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PROANTBOCYANIDIN POLYMERS HAV%NG ANTIVIRAL 
ACTIVITY l.)TD METHODS OP OITAININC. SJ\ME 

CROSS•REFE~EJICE TO RELATED APPLICATION 

This is a continuation-in-part of 
5 applieation Serial No. 07/596,893, filed October 12, 

1990, ~hich is incorporated herein by reference. 

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

10 proanthocyanidin polymers, having 2 to JO flavonoid_ 

units, in treating respiratory virus infections. 
Additionally, it has been f~und that the use of the 

proanthocyanidin polymers having 6 to 30 f lavorioid 
units is effective in treatinq virus inf~ctions in 1& . 

· 9eneral. The chemical characteristics of certain 
.newly discovered proanthoeyanidin polymers are also 
encompassed. 

20 
2. BACXGROUND OF THE INVENTION 

2.1 ETHNOBOTANICAL USES O~ EXTAACTS FROM 
~HE CROTON TRE£ AND FROM CALOPBY~LOK 
INOPHYLUM 

A number o~ different Croton tree species, 
including Croton salutaris, Croton gossypifolius, 

25croton palanostima, Croton lechleri, Croton 
erythrochilus and Croton draco!?oides, found in Sou.th 

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 

30diarrhea. It is taken ~nternally for tonsillitis, 
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 bleedi~g, herpes, and 

35 for wound healing. The sap is placed directly on open 
wounds as an anti-infective and to accelerate the 
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patients after tooth extractions. It is also utilized 
as a vaqinal wash in cases of excessive bleeding. 

It has been shown that Sangre de Dra90.from 
Croton draconoides and from Croton lechleri contains 

San alkaloid identified as taspine, which exhibits 

anti•inflammato~y activity, Persinos et al., 1979, J. 
Pharm. Sci., 68:124. Taspine has also been shown to 
inhibit RNA-directed DNA polYJDerase activity in .the 
ayeloblastosis virus, Rauscher leukeaia virus and 

10Simian sarcoma virus (Sethi, 1977, Canadian J. Pbarm. 
Sci • , 12 : 7) ~ 

Calophyllum inophylum is a tree ran9inq from 

India to. East Africa to Polynesia. Seed oil is used 

in folk medicine as an antiparasitic in treatment of 
15scabies, ringworm and dermatosis as well as other uses 

such as for analqesia. In Indo-china the powdered 
resin is used for ulcers and wound healing. In 
Indonesia the bark is applied externally to treat · 

swollen glands and internally as a d_iuretic. The sap 
20 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 vertiqo and migraine. 
The Samoans use the sap as an arrow poison. 

25 

Z.2 PROANTROCY>.NIDIH MONOMERS J.HD 
tQLYKERS AlfD ~HEIR OSES 

Proanthocyanidin and proanthocyanidin 
polymers are found as colorless phenolic s~bstances in 

30a wide variety o~ many plants, particularly those with 
a woody habit of growth (e.g. , the· Croton sp·ecies and 
Calophyllum inophylum). The general chemical 
structure of a polymeric proanthocyanicHn consists of 
linear chains of S, 7, 3', 4' tetrahydroxy ors, 7, 

35 3 1 , 4 1 , 5 1 pentahydroxy flavonoid 3-ol units linked 

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

Biosynthetic studies have indicated that 
proanthocyanidin polymers consist of monomer units of 
the type shown belo~, see Fletch~r et al., 1977, 
J.c.s. Perkin, 1:1628. 
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The monomer ~nit (generally termed 
"leucoanthocyanidin") of the polymer chain may be 
based on either of two stereochemistries of the C-

ring, at the 2 and/~r 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). Cl3 NMR has been useful to identify 
the structures of polymeric proanthocyanidins and 

35 recent work has elucidated the chemistry. of di-, tri­
and tetra-meric proanthoeyanidins. Lar9er polymers of 
the flavonoid 3-ol units are predominant in most 
plants, and are found with averaqe molecular weights 

---··-·-··--- -·····--·-·-·-···---------------·--·----
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above 2,000 dalt~ns, containing 6 or more units, 
Newman et al., 1987, Hag. Res. Chem., 25:118. 

Proanthocyanidins have been reported to 
possess protein bindin9 ability and a possible 

S biological role (Newman et al., 1987, Ha~. ~es. Chem., 
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 monomer 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 

lS f lavonoid monomers including api9enin, pelargQnidin, 
quercet~n and a proanthccyanidin monome[ on Herpes 
simplex virus. The proanthoeyanidin monome~ was found 
to be the most effective in virus•inactivating 
activity, folfowed. by pelargonidin and quercetin. 

20 Api9enin had only a sl.iqht effect. The effect of 

quercetin an~ the procyanidin monomer on the 
multiplication of Herpes Simplex virus in HEp-2 cells 
was elso investigated. As concluded by Beladi et al., 
the monomeric f lavonoids tested had viricidal 

25 

30 

35 

activity. but only a slight inhibitory e~feet on virus 
multiplicat.ion in the in vitro assays. 

Prior to the prese~t invention, there bas 
been no disclosure re9ardin9 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 flavonoid 
units for treating virus infections in general. 

For the purpose of the present application, 
a proanthocyanidin polymer isolated from the Croton 
species is designated "proanthocyanidin polymer A" and 
that isolated from calophyllum inophylum is desi9nated 
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''proanthocyanidin polymer B". However, such 
designation is solely for simplicity of discussion and 
not necessarily intended to imply that the polymers 
are different ·classes of compounds. Both 

5 proanthocyanidin polymer A and proanthocyanidin 
polymer Bare considered to be within.the term 
proanthocy•nidin polymer as described herein. 

10 

2.3 RESPIRATORY IYJfCYTl"" VIRUS 

Respiratory Syncytial Virus (RSV) belon9s to 
the virus family Paramyxoviridae, genus Pneumovirus, 
and is responsible for causing lower respiratory tract 
infections such as ~ronchioliti~ and pneumonia in the 
infant and child. The virus is considered to be in 

15 important agent of acute respiratory d~sease in 
children and it is expected that up to 50% of infants 
will suffer from RSV infections during their first 
winter. In younc;J° children with pulmonary or cardiac 
disease, up to a 37\ mortality rate has been reported 

20 due 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 b~en associated with serious 
and fatal illness, and RSV infection can be the source 

25 of fever and pulmonary infiltrates in immunosuppressed 
adults (Englund et al~, 1'88, Ann. Int. Med.,1:203). 

A vaccine of inactivated RSV has proven to 
be inef-fective 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 live vaccines 
or an effe_ctive antiviral compound. . 

Ribavirin, (1-8·D-ribofuranosyl-1, 2, 4• 

35 triazole 3-carboxamide), the current druq of choice, 
has been found to reduce the severity of illness and 
amount of virus shed in acute respiratory infections 

·----------- of RSV or influenza virus. Currently ribavirin is 
\\ 
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used for the treat~ent of RSV infections of the 
respiratory tract in aerosol form. However, because 
of its toxicity, ribavirin is less desirable for use 
systemically. Additionally, ribavirin has been found 

5 to be terato9enie in animals. This has raised serious 
concern for female health care personnel administering 
or exposed to ribavirin (Gladu et al., 1989, J. ~oxic 
Env. Health, 28:1). 

10 2.4 OTITIS KEDIA ).ND OTITIB EXTEll.HA 
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 

15 six. The greatest risk for the development of acute 
otitis media lies in infections caused by respiratory 
syncytial viruses, rhinovir~ses, influenza A viruses 

··or adepoviruses (Henderson, et al., N. Eng. J. lfed., 
1982, 1377; Ruuskanin, et al., Pediatr. Intect. Dis. 

20 3., 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., A.7Dc; 445 (1991). Use of a 
flu vaccine has been found to be effective. However, 

25 there are a number of reasons why this is an 
unsatisfactory approach: it is necessary to administer 
the vaccine. annually, two doses must be qiven 
initially, there is a problem of continual antigenic 
variation of the influenza viruses and the resulting 

30 

35 

fluctuation in efficacy of the vaccine and the cost. 

z.s INFLUENZA VIRUSES 
lnf luenza viruses are members of the 

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 soo,ooo deaths 

·----------------- ---- -----· 
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have been attributed to influenza epidemics over the 
last twenty years. The outbreaks are seasonal, 
occurrin9 almost every winter, and transmission is 
primarily through the respiratory route. Amantadine 

5 has been shown to shorten the fever duration and 
respiratory symptoms by only about sot, but causes 
some central nervous system side effe~ts. 
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 »een 

1s controlled by the use of inactivated influenza virus 
vaccines with about 80% protective efficacy. 

2.6 HEBPES SIMPLEX VIRUS 

Herpes simplex virus (HSV) is a member of 
20 the Herpitoviridae family, and is ~istributed world~ 

wide. Transmission of the virQs 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 prevale~ce· of HSV 

25 
antibody is inversely proportional to socioeconomic 
status, with close to lOOt of HSV-positive adults in 
underdeveloped countries an~ 30-50' in developed 
countries. Acyclovir, idoxuridine (IDU or 2-deoxy-5-

30 iodouridine), ~rifluridine and vidara~ine (adenine 
arabinoside, Ara-A) are effective in treatment of 
various HSV infections, with trifluridine and 
acyclovir the _drugs of choice~ Vidarabine, the choice 
for ophtha~mic infections, is not effective topically 

35 against herpes labialis or other skin/genita~ 
infections. Acyclovir is not effective top~cally_ when 
used against recurrent genital infections. However,­
it is effective when used i.v. and p.o. Acyclovir is 

------------·--- -·--······-
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not re~onunended for routine use in treatment of 
recurring HSV genital inf e~tions as ganglionic latency 
is still present and outbreaks occur after treatment 
is stopped. 

3. StJMKMY OP TR£ 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 

~lavonoid units, more preferably 2 to 15 flavonoid 
units, and most preferably 2 to 11 flavonoid units. 

15 The flavonoid units include but are not limited to 
catechins, epicatechins, .9ailocatechins, . 
galloepicatechins, flavanols, flavonols, flavandiols, 
leucocyanidins, anthocyanidins, or combinations . 
thereof. The flavonoid units can be singly or doubly 

20 linked to each other. More specifically, the method 

25 

30 

of the invention can be used to treat r~spiratory 
infections induced by a respiratory syncytial virus as 
well as Parainfluenza virus 3, Influenza A, Influenza 
B v'irus and virus associated with otitis media and 
otitis externa. The proanthocyanidin polymer can be 
ad•i~istered intravenously, intraperitoneally, 
subcutaneously, intramuscularly, orally, topically, or 
by inhalation. 

The proant~ocyanidin poiymers are effective 
against most of the viruses implicated in otitis 
media. They are soluble in aqueous solutions, are 
readily formulated for parentera~, 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 proanthocyanidin polymers.are similarly 
ef~ective a9ainst the viruses implicated in otitis -------···-----· .. --·-···----·-·------··- ··:~~-
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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 . 

1S 

20 

25 

30 

35 
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from I, II, and III, and their esters, or ethers or 
the corresponding oxonium salts 

n 

l II 

III 

30 where a, b = l to 3, x e 0 or 1, n = 0 to 28, 
prefe~ably o to 13, more preferably o to 9. 

35 

The proanthoc:yan·idin 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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monomeric flavanoid units having structure IV, or 
esters, ethers or corresponding oxonium salts thereof. 

5 

-·~, .--(OHi, 
c ~ . 

-· (XX (OH), 

10 

IV 
where x. y = l to 3, z = 1 or 2. 

15 Another ~mbodiment ·of the invention further 

20 

·relates to a method of treating virus.infections 
comprisin.g administering, to a warm-blooded animal,· a 
therapeutically effective amo~nt of antiviral a9ent 
comprising a proanthocyanidin polymer containing 6 to 
30 flavonoid 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, 9allocatechins, 

25 9alloepicatechins, flavanols, flavonols, flavandiols, 
leucocyanidins, •nthocyanidins, or combinations 
thereof. The flavonoid units can be sinqly 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 invention 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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oxonium-salts thereof, where n • 4 to 28, preferably 4 

to 13, most preferably 4 to 9. 

Tbe 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 d.erivatives. Such 

proanthocyanidin ~an be isolated from the whole plant, 

the bark, the leaves, the roots or the latex. In a 

preferred embodiment, the pro&nthocyanidin can be 

10obtained from Croton lechleri and from Calophyllum 

inophylum. These novel proanthocyanidin polymers are 

characterized by IR, UV-visible, and/or nc NHR 

spectroscopy. 

1S '· IRIEF DESCRIPTION OF THE PIGQRES 

figure l Fourier-transform infra-red spectrum of 

proanthocyanidin polymer A isolated from the Croton . 
tree. 
Fiqure 2 1H Nuclear magnetic resonance spectrum of 

20proanthocyanidin polymer A isolated from the Croton 

tree. sample was in 020 at 400 MHz. 

Figure 3 Broad-band decoupled "c nuclear magnetic 

resonance spectr~m of proanthocyanidin polymer A in 020 

at 100 MHi. 
25 . h IJ Figure 4 T e c NMR spectra of proanthocyanidin 

polYJl'er B isolated from Calophyllum inophylum, 

obtained at 100 MHz in D20. 

tigure s Fourier-transform infra-red spectrum of 

30
proanthocyanidin polymer 8 isolated from Calophyllum 

inoplylum. 
Fiaure 6 The effect of proanthocyanictin polymer A and 

A:mantadine on lung consolidation in.mice infected with 

influenza A (HINl) virus (early treatment initiation) • 

35Figure 7 ~he effect of proanthocyanidin polymer A and 

Amantadine on lung virus titers in mice infected with 

influenza A (HINl) virus (early treatment· initiation). 
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Figure B The effect of proanthocyanidin polynier A and 
Alnantadine on arterial oxyqen saturation (Sa02) in male 
mice infected with influenza A (HINl) virus (early 
initiation)~ 

SFiqure 9 The.effect of proanthocyanidin polymer A and 
Amantadine on arterial oxygen saturation (Sa01) in 
female mice infected with influenza A (HINl) ~irus 
(early treatment initiation). 
Figure 10 The effect.of proanthocyanidin polymer A 

1oand Amantadine on lunq consolidation in mice infected 
with influenza A (HINl) virus (late treatment 
initiation). 
Figure 11 The effect of proanthocyanidin polymer A on 

lunq titers in mice infected with influenza A (HINl) 
15virus (late treatment initiation). 

Figute 12 The.effect of proanthocyanidin polymer A 
and Amantadine on.arterial oxygen saturation (Sao1) in 
male mice infected with influenza A (HINl) virus (late 
treatment initiation). 

20 r_igure 13 T~e effect of proanthocyanidin polymer A 
and Amantadine on arterial oxygen saturation (Sa01) in 
female mice infecte4 with influenza A (HINl) virus 
(late treatment initiation). 
Figure 14 The effect of'Ribavirin on lung virus 

25
titers in mice inf~cted with influenza A (HINl) virus. 
Figure is. The effect of intraperitoneal Ribavirin 
treatment on lunq consolidation in influenza A (HINl) 
virus infected •ice. 
liqure 16 The effect of intraperitoneal Ribavirin 

30 . . 
tre~tment on blood sao2' in influenza A (HINl) virus 
infected mice. 
Figure 17 The effect of proanthocyanidin polymer A 
and Ganciclovir on HSV-2 vaqinal lesions in mice. 

35 Figure 1§ The effect of proanthocyanidin polymer A in 
St and lOt topical formulations, compared to placebo 
and acyclovir, in a 5l topical formulation. 
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S. DETAILED PESCRIPTION OF THt INVENTION 

5.1 USEFPL PROJUl'l'ROCXQIDIJf fOLYMEJl8 

Proanthocyanidin oli9omers or polymers, 

useful for the present anti-viral methods are 

Scomprised of monomeric units of leucoanthocyanidins. 

Leucoantho~yanidins are generally monomeric f lavonoids· 

which include catechins, epicatechins, qallocatechins, 

qalloepicatechins, flavanols, flavonols, and flavan-

3, 4-diols leucocyanidins and anthoeyanidins. The 

10proanthocyanidin polymers useful for treatinq 

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 
15 infections in general, including but not limited to, 

infections related to influenza viruses, parainfluenza 

viruses, viruses c:>f the types known as 

paral\\yxovirida.e, orthomyxovaridae, and herpes viruses, 
. . 

have 6 to 30 flavonoid units, preferably 2 to 15 
20 tlavonoid units, and most preferably. 6 to 11 flavonoid 

units. 
Proanthocyanidin polymers having a varying 

number of flavonoid units are known and have been 

reported, for example, in W.L. Mattice, et al. 
25 . ... . ·Phytocnemistry, l,1, p. 1309-1311 (1984); z. 

czochanska, et al., J.c.s. Chem. comm., 375 (1979); 

W.T. Jones, et al., Photochemstry, ~. p. 1407-1409 

(1976); E. Haslam, Plant Polyphenols, p. 75 (1989), 

30
which are all incorporated by reference. Those 

polymers bavings the recited ranges of flavonoids 

units and described in these references are useful for 
the methods of the present invention. 

35 
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5.2 METHODS FOR OBTAINING USEFUL 
PltOl.NTBOCYA)IIDIN POLYMERS 

5.2.1 ISOLATION 

Useful proanth~cyanidin polymers are . 

5 obtained from various plants including but not limited 

to the classes Filices, Coniferae, Monocotyledoneae, 

and Dicotyledonae (J.S. Harborne, THE Fl.AVONOIDS, 

ADVANCES IN RESEARCH SINCE 1980 (1988) ).. They can be 

obtained using the entire tree or plant, the bark, 

10 stems, 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 aqueous extract is used directly or 

l&after solvent removal. If the solvent is removed, the 

solid residue is redissolved in a solvent, preferably 

a lower alcohol or acetone, and insoluble materials 

are discarded. The s:luble fraction is subjected to 

9el filtration (e~i·i over a Sephadex); reversed-phase 

·20 column chromatography (e.g., C-8), or gel-permeation 

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 

25phase. The water ~iscible solvent is preferably a 1-J 

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 between about 200-JSO nm, with p~aks 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 
35 . 

Croton tree or Calophyllum species by using tbe above-

described extraction method. The soluble fraction is 

subjected to 9el filtration, reversed-phase column 
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chromatography, gel-permeation chromatography, or 
membranes. 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 Jechleri) 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 qive 

an aqueous soluble 'fraction. The aqueous-soluble 
1Sfraction of the lyophilized or otherwise concentrated 

material is subjected to partitioninq by ethyl 
acetate/water :solution and to qel filtration (e.g., 

Sephadex) us.lnq water and/or· water and alcohol and/or 

water and acetone, with or without a buffer as the 
20 mobile phase. The fractions containing a chromophor1c 

band are detected by ultraviolet (uv) (Xmax about 200-

350 nm) and col~ec~ed and concentrated and subjected 
to gel filtration aqain, if necessary, to yield the 
proanthocyanidin polymer. Alternatively, the aqueous-

25soluble fraction described above is lyophilized or 

concentrated or is used directly and is subjected ·to 
reversed-phase column chromatography (RP HPLC),- usln9 
wat•r and/or water and acetone and/or water and 
alcohol as the· mobile phase. The fractions containinn 

~ . . . ~ 

a chramophoric 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-

35 soiuble .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 run are collected and 
concentrated and subjected to GPC again, if necessary, 

Sto yield the proanthocyanidin polymer. See examples 
in Sections 6~1 - 6.J, intra. 

As demonstrated in Section 6.2 when 
chromatographed on a Perkin Elmer LC-620 using Polymer 
Labs PL-gel 5m soo A, 300 x 7.S mm and THF-water (95:5 

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

15 

5.2.2 SYNTHESIS OF ~8EFUL PROANTHOCYANIDlN 
POLYMERS AND DERIVATlVES THEREOF 

It is known that leucoanthocyanidins can be . 
condensed in mildly alkaline or acidic solutions to 

2o~orm proanthocyanidins. As an example, L.Y. too and 
R.w. Hemin9Way, 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 

25pH, conditions and an excess amount of (+)-catechin, 
condensation occur~ed to form higher and predominantly 
linear [4,8)-linked oligomers. Specifically, dimers, 
tri•ers and tetramers of the flavonoid analogues were 
synthesized and characterized by NMR spectroscopy. By 

30use of such condensation reactions proanthocyanidin 
. . 

polymers of up to about JO f lavonoid units can ~e 
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 

35 proanthoeyanidin polymers. The novel proanthocyanidin 
~olymer_compositions of the present invention 
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specifically exemplified herein can also be 

synthesized by such reactions. 
Esters of proanthocyanidin polymers can be 

prepared by standard methods of acylation su~b as by 

&the 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 weiqht 

1oflavonoids by Thompson, et al., JCS, 1387 (1972), 

Fletcher, et al., JCS, 1628 (1977) and Hemin9Way, JCS, 

1299 (1982). 

Ethers can be prepared by standard methods 

of etherif ication 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 etherif ication of 

certain other lov molecular weight f lavonoids by 

Thompson, JCS, 1387 (1972), Heminqway, Jes, 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 varming with aqueous or 
25 alcoholic ·acids (see also, Thompson, et al., .:res, 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., Phytocbe~istry, 25, 223 (1986)). 
30 

5.3 CBARACTERIZATION OF HOVEL 
PROA!fTHOCYANIDIN POLJHERS 

Novel proanthocyanidin polf1ners prepared 

according to the present invention have solubility in 
35 methanol and water. The polymers are soluble in water 

and aqueous solution including aleohol solutions to a • 

de9ree of· at least about 10 mq/al. 
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The proanthocyanidin polymers have been 
analyzed by a number of methods to determine their 
molecular wei9ht and various other chemical and 
physical features. Various stereoisomers of 

5proantbocyanidin polymers have been obtained and are 

within the scope of the present invention. 
Column chromatography bas been used to 

isolate water soluble fractions containing novel 
proanthocyanidin polymers varyinq in average molecular 

10wei9ht from about _700 daltons to about 3000 daltons, 
which eorresponds to 2-3 to 9•11 average f lavonoid 
units, respectively. 

Dc-NMR spectroscopy indicates that the 
proanthccyan.idin polymers contain flavonoid·mcieties 

15 in which the individual flavonoid ring units possess 
various stereochemistries. 

20 

UV-visible spectroscopy is consistent with 
the possible presence of a flavylium moiety or 
moieties within certain of the proanthocyanidin 
polymers. 

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 pol'""ers can be made 25 . ~·" 

and may be useful as intermediate for the preparation 

30 

of useful proanthocyanidin polymers. 

5.4 PROPHYLAC~IC AND THERAPEUTIC OIES 
or PRQAl!THOCYJU11%D%N POLJXERS 

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 
diseases induced by such viruses. 

~ . 
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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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, Band c, and herpes viruses such 

Sas Herpes Simplex virus. 
Proanthocyanidin polymers have varioqs 

advantages in the treatment of viral infections 
including, but not limited to: 

1) a broad range of antiviral activity; 
10 2) very low toxicity; -

15 

3) no terato9enicity; and 
4) application to both systemic as well as 

localized (i.e., topical) applications. 

S.S · ROUTES OF ~DHlNISTRATION 
The proanthocyanidin polymers cf the present 

invention can be administered for prophylacti.c and 
therapeutic applications by a nulftl:>er of routes, 
including but not limited to: oral, injection 

20including but not limited to, intravenous, 
intraperitoneal, subcutaneous, intramuscular, etc., by 

topical application such as to nasal, nasopharyn9eal 
linings and into the ear, and by inhalation via 
aerosolizat-ion and application to respiratory tract 

25 l inin9s, etc. 
When used according to t~e present invention 

against viruses, effective dose ranges of the 
proanthocyanidin polymers are about s.o - about 30 
mg/kg if 9iven orally (P.O.), about 0.1 - about 10 

30
m9/kq if qiven intraperitoneally (1.P.), and about 5 -
about 30 mg/kg/day if 9iven by aerosol. If qiven 
topically, the proanthocyanidin polymer is applied in 
a suitable vehicle at a concentration of about 5 to 

35 
about 15\. 

When administered to.warm-blooded animals, 
including humans, the proanthocyanidins may be 
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combined with water, an aqueous solution or any 
physiologically acceptable carrier or vehicle. 

The following series of Examples are 
presented ~or purposes of illustration and not by way 

Sof limitation on the scope of the invention. 

10 

&. EXAKPL!JS 

1.1 I80LAT?OM OF A •OVEL PROANTBOCYANlDIM 
POLYK!.R raox A CRO'l'ON LBCBLl!RI 8PEC%E8 
lPROANTHOCYAMIDIH POLYMER A 

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

c. lechleri trees were tapped and felle4 
near the village of San Pablo de cuyana on the Nanay 
River 100 kilometers from Iquitos, Peru. The latex 

.
15was obtained over a period of 24 hours by scoring the 

20 

trees. 
The latex (ll) obtained from the Croton 

lechleri trees was diluted with isopropanol in the 
ratio of 1 part latex to 3 parts isopropanol (31) and 
allowed to stand for 15 hours at io•c. The resultant 
isopropanol•diluted latex was centrifuged, and the 
insoluble material was removed by d~eantation, leavinq 

·the mother liquor (3.7 1). The mother liquor was 

25.concentrated to d:r;yness by rotoevaporation at 33°C to 
give 240 9 of a deep•red brown powder. This 
concentrated material (980 9) was subjected to 9el 
filtration usinq Sephadex CM-50 with water (20 l) as 
the aobile phase. The early-eluting fractions 

30 containing a red pigment. were detected at ). 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 pl of concentrated samples onto a Perkin-
·-·-·----------
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Elmer LC Analyst liquid chromatoqraph system equipped 
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 
Sa_t O. 8 ml/min at ambient temperature, with detection . 
at ~ iso 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-piqment contai~ing fractions 
isolated. from Sephadex CM•50 were combined and 
subjected to qel filtration chromatography over 
Toyopearl HW-40S (2.5. L), using water, lOt 
acetone/water, 20% acetone/water, and finally 40% 

15acetone/water in a step gradient fashion. The late­
elutinq red fractions detected by uv-vis as Amax 340 

nm, were combined· and concentrated for further 
purifica.tion on HPLC as described above." The combined 

fractions isolated from HPLC were again subjected to 
20 9el filtration chromatoqraphy over Toyopearl HW-40S to 

yie_ld a proanthocyanidin polymer desiqnated 
proanthocyanidin polymer .A. 

In another series of experiments, a.novel 
proanthocyanidin polymer was obtained as follows: 25 . 

Four liters of cold crude latex from·the c. 
lechleri (or from t~e entire macerated plant, the bark 
or the roots) were d_iluted with twelve liters of · 
isopropanol, stirred and stored at s•c for 15 hours. 

30 The 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 aqueous phase 

35WaS separa~ed and concentrated to dryness· giving 700 9 
of material which was added, with stirring, to 2 l 
methanol, and then 12 l;. of ~thyl acetate was added. 
The solution was kept at 15° for 15 hrs and the solid 
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material removed by filtration and discarded. The 
solution was co~centrated to dryness yialdinq 
approximately 390 9. of .crude proanthoc::yanidin polymer 

A. 
The proanthocyanidin polyiner A fraction wa~ 

' 
concentrated by.a combination of cation exchange, 
adsorption and size exclusion chromatography as 
follows: 450-600 q of the crude proanthocyanidin 
polymer A was passed through a CM-Sephadex c-so pre-

10 column usinq de~ionized water as the eluent. The 
oranqe and dark red tractions were collected and then 
chromatoqraphed, using de-ionized water, over another 
Sephadex c-50 column equipped with a UV detector set 
at 460 nm, and l-2 1 fractions were collect•d· The 

15 initial pink band was discarded and the sub$equent 
effluent passed through a column containinq Sephadex 
G-50 until the broad red-brown band· was eluted. 15t 
aqueous acetone was passed through the G-50 column 
until the effluent was colorless. Fractions of the 

20 · effluent were examined by HPLC as described in Section 
6.2, and those fractions containing proanthocy~nidin 
polymer A were combined and evaporated to dryness 
yieldi~q about 210 9. of proanthocyanidin polymer A. 

25 

30 

35 

6.2 IURIFICATION OP PA01t.Jrl'BOCYANlbZR 
POLJKElt A 

About 150 g. of crude proanthocyanidin 
polymer A, obtained as described in Section 6.1 above, 
was dissolved in Joo·m1 20' aqueous acetone an4 was 
ch~omatographed over a.mixed-mode·gel­
permeation/absorption column (Toyopearl HW40S, a 
spherical methyl methacrylate polymer of 40 µm 
particle size). 16 1 were collected, then the eluting 
solvent was ~hanged to 40t aqueous acetone and a more 
liters were collected, then the elution was continued 
with 4 l of 60' aqueous acetone. · The· fractions 
containinq proanthocyanidin polymer A, as shown by 

li1ii1ii1iiiHr 
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HPLC (See Section 6.3), were combined and the solvent 

removed in vacuo yielding approximately 57 9. of 

solid. 
Final purification was accomplished by a 

s combination of adsorption and size-exclusion 

chromatography: 50-75 9. 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 linkaqes 

to to glucose units of the dextran chains). Elution was 

carried out using 10 1 of 90% aqueous ethanol, then 15 

1 of 2ot aqueous acetone, 5 1 of 40t .. aqueous acetone, 

5 1 of 50% aqueous acetone and then 5 l of 60' aqueous 

acetone. 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° qiving 35 q. of 

pure proanthocyanidin polymer A. 

20 

25 

30 

35 

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-Cel Sm 

sooA (a divinylbenzene-polystyrene polymer, s ~ 
particles, sooA pore size). The HPLc· system was 

equipped with a diode array detector that generates UV 

spectra, with the detector set at 280 n•·· 
Samples are dissolved in 95' aq THF, which 

is also the developing solvent. At a flow rate of 1 

ml/min, the proanthocyanidin polymer A peak maximum 

bas a retention time of 7.2 ± o.s min.; 

proanthocyanidin polymer B has a retention time of 6.5 

~ o.s min, indicating that proanthocyanidin polymer B· 

has a larger molecular wei9ht than proanthoeyanidin 

polymer A. 
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6.3 CHEMICAL IDENTIFICATION AND STROC'rURAL 
FEATURES O~ ~HE PROANTHOCYANIDIN 
POLYMER 1 

In the infrared, the proanthocyanidin 
polymer A of the invention, obtained as described in 
section 6.1 above, shows a very broad intense peak 
rangin9 from 3550-2500 and other peaks at 1612, 1449, 

1348, 1202, 1144, 1107, 1068 and 1027 cm-1. See 
Figure 1. 

The lH NMR spectrum in D20 (400 MHz 24°C) 

exhibited very broad peaks at & ·1.1, 6.9, 6.1, 4.7 and 

2.a ppm. See Figure 2. 

Ultraviolet-visible spectral analysis in K2o 
revealed broad peaks at~ 202, 2JS, (shoulder), 275, 
JOS (shoulder), 460 and trailing greater than 600 nm. 
Although the UV data of the present polY111er closely 
resembles those of other known proanthocyanidins, the 
visible data are clearly different. The known 

proanthocyanidin monomers and po~ymers are colorless 
(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 nm. 
The color of the proanthocyanidin polymer suggests the 
presence of a flavylium moiety or moieties within the 
proanthocyanidin polymer. This is consistent with the 
visible spectroscopic dat~ reported for closely 
related •onomeric anthocyanins which contain.the 
flavylium moiety (A 460-560 nm). 

The 13C NMR spectra of the proanthocyanidin 
polymer was obtained at 100 MHz in D1o. The 

experiments performed were-broad-band decoupled. As 
shown in FIG. J, the llC NMR spectrum in D:O exhibited 
~ery broad peaks at 6 155(C-5, C-7, C-9), 145(C-3', c-

35 5 1 )·, 143(C-J', C-4'), 130(C-l', e•-1 1 ·, c-4••), 128(C-

11), 121(C-6), 116(C-2', c-5'), 109(C-8, c-2 1·, C-6'*), 
97(C-6), 82(C-2), 76(C-2), 73(C•J), and 38(C-4) ppm, 
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for the •prodelphinidin B rinq. The 13C NMR data 

su99est some key points or structural differences 

between the novel antiviral proanthocyanidin polymers 

of the present invention and known.proanth~oyanidin 

5 polymers. The aost significant difference is a 

substantially larqer 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 s·pectra in czoc::hanska et al., 1979, 

J.c.s. Chem. Comm., p. 375-77; in Harborne, J.B •. and 

Mabry, T.J. ed., rhe Flavonoids: Advances in Research, 

Chapman and Hall, NY, 1982, pp. 51•132, incorporated 

15 

20 

25 

30 

herein by reference) . The lJC NMR data of the polymer 

is indicative of° the pro.anthocyanidin class of 

polymers. In particular, the 13C NMR chemical shift 

data of the isolated proantho~yanidin polymer (C-

6 '=132 ppm, c-2•-11s pm, c-3' & c-4'=145 ppm, c-s 1=116 

ppm, C-6'-107 ppm, C-3' & C-5' =146 ppm, c-4'-133 ppm) 

is consistent with a polymer composed of pr~cyanidin B 

ring moieties with the individual flavonol C ring 

units possessing both the 2,J-trans and 3,4-trans 

[similar to (+)-catechin; C-2=83 ppm, C-3•73 ppm, c-
4=3Bppm] and 2,J-cis-3,4-trans [similar to (-)­

epicateehin; C-2=?1 ppm, C-3=73 ppm, C-4=73 ppm] 
stereochemistries. The present experi•ent data 

indicates that proanthocyanidin polymer A is comprised 

of catechin, epicatechin, gallocatechin• and 
9alloepieatechin. The HPLC data suq9est that the 

averaqe number of flavonoid units is about 7. The 

HPLC data also sugqests that number of f lavonoid units 
vary from 2 to 11. 

The proanthocyanidin polymer A is soluble in 

35 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 ~nd 
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other salt solutions. Mass spectral analysis indicate 
that proanthocyanidin polymer A has a molecular weiqht 
average of about 2,100 daltons. 

'·' ISOLATION OP A PAO~TKOCYANIDIH POLYMER 
l'ROll CALOPBYLUJll INOPBYLUll 

'(JB01'NTHOCYANIDIR POLYJIEB 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. 
AccorDing to a preferred method, the proanthocyanidin 
polymer is obtained by the method described in section 
6.1, except that water is used as the preferred 
extraction solvent. 

In one series of experiments, a novel 
proanthocyanidin pol'.Ymer, designated proanthocyanidin 
polymer B, was obtained from Calophyllum inophylum 
latex. 

2,849 g of the latex from Ca1ophyllum 
inopbylum was mixed with 12.4 l of a 1:1 mixture of 
isopropanol and water, stirred an4 stored a~ room 
temperature for 36 hours. The residue was re~oved by 

25 filtration and the solution was evaporated to dryness, 
in vacuo, 9ivin9 133.S q of ·solids. 

Tbe solids were added, with stirring, to 30. 
g or 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 9 of crude 
proant.hocyanidin polymer a. 

35 The crude proanthocyanidin polymer B was 
passed throu9h a CM-SO Sephadex cc column using de­
ionized water as the elutin9 solvent. A red band was 
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collected and fractionated usinq a LH-20 cc column, 
eluted with 70% aqueous ethanol solution and 20t, sot 
and'70l aqueous acetone solutions to give 
proanthocyanidin polymer B. At lower concentrations, 

5 a solution of proanthocyanidin polymer B is 
essentially colorless. At higher concentrations, the 
solution of proanthocyanidin polymer Bis.tan. 

10 

15 

20 

a.s CHEMICAL 1DEN'l'IPICATIOM AND 8TRUCTO'RAL 
~EATUllES OP TKE P&OAN'fBOCYANXDtH 
POLYMER B 

The "c NMR spectrum of proanthocyanidin 
polymer 8 (Figure 4) confirms that the polymer is a 
member of the class of proanthocyanidin polymers and 
comprises principally catechin and epicatechin 
monomeric flavonoid units. Gel permeation 
chromatography (GPC) indicates that proanthocyanidin 
polymer B has a molecular weight that is larger tha.n 
proanthocyanidin polymer A. Consistent with the GPC 
data, HPLC-GPC retention time of proanthoeyanidin 
polymer B is shorter than that for proanthocyanidin 
polymer A under the same conditions -- aq·ain 
indieating·the larqer.size of proanthocyanidih polymer 
B. HPLC indicates that polymer B has a molecular 

25 wei9ht average of about 3000 daltons, corresponding to 
an average nwaber of flavonoid units of about 10. The 
HPLC data also suggests that the number of f lavonoid 
units vary from S to 16. Mass spectral analysis 
indicates that proanthocyanidin polymer A has a 

30 molecular wei9ht 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 Fiqure 5 and Figure 
l) • 

35 Likewise, the UV-visible spectrum of 
proanthocyanidin polymer 8 is &imilar to that of 
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proanthocyan~din polymer A except for the absence of 

the peak at 460 nm. 

7. SCREENING OF PROANTHOCYANIDIN POLYMER A 
~OR J\NTIVIBAL ACTIVITY 

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, 
B-46791, B-47063 and B-18537; parainfluenza virus, 
type 3 (PIV-3); adenoviruses, types and 7; influenza, 

A-Taiwan (HINl); A-Lenin9rad (HJN2); 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, Houston, 
Texas, with the exception of measles virus which was 
obtained from ATCC. For comparison, ribavirin was 
included in the screening assay. 

20 The f ollowinq 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 containinq antibiotics penicillin and 
25 streptomycin and 2' fetal calf serum (2t FCS-KEM). 

30 

35 

Test compounds ~o.os ml) were added in quadruplicate 

to wells of the test plates containing a subconf luent 
monolayer of HEp2 cells (ca. l x 10, cells). The 
compounds were diluted using seria1·2-fold dilutions 
usually starting with a final concentration of l 

mq/ml. Approximately 100 median tissue culture 
infectious doses (TCID~) of the appropriate test virus 
in o.os 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 
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adenoviruses where Ribavirin fails to demonstrate 
antiviral activity. Back titrations of each test 
virus w.ere also included ineach assay. All plates 
were incubated at J7°C in a 5\ COz incubator. Virus 

s control wells were Qbserved daily. When these wells 
exhibited 80-100% cytop~thic effect (CPE), all wells 
were observed for CPE. In addition to visual and 
microscopic observance of CPE, inhibition of syncytial 
formation was used to confirm activity aqainst RSV. 

10 In each antiviral assay, a·sot minimal 
inhibitory concentration (ED.so) was determined. The 
ED.so was calculated by determining the median minimal 

concenti'ation of compound tested in wells inhibitin9 
CPE 50% compared to virus control wells. The actual 

l5 c:alculatio_n of the ED.so value was done with the aid of 

the computer proqram, "Dose-effect analysis with 
microcomputers" of Chou et al., 1984, Adv. Enz. 

Regul., 22:27-55. 

20 

25 

JO 

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 
(ID~} was deter~ined. The assay for cell toxicity or· 
inhibition of cell growth involved the.following 
procedure. Test compounds (O.l ml/well) were serially 
diluted 2-ofld. To the appropriate wells were added 
0.1 ml of hwuan HeLa, A549 or HEp2 cells, 0.1 ml of 
mouse L929 cells, 0.1 m of monkey Vero cells or o.·1 ml 
of canine MOCK cells. Approximately 3 x 103 cells we~e 

added to each well. control wells consisted of veils 
containi~q a ranqe of cell concentration (e.g., 3 x io> 
cells, 1:2 dilution of this number, 1:4, 1:8 and 1:16) 
in medium without any antiviral compound. A vehicle 

3S control consisting of serial d~lutions of whatever 
vehicle was used for a particular compound (e.g., lOt. 
DMSO, 50\ methanol) was also included in each assay in 
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duplicate. All plates were incubated at 37°C in a 5% 
co2 incubator. After control wells containing cells, 
but no test compound, reached confluency, 3-(4,S­
Dimethylthiazol-2-yl]-2,S•Diphenyltetrazolium Bromide 

5 (MTT) was added to all wells. Three hours later, acid 
alcohol (O.l ml of o.4 N HCl in isopropyl alcohol) was . 
added to e.ach well to solubili~e any prec:ipi tate 
for•ed 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 sot reduction in o.o. was determined and 
termed 11 IDso''. All wells in the assay were also 

15 

20 

25 

30 

35 

observed micr~scopically for inhibition of cell 
growth. The results are shown in Table l. 
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TABLE 1 

Effect of In Vitro Screening for Antiviral Acti~ity 
•itb »roanthocyanidin Polymer A 

Virus Proanthocyanidin Polymer A Ribavirin 

10 

16 

20 

25 

Experiment l 

RSV 
Parainf luenza virus 
Influenza A 
lnf luenza B 
Adenovirlis 
Rhinovirus 
Measles 

Experiment 2 

RSV 
Parainf luenza virus 
Influenza A 
Influenza B 
Adenovirus s 
Adenovirus 7 
Rhinoviru.s 
Measles 

Experiment 3 

RSV 
Para influenza virus 
Influenza A 
Adenovirus 7 

3 

3 

a.s 
>94 

88 
125 

>125 
>125 
>125 

17.2 
38.3 
31.3 

125 
>250 
>250 
>125 
>125 

12 
s 
4 

>250 

4.0 
15.Ei 
15.0 
18.0 

125 
31.3 

i4.2 
15.7 
14.3 
18.0 

>1000 
>1000 

125 
31.3 

31 
12 
14 

>1000 

In the tirst experiment of Table 1, the ED~ 

for the proanthocyanidin polymer A was determined to 

30 be e.s ~g/ml for RSV. This activity compares quite 

closely to ribavirin with a ED~ determined to be 4.0 

µg/ml for RSV. The IDm (an index· of cell toxicity) of 

the proanthocyanidin polymer A was 94 ~g/ml. In the 

second experiment of Table 1, the ED~ for the 

35 proanthocyanidin polYlner A was 17.2 ~g/nl for RSV as 

compared to 24.2 for ribavirin, and the ID~ was 250 

µg/ml. In the third experiment of Table 1 the ED~ for 
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the proanthocyanidin p·olymer A \las 12 J£CJ/11\l and the 

re~ was greater tha~ 250 µg/ml. 
The results of antiviral activity of the 

proanthocyanidin polymer A compared to ribavirin in 
5 each assay was determined by calculating the drug 

Selective Index (SI), defined as the ratio of ID~/ED~. 
The Selective Index of the proanthocyanidin polymer A 
for RSV was· 11 and 14.S and 21 in the three 
experiments. 

10 Virus rating (VR) was obtained by avera9ing 

the sum of the CPE values (O for no CPE; 4 for 1oot 
CPE) assigned to tre•ted, intected monolayers at each 
compound concentration. This average is subtracted 
from the averaqe 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 o.s-o.9, as moderate to questionable 

20 activity; a VR ot 0.1-0.s, as slight activity. The 
slight activity could be attributable to cytotoxicity 
or cytopathic effects of the compound per se. The VR 

of the proanth.ocyanidin polymer A against RSY was l. s, 
indicatinq definite anti-viral activity in these in 

25 vitro assays. Also, the proanthocyanidin polymer A 
demonstrated substantial· anti-vir~~ activity against 
parainf luenza and inf ~uenza A viruses in all three 
experiments. 

30 
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, A549 

35 and HEp-2 cells, mouse L929 cells, monkey Vero cells, 
cani.ne MDCK cells. 

The effect cf the proanthocyanidin polymer A 
on the viability and 9rowth of cells was determined by 

-------------------
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measurement of mitochondrial respiration and expressed 
as a so' minimal toxic concentration (ID~)· In this 
assay, as in the EDSO assay, the proanthocyanidin 
polymer A was assayed in serial 2~f old dilutions in 

5 quadruplicate across 96-well aicrotitre plates. 
Aqain, wells were seeded at the low density of Jx10J 
cells per well to allow for rapid growth. Vehicle 
controls which consisted of serial dilutions of 
vehi~le (which, in the case Of proanthocyanidin 

10 polymer A, was water) were included in each assay in 
duplicate. Blanks which consisted of •edia alone and 
~edia plus drug were also included. All plates were 
• incubated.at 37°C in a S' C02 incubator until the tip 

concentration of cells in control wells reached 
15 confluency, usualiy 3 days. All wells in _each assay 

were observed microscopically for cyctotoxicity. Then 
o.os ml ~f MTT (3-[4,S-dimethythiazo1e-2-y1i-2,s­
diaphenyltetrazolium bromide) (5 mg/ml in PBS) was 

. . 

added to all wells and the incubation continued. 
20 Thre~ hours later acid alcohol (O.OS ml of N HCl in 

isopropyl alcohol) was added to each well. The 
optical densities (O.D.) of each well were read at 490 
rim using a plate reader (UV MAX, Molecular Devices). 
The percent viability of cells at each concentration 

· 25 of d~uq was calculated by di vidin9 the 11ean cf the 
o.o.•s of the drug treated wells (minus the mean of 
the drug blank) by the mean of the o.D. 1 s of control 
wells (minus the mean of the blank), ·and multiplyin9 
by 100. The effect of the vehicle on cell viability 

30 was similarly calculated. A dose ~esponse curve for 
the toxicity of proa~thocyanidin polymer A was 
generated and the ID~ determined. 

The f ollowin9 procedure was used to assay 

35 
for antiviral activity. Assays were performed in 96-
vell tissue culture plates.. All dilutions and tissue 
culture suspensions were prepared in minimal essential 
medium containing antibiotics penicillin and --
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streptomycin and 2' fetal calf serum (2' FCS-MEK). 
Test compound&? (0.05 ml) were added in quadruplicate 
to ~ells of the test plates containing a subconf luent 
monolayer of HEp2 cells (ca. l x 10' cells). The 

5 compounds were diluted using serial 2-fold dilutions 
usually starting with a final concentration of l 
a9/~l. Approximately 100 median tissue culture 
infectious doses (TCID~) of the appropriate test virus 

' in o.os ml was added. Tissue control wells contained 
10 .medium, without virus or antiviral compound, and 

antiviral control vells contained antiviral compound 
without virus. Ribavirin was included in each assay 
as a positive antiviral control, ex~ept 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 st C02 incubator. Virus 

control wells were observed daily. When these wells 
exhibited 80•100% cytopathic effect (CPE), all wells 

20 were observed for CPE. In addition to visual and 
microscopic observance of CPE, inhibition of syncytia 
formation was used to confirm activity aqainst RSV. 

25 

In each antiviral assay, a sot minimal 
inhibitory concentration (EOJO) was determined. The 
ED~ was calculated by ~etenuinin9 the median •inimal 
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 

30 the computer program, "Dose-effect analysis with 
microcomputers" of Chou et al., 1984, Adv. Enz. 
Regul., 22:27-SS. 

The selective index for proanthocyanidin 
polymer A was then calculated as the. ratio of the IDjo 

35 over the ED.so. 

The results are shown in Tables 2-6. The 
________ results indicate. that proanthoc:yanidin polymer A is as 
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Table 3. Bf f ect of Proanthocyanidin Polymer A and 
Ribavirin Aqainst PLU-A. 
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Table 4. Bffeot of Proantbocyanldin Polymer A and 

Ribivarin Against PLO-B. 

PROAlft'BOCYJUIIDIN 

-0 

l'OL'lm a 0'9i-1) R.IBAVIIUJI (119/.al.) 

'!'al - - -- 19- s.1. -- I~ 
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Table s. Effect of Proanthoeyanidin Polymer A an4 

Ribavirin Against PXV-1. 
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Ribavirin Aqaimat PlV-3. · 

PROANTBOCYANIDXN 
PGLINml A 0'9/111) R.lBAYJR.DI (pg/al) 

, ___ SKPI. •• 10 • s.r. Im.. IQ._ _____ 11.1. 

PIV-J t•.o 12a.o 1.3 u.o 1000.0 62.5 

PIV-3 250.0 750.0 J.D 46.0 1000.0 21.T 

PlV-J tl.D 125.0 l.l a.o 1000.0 125.0 

PIV-3 16.a zso.o 15.6 16.0 1000.0 62.5 

PIV-3 s.o 250.0 50.0 1.0 1000.0 125.0 

PIV-l H.O 78 .. 0 0.9 8.0 1000.D 125.0 

PIV-.J a.o 188.0 23.5 6.0 1000.0 IH. 1 

Kall 11.1 25i.1 13. '1 15 •• 10'30.0 91.l 

s .•.• 32.t. ''·' '·' 5.3 o.o 19.0 

"' 

w 
\0 

~ 
~ .... 

I 

.,, 
a 
i -! 



W092/0669S Pcr/US9t/07679 

- 40 -

Fracti.ons of proanthocyanidin polymer A have 
been further purified by HPLC using a GPC colu111n and 
standards. Specifically, two fractions have been 
isolated: one fraction having a molecular weight 

S average of 700 daltons (corresponding to 2 to 3 
flavonoid monomeric units) and the second fraction 
having a molecular weight average of 3000 daltons 
(corresponding to 9 to 11 flavonoid monomeric units). 
The two fractions show essentially the same chemical 

10 shifts in the 13C and 1H NMR spectra as the 
unfractionated proanthocyanidin polY111er A. 

In vitro experiments indicate both fractions 
are active against RSV. The fraction havin9 an 
average of 2 to 3 flavonoid units has an in vi~ro RSV 

15 antiviral activity of ED~0=10 p..q/m.l, while the second 
fraction havinq an avera9e of ~-11 flanonoid'units has 
an ED~=40 µg/ml. 

20 
•• EFFECTIVENESS or PROANTBOCYANIDIH 

POLYMER. A ~OR TREATMENT.Of RSV 

In vivo and in v1tro assays indicate that 

the novel proanthocyanidin polymer A of the invention 
is a useful therapeutic aqent for the treatment of RSV 
infections. The present invention provides a safer 

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

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

30 dose of 0.1-30.0 mg/kq of the proanthocyanidin polymer 
prepared i~ distilled water on day 2, 3 and 4. 
Controi·animals ·received an equal volume of distilled 
water. In one experiment, as a comparison, a dose of 
10-90 m9/k9 of Ribavirin was used. All animals were 

35 killed on day 5. Lungs were removed and washed via · 
. . 

transpleural lavaqe. The fluid collected was assessed 
for RSV titer in a microtiter assay usinq HEp2 cells. 



W09V9'695 PCT /US9t/01679 

- 41 -

Assays were performed in 96•well tissue 
culture plates. All dilutions and tissue culture 
suspensions were. prepared. in minimal essential medium 
containing antibiotics and 5' fetal calf serum (5' 

s FCS-MEM). Lung lavaqe fluid vas added in 
quadruplicate to wells of the test plates containing a 
subconfluent monolayer of cells (ca. 3xl01 cells). 
Approximately 100 median tissue culture in·f ectious 
doses (TCID~) of the appropriate test virus in o.os ml 

10 was added. Tissue control wells contained medium, but 
no virus. All plates were incubated at 37°C in a 5\ 
C01 incubator. Virus control wells were observed 
daily. When these wells exhibited so-100\ CPE, all 
wells were observed for CPE. In addition to visual° 

15 CPE, ~nhibition of syncytia formation is used to 
confirm activity against RSV. Lung RSV titer loq,0 was 
calculated as described by Oubovi et al., 1983; 1984. 
The results are shown in Tables 7-s. 

As shown in Table 7, for each experiment, 
20 the proanthocyanidin poly~er A demonstrated a dose­

dependent decrease in RSV titer compared to controls. 
This indicates that the proanthocyanidin polymer·A has 
effective antiviral activity aqa.inst RSV in vivo. As 
shown in Table 8, direct comparison of the antiviral 

25 effe.ct of the procyanidin polymer A to ribavirin 

(intraperitoneal administration) demonstrates that the 
polynter composition of the invention is significantly 
more potent that ri~avirin, the druq currently used to 

30 
treat RSV infections. 

Hispid Cot~on Rats were inoculated with RSV 
A2 int~anasally on day l and given an oral dose of 
1.0-10.0 mg/kg of the proanthocyanidin polymer on days 
2, 3 and 4. All anima·ls were killed on day s and lung 

35 tissues were collected. Lunqs were removed and washed 
via transpleural lavage. The fluid collected was 
assessed for RSV titer in a ·mi.croti ter assay usinq 
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HEp2 cells as described above. Results are shown in 
Table 9. 

As shown in Table 9, the proanthocyanidin 
polymer ad•inistered orally significantly lowered RSV 

S titers at 10 mg/kg compared to controls. This 
indicates that the proanthocyanidin polYJDer has 
effective antiviral activity when administered orally 
against RSV and is more a.ctive than ribavirin. 

10 • • • 

Effect of Prcanthoeyani4in Polymer A Against 
RSV Infection of Cotton Rats, Intraperi~oneal nosinq 

15 Treatment Lung 
(Mg/Kg) titer, 

20 

25 

30 

EXPERIMENT #1 

Control 

0.1 

0.3 

1 .. 0 

3.98 t 0.14 
(9549) 

3 .. 78 :t 0.31 
(6025) 36.9% kill 

3.21 ± o.os 
(1621) 83.0t kill 

3.28 ± Q.65 
(1905) 80.1% kill 

EXPERIMENT 12 

Control 

1.0 

3.0 

4.3 :t 0.8 
(20,000) 

J.1 :t: o.s 
(1258) 94t kill" 

3.4 ± o.s 
(2, 511) 87.\ kill 

35 10.0 3.6 ± 0.3 
(3,981) SOit kill 

p 

---
0.08 

o.os 

0.04 

~----

o.oa 

o.o~ 
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Treatment Lunq p 
(M9/k9) titer. 

EXPERIMENT #3 

5 Control 3.98 ± 0.14 
.(9, 549) 

l.O 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. 
(S,011) 47.St kill 

EXPERIMENT #4 
15 

control s.22 ± 0.21 
(165,958) 

0.1 4.87 ± 0.32 n.s. 
(_74' 131) 55.3,_kill 

20 0.3 4.25 t 0.39 0.014 
(17,782) 89.J'li kill 

l.O 4.27 ± o.s 0. 046 . 
(18,620) 88.Bt kill 

3.0 4.41 :!: 0.19 0.012 

25 (25,703) 84.5% kill 

30 

35 

-------------
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5 

10 

15 

20 

25 

30 

35 

Treatment Lung 
(Mg/kg) titer. 

EXPERIMENT #5 

Control 4.5 ± 0.2 
(31,622) 

10 4.5 ± 0.2 
(31, 622) 

30 4.0 ± 0.3 
(10,000) 

90 2.8 :! 0.3 
(631) 98\ 

- 44 -

p 

.... -~-

n.s. 
Ot kill 

0.03 
68.4\ kill 

<0.0001 
kill 

1Lung titer represents: RSV titer log ,0/q lung 
(Mean ± S.D.) 

• * • 
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'.fABLE 8 

Effect of Proanthocyani4in Polyaer & and 
Ri~avirin Against RIV Infection of 
cotton Rats,- Intraperitoneal Do•inq 

5 Proanthocyanidin Polymer (Mg/KCJ). 

Control 
10 

O.l 

0.3 

Lung 
titer. 

5.22 :!; 0.27 
(165,958) 

4.87 ± 0.32 
(74,131) 55.33\ Kill 

4.25 ± 0.39 
(17,782) 89.29l Kill 

15 l. 0 4.27 ± o.s 

20 

(18,620) 88.78% Kill 

J.O 4.41 ± 0.19 
(25,703) 84.51% Kill 

.Ribavirin (Mq/Xq) 

control 4.5 t 0.2 
(31,622) 

10 4.5 % 0.2. 
(31,622) 0\ Kill 

4.0 ± 0.3 
(10,000) 68.4t Kill 

25 30 

90 2.8 ± 0.3 
(631) 98\ Kill 

p 

---
n.s. 

0.014 

0.046 

0.012 

---
n.s. 

0.03 

<0.0001 

.Lung titer represents: RSV titer 109 I0/9 lung 
30 (Mean ± s. D.) 

* • • 

35 
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TABLE t 

Effect of oral Proantbocyani4i~ Polymer ~ 
Against RSV Infection of ~otton aata -

Treatment Lun9 
(Mg/l<g) titer, 

S EXPERIMENT #l 

10 

Control 4.45 ± o.so 
(28,183) 

1.0 3.62 ± 0.42 
(4168) 85.7\ kill 

3.0 4.22 ± 0.23 
(16,595) 41.lt kill 

10.0 3.95 % 0.48 
(8912) 68.4t kill 

15 EXPERIMENT I 2 

Control 

20 
1.0 

3.0 

25 10.0 

30 

35 

Lunq 
titer. 

3.86 ± o.ss 
(7,244) 

3.60 ± 0.01 
(J,981) 45.0% kill 

3.71: 0.50 
(5,129) 29.2% kill 

2.90 ~- 0.57 
(794) 89.0.\ kill 

p 

0.045 

n.s. 

n.s. 

p 

n.s. 

-· n.s. 

0.06 

ii1ii11ii1ttr 1il1r 
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s 

EXPERIMENT #3 

Control 

1.0 

3.0 

Lunq 
titer.· 

3.90 ± 0-3 
(7,94l) 

J.90 :!: 0.8 
(7,943) 

4.00 ± 0.8 
(10,000) 

-47-

p 

n.s. 
0.0% Kill 

n.s. 
O.O, Kill 

10 10. 0 2.90 :!: o.s 
(794) 

Ribavirin 3.30 ± ·o.s 
(40 mg/kg) (1,995) 

0.07 
sot JCill 

.Lung titer represents RSV titer loq 10/g lung 
1S (Mean :t s.o.) 

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 

ED50 value of 1.52 '% 0.62 m9/k9 following 3-day i.p. 
administration, and 3.6 ± 1.66 mq/kg following 3-day 
p.o. 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. 

administration, respectively. Proantho~yanidin 

polymer A at a dose of 10 ~g/kg p.o. resulted in a 6B-
92t reduction in lung RSV titers following oral 

30 

35 

administration, and a 21-eot reduction following i.p. 
administration. Ribavir·in (40 m9/k9) resulted in a 
>90' reduction in lunq titers following cral 
administration, and a sot reduction followinq i.p. 
administration. 
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Table 10. Effect of Proantbocyani4in Polyaar A 
Against asv infection of Kiap14 cotton aata: 

3-Day Intraperitoneal 1>011in9 BD51 (ag/kg) 

Proantbooyanidin 
Exp.I. :iom•r A Ribavi1:in 

1 1.0 •o 
2 o.3 30 
3 3.0 50 
4 0.3 
5 3.0 

·Kean t s.z.K. 1.s2 t o.•2 40 • s.e -
3-Day oral Dosing BDso(mg/kg) 

Proantbocyanidin 
l!xp.# Polymer A 

llibavirin 

1 3.0 >tD 
2 1.0 >90 
·3 10.0 

" 3.0 
5 1.0 

M•an t SIH 3.6 ;t 1 •• , >90 

In vivo experiments have also been performed 

to study the effect of proanthocyanidin polymer A upon 

course of respiratory syncytial virus infection in 

African green monkeys. 
Proanthocyanidin polymer A was weighed out 

in 25 mg aliquots and refrigerated as the dry powder 
• 

unti~ use. Glucose was prepared as a 0.5, solution 

and refri9erated. A 25 mq sample of proanthocyanidin 

polymer A was dissolved in so ml 0.5t glucose daily 

30 and the solution sterilized by filtration through a 

0.22 µm membrane filter. Subsequent dilutions were 

made in o.st 9lucose from the o.s mg/ml solution at 

1:2 and 1:5 to give concentrations of 0.25 mg/ml and 

0.1 •g/ml respectively. 

35 Groups of three monkeys were dosed with 

proanthocyanidin polymer A at 0.5 mg/kg, 0.25 m9/kq or 

0.1 mg/kg by administering the dru9 at 1 al per kg of 
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body wei9ht 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 l ml of the O.Si glucose solution. 

Four hours after the initial treatment with 
S proanthocyanidin polymer A, each of the m~nkeys was 

infected with a io·1 dilution of stock respiratory 
syncytial virus •. The titer of the stock virus was 
lxl05 TCID50/ml. Each monkey received 1 ml ·of the io-1 

virus dilution by intratracheal inoculation and 1 ml 
10 applied drop-wise to external nares. The ·total virus 

dose therefore ~as 2x10' TCID~/monkey. Treatment with 
proanthocyanidin polymer A was administered aqain B 
hours later resulting in daily doses of 

15 

20 

25 

30 

proanthocyanidin polytner A of l.O, o.s, and 0.2 mq/k9 
with three monkeys per group. Twice daily treatment 
continued at B a.m. and e p.m. for a total of seven 
days. 

To determine virus 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 ~l of 

tissue culture (minimum essential medium with a 10% 
fetal bovine serum and penicillin, streptomycin and 
fungizone). Titrations were performed on the throat 
swa~ solutions by preparation of ten-fold dilutions 
which were inoculated into duplicate wells of BSC-40 
cells grown in 24-well plates. Following incubation 
at 37•c in a C02 incubator the titer of each specimen 
was determined by microscopic examination for viral 
cytopathology and the· titer expressed.as the loq10 _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 cou9hin9, sneezing and signs of respiratory distress. 
The animal attendant would also note any cou9hinq or 
sneezing during routine daily care of the monkeys. 



._. .. --~-----"' 

W092/06695 PCl'/US91/07679 

-so-. 

Fourteen days after virus inoculation each of the 

monkeys was bled and the sera tested for antibody 

titers in .a neutralization assay aqainst approximately 

100 TCID~ of respiratory syncytial virus. 

The results of intravenous dosin9 with 
5 proanthocyanidin polymer A are sull\JDarized i~ Table ll. 

Each of the three control Donkeys be~ame infected with 
respiratory syncytial virus, sheddinq virus in the 

oropharynx for 7 to 10 days or longer. Virus titers 

reached five and six logs10 in two of the three control 
10 monk.eys ·and 3. 5 loq10 in the third. In the monkeys 

receiving proanthocyanidin polymer A at the highest 

dose of 1 ~g/kg/day, the time of virus shedding and 
titers of· virus shed were much reduced. One zonkey 
shed virus for one day, a second for three days, and a 

15 third for four days. In one monkey, the ~aximum virus 
titer was two logs. The mid dose of o.s 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 
20 

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 mq/kq/day. Virus shedding was seen for 

25 
six or seven days and a inaximum titers of three logs10 

were seen in two monkeys and five logs in the third 
monkey. Antibody titers to respiratory syncytial 
virus were detected in all monkeys at 14 days with 
titers of 1:40 to 1:160. 

30 Daily mean 10910 titers are presented for 

each treatment group (See Ta~le 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 m9/k9/day treatment 
qroup, and a dose related reduction is also seen in 
the o~her_two groups.· ------
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Clinical symptoms were more prevalent in the 
control monkeys than in the monkeys treated with 
proantho~yanidin polymer A (See Table lJ) •. Rhi~orrhea 
is the most easily observed symptom and was seen in 
each of the three controls. No signs of toxicity were 

5 observed during daily examinations of the monkeys at 
the time of samplin9 or during daily inspection during 
the ~ourse of the study. 

10 

15 

20 

25 

30 

35 
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~abl• 11. Bffeat of Xntravenous Dosinq With 
Proantbocyani4ln Pol}'lll•r A Upon the Development of 
Respiratory'syneytial Virus Infection in African Green 
Monkeys. 

11n1cr La911 of Titer Fro• Throat. Swab• - D•J• Po•t-Infection (P. l.) 

I l 2 3 I $ ' 7 B ' 10 

ltl&9 <l.O <l.O 1.0 2.5 2.0 J.O J.5 2.5 1.0 Cl.O 
ICSS:I <1.0 1.0 3.0 1.0 5 .• o s.o 5.0 '·' 2.0 o.s 
Kl40 <1.0 2.5 3 .. 0 t.D 5.0 1.0 t.O s.o 3.D 3.0 -
1:152 <1.0 <l.O <1.0 2.0 1.5 3.0 2.5 2.5 1.0 2.0 
8549 <t.a <1.0 3.0 3.0 1.0 5.0 1.0 J.O <1.0· <1.0 
K100 <1.D <l.O <1.0 1.5 1.0 l.O 2.0 1.0 0.5 <1.0 

K1H <l.O <1.0 <l .O <l.O 2.0 1.5 J.0 t.O <1.0 <l.0 
Kl32 <1.0 o.s .1.0 2.0 3.0 J.O l.D 1.0 3.0 l.O 
lt155 <l.D. <1.0 <l.O 1.s 3.0 2.0 2.a z.s <1.0 <1.0 

Kl53 <1.0 <1.0 <1.0 <1.0 <1.0 <l.O 1.0 <1.0 <l.O <1.0 
Jtl13 <1~0 <1.0 <l.O <1.0 1.0 1.0 2.0 1.0 <l.0 <l,O 
lt.350 <1.D <1.0 <I .O <1.0· <1.0 <l.O 0.5 1.s <1.0 <1.0 
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Table 12. Mean Titers of RSV in Throat swabs Prom 

African Graen Monkeys Treated With Proanthocyaaidin 

Polyaer A. 

~~t LD911 lleaa. Ti.t•r of RSV la 'fb.raat. Slnlh• (0.J• P.l.) •=3 
Group 1 2 3 c 5 6 7 8 9 10 

Coll~Z'Ol <l.O 1.2 2.3 l.5 a.o t.O ... 5 4.0 2.0 1.2 

0.2 alf/kg/rJA.r <1.0 <1.D 1.0 2.2 2.2 3.l 2.a 2.2 0.5 0 .7 

. a. s ..,, .. 9/dar .c1.o 0 .. 2 O.J 1.2 2·.1 . 2.2 .3 .o 3.2 1.0 O.l 

1.0 ~/1£9/ur <l.O <1.0 <1.0 <1.0 o • .J 0.7 1.2 o.a· <1.0 <1.0 
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Table 13. Symptoms of Respiratory Syncytial Virus 
Infection in African Graen Monkeys Treated With 
Proantboeyani4in Polymer A. 

Tr-t:.eat 
Gcoap 

-
cae~rol 
o.s, Dea 

h.J..d ... i.Y. 

0.2 atJ/kfJ/day 
b.i.4.,. i .•• 

o.s 99/q/ar 
b.i.d., i.Y. 

l.D 99/"9/dlay 
.b.i..cl..,. i.Y. 

Mouey 
lraaber 

I049 
11553 
ICltO 

IC152 
DO 
~DO 

KIH 
IOl2 
XI.SS 

S:l!IJ 
JUU 
D50 

O.y• of s~ »m:in9 lD o.r• 
Rh.illlorrbea Saeeai.D9 COa9b.iJa9 

l 
2 
2 

2 
1 

2 

l 
6 

J 

l 
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1 
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0 .,, 

I 
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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 l.O ag/kg given by intravenous 

5 injection twice d~ily resulted in shorter duration of 

virus shedding from the oropharynx, reduced titers of 

virus shed and reduced clinica_l symptoms. A dose of 

o.s m9/k9 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. 

1S 

20 

•• EFFECTIVENESS OF PROAHTBOCYAN1DIN 
POLYMER A 
FOR TREATMENT 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 9 and were obtained from Simohsen 

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, o.006t 

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

the drinking water to control possible secondary 

· 25 bacterial infections. 
Influenza A/NWS/JJ (HlNl) was obtained from 

I<.W. Cochran, University of Michigan (Ann Arbor, ·MI). 

A virus pool was prepared by infecting confluent 
monolayers of Madin Darby canine kidney (MDCX) cells, 

JO incubating them at 37°C in s' co1 , and harvesting the 

cells at 3 to 5 days when the viral cytopathic effect 

was 90 to 1oot. The virus stock was am~u~ed and 
stored at -so•c until used. 

35 
The proanthocyanidin polymer A was dissolved 

in sterile water for injection (~FI) each day at the 

appropriate concentrations and used immediately. 1-

Adamantanamine HCL (amantadine) was purchased from 

.. 
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Si9111a (St. Louis, MO) and was dissolved in sterile 
saline. ·1-li-D-Ribofuranosyl-1, 2, 4-triazole-3-
carboxamide (ribavirin) was purchased from ICN 
Pharmaceuticals, Inc. (Costa Mesa, CA) and was 
dissolved in sterile saline. 

5 An Ohmeda Blox 3740 pulse oximeter (Ohmeda, 

10 

15 

20 

25 

30 

Louisville, OH) with ear probe attachment was used. 
Each mouse lung was homogenized and varying 

dilutions assayed in triplicate for infectious virus 
in MOCK ~ells as described by Sidwell, RW, Huffman JH, 

call E.W., Al9hamandan H., cook P.O., Robins, R.I<. 
"Effect of Selenazofurin on Influenza A and B Virus 
Infections in Mice", Antiviral Res., .§.:343-53 (1986). 

Two experiments were conduc~ed as follows: 
Experiment 1: Seventeen male an~ seventeen female 
mice were infected ·intranasally (i.n.) with an 
approximate 90t lethal dose of virus (0.06 ml). This 
viral inoculum was equivalent to an approximately 105 

cell culture sot. inf~ctious doses in MDCK cells. 
Treatment with 30, 10 or 3 mg/kg/day of 
proanthocyanidin polymer A or 125 mq/kg/day of 
amantadine was begun 2 days ~re-virus exposure and 
continued once daily for 8 days. Pulse oximeter 
readings of arterial oxygen saturation (Sa~) were 
determined .on s 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 

ma~e, 1 female or· 2 female, 1 male)_ were killed ~nd 
their lungs removed, qraded for consolidation, and 
frozen for laser assay of virus titer. Consolidation 
was scored from O (normal) to 4 (lOOt consolidation). 
The same animals used for Sao2 determinations were held 
for 21 days and deaths ncted as they occurred. As 
toxicity controls, 3 male and 3 female sham-infected 

35 ~ice were ~reated concomitantly with each dosa9e level 
of test compound. These animals toqether with normal 
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untreated mice were weighed immediately prior to 

treatment and 18 hr after the final treatment. 

Experiment 2: This exp~riment was identical to 
Experiment 1, except therapy began 4 hr post-virus 

5 exposure. 
statistical Evaluation: Increase in survivor number 
was evaluated usinq chi square analysis with Yate's 
correction. Mean survival time increases, virus titer 
and sao2 value differences were analyzed by t-test. 

10 Lung consolidation scores were evaluated by ranked sum 
analysis. The Exstatix~·program run on a Macintosh II 
computer was .used to determine ± standard errors 

(S.E.). 

15 

20 

25 

30 

An overview of the results of these 
experiments is shown in Tables 14 and 15. The 
overview of the two experiments shows mean data 
compil~d. 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. 

Experiment l CEarly treatment initiation,l: 'The 

summary of Experiment 1 (Table 14) indicates 
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 Sa02' were significantly increased 
in the infected female mice receiving the 10 and 3 
mg/kg/day doses. 

Amantadine 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 

35 particular influenza virus is resistant to Amantadine. 
More detailed examination of these 

parameters can be seen in Fiqures 6-9 for Experiment 
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J. Lun9 consolidation (Figure 6) was particularly 
inhibited on the early samplinq days; the 
consolidation gradually increased in ~ll 9roups 
through the remainder of the experiment, but never 
reached the level of the virus controls. 

S Lung virus titers (Figure 10) were not 

10 

reduced early in the study, but by day 8 and 10, 
significant redu~tions were seen in mice treated with 
the 10 and 3 ag/kg/day dosages of proanthocyanidin 
polymer A.· 

The SaOz data were separated for male and 
female mice, since 5 .animals of each sex were used·for 
these determinations-. Essentially no inhibition of 
sao2 ·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 

mg/kg/day doses of proanthocyanidin polymer A 
inhibiting by approximately 10% of the sao2 decline. 

It should be noted that in this experiment, therapy 
ceased on day 6, and by the next day, the SaOz in the 

20 treated animals beqan to decrease at a rapid rate. 

25 

This sugqests a need to continue therapy a few 
additional days. 

Experiment 2 <Late treatment initiationi: The summary 
results of this experiment are seen in Table 15. It 
should be noted that in this ~elayed treatment study 
all the male toxicity control mice survived the h'iqh 
dose proanthocyanidin polymer A treatment, although 

30 
they lost considerable weight. These animals were 
sli9htly older than those used in Experiment 1, and · 
weighed an average of 1 g more. 

As seen in Experiment l, no significant 
increase in survivors was seen in the infected, 

35 treated groups, although siqnificant mean survival 
time increases were observed in ·female mice treated 
with 10 and 3 aq/kq/day ot proanthocyanidin polymer A 

------------·--· -· ·-----·-
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(Table 15). Overall·mean lunq scores were again 

reduced. 
The alternate-day lung consolidation 

findings are shown in Figure 10. Proanthocyanidin 
polymer A therapy again caused inhibition of 

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

10 

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

The Sa01 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 

15 of sao2 decline. We conclude this material has a 
~oderate effect ~qainst the ~urine influenza 

20 

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 

25 of Virazole: 1-~-D-ribofuranosyl-1,2,4-triazole-3-
carboxamide", Scien.ce, ·177:705-6 (1972)).. The drug 

. . 
was. qiven i._p. twice daily for 5 days beginning 4 hr 
post-viru$ inoculation. The same disease parameters 
as used in the present experiments were employed with 

30 the ribavirin study. 

The overall results of this ribavirin 
experiment are sbown in Table l&. The drug was not 
lethally toxic, although it caused moderate host 
weight loss. All infected, ribavirin-treated mice 

35 survived the infection. Lunq consolidation and lung 
virus.titers were significantly reduced, and the mean 
Sa02 decline was inhibited. The lung consolidation, 

--···------------
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virus titer, and sao2 data are shown in more detail in 
Figures 14-J.6. 

Thus, in this experiment, ribavirin exerted 
significant influenza inhibition. · 

Proantbocyanidin polymer A when qiven to 
5 influenza A (HlNl)-infected aice i.p. on~e daily for e 

days, exerted moderate inhibition. of the infection •. 
The material was most efficacious when· treatment was 
initiated 2 days pre-virus exposure, although 
~ignif icant inhibition was also seen when therapy was 

10 delayed until 4 hr post-virus exposure. The toxicity 
controls did not survive a dose of about 30 mq/kq/day. 
Disease-inhibitinq effects were primarily limited to 
10 mg/kg/day. Amantadine was ineffe~tive against this 
influenza vir.us strain. Ribavirin was inhibitory to 

15 the virus infection. It is concluded that 
p~oanthoeyanidin polymer A has anti-influenza virus 
activity. 

20 

25 

30 

35. 
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T•hle 14. Elred or i.p. Trabnml wilh Praanthcicyanldin Polymer A on lnnunra A CHINI) Vina.'I lnf«llons in Mice (EarlJ Trnbnmt Initiation). 

Animals: 13·151 d and 9 BALB/c Ml~. Trealment Schedule: qdx8, IM!Rinnina 2 da1s pre--•iru• anomlation. 

Virus: lnRllfllDI AINWS/JJ •irus. Treatment Route: i.p. 

°"II Dilurnt: Sterile 1120 E:tperiment Dunlfon: 21 Days. 

'l'~ifLc:ontm15 lnfcdff. Tmlal 

Sun/ Host WI. Sun I MST' Mean ManLU111 

~e I9Jal Chage9(c) Tobi (danl Luna Vind Titer" 

l"rabnent ftmlh/dad Q i d Q 0 9 d 9 ~ n..J. 

Proantho- JO Oil Oil . - 0/5 015 5.3 4.5 2.J• 7.0 

c:y•nidin 
Pol~A to 313 l/l Z.1 0.0 0(5 015 I.I 10.4 S.6•• 6.9 

3 3/) lfJ l.S 1.3 0/5 O/S a.a 1.0 1.9 ,,5 

Amantadine 125 313 3/l 2.9 G.3 015 O/S 9.3 9.0 . 2.4 ,,1 

Water . - . - - O/S 015 10.U 9.0 3., ,.9 

Nonnah - 10110 t0/10 3.4 o.s . . o.o 

•Ditrennt"e bdwem initial wtitchl at start or tnatment and weiahl II hr f0Umri111 nna1 tna.bnmt of tnicitJ mntrot mitt. 

•Man sumHI time ef mice dJi"lt on w Wore daJ 21. 

Mean 

·s.~'li· 

.d .i 

73.1 72.6 

90.3 l.l.S• 

80.Z 13.4• 

''·' 71.1 

12.t BO.I 

~an IUftl MOnS ... d •1118 lilas rrum ohsenations ma• on daJS 2,4,6,1. Stt rtguns ' and 1 rer comparisons of nsulls of .. 11r.e..e Um~ points. 

•Mean S.Oa ~ ef readi1115 m1de daily for l l da,s. ~~ Fiaure I for compariso...,. 9f dail1 nadiaa~. 

•P<O.OS .. P<0.01 
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Tahle 1.5. Effect or i.p. Trmbnmt wilh Pm11nthnc:yanidin Polymer A on ln~uen7.a A (IDNI) Virus 1nrec1ions In Mice (Earty Trabnmt ll'.liliatio"). 
Animals: 14-l'c o •nd 9 BALB/c Mire. Treabnmt Scbedule: qtk8, ~innirtR 4 hr posl·•inn inoc:ul1tJ011. · Virur. lnl1uen7.11 AINWS/33 •inn. Trt'81ment Route: i.p. 
DntR Diluent: Sterile 1110 Experimml Duratien: 21 Days. 

'l"o1ddlY controls 1nrmet1. Tmtm 

Sun/ lfl>sl Wt. Sun( MST' Ml'AJI Mean Luna Mean 

Doi;q•·. lRlll thange"ga r••P.J tmn Lu111 Virus Tira- Sao.11• 
. Commund (m~/b/day) 0 9 _& i' & ~ & j_ ~ a...i .d. 

Pm an tho- 30 013 013 ·l.Z . Of 5 OIS 3.6 J.4 0.4•• 6.l 78.1 cyanicfin 
Polymer A 10 J/3 313 3.8 8.4 0/5 Of S 1.4 11.2 .. l.S- '·' 82.I 

l J/3 313 J.J 0.9 l/S llS 9.3 10.J•• '·' 6.1 ll.7 

Am ... tadine IZS J/l 3/J l.l 0,, 015 0/5 7.2 6.8 z.o '·' l!.4 

Waler - . - - - 215 0/5 8.1 7.0 2.4 6.5 81.5 

Nonn.als . 10110 10110 2.8 0.0 - . 0.0 M.I 
•Dif1ennce betwra lnili1l .-ft11h1 at start ol lnatment and w~iaht 18 hr r0Howi111 final lreab'nenl or roxicil7 control mice. •Meu suni•al !De or mire d7l1111 on or Wore da7 1l. · · • · 'Man ...... SCIOl"IS ..... YinB lihn rrom ellsrnaliom made on da75 2,4,,,8. s~~ Fiiuns ' and ID ror mm~ of ft5ult.s or •It thee time poinrs. 
'Man S.011" er radi1119 made dail1 For 11 da1s. Stt FiRure 11 for comparisons of daily radin«s. •P<O.O! · ••P<0.01 
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Tahte 16. EfTed or i.p, RilNIYirin Tnabnent od fnRumm A (IHNI) Virus lnfciclion~ in Mit"e. 

0 c.n 

Anim•l•: 14-ISR 9 BALB/c Mice. Treabnmt Schedul~: hid x 5 Ml· 4 hr post-,irus inoculation. 
Virus: lnnumm A/NWS/l) tlnd. Treabnenl Route: l.p. 
Dn11 Dilutnt: Slnile Saline E•periment l)uraljon: 21 Days. 

To1isity q»ntrofs lnFedtd, Tratcd 

Camoound 

Rihatirin 75 

Saline 

Nonnals 

Sun/ 
Totaj 

SIS 

SIS 

Host WI. 
~~uu:f&l 

0.6 

IU 

Sqnf Msr' Mean 
Tt•tat fd.ml ~ 

JOllO .. >21.0 .. O.J .. 

1118 5~8 1.3 . 

••• 

Mean Vinas 
Tite~(ln,J 

3.9•• 

7.3 

o.o 
'DilTft"ellCe hetwten Initial wtittht al start ef lnalment and wei1tht IR hr followin1t final lrealmmt of to•il'it1 conk'ol mrce. 
'Mean 1uniHt lime or mire d7q on or htfore day 11. 

Mnn 
sa0.~· 

, ... 
'71 

8.8 

•Man lq score ad •inn lilen fl"Glll obsenalio• made on days 2,4,6,1. Stt Fiaurs 14 and 15 for compuiJom of ~ulls of all these lime '\\' 
poinL•. . l,j\ 
'MNn Sa01'lt of nadinp made tlaHy for 11 days. Stt fi"ure "for l'OmpariJOn.~ or daily readiftl!s • 
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10. BFFECTXVENESS OP PROAJITBOCYANIDIH 
POLYKBR ... 
FOR ~BEATKENT Of PARA.INFLUENZA VIROS 

Twelve African green monkeys without 
5 antibody to parainfluenzavirus, type 3, (PIV-3) were 

used 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 qroups received proanthocyanidin 

10 polymer A at doses of 10, 3.J, or l.O mg/kq/day with 
the drug dissolved in o.s, glucose. A control group 
of three monkeys received o.si: glucose without the 
druq. Each of the ~onkeys received treatment by 
intravenous bolus injection as divided doses twice 

1& da~ly at 8 a.m. 'for 7 days. The injections were made 
into the saphenous vein of sedated monkeys. See Table 
17. 

20 

25 

Treatment was initiated four hours before 
virus inoculation. Four hours later, a io·2 dilutlon 
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 
l 03•5 TCIDso per l'lll. 

Throat swabs were taken daily and placed in 
1 ml. of tissue cuiture medium. Fluid was expressed 
trom t.he swab and the tissue culture fluid was 
titrated for virus. Tenfold dilutions of the throat 
swab specimens were prepared and "inoculat&d 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 ~ere observed daily for 
clinigal syinptoms including rhinorrhea; sneezing and 

·35 coughing. At 14 and 21 days post-infection, blood was 
drawn for detection of antibody to PIV-3 using a serum 
neutralization assay. 
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Each of the 12 monkeys became infected with 
PIV-3 with the· majority sheddin9 virus within 24 hours 

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

s some monkeys shedding virus thro~gh day 9 and 10. See 

Table 18. 
The mean virus titers for each group are 

shown in Table 19. Proanthocyanidin polymer A at 10 
mg/kg/day appear to reduce the mean titers on all of 

10 the days post-infec~ion by one 109 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. o mq/kg/_day. 

t5 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. In the 

20 9roup recei vinq proanthocya_nidin polymer A at 10 

mg/kg/day only 7 of those 33 days were observed to 

have monkeys with symptoms. The 3.J mg/kg/day dose. 

resulted in only 2 days and the l.O mg/kg/dose 

resulted in 7 days. The principal symptoa observed 
2S was r~inorrhea (See Table 20). 

JO 

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 

35 
parainfluenzavirus, type 3, in African qreen monkeys 

treated with 10 and 3.3 m9/k9/day with 

proanthocyanidin polymer A. Proanthocyanidin polymer 
A was seen to reduce the titers of virus shed in the --
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throats of infected monkeys and may have reduced the 
symptoms seen with "this infection. 

Table 17. T~eatment Croup• of African Green Konk•J• 
Selected to svaluate th• antiviral Activity of 5 Proantbocyanidin Pol}'JD8r A ~gainst Parainfluenzavirua, 
Type 3 · · 

llonk•J' •a.be&' ... ••S.9b~ (lrg') ri-eat.aeat. wit:Ja 
Psaaat.Jaocy•aidig 

10 
l'ol.,..r a 

L299 p J.O 5 ag/kg, b.i.d., "'·"· L3&1 • .. , 5 119/Jag, b.i.d •• i. .... 
L300 • 1.a s 81J/kg, ~.i..d., '·"· 
Jtlt4 • 5.0 1.,, 99/kg, •• i.4., 1 ... 
Ll02 • 2.4. 1.67 99/kg, ~.~ ••• , l.• 

15 
Jr.1'.3 • "·' 1.67 WJ/kg, •.t.4., L.,, 
L301 II 2.1 0.5 mg/kg, b.i.4•, 1 •••. 
on • ••• o.s 8!J/kg, b.1.c., t .... 
El42 p 2.a 0.5 81J/kg, boio4~. i.aY. 

E3J7 F 2.a 0.5, gluco••, b.i.d, ,., 
1Clt6 p J.O o.st 9lu~o••, ~.i.d, iY 
CHS p J.2 o.st gl•co••· h.i.d, i.• 

20 

25 

30 

35 
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Tabl• 18. lffeet of Proanthac:yan1din Polymer A" 
Treatment Upon Virus Sbed4in9 Prom African Green 
Monkeys Xnfected With·Parainfluansavirus, Type l 

... 
0 

llolllleJ' Lo9 or Vina• Tlt•r ao ~r• Po•~-tarec:~loa 

~blmlt: lhUlbel" 1 2 3 ' 5· 6 7 a 9 

Coatral9 lt337 1.0 &.o s.o 5~0 6.0 s.o c.o 3.0 1.5 

a.st JCICI 2.0 J.5 5.0 .•• 5 5.5 6.0 5.0 t.o 2.0 

9l11c:o•• 1 •• ICl•s 2.0 3.0 1.5 C.5 6.0 5.0 5.0 J.o l.O 

-P.Pol. &; L299 1.0 2.0 J.O 1.0 1.0 s.o 2.5 1.s <1.0 

10.,,/'lt.fJ/dr lt:Hl <1.0 2.0 l.O 1.s J.O :s.s l.O 2.0 1.5 

i ..... , BIO LlOO 1.0. 2.0 3.0 ,.o 3.5 c.o 3.0 1.0 <l.O 

... Pal. A; JU•• <1.0 1.0 3.0 t.o 1.0 c.s s.a c.o 2.0 

J.l.,./kfl/•r L:102 2.0 J.O 2.0 1.5 c.o 5.0 3.5 J.O l.O 

i•••• BlD K1'l 1.0 l.O 2.s 3.5 •• 5 s.o 3.S 2.0 1.0 

... Pal. A; L301 2.0 1.0 t.5 !5 .o 1.5 c.s 3.5 2.0 1 .. 0 

J.Osg/k9/dF DC7 2.a l.D l.O 5.0 5.0 ,.o •.o 1.0 cl .. O 

J..••• BID oc2· 2.0 l.O t.5 s.o 5.0 6.0 s.o J.O l.S 

-

Cl' ~ 
~ 

i 
~ 

10 

1.0 
1.0 

<1.0 

<l.O 0\ 

c1.a 
..... 

<l.O 

1.0 
<1.0 
<l.O 

<1.D 
<l.O 
i.a 
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Table 19. Hean Daily Titers of Parainfluensavirus, Type 3 in 
African Green Monkeys Treated Witb Proanthocyanidin Polymer A 

ll!aa Loci of Vira• Tl~er oa D•~• Po•~-lafectlaa 

'l'r-~~ 1 .2 l • 5 ' 7 • 9 10 

01..co•e 1.1 3.5 ••• 1.7 s .a !i. 5 &.7 3.3 1.5 D.1 

Cloa~rol 

"P. Polr-r a; D.7 2.0 J.O ... 2 3.!i •• 2 2.• 1.5 o.s <l.O 

10 911J/k9/day 

"P. Pal.,-r Af l.O 2.3 2.5. t.o •• 2 '·' t.D 3.0 l.J 0.3 

3.3 ag/k9/da7 

"P. PolJ98r A; 2.0 3 • .3 1.0 s.o ••• !5 .5 t.2 2.0 0.1 0.3 

1.0 atJ/•9/dar 
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Table 20. Totai Days in Which Monkey• Sbovad Symptoms 
to Parain~luen&avirua, 'l'yp• 3 lDf ection 

C:Oatrol, Gl11coa• 
P. Pol.A• 10 fll;J/-g/dAJ 

·•· ._1.a, 3.J ag/kg/dAr 
•· Pol.A, 1.0 91J/k9/dar 

13/33 
7/33 
2/ll 
"l/JJ 

Table 21. Antibody Tit•r• to Parainfluenzavirus, ~YP• 
3, in African Green Monkeys Infecte4 With tbe Virus 

10 and Treated With Proanthooyani4in Polymer A• 

AD~il!odt ~i~•r a~. Dara 

15 

20 

25 

. LL. 

~reat.aea-t 
DaJ'• . 

coat.Eal 
0.51 
gluco••, i.w. 

... Polper A, 
10 at.J/kg/ur, 
i ...... 

.... Polpe~ .a., 
3.3 91J/k9/daf, 
i. ••• 

-.. Polraer a, 
~.o 91/J/kg/dar ...... 

U37 
El•& 
&.HS 

L29t 
DU 
J.300 

S:H& 
J.302 
Jt1'l 

J.301 
U,1 
IC3C2 

H Dar• 

lt&O 
1120 
1180 

11160 
1:160 
11HO 

1110 
11160 
1&160 

11160 
1110 
11&0 

10.1 EFFECTIVENESS OF PROAN'l'BOCYANIDlN 
POLYMER A FOR TREATMENT or BERPBI 
SIMPLEX VIRUS TYPE 2 VAGINIT?B 

21 

111'0 
1&10 
11160 

11320 
1:320 
11320 

1110 
11320 
l1HD 

11320 
1:1'0 
11110 

In vivo experiments were performed to st~dy 
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 co~positions were formulated for intraperitoneal 

injection by dissolving in·physiolo9ical saline. 
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Swi$S Webster female mi~e {Simonsen Labs, 

Gilroy, CA) weighing approximately 20 grams aach at 

the start of the experiment were infected 

intravaqinally with herpes simplex virus type 2 (HSV-

5 2), E194 strain.· This was accomplished in a J-step 

process. First, the vagin~ of each mouse was swabbed 

for s seconds with a c:otton tip applicator dipped in 

0.1 N NaOH. Thi8 treatment irritates the vaqinal area 

so that the infection takes better. Approximately 1 

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

1S 

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. 
Six hours after virus infection, 

intraperitoneal (i.p.) injections were administered 

using proanthocyanidin polymer A, 9anciclovir, or 

placebo. Treatments were also given i.p. twice _daily 

on days l through 7 after virus challenge. The daily 

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

given.at each injection. Since on day o of the 
infection only one dose was given, the daily dose for 

that day was 15 a9/k9/day. 
Groups of 5 mice were sham-infected using 

25 the process described above for virus infection, 
except that no virus was present for the final step. 

These mice were treated the same way and at the same 

times as above. Mice were checked daily for survival, 

and weights were recorded before the first (day O) and 
30 after the last (day 8) treatment. 

35 

Lesion scores in inf eeted mice were 

determirted 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) 

from the vagina to the anus. There .are variations to 
this since some mice may have a vaqinal lesion plus A 

------------
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lesion on the tail. Because many of th~ mic:e go on to 
die, the lesion score near the time or death is 
carried.through to the end of the 14 days. If this 
were not don~, lesion scores in the placebo group 

5 would. appear to 90 down as the most affected mice die 
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. V·aginal virus titers. were mac;le by 
ti~ration of virus obtained from vaginal swabs J days 
after virus inoculation. · These titrations were 
conducted in Vero cells in 96-well ptates. 

15 Calculation o~ virus titer was made by the so' 
endpoint dilution method of Reed, L.J. and Meunch, M., 
Am. J. Hyg., 27:493-498 (1938). 

Statistical inte-rpretations of survival 
(Fisher exact test), mean day to death (Student's t 

20 test) and virus titer (Student•s t test) were made by 
two-tailed analyses. 

25 

30 

35 

Table 22 below shows the average lesion 
scores with standard deviations and statistical 
analyses for the experiment. 

---·---------------
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T&bl• 22. Effect of Intraperi~oneal Proantbocyani4in 
PolY1R•r a Treataent on Berp•• limples Virua Type 2 
(BSV-2) vaginitie in Mice. 

&••r•9• i.slpa Beere 
P.....at.11 •. fliol. A emaci.clo.ir 

~ J3o !Sllsslda:s: 130 !!!:llk!llda:r:l 11.•eeba 

3 0.2:1:0.2• D.li0.2 O.H:O.J • O.J:t0.3 o.uo.2•• 1.u1.o 
5 O.l:tO.t•• 0.2:1:0.2•• 1.t*l.2 

' 1.J:t1.•·· 0.2*0.2••• s.is1.c 
7 1 .• 5.:t:l.3•• o.:aa:o.2••• J.U.1.1 • 1.a:1:1.s• D.3:tO.&••• 3.0:tl., 

' 2.1:1:1.t ·~•:t0.3••• 3.2:t1.t 
10 2.3tl.t o.sto.s••• ·.J.2t1.3 
11 2.3:1:1.s o.s:t-.t••• J.2!::1.3 
12 2.2:1:1.t 0.1:1:0.2••• 3.2t1.3 
13 1.a:t.1.s• O.ltD.,••• 3.2:tl.t 
1& 1.8:tl.S• o.,to.1••• 3.U:l.t 

15 Grand &•g. 1.s:to.1•• 
(Dar• 3-H) 
• Af~•r Tira• cllalleage. 
• St.aadari dniatioa • 
• p <0.05, - p<0.01 .. p<0.001 

Proanthocyanidin polymer A showed a statistically 

20 significant decrease in average lesion score compared 
to the placebo control. Ganciclovir was also 
effective. Figure 17 gives a visual impression of the 
degree of lesion inhibition exhibited by 30 mg. 
proanthocyanidin polymer A per kq relative to the 

25 placebo control and qanciclovir. Table 23 shows 
survival of the treated mice. 

30 

35 
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Table 23. Efrect of Intraperitoneal Proanthocyani4in 
Polymer A Treatment on survival and Vaginal Virus 
~iter in Mice Infected Intravaqinally with Herpes 
Simplex Virus Type 2 (HSV•2). 

Sur.!•o..:•/ .. a&\ Daf Vi.naa ~iteio-
CollP2UDd &i..b S'otal "' So Death _(Day 3) 

'Vi,NS•Jgfect.1:1d •ra. Pol. A 30 t/lO(tD) t.5:tJ.2 2.9:!1.1 
CaacicloYi.r 30 10/10(100) .. >21 1.7t.1.0• 
Placebo 3/20(15) l.2:t:J .. 9 3.l:tl.2 

uai.gfeeted '%ogici~y coat.zols 
Rost. Vt. Slluagee 

Pro. Pol.A 30 5/5(100) >21 +2.1 
Gazac.i.clo•.i.r 30 5/5(100) >21 +1.D 
Placebo 5/5(100) >21 +2.5 

91.og..SD' cell cultore i.afectious dose per al. 
'D.t.enaiJa•cl oa clar a. Jl~pr•seot• t.lle diffareDC• iD graas &tet .. ea. 
daf 0 aacl 4ay 8 ve.i.9lat:• • ..,.<0.002·, tvo•tailad Pi•her ezact QSt 
(surYiYal) or ~wa-tailad StudeDt'• ! t•s~ (aeau .tar ~o deatla .. d 
•~rus ~it.er para.eters.) 

15 Proanthocyanidin polymer· A showed an increased 
survival (40t survival compared to 15% in the placebo 
group). The qanciclovir group had 100% survival. 
Table· 23 also shows that proanthocyanidin polymer A 
treated mice had less virus than the placebo control, 

20 but the results were not stat·istically significant. 
Ganeiclovir caused a significant reduction in virus 
titer. 

Results iri toxicity control mice showed 
proanthoc:ranidin polyn.er A was well tolerated and 

· 25 caused no adverse effects at the doses used. 

30 

Ganciclovir ·treated mice gained less wei9ht than 
placebo controls. 

Thus, proanthocyanidin polymer A 
administered intraperitoneally at a dose of 30 
m9/kg/day·had.moderate antiviral activity in this 
model. There was no apparent toxicity of the 
proanthocyanidin polymer A formulation to mice. 

Another series of preliminary experiments, 

35 in which 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/k9/day. --------------
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but only at the highest dose administered, i.e., 270 
ra9/k9/da.y. 

In another series of experiments, the 
proanthocyanidin polymer A ~omposition was formulated 

S for topical application aqainst HSV-2. The efficacy 
of proanthocyanidin polymer A is compared with 
9anciclovir and acyclovir. Both ganciclovir powdre 
and acyclovir cream were obtained commercially. 
Squibb cream base #8, which served as a vehicle •nd as· 

10 the topical placebo control, was also commercially 
obtained. 

The methods of infectin9 the mice, setting 
toxicity control and the parameters measured to 
evaluate the infection were the same as described 

lS 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 
20 polymer A at two doses resulted in a statistically 

si9nif icant; reduc~ion .in lesion scores of the period 
of evaluation for the 10\ dose. This is presented 
9raphically "in Figure 18 and in Table 24. The S\ dose 
also reduced lesion development relative to the 

25 placebo control, but the results were not 
statistically significant. Acyclovir cream nearly 
completely prevented lesion formation in infected 
animals. More mice treated wtib proanthocyanidin 
polymer A at 5' and 10' doses survived the infection 

30 
that placebo con~rols (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 

35 toxicity control mice lost weight or died.as a result 
of treatment with.any of the cream formulations. 
(Table 25). 
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It can be concluded tha~ topically applied 
proan~hocyanidin polYJller A as a 10\ cream was active. 
only ~hree mice developed va9inal lesions, bu~ the 
lesions all progressed to maximua severi~y. The 

5 proanthocya~idin polymer A cream tor111ulations were 
somewhat dry to the touch, since the composi~ion 
hydra~ed and absorbed somo of the water from the 
Squibb cream base. This ~ay have affected the 
performatnce of the proarithocyanidin polymer A cre~~-

10 Partial hydra~ion of the mater.ial in water prior to 

mixing it with the crea~ base may provide a more 

aqueous and bioavailable product for topical 
application. 
Table 24. Effect of topical ProantbogyaDidi~ Polymer 

1S A 'l'raatment Oll Herpes Simplex Vi:r"ll 'r)'pe 2 (BBV-2) 
vaqinitis in Mice. 

Day• P. Pol. A 5!i 1· Pol. A 10'1 .f&l'clovir 5% Placebo 

3 

20 " 
0.3 ± Cl.3 .. 
0.3 ± a.s 
0.7 :!:: 1.1 
1.0 :!:: 1.6 
1.7 ± 1.a 
1.9 : 2.0 
1.t ~ 1.a 
1..6 :t 1.1. 

0.2 :t 0.3 
a.6 :t 1.0 
0.6 : 1.1 
1.1 :!: 1.7 
1.1 :t 1.s 
1.1 :t 1 .• a 
1.1 :!: 1.B 
1.1 :t 1 ••. 
1.1 :!: 1.B 
1.1·t l.8 
1.1 :t 1.a 
1.1 :!::. lol 

0.2 t 0.2 
0.1 :!·0,2 
o.o :t o.o·­
o.o ~ o.o­
o.o :t o.o-· 
0.1 ::!: 0.2-
0.0 :!: o.o-· 
c.o ! o.o­
o.o :!: o.o­
o.o ± o. o-· 
o.o :!: o •. o-
0. o :!: o. o-· 

0.3 ::t O.J 
0.5 ± CJ.SI 
o.a ± o.t 
1.'7 ± 1..5 
2..3 ::!: 1.7 
2.s :t 1.s 
2.& t 1.a 
2.6 :!: 1.8 
2 .• 6 :f: 1.8 
2.6 :t 1.1 
2.E ±.1.8 
2.6 ± 1.1 

s 
6 , 
8 
9 
10 

2!> 11 . .1..6±1.1 
1.6 :t 1..1 
Li: 1.1 1..' ±. l .• 1. 

30 

35 

12 
13 
14 

Avq 1.4 :t·o.6 
(Days 3-14) 

1.0 :!:: 0.3. 0.1 ~ 0.1... 2.0 :t 0.9 

'Aftar v;i.rus challenge. 
~Standard 4evia~iOD· · 
"p <o.os; '"".p <0 .• 01, -P <0.001 Ctvo-tai1el3 stucsent•• 

·f:test). · 

Received Time 2 2. Feb. 5 : 3 8 Print Time** 122. Feb. 5:40.002 .* 



-~ =-----· - ~ 
·=­_g - _ .... 

- i . - en ! _ txi I 

~g 1' 

·~ ~1 _s-
~ 
Q. I 

hr 

Coaeowad 

Placebo 

AcrcloYir 

P. Polr A 

P. Poly A 

~ ..., 
(1J 

...., 
0 -en 

Table 25. Effect of Topical Proanthocyanidin Polymer A Treatment on Survival, Vaginal Virus Titers, and NUlllJ:ter• Witbout Lesions on Mice Infected 
Intrava9inal~7 with Herpes simplex Virus Type 2 (RSV-2). 

Survi•or•/ MeaD. D&f Vin• Tit.•r• 129.!!!" htU___l_\_l to _ _Deat:h JDay __ 2>_ 

Vl.rva-XnLer:ted 

6/20 (30) 9 .6!.2 ·'' 2.8t2.2 
5 10/ 10 ( 100). > 21 o.uo.2• 
5 5/10 (50) 9. t:!.l. l 2.6U.5 

10 7/10 (10) 7.7t1.5 1. l.tl.2 

UnJ.n.tec~ed roaicity Cont:rols 

-0 

No. af Ml 
W/O_Ledo 

•120 
10/10 

5/10 

7/10 

Rost tf~ 
Pl•c:ebo 5/5 (100). > :u • 1.J 
Acrclo•J.r !I 5/5 000) > 21 + 2.0 
•· Polr A 10 5/5 (100) > 21 + 1.6 

• Pere••~ of co•poWld ia • polr•thrl•a• 9lrcol crea. b•••· • Lo919 so• e•ll e•lt.ur• iafect:iau• do•• per .i. • OD dey 11 of i:b• iDfect:ion. 
• st .. dard d••i•~ioe. 
' D•t•.niill•d aa d•J' 8. aepreeeat• tbe d.lf fereac• ta 9r .. • between d•r O and d•r 8 weigb • P<0.05, ~illo-~•il94 rt•b•r •••ct t••t (•urTiYel ead au.bar• without l••ioa•) or two•tal Student'• t t••~ (•••a dar to deatb and vina• ~iter par .. eter•)• 

°' s 
\0 

i 
~ 

.... 
0\ 

.,, 
g 
i -~ 
~ 



W092/0669S PCT/US91/07679 

- 77 -

11. EFFECTIVENESS OP PROA!ITKOCY.AlfIDIH 
POLPl£R B FOR TREATMENT OP asv 

Results from in vitro tests for RSV 
antiviral activity, performed under the same 

. 

5 procedures as the tests with·proanthocyanidin polymer 
A, indicate that proanthocyanidin polYJDer B is 
effective and has an ED~ of 6 µg/ml. 

10 

. 15 

20 

25 

30 

35 

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 inv.en~ion in 
addition to those shown and described herein will 
become apparent to those skilled in the art from the 
f oregoin~ description. Such modifications are also 
intended to fall within the scope of the appended 
claims. 
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1. A method of treating a respiratory virus 
i~fection, eomprisinq administerinq to a warm-blooded 
animal a therapeutically effective amount of an 

s antiviral agent comprising a proanthocyanidin polymer. 

10 

15 

2. The method.of claim l in which the 
proanthocyanidin polymer contains 2 to JO flavonoid 
units. 

3. The method of claim 1 in which the 
proanthoc:yanidin polymer contains 2 to 15 flavonoid_. 
units. 

4. The method of claim 1 in which the 
proanthocyanidin polymer contains 2 to ll ·f lavonoid 
units. 

s. The methQd of claim 2, 3, or 4 in which the 
20 flavonoid units are cateehins, epicatechins, 

9allocatechins, qalloepicatechins, flavanols, 
flavonols, flavandiols, leucocyanidins, 
anthoeyanidins, 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 
respiratory virus is Parainfluen~a virus 3, Influenza 

30 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 administerinq to a warm-blooded animal a 
therapeutically effective amount of an antiviral agent 
comprising a proanthocyanidin polymer containing 6 to 

-----
30 flavonoid units. 
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9. A method of treating a virus infection, 
comprising administering to· a warm•blooded ani~al a 
therapeutically effective amount of an antiviral agent 
compr1s1n9 a proanthocyanidin polymer containin9 6 to 

5 15 flavonoid units. 

10. 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 proanthocyanidin polymer containing 6 to 
11 flavonoid units. 

11. The method of claim 8, 9 or 10 in.which the 
flavonoid units are catechins; epicatechins, 

1~ 9allocatechins, qalloepicatechins, flavanols, 
f lavonols, flavandiols, leucocyanidins, 
anthocyanidins, or combinations thereof.· 

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

25 

30 

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

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 s wherein 
35 

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

18. The method accordin9 to claim 1 or 8 wherein 
5 the proanthocyanidin polymer is administered 

topically. 

19. The method according to claim 1 or 8 wh~rein 
the proanthocyanidin polymer is administered by 

10 aerosol. 

206 The method accor~in9 to claim 14 wherein the 
proanthocyanidin polymer is administered 
intraperitoneally in a range cf about 0.1 to about 10 

1S m9/k9. 

20 

25 

30 

35 

21. The method according to claim 17 .wherein the 
proanthocyanidin polymer is administered orally in a 
range of about s .. o to about 30 mq/kg. 

22. The method according to claim 18 wherein the 
proahthocyanidin polymer .is administered topically in 
a suitable vehicle in a concentration range of about s 

.. 
to about 15%. 

23. The method according to claim 19 wherein the 
proantbocyanidin polymer is administered in a ranqe of 
about 5 to about 30 mq/kq/day. 

24. The method ot claim 2 or 8 in which the 
flavonoid units are ·singly or doubly linked to each 
other. 
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25. The method of claim l in which the 
proanthocyanidin has a structure selected. from I, II 
and III 

fOH), 

~Kr 
{OHJ. 

n 

I 
!I 

III . where a, b = 1 to 3, x = o or l, n = o to 28. 

26. The method of clairn 25 wherein n • 0 to ll. 

. 27. ·The method Of claim 25 wherein n""' 0 to 9. ·-·--

Th~riii1rnHr 
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28. The method of claim 1 in which the 
proanthocyanidin_polymer comprises 2 to 30 monomeric 
flavonoid units having structure IV 

IV 
where x, y = 1 to 3, z = l or 2. 

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

JO. The method of claim 28 in which the 
proanthocyanidin polymer comprises 2 to 11 monomeric 
flavonoid units. 

.----------
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31. The method of claim a in which the 

proanthocyanidin has a structure selected from I, I!, 
and III 

fOHI. 

~ 
(OH)1 

n 

I !I 

III 
where a, b -= l to 3, x = o or 1, n = 4 to 28. 

32. The method Of claim 31 wherein n = 4 to 13. 

33. The method Of claim Jl wherein n = 4 to 9. 
----

Th1i1ii1D11m1nr 
- __ __.... 
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34. A proanthocyanidin polymer, obtained from a 
Croton species, and ester, ether and oxonium 
derivatives thereof, ch~racterized by: 

(a) the capability of dissolving in water and/or 
5 an· aqueous solution; 

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

(c) having a strueture comprisinq·flavonoid 
10 units selected from the qroup consistin9 of 

eateehins,_ epicatechins, qallocatechins, 
galloepicatechins and combinations thereof. 

35. The proanthocyanidin polymer of claim 34 
15 having from ~bout 2 to about 11 flavonoid units. 

36. The proanthocyanidin polymer o·f claim 34 

havinq an average of about 7 f lavonoid units. 

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

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

25 derivatives thereof, characterized by: 

30 

35 

(a) infrared spectral analysis of intense peaks 
. . 

ran9ing from 3350•2500 and other peaks at 
1612, 1449, 1348, 1202, 1144, 1107, 1068 and 
1027 cm•1; and 

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

39. A proanthocyanidin polymer, obtained from a 
Croton species and ester, ether and oxonium 
derivatives thereof, characterized'by: 
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(a) infrared spectra substantially as 
illu_strated in Fiq. 1; and 

(b) an ultraviolet spectral analysis of broad 
peaks at wavelength 202, 235 (shoulder), 

· 5 275, and 30.5 (shoulder). 

40. ~he proanthocyanidin polymer of claim 38 

further characterized by: 
(c) visible spectral absorption at wavelength of 

10 about 460 nm. 

15 

20 

25 

30 

41. The proanthocyanidin polymer of claim 39 
further characterized by: 

(c) visible spectral absorption at vavelenqth of 
about 460 nm. 

42. The p~oanthocyanidin polymer of claim 38 

further characterized by: 
(c) ISc NMR. spectra substantially as illustrated 

in Fig. 3. 

4J. The proanthocyanidin polymer of claim 39 
further characterized by: 

(c) uc mm spectra substantially as illustrated 
in Fig. 3. 

44. The proanthocyanidin polymer of claim 40 

further characterized by: 
(d) Ile NMR spectra substantially as illustrated 

in Fig. 3. 

45. A proantbocyanidin polyiner, which is 
obtained from Calophyllum inophylum, and ester, ether 

35 and oxoniu111 derivatives thereof, characterized by . 

(a) the capability of dissolving in water an~/or 
an aqueous solution; 
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(b) the capability of exerting an antiviral 
effect; and 

(c) flavonoid units comprisinq ~atechins and 
epieat.echins. 

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 bavinq absorption 
peaks at 202-204 and 215-280 nm. 

48. The proanthocyaniain of 47 which is further 
15 characterized by 13C NMR spectra. substantially as 

illustrated in Fig. 4. 

49. A method for treating a respiratory . 
syncytial virus infection, comprisin9 administering, 

20 to a warm-blooded animal, an effective amoun~ of an 
• 

25 

30 

35 

antiviral agent comprising a proanthocyanidin polymer 
wherein said proanthocyanidin polymer is obtained from 
a Croton tree by a method Which comprises: 

(a) extracting 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 thereof to 
obtain an aqueous soluble fraction; 

(b) subjecting the aqueous soluble fraction to 
9el filtration using water and/or water and 
a water miscible solvent with or without a 
buff~r as the mobile phase; or to reversed­
phase column chromatography usin~ 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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acetonitrile with 
mobile phase; or 

(c} collecting the fractions detectable by ultra 
s violet spectroscopy having a A maximum at 

about 200-350 nm, 
said proanthocyanidin polymer being administered 

parenterally at a dose rang~ of about 0.1-10 mg/kg 
body weight, orally at a dos~ range of about s.0-30.0 

'0 mg/k9 body weight, or by inhalation at a dose ran9e of 
5•30· mg/k9/day. 

. 15 

20 

25 

30 

35 

so. The llethod.of claim 49 in wbieh the Croton 
tree is Croton lechler1 • 

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

(a) extracting 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 thereof to 
obtain an aqueous soluble fraction; 

(b) subjecting the aqueous soluble fraction to 
gel filtrati.on usinq water and/or water and 
a w•ter miscible solvent with or without a 
buffer as the mobiie phase; or to reversed­
phase column chromato9raphy using water, 
and/or water and a water miscible solvent as 
the mobile-phase; or to gel permeation 
chromatoqraphy 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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(c) collecting the fractions detectable by ultr~ 

violet spectroscopy having a A maximum at. 
about 200-350 nm. 

S 52. The composition according to claim 46, in 

which the croton tree is Croton lechleri. 

53. The composition eccordin9 to claim 51, 

further characterized by: 
10 (a) infrared spectral analysis of intense peaks 

15 

20 

25 

30 

35 

·ranging from 3350-2500 and other peaks at 
1612, 1449, ·1349, 1202, 1144, l.107, 1068 and 

1027 cm-1; and 
(b) an ultraviolet spectral analysis of broad 

peaks at wavelength 202, 235 (shoulder), 
275, and 305 (shoulder). 

54. The proanthocyanidin polymer of claim 53 
further characterized by: a 13c NMR spectrum 
substantially as illustrated in FIG. J. 

55. The composition aecording to claim 54 
further charaeterized by: visible spectral absorption 
at wavelenqtb 460 nm. 
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