180 160 140 120 100 B0 gp 0 20 o

ppm

FIG. 4
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illustrated in Fig. 1; and (b) an ultraviolet spectral analysis of
. broad peaks at wavel ength 202, 235 (shoulder), 5

275, and 305 (shoul der). 40. The proant hocyani di n pol yner of

cl aim 38 further characterized by: "(c) visible spectra
absorption at wavel ength of 10 about 460 nm 41. The
pr oant hocyani di n pol ynmer of claim 39 further characterized by:

(c) visible spectral absorption at wavel ength of 15 - about 460
nm 42. The proant hocyani di n pol ymer of claim 38 further

characterized by: (c) [err]C NWR spectra substantially as
illustrated 20 in Fig. 3

5/18
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43. The proant hocyani din pol yner of claim 39 further characterized by:

- (c) [err]C NWR spectra substantially as illustrated 25 in Fig.
N 44. The proant hocyani di n pol yner of claim40 further
characterlzed by: 30 (d) [err]C NWR spectra substantially as
il lustrated in Fig. 3. 45. A proant hocyani din
polynmer, which is obt ai ned from Cal ophyl | um i nophyl um and ester, ether
35 and oxoni um derivatives thereof, characterlzed by (a) t he
capability of dissolving in water and/or an aqueous sol ution;
< 6/18 .
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- 86 - (b) the capability of exerting an antivira

- effect; and (c) flavonoid units conprising catechins and
. epicatechins. 5 - 46. The proant hocyanidin of claim45 which is
- characterized by infrared spectra substantially as illustrated in Fig.
5. 10 47. The proant hocyanidin of claim46 which is further

characterized by spectra having absorption peaks at 202-204 and 275-280
nm -

. 7718
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48. The proant hocyani din of 47 whi.ch is further

- NMR spectra substantially as
_..method for treating a respiratory

adm ni st eri ng,
anti viral

pr oant hocyani di n pol yner
whi ch conpri ses:

20 to a war m bl ooded ani nal

is obtai ned from

stens, the roots or the |atex ofyhe Cro84l8

al cohol of about 1-3

m sci bl e sol vent or conbfnationsEthereof to

15 characterized by [err]C

virus infection,
an effective anmount of an

illustrated in Fig. 4.
syncyti al

agent conprising a proanthocyani di n pol yner

(a) extracting the whole plant,

49. A
conpri si ng

wherein said

a Croton tree by a nethod
the bark, the 25
tree with a | ower

& carbons, acetone, water or other water

obtain an aqueous

sol uble fraction; 30 (b) -QQb&gfting t he agqueous soluble fraction to
gel filtration using water and/or er and a water mscible
< buffer as the nobile phase; or to

solvent with or witho@ &

reversed- 35
and/ or wat er

x W
E praseafolinn&hromat ography using water,

and a wefger i s bl sg vent as
. « =0 _

% ©00S NY3IW

60
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t he nobi | e-phase; or to gel perneation chr omat ogr aphy usi ng

wat er and/or water and -87-
wat er m scible solvent and acetonitrile with or without a
buffer as the nobil e phase; or conbi nati on thereof and
(c) collecting the fractions detectable by ultra 5 : vi ol et
spectroscopy having a X maxi num at about 200-350 nm -
ax 9/18
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e

sai d proant hocyani di n pol yner being adm ni stered parenterally at a dose
range of about 0.1-10 ng/ kg body weight, orally at a dose range of about
5.0-30.0 10 ny/ kg body wei ght, or by inhalation at a dose range of - 5-30

~ng/ kg/ day. 50. The nethod of claim49 in which the Croton tree
is Croton lechleri. 15 51. A proant hocyani din pol yner conposition
obtained froma Croton tree by a nethod which conpri ses: (a)
extracting the whole plant, the bark, the 20 : stens, the roots or
the latex of the Croton tree with a | ower al cohol of about
1-3 ‘carbons, acetone, water or other water
m sci bl e sol vent or conbi nations thereof to ' obt ai n an aqueous
soluble fraction; 25 (b) subjecti i@ 1e aqueous sol uble fraction to
gel filtration using water and/og-water and )
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a water mscible solvent with or without a buffer as the
< nobil e phase; or to reversed- phase col unmm chr omat ogr aphy

.~.using water, and/or water and a water. m scible solvent as

"~ the nobil e-phase; or to gel perneation chr omat ogr aphy usi ng

- water and/or water and wat er m sci bl e sol vent and
acetonitrile with 35 or without a buffer as the nobile phase; or
conbi nati on thereof and ' - 18 -
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(c) collecting the fractions det ect abl e by ultra vi ol et

<+ spectroscopy having a [err] maxi num at about 200-350 nm
,~ 52. The conposition according to claim46, in which.-the Croton tree is
T Croton lechleri. 53. The conposition according to claimb51
>~ further characterized by: 10 (a) infrared spectral analysis of
I nt ense peaks rangi ng from 3350-2500 and ot her peaks at
1612, 1449, 1348, 1202, 1144, 1107, 1068 and 1027 cm 1; and
(b) an ultraviolet spectral analysis of broad 15 peaks at
wavel engt h 202, 235 (shoul der), 275, and 305 (shoul der).
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54. The proant hocyani di n pol yner of claimb53 further characterized by:
va [err] NWR spectrum 20 substantially as illustrated in FIG 3. :
H5. The conposition according to claimb54 further characterized by:

~" visible spectral absorption at wavel ength 460 nm 25 30 35
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What is claimed is:

KT X suaiia ek unenncnsa

7 RESED 2y{g(aa

1. A proanthocyanidin polymer, obtained from a
Croton species, and ester, ether and oxonium
derivatives thereof, characterized by:

(a) the capability of dissolving in water andfor

s an agueous solution;

(b) <the capability of exerting a pronounced
antiviral effect when administered in vivo
to an animal or a human; and-

(¢) having a structure comprising flavonoid

10 units selected from the group consisting of
catechins, epicatechins, gallocatechins,
galloepicatechins and combinations thereof.

-2, The proanthocyanidin polymer of claim 1

15

having from about 2 to about 11 flavonoid units.

3. The proanthocyanidin polymer of claim 1
having an average of about 7 flavonoid units.
20 4. The proanthocyanidin polymer of claim 1
obtained from Croton lechleri.

. 5. A proanthocyanidin polymer, obtained from a
Croton species and ester, ether and oxonium
derivatives thereof, characterized by:
(a) infrared spectral analysis of intense peaks
ranging from 3350-2500 and other peaks at
1612, 1449, 1348, 1202, 1144, 1107, 1068 and
1027 cm~1l; and

(b) an-ultravielet spectral analysis of broad
peaks at wavelength 202, 235 (shoulder),
275, and 305 (shoulder).

25

15 .6+ A proanthocyanidin pélYﬁer, obtained fronm a
Croton species and ester, ether and oxonium
derivatives thereof, characterized by:
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(2) infrared spectra substantially as
illustrated in Fig. 1; and

(b) an ultraviolet spectral analysis of broad
peaks at wavelength 202, 235 (shoulder),
275, and 305 (shoulder). )

7. The proanthocyanidin polymer of claim 5
further characterized by:

(c) wvisible spectral absorption at wavelength of
about 460 nn.

8 . The proanthocyanidin polymer of clairé6 -
further characterized by:

(c) visible spectral absorption at wavelength of
about 460 nm.

9. The proanthocyanidin polymer of claim 5

further characterized by:

(c) Uc NMR spectra substantially as illustrated
in Fig. 3.

10. The proanthocyanidin polymer of claim 6
further characterized by:

(¢) 'YC NMR spectra substantjally as illustrated
in Fig. 3.

-11- The proanthocyanidin polymer of claim 7--
further characterized by:
(d) C NMR spectra substantially as illustrated
in Fig. 3.

12+ A proanthocyanidin'polymer, which is
obtained from Calophyllum inophylum, and ester, ether
and oxonium derivatives thereof, characterized by '
(a) the capability of dissolving in water and/or
an agueous solution:
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