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[57] ABSTRACT

Compounds that are isolatable from cherries and have
antioxidant activity, and methods for isolating these com-
pounds are described. In particular, the invention relates to
1-(3',4'-dihydroxycinnamoyl)-cyclopenta-2,3-diol and 1-(3',
4'-dihydroxycinnamoyl)-cyclopenta-2,5-diol, which have
antioxidant activity. These antioxidant compounds and com-
positions containing these compounds are useful as food
preservatives, dietary supplements, nutraceuticals, and phy-
toceuticals.

25 Claims, 2 Drawing Sheets
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TART CHERRY COMPOUNDS THAT HAVE
ANTIOXIDANT ACTIVITY AND USES
THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Provisional
Application Ser. No. 60/111,945 filed Dec. 11, 1998.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

None.

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The present invention relates to novel compounds that are
isolatable from cherries and have antioxidant activity and
methods for isolating these compounds. In particular, the
invention relates to 1-(3',4'-dihydroxycinnamoyl)-
cyclopenta-2,3-diol and 1-(3',4'-dihydroxycinnamoyl)-
cyclopenta-2,5-diol, which have antioxidant activity. These
antioxidant compounds and compositions containing these
compounds are useful as food preservatives, dietary
supplements, nutraceuticals, and phytoceuticals.

(2) Description of Related Art

Many plant-derived compounds impart important positive
or nutriceutical/phytoceutical traits to foods by way of their
abilities to serve as cellular antioxidants by maintaining low
levels of reactive oxygen intermediates, as anti-
inflammatory agents by inhibiting prostaglandin synthesis,
or as inhibitors of enzymes involved in cell proliferation.
These activities may be important in ameliorating chronic
diseases such as cancer, arthritis, and cardiovascular disease,
which in some cases may be caused in part by free radicals
(Kinsella et al. (1993). Food Technol. 47: 85-9).

Free radicals have been implicated in a number of patho-
logical processes, which include aging, inflammation,
reoxygenation of ischemic tissues, atherosclerosis, and vari-
ous kinds of cancer (Halliwell et al. (1990). Methods Enzy-
mol. 186: 1-88). The harmful activities of free radicals such
as hydroxyl (OH") and peroxyl (ROO") radicals, and the
superoxide anion (O~,) are constantly being produced as a
result of metabolic reactions in living systems (Halliwell et
al. ibid.). Living systems are protected from oxidative dam-
age by these reactive species by enzymes such as superoxide
dimutase and glutathione peroxidase, and by antioxidant
compounds such as ascorbic acid, tocopherols, and caro-
tenoids (Sies (1997). Exp. Physiol. 82: 291-5). However,
when free radical production exceeds the antioxidant capac-
ity of the organism, these free radicals attack lipids, proteins
and DNA, thus damaging structural integrity and function of
cell membranes, enzymes, and genetic material (Byers et al.
(1992). Ann. Rev. Nutr 12: 139-59). A growing body of
evidence indicates that various pathological conditions such
as cardiovascular disease, arthritis, various cancers, and
Alzheimer’s disease are associated, at least in part, with the
damaging effects of uncontrolled free radical production
(Byer et al. ibid.). It is also well known that lipids in meats
are prone to oxidation, which contributes to rancidity in
cooked and uncooked foods and natural lipid products for a
variety of uses. It is also well known that cooking meats
causes the formation of hetrocyclic aromatic amines (HAA)
and other oxidative products. HAAs are dietary compounds
that are formed naturally during cooking of muscle foods
and are thought to arise from reactions involving creatine or
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creatinine, sugars, and amino acids. It has been shown that
these HAAs are carcinogenic. Thus, compounds which
would inhibit formation of HAAs during the cooking pro-
cess would be particularly useful.

Many foods contain non-nutritive components such as
flavanoids and other phenolic compounds which may pro-
vide protection against chronic disease through a multiplic-
ity of effects which are still poorly understood (Tanaka et al.
(1993). Carcinogenesis 14: 1321-5). These compounds may
act as antioxidants by reacting with free radicals and thus
interrupting the propagation of new free radical species, or
by chelating metal ions such as Fe,, which catalyze lipid
oxidation to alter their redox potentials. Therefore, naturally
occurring antioxidants can be useful for treating various
diseases. Thus, there is a need to identify antioxidative
compounds from natural products. Since antioxidants may
have ancillary effects, there is a need for novel antioxidant
compounds which have beneficial effects not available with
known antioxidants.

These natural antioxidant compounds could provide the
food industry with natural compounds which would not only
enhance food stability, but could also provide significant
health benefits to the consumer. For example, antioxidants
added to lipid containing products would extend the shelf
life of these products. Antioxidant compounds would also be
useful for the treatment of chronic diseases, either in pre-
vention of disease, ameliorating the effects of disease, or
stimulating the immune response to more effectively combat
disease. There is evidence that has shown that some anti-
oxidant supplements can significantly improve certain
immune responses (Hertog et al. (1993). Lancer 342:
1007-11).

Finally, as the general population becomes older, the
public interest in phytoceuticals as a means to inhibit
chronic diseases and aging has steadily increased. The
present invention addresses these interests by providing
novel antioxidants which are effective at inhibiting
oxidation, and can be isolated from natural sources in large
quantities, easily and inexpensively.

SUMMARY OF THE INVENTION

The present invention provides a compound or a mixture
of isomers of the compound, which is isolatable from tart
cherries and in pure form has the formula:

Rom,

A.,”//

O™ R,

O, O

=

HO'

OH

wherein R, and R, are selected from the group consisting of
a hydroxyl and a hydrogen and in the compound one of the
R, and R, is the hydroxyl. The present invention further
provides 1- (3',4'-dihydroxycinnamoyl) -cyclopenta-2,5-diol
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and 1-(3',4'-dihydroxycinnamoyl)-cyclopenta-2,3-diol,
which are isomers having antioxidant activity. The present
invention also provides methods for using these antioxidants
to inhibit oxidation of a material. These antioxidants are
useful as anti-inflammatory compounds, anti-cancer
compounds, food preservatives, dietary supplements,
nutraceuticals, and phytoceuticals.

The present invention further relates to a consumable
composition which comprises 1-(3',4'-
dihydroxycinnamoyl)-cyclopenta-2,5-diol and 1-(3',4'-
dihydroxycinnamoyl)-cyclopenta-2,3-diol either separately
or a mixture thereof in admixture with a food grade carrier.
The present invention further relates to a method for feeding
a mammal the consumable composition which comprises
1-(3',4'-dihydroxycinnamoyl)-cyclopenta-2,5-diol and 1-(3',
4'-dihydroxycinnamoyl)-cyclopenta-2,3-diol either sepa-
rately or a mixture thereof in admixture with a food grade
carrier.

OBIJECTS

It is therefore an object of the present invention to provide
novel antioxidants such as 1-(3',4'-dihydroxycinnamoyl)-
cyclopenta-2,5-diol and 1-(3',4'-dihydroxycinnamoyl)-
cyclopenta-2,3-diol, which can be used in various materials
prone to oxidation to prevent oxidation. In particular, it is an
object to provide these compounds for use in anti-
inflammatory compositions, anti-cancer compositions, food
preservatives, dietary supplements, nutraceuticals, and phy-
tonutrients. These and other objects will become increas-
ingly apparent by reference to the following description and
the drawings.

DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the chemical structures for chlorogenic acid
methyl ester (1), 2-hydroxy-3-(o-hydroxyphenyl)-propanoic
acid (2), 1-(3',4'-dihydroxycinnamoyl)-cyclopenta-2,5-diol
3), 1-(3',4'-dihydroxycinnamoyl)-cyclopenta-2,3-diol (4),
and 2-hydroxy-3-(o-hydroxyphenyl)-methylpropanol (5).

FIG. 2 shows the antioxidant activities of compounds 1,
3, and 4 and some commercial antioxidants at 20 uM
concentration. The antioxidant activity of compound 2 was
measured at 100 uM. The rate of peroxidation was moni-
tored by a decrease in fluorescence intensity as a function of
time. Relative intensity represents the fluorescence intensity
at a given time divided by the initial intensity at the start of
the assay. Values for each sample represent the mean for
duplicate measurements.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention relates to a compound or a mixture
of isomers isolatable from tart cherries and in pure form of
the formula:
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HO'
OH

wherein R, and R, are selected from the group consisting of
a hydroxyl and a hydrogen and one of the R; and R, is the
hydroxyl. In particular, the invention relates to the isomer of
the above compound wherein R; is hydroxyl and R, is
hydrogen. This particular isomer of the compound is 1-(3',
4'-dihydroxycinnamoyl)-cyclopenta-2,5-diol, which is iso-
latable as a pure compound from tart cherries. The invention
also relates to the isomer of the above compound wherein R
is hydrogen and R, is hydroxyl. This particular isomer of the
compound is 1-(3',4'-dihydroxycinnamoyl)-cyclopenta-2,3-
diol, which is isolatable as a pure compound from tart
cherries.

The present invention also relates to a method of inhib-
iting oxidation in a material in need thereof which comprises
providing a compound or a mixture of isomers isolatable
from tart cherries and in pure form of the formula:

Ry i,

v, 'y

Ry

W

HO

O, O

=

HO

OH

wherein R; and R, are selected from the group consisting of
a hydroxyl or a hydrogen and one of the R, and R, is the
hydroxyl with the material in an amount which inhibits
oxidation of the material. In one embodiment, the method
uses the isomer of the above compound wherein R; is
hydroxyl and R, is hydrogen. This particular isomer of the
compound is 1-(3',4'-dihydroxycinnamoyl)-cyclopenta-2,5-
diol, which is isolatable from tart cherries and is used in an
amount that inhibits the oxidation of the material. In another
embodiment, the method uses the isomer of the above
compound wherein R, is hydrogen and R, is hydroxyl. This
particular isomer of the compound is 1-(3',4'-
dihydroxycinnamoyl)-cyclopenta-2,3-diol, which is isolat-
able from tart cherries and is used in an amount that inhibits
the oxidation of the material. In a further embodiment, the
method uses a mixture of 1-(3',4'-dihydroxycinnamoyl)-

Copy provided by USPTO from the PIRS Image Database on 06-21-2004



6,150,408

5
cyclopenta-2,3-diol and 1-(3',4'-dihydroxycinnamoyl)-
cyclopenta-2,5-diol in an amount which inhibits oxidation of
the material.
The present invention also relates to a composition which
comprises a compound isolatable from tart cherries and in
pure form or as a mixture of isomers of the formula:

Ras,

-"'///

Ry

=

HO

O, (6]

7

HO

OH

wherein R, and R, are selected from the group consisting of
a hydroxyl or a hydrogen and one of the R; and R, is the
hydroxyl; and a non-toxic carrier for the compound.

In one embodiment of the invention, the composition
comprises 1-(3',4'-dihydroxycinnamoyl)-cyclopenta-2,3-
diol as a pure compound or as a mixture with 1-(3',4'-
dihydroxycinnamoyl)-cyclopenta-2,5-diol isolatable from
tart cherries; and a non-toxic carrier or bulking agent for the
compound. In another embodiment of the invention, the
composition comprises 1-(3',4'-dihydroxycinnamoyl)-
cyclopenta-2,5-diol as a pure compound or as a mixture with
1-(3',4'-dihydroxycinnamoyl)-cyclopenta-2,3-diol isolatable
from tart cherries; and a non-toxic carrier or bulking agent
for the compound. The composition can further contain
other antioxidants such as anthocyanins, flavanoids, or other
phenolics from cherries added to the pure compound.
Furthermore, the carrier or bulking agent used in the com-
positions is a carrier suitable for animal or human use.

The term “carrier” or “bulking agent” is used to mean a
composition which is used to hold the purified compounds
of the present invention. These include any edible starch
containing material or protein such as dried milk. Within this
group are flour, sugar, soybean meal, malodextrin, and
various condiments, such as salt, pepper, spices, and herbs.
The bulking agent is used in an amount between 10~ and
10° parts by weight of the mixture.

The composition consists of the antioxidant of the present
invention and a particulate edible bulking agent in an
amount between about 0.1 to 30 parts per part of the
invention, which product when introduced with an oxidiz-
able material inhibits the oxidation of the material. The
composition containing the antioxidant of the present inven-
tion can be tableted and used as a nutraceutical/dietary
supplement. In general, the tablets provide a daily dose of
the 1-(3',4'-dihydroxycinnamoyl)-cyclopenta-2,5-diol or
1-(3',4'-dihydroxycinnamoyl)-cyclopenta-2,3-diol as a pure
compound, as an admixture containing both isomers, or as
an admixture with other antioxidant compounds. The
present invention either as a composition, mixture, or in
purified form could be useful as an anti-inflammatory agent,
or for the treatment of chronic diseases, either in prevention
of disease, ameliorating the effects of disease, or stimulating
the immune response to more effectively combat disease. In
particular, the present invention either as a composition,

10

15

20

25

30

35

40

45

50

55

60

65

6

mixture, or in purified form could be useful in preventing or
treating various types of diseases which can in part or whole
be caused by free radicals.

The composition of the present invention can further
include one or more antioxidants selected from the group
consisting of anthocyanins, cyanidins, bioflavanoids, phe-
nolics and mixtures thereof. The anthocyanins, biofla-
vanoids and phenolics are preferably isolated from BALA-
TON and MONTMORENCY cherries. That there are certain
antioxidants found in cherries is in part shown in part by
U.S. Pat. No. 5,985,636, in part in U.S. application Ser. No.
60/111,945, filed Dec. 11, 1998, and in part in U.S. appli-
cation Ser. No. 09/317,310 filed May 24, 1999, all of which
are herein incorporated by reference. In a preferred
embodiment, the anthocyanin is selected from the group
consisting of cyanidin-3-2"-O-f-D-glucopyranosyl-6"-O-o.-
L-rhamnosyl-f-D-glucopyranoside, cyanidin-3-6"-O-a.-L-
rhamnosyl-p-D-glucopyranoside, cyanidin-3-f-D-
glucopyranoside, and mixtures thereof. In a preferred
embodiment, the bioflavinoid is 7-methoxy-5,8,4'-
trihydroxyflavone which was isolated in the manner
described in Wang et al., J. Ag. And Food Chemistry 47
840-844 (1999).

The composition containing the antioxidant of the present
invention, or the compound of the present invention can be
added to food as a general antioxidant food additive. In
particular, the food additive comprises 1-(3',4'-
dihydroxycinnamoyl)-cyclopenta-2,5-diol or 1-(3',4'-
dihydroxycinnamoyl)-cyclopenta-2,3-diol as a pure com-
pound or as a mixture containing both isomers. The food
additive can further include other antioxidants selected from
the group consisting of anthocyanins, cyanidins,
bioflavanoids, phenolics and mixtures thereof. In a preferred
embodiment, the anthocyanin is selected from the group
consisting of cyanidin-3-2"-0O-f-D-glucopyranosyl-6"-0-a.-
L-rhamnosyl-f-D-glucopyranoside, cyanidin-3-6"-O-a.-L-
rhamnosyl-p-D-glucopyranoside, cyanidin-3-f-D-
glucopyranoside, and mixtures thereof. In a preferred
embodiment, the bioflavanoid is 7-methoxy-5,8,4'-
trihydroxyflavone. The anthocyanins, bioflavanoids and
phenolics are preferably isolated from BALATON and
MONTMORENCY cherries. The composition containing
the antioxidant of the present invention, or the compound of
the present invention can be general antioxidant food addi-
tive that can be added to food which is either high (wet) or
low moisture (dry), fresh or uncooked, cured or cooked.
When added to food containing lipids, the antioxidant com-
pounds or compositions inhibit oxidation of the lipids and
thus inhibit the development of rancidity. The addition of the
composition to meat prior to cooking inhibits the formation
of heterocyclic aromatic amines (HAA), which occurs upon
cooking and which have shown to be carcinogenic.

Compounds 1, 2, 3, and 4 were discovered by the inven-
tors in ethyl acetate extracts of dried BALATON tart
cherries, which had been further separated by medium
pressure liquid chromatography (MPLC), preparative thin-
layer chromatography (TLC) and high pressure liquid chro-
matography (HPLC). The structures for compounds 1, 2, 3,
4, and 5 are set forth in FIG. 1. Compounds 1, 3, and 4 were
shown to have significant antioxidant activity. Compounds 3
and 4 were unknown prior to the discovery by the inventors
and are the subject of the present invention. The identifica-
tion of compounds 1, 2, and 5, and novel compounds 3 and
4 are set forth below.

Compound 1 was shown to be the known compound,
chlorogenic acid methyl ester. Both the *H and **C nuclear
magnetic resonance (NMR) spectral analysis of compound 1
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revealed that the chemical shifts observed were identical to
the published spectral data of chlorogenic acid methyl ester
(Rumbero et al. (1991). Phytochemistry 30: 311-313).

Compound 2 was obtained from the cherry extract as a
white solid, and was shown to be 2-hydroxy-3(o-
hydroxyphenyl)-propanoic acid. Using fast atom
bombardment-mass spectroscopy (FABMS), the molecular
formula of compound 2 was determined to be Co;H;,0,. The
"H NMR spectrum revealed two aromatic protons that
appeared as doublets at & 7.40 and 6.86, respectively.
Another two aromatic protons in the molecule appeared as
triplets at 8 7.22 and 7.00, respectively. This indicated that
there is an ortho-substituted aromatic moiety in the mol-
ecule. The multiplets at & 4.19 and 2.80 were assigned to
oxygenated methine and methylene moieties, respectively.
The *C NMR spectrum of compound 2 supported the
assignments determined by *H NMR, in addition to detect-
ing a carbonyl carbon at § 178.6. The structure of compound
2 was further confirmed by its conversion to compound 5 by
methylation. Methylation of compound 2 by CH,N, yielded
one unit each of —OCH; and —COOCH,. These data
confirmed the presence of a phenolic OH and a COOH in
compound 2. Therefore, the NMR confirmation of the iden-
tity of compound 2 as 2-hydroxy-3(o-hydroxyphenyl)-
propanoic acid is in agreement with the methylation data.
Circular dichroism (CD) studies of compound 2 showed that
it was a racemic mixture as evident from the straight line in
the CD spectrum. This is the first report showing that this
compound occurred as a natural product.

Compound 3 of the present invention was obtained from
the cherry extract as a pale yellow gum and was determined
to be a previously unknown compound. The 'H NMR
spectrum of compound 3 indicated that two olefinic protons
signals appeared as doublets at § 7.45 and 6.19, respectively.
A coupling constant of 15.9 Hz for these two protons
suggested that they are in a trans orientation. The signals that
appeared at 8 7.02, 6.97, and 6.75 were assigned to aromatic
protons of a 3,4-dihydroxycinnamoyl group, respectively,
and were similar to the chemical shifts of chlorogenic acid.
The peaks at m/z 180 and 163 in the electron ionization mass
spectra (EIMS) of compound 3 confirmed that it contained
a caffeic acid moiety. The signals at § 5.17, 3.82, and 3.54
were assigned to three oxygenated protons, one (3 5.17)
esterified, as well as multiplets at 8 1.83, integrating four
protons of two methylene groups. These oxymethines
appeared at 70.9 (x2) and 67.5, respectively, in the >C NMR
spectrum. Compound 3 showed only one carbonyl carbon at
166.1 ppm. This fact that compound 3 had only one carbonyl
carbon and no quartenary carbon around & 70.9 suggested
that the caffeic moiety was not connected to a quinic acid
moiety, but to a cyclopentane-2,5-diol moiety. From these
spectral data, the structure of compound 3 was assigned as
1-(3',4'-dihydroxycinnamoyl)-cyclopenta-2,5-diol. CD mea-
surements did not show maxima or minima. This is because
cyclopentane moieties do not absorb in the UV region.
However, compound 3 gave observable peaks in their opti-
cal rotary dispersion (ORD) spectrum. Compound 3 is a
novel compound which hitherto had been unknown to those
skilled in the art.

Compound 4 of the present invention was obtained from
the cherry extract as a colorless oily product and was
determined to be a previously unknown compound. The *H
NMR spectrum of compound 4 revealed a 3,4-
dihydroxycinnamoyl moiety as was seen for compound 3.
However, the two multiplets in compound 4, appearing at &
2.15 and 1.95 were assigned to two methylene groups,
respectively. The double quantum filter correlation spectros-
copy (DQFCOSY) NMR experiment showed that the two
CH, protons in compound 4 were correlated and adjacent to
each other and also coupled to other hydrogens. The **C
NMR spectrum of this compound revealed that there was
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only one carbonyl carbon, eight methine carbons, and two
methylene carbons. Three of the methine carbons at § 74.8,
73.0, and 68.3 were oxygenated and showed correlations to
three methine protons at d 3.64, 5.35, and 4.14, respectively,
as evident from the heteronuclear multiple quantum corre-
lation (HMQC) NMR spectrum. Also, five other methine
carbons at § 115.1, 116.5, 122.9, 146.8, and 115.8 showed
correlations to three aromatic protons appearing at d 7.04,
6.76, and 6.93 and two olefinic protons at 7.58 and 6.30
ppm, respectively. Based upon this data, compound 4 was
assigned as 1-(3,4-dihydroxycinnamoyl)-cyclopenta-2,3-
diol. CD measurements did not show maxima or minima.
This is because cyclopentane moieties do not absorb in the
UV region. However, compound 4 gave observable peaks in
their ORD spectrum. Compound 4 is a novel compound
which hitherto had been unknown to those skilled in the art.

The antioxidant activities of compounds 1,2, 3, and 4 was
determined by fluorescence spectroscopy in a Fe**-induced
lipid peroxidation assay (Richman et al. (1996). J. Chem.
Soc. 118: 11587-11591). The antioxidant activity for each
compound was compared to caffeic acid, ferulic acid, chlo-
rogenic acid, p-hydroxycinnamic acid, and the commer-
cially available antioxidants, tert-butylhydroquinone
(TBHQ) and butylated hydroxytoluene (BHT). The results
of this assay is shown in FIG. 2. Each sample was tested at
a concentration of 20 uM. In this assay, the lipid peroxida-
tion was initiated by Fe**, and the rate of decrease in
fluorescence intensity reflected the rate of lipid peroxidation.
The inhibitory activities of Fe**-induced lipid peroxidation
in the large unilamellar vesicles for compounds 3 and 4 were
about 80% at 20 uM. Compound 1 showed about 50%
inhibitory activity. However, compound 2 did not show any
antioxidant activity even when tested at a 100 uM concen-
tration. The assay results shown in FIG. 2 show that
p-hydroxycinnamic acid is a weak antioxidant when com-
pared to ferulic acid. However, the caffeic acid analogues,
compounds 3 and 4, showed the highest antioxidant activity
in the assay. The percent inhibition of lipid peroxidation for
TBHQ and BHT were >90% at a 20 uM concentration (FIG.
2).

The variation in antioxidant activity among caffeoyl esters
is dependent on the hydroxyl substitution of the aryl ring.
More than one hydroxyl substitution in the aryl ring
enhanced the antioxidant activity. Introduction of a second
hydroxyl group in the ortho position, as in caffeic acid, also
enhanced antioxidant activity. Methylation of the hydroxyl
group in the ortho position of caffeic acid, as in ferulic acid,
resulted in a decrease of antioxidant activity. This result is in
agreement with published studies on the effects of hydroxy-
cinnamates on the autoxidation of fats and lipids (Shihidi et
al. (1992). Crit. Rev. Food Sci. Nutr. 32: 67-103; Cuvelier et
al. (1992). Biosci. Biotechnol. Biochem. 56: 324-325). The
results shown in FIG. 2, indicate that caffeic is the best
antioxidant, and that compounds 4 and then 3 were next,
followed by chlorogenic acid, and chlorogenic acid methyl
ester (1). This trend in activity may be due to the difference
in hydrophilicity or chelation properties of these com-
pounds. Finally, the results shown in FIG. 2 show that the
novel caffeic analogues, compounds 3 and 4, are at least
comparable to the commercially available antioxidants BHT
and TBHQ. Therefore, compounds 3 and 4 of the present
invention are novel and effective antioxidants which are
iosolatable from cherries. These compounds are useful for
preventing unwanted oxidation of food products and as
antioxidants useful for the prevention of diseases.

The following examples are intended to promote a further
understanding of the present invention.

MATERIALS AND METHODS

Commercial antioxidants tert-butylhydroquinone
(TBHQ) and butylated hydroxytoluene (BHT) were used as
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