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ABSTRACT 

The present invention describes food supplements that con 
tain one or more fruit extracts useful for pain relief and 
anti-in?ammation. The food supplements may be used to 
inhibit in?ammation mediated by cyclooxygenase and more 
particularly by cyclooXygenase-2. 
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DIETARY FOOD SUPPLEMENT CONTAINING 
NATURAL CYCLOOXYGENASE INHIBITORS AND 

METHODS FOR INHIBITING PAIN AND 
INFLAMMATION 

RELATED APPLICATIONS 

[0001] The present application is a continuation-in-part of 
PCT Application Serial No. US00/23423 ?led Aug. 25, 
2000, Which is a continuation of US. Provisional Applica 
tion Ser. No. 60/151,280 ?led Aug. 27, 1999 and US. 
Provisional Application Ser. No. 60/151,278 ?led Aug. 27, 
1999, all of Which are herein incorporated by reference. 

BACKGROUND 

[0002] The present invention relates to dietary food 
supplements that are useful for the relief of pain or in?am 
mation, and also for the inhibition of biochemical pathWays 
related to pain or in?ammation transmission. These food 
supplements contain ?avonoids, and more particularly, cer 
tain anthocyanins. 

[0003] Today, many consumers seek natural alternatives to 
synthetic pharmaceutical products to aid With a variety of 
ailments experienced during daily life. Thus, dietary food 
supplements containing natural substances such as St. Johns 
Wort, gingko biloba, ginseng, and others have recently been 
marketed for a variety of purposes. To date, hoWever, it is 
believed that no product containing natural substances is 
available to provide for the relief of pain and/or in?amma 
tion equivalent to non-steroidal anti-in?ammatory drugs 
(“NSAIDs”). 
[0004] At the present, pain and in?ammation are com 
monly treated by the use of aspirin, ibuprofen (Motrin®, 
Advil®), and other similar substances commonly knoWn as 
NSAIDs. In?ammation is transmitted, in part, by a class of 
compounds knoWn as prostaglandins, Which are released by 
a host in response to mechanical, thermal, chemical, bacte 
rial, and other insults (Moncada et al., Handbook of Exp. 
Pharm. Vol 50-1, Springer Verlag, pp 588-616,1978; Sam 
uelsson, Science, 220: 568-575, 1983; Davies et al., Ann. 
Rev. Immunol. 2:335-357,1984). Prostaglandin synthesis is 
accomplished in a stepWise manner by a ubiquitous complex 
of microsomal enZymes. The ?rst enZyme in this biosyn 
thetic pathWay is prostaglandin endoperoxide synthase. This 
enZyme also is referred to in the art as fatty acid cyclooxy 
genase. There are tWo isoforms of this enZyme knoWn as 
cyclooxygenase-1 (COX-1) and cyclooxygenase-2 (COX 
2), respectively (Smith, Am. J. Physiol., 268:F181-F191, 
1992). 
[0005] Although substances such as aspirin inhibit pros 
taglandin production and thus, pain and/or in?ammation, 
they may cause stomach problems and or ulcers. To address 
these problems, drugs have been developed to target speci?c 
pain pathWays in the hope that some of the problems 
associated With aspirin, ibuprofen, and other similar sub 
stances Will be reduced if not completely eliminated. One 
such drug is CelebrexTM, Which apparently targets a speci?c 
pain pathWay and thus, does not have some of the disad 
vantages associated With substances such as aspirin. In 
particular, NSAIDs prevent the production of prostaglandins 
by inhibiting enZymes in the human arachidonic acid/pros 
taglandin pathWay. Drugs like CelebrexTM, hoWever, distin 
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guish betWeen COX-1 and COX-2 and are touted as having 
less of the side effects associated With normal NSAIDs. 

[0006] As noted above, many consumers prefer natural 
substances to synthetic drugs. Therefore, it is clear that there 
is a need for a natural and pharmacologically acceptable 
composition for use in relieving or alleviating pain, in?am 
mation, and the symptoms associated With these conditions. 
In addition, there is a need for a natural composition that 
provides relief from pain and in?ammation With minimal 
side effects to the gastrointestinal system. The present inven 
tion addresses that need by providing a dietary food supple 
ment containing an extract from one or more anthocyanin 
containing plants having a native active fraction that 
provides pain relief, anti-in?ammation activity, and/or pref 
erential COX-2 inhibition. The supplement contains an 
amount of the fraction in a proportion by dry Weight of other 
components that signi?cantly exceeds a proportion of the 
fraction present by dry Weight in juice obtained from the 
plant material. In general, the active fraction includes ?a 
vonoids, and in particular, anthocyanins. 

[0007] Unless otherWise speci?cally stated, all percent 
ages used in the speci?cation and claims are Weight per 
centages. 

BRIEF DESCRIPTION OF THE DRAWING 

[0008] FIG. 1 shoWs a ?oW sheet of one embodiment of 
a process for obtaining and concentrating desirable antho 
cyanins from anthocyanin-containing plants. 

[0009] FIG. 2 is a visual analogue scale rating pain 
intensity before and after taking one or tWo tablets of a berry 
blend supplement in accordance With the present invention 
and Example 7. 

[0010] FIG. 3 shoWs the percentage of pain relief after 
taking one or tWo tablets of a berry blend supplement in 
accordance With the present invention and Example 7. 

[0011] FIG. 4 shoWs the breakdoWn of pain episodes by 
types for the clinical trial described in Example 7. 

[0012] FIG. 5 shoWs the time to effect pain relief and the 
overall rating of one or tWo tablets of a berry blend supple 
ment in accordance With the present invention and Example 
7. 

[0013] FIG. 6 shoWs the comparative sucrose permeabil 
ity of ibupro?n and a berry blend supplement in accordance 
With the present invention and Example 7. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0014] Prostaglandins (Which include PGE2, PGD2, PGF2, 
PGI2 and other related compounds) represent a diverse 
group of autocrine and paracrine hormones that are derived 
from the metabolism of fatty acids. They belong to a family 
of naturally occurring eicosanoids (prostaglandins, throm 
boxanes and leukotrienes) that are not stored as such in cells, 
but are biosynthesiZed on demand from arachidonic acid, a 
20-carbon fatty acid that is derived from the breakdoWn of 
cell-membrane phospholipids. Under normal circumstances, 
the eicosanoids are produced at loW levels to serve as 
important mediators of many and diverse cellular functions 
Which can be very different in different types of cells. The 
prostaglandins, hoWever, also play critical roles in patho 
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physiology. In particular, in?ammation is both initiated and 
maintained, at least in part, by the overproduction of pros 
taglandins in injured cells. The central role that prostaglan 
dins play in in?ammation is underscored by the fact that 
those aspirin-like non-steroidal anti-in?ammatory drugs 
(NSAIDS) that are most effective in the therapy of many 
pathological in?ammatory states all act by inhibiting pros 
taglandin synthesis. Unfortunately, the use of these drugs is 
often limited by the side effects (gastrointestinal bleeding, 
ulcers, renal failure, and others) that result from the unde 
sirable reduction in prostaglandins in normal cells that noW 
suffer from a lack of those autocrine and paracrine functions 
that are required for the maintenance of normal physiology. 
The development of neW agents that Will act more speci? 
cally by achieving a reduction in prostaglandins in in?amed 
cells Without altering prostaglandin production in other cells 
is a goal for future pain and in?ammation therapy. 

[0015] The cyclooxygenase reaction is the ?rst step in the 
prostaglandin synthetic pathWay; an enZyme (PGHS) With 
prostaglandin G/H synthetic activity converts arachidonic 
acid into the endoperoxide PGG2, Which then breaks doWn 
to PGH2 (the tWo reactions are carried out by a single 
enZyme). PGH2 is in turn metaboliZed by one or more 
prostaglandin synthase (PGE2 synthase, PGD2 synthase etc.) 
to generate the ?nal “2-series” prostaglandins, PGE2, PGD2, 
PGF2, PGI2 and others that include the thromboxanes, 
TXA2. The ?rst step (PGHS) is the one that is rate-limiting 
for prostaglandin synthesis. As such, the PGHS-mediated 
reaction is the principal target for anti-in?ammatory drug 
action; and it is inhibition of PGHS activity that accounts for 
the activity of the NSAIDS (aspirin, acetominophen, ibu 
profen, naproxen, indomethacin) and others that limit the 
overproduction of prostaglandins in in?ammation (the 
desired therapeutic goal) and reduce the normal production 
of prostaglandins in unin?amed cells (Which produces the 
undesirable side effects). 

[0016] In addition to the abnormal changes associated 
With in?ammation, multiple other factors are knoWn to 
in?uence prostaglandin production Linder experimental 
conditions. These include groWth factors, cAMP, tumor 
promoters, src activation and interleukins 1 and 2, all of 
Which increase overall cellular PGHS activity. The adrenal 
glucocorticoid hormones and related synthetic anti-in?am 
matory steroids also inhibit prostaglandin synthesis, but 
their metabolic site of action is not Well de?ned. 

[0017] The primary and perhaps sole action of most non 
steroidal anti-in?ammatory agents is to inhibit the enZyme 
prostaglandin G/H synthase, also knoWn as cyclooxygenase, 
Which serves as the ?rst committed step in the biosynthesis 
of prostaglandins. 

[0018] It is Well established that cyclooxygenase exists in 
tWo isoforms, COX-1 and COX-2. The constitutively 
expressed form, COX-1, has been extensively studied and 
proposed to be involved in the maintenance of prostaglandin 
mediated physiological functions. In contrast, COX-2, the 
inducible form, is present in negligible amounts under 
normal conditions but is substantially induced in vivo under 
in?ammatory conditions. Clearly, COX-1 and COX-2 serve 
different physiological and pathological functions. 

[0019] The most Widely available NSAIDs are non-selec 
tive cyclooxygenase inhibitors, inhibiting both isoforms 
indiscriminately. When dual inhibitor NSAIDs (NSAIDs 
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that inhibit both the COX-1 and COX-2 enZymes) are used 
long-term to relieve pain and/or in?ammation, the risk of 
developing gastrointestinal complications is moderate to 
high. Selective COX-2 inhibitors have been sought ever 
since it Was discovered that the enZyme has tWo distinct 
isoforms. More recently, COX-2 speci?c inhibitors have 
been developed but it has been suggested that they too have 
side effects. In vieW of the above, there remains a need for 
a safe and effective method of treating pain and in?amma 
tion With minimal gastrointestinal side effects. The present 
invention addresses such a need. 

[0020] The present invention describes a natural alterna 
tive to NSAIDs that preferentially inhibits for COX-2 activ 
ity and ameliorates in?ammation and pain mediated by 
COX-2 While remaining gentle on the stomach and intes 
tines. The invention shoWs that extracts or other concen 
trated forms of certain anthocyanin-containing plants pos 
sess an anti-in?ammatory activity greater than the anti 
in?ammatory activity found in the natural plant. This 
observation is exploited to provide a food supplement that 
comprises an extract having an anti-in?ammatory activity 
greater than the anti-in?ammatory activity found in the 
natural plant and a pharmaceutically acceptable diluent or 
excipient. In other Words, the present invention provides 
extracts obtained from anthocyanin-containing plants, par 
ticularly fruits, to provide selective COX-2 inhibition. 

[0021] Alternatively, extracts from anthocyanin-contain 
ing plants may selectively inhibit activity of COX-1. Studies 
have indicated that some COX-1 inhibition in a pain and/or 
anti-in?ammatory medication provides a bene?cial effect to 
the cardiovascular system. 

[0022] Accordingly, the present invention contemplates a 
food supplement that contains at least one anthocyanin 
derived from an extract of an anthocyanin-containing plant 
to selectively inhibit activity of COX-1 or COX-2. As used 
herein, the term “extract” includes any preparation obtained 
from plant, fruit, and vegetable using different extraction 
methods. 

A. Identi?cation of Anthocyanin-Containing Sources 

[0023] There is a groWing need for dietary supplements 
that contain bene?cial phytochemicals that are naturally 
found in plants. These naturally occurring phytochemicals 
can be classi?ed in several different groups. One of the more 
important groups is the ?avonoids, Which in turn, can be 
classi?ed into several groups. One important group of ?a 
vonoids is the anthocyanins. Anthocyanins are most preva 
lent in the ?oWers and fruits that are red, blue, and inter 
mediate colored such as cherries (sWeet, sour (or tart)), 
acerola cherry, blue plums, bilberry, blackberry, currant, 
chokeberry, blueberry, straWberry, cranberry, boysenberry, 
grapes, raspberry, and elderberry. 

[0024] The anthocyanins may be obtained from any por 
tion of the plant, including, but limited to, the fruit, ?oWer, 
stem, leaves, root, bark, and seeds. One of skill in the art, 
hoWever, Will understand that certain portions of the plant 
may contain higher natural levels of anthocyanins and 
therefore those portions Will be used to obtain the desired 
anthocyanins. Methods to determine Whether and Which 
portions of a plant contains anthocyanins are knoWn and 
therefore, not discussed here. 

[0025] Examples of suitable anthocyanin-containing 
plants include fruits, vegetables, ?oWers and other plants 
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selected from the group consisting of Acer macrophyllum, 
Acer platanoia'es, acerola, Ajuga reptans, apple, apricot, 
Artict bramble, avocado, banana, barberry, barley, Begonia 
semper?orens, Bellis perennis, Bletilla striata, bilberry, 
black beans, black soybeans, black, blue and purple pota 
toes, blackberry, blueberry, bog Whortleberry, boysenberry, 
buckwheat, cacao, Camellia sinensis, canarygrass, Cauca 
sian blueberry, Chimonanthus praecox, celery, Cerasus 
avium, cherry, cherry laurel, chicory, chive, chokeberry, 
Cornelian cherry, corn?oWer, cotoneaster, coWberry, cran 
berry, croWberry, chrysanthemum, Cynomorium coccineum, 
Dahlia variabilis, daneWort, deerberry, Dendrobium, dWarf 
dogwood, Echinacea purpea, eggplant, elderberry, faba 
bean, Fatsia japonica, feijoa, ?g, garlic, gerbera, ginseng, 
Globe artichoke, gooseberry, grapes, guava, haWthorn, 
hibiscus or roselle, Hibiscus Sabdari?a, highbush blueberry, 
hollyhock, honeysuckle, Ipomoea purpurea, Iris ensata, 
Java plum, Jerusalem artichoke, kokum, Laeliocattleya spp, 
lentil, loganberry, lupine, lychee, maiZe, mango, mangos 
teen, maqui, Matthiola incana, meconopsis, Metrosia'eros 
excelsa, millet, mountain ash berry, mulberry, myrtle berry, 
olive, onion, orange, ornamental cherry, passion fruit, pea, 
peach, peanut, pear, perilla, petunia, Phalaenopsis spp. 
Phalsa, Pharbitis spp. Pineapple, pistachio, plum, pome 
granate, Phragmites australis, purple carrot, quince, rabbit 
eye blueberry, radish, red and black currant, red and black 
raspberry, red cabbage, rice, rhubarb, rosehip, rye, saffron, 
sarracenia, sheepberry, Sophronitis coccinea, sorghum, 
sparkleberry, straWberry, Fragaria Vesca, sugarcane, sun 
?oWer, sWeet cherry, sWeet potato, tamarillo, tamarind, taro, 
tart cherry, Tulip greigii, turnip, Water lily, Weigela spp, 
Wheat, Wild rice, Verbena hybria'a, yam and miXtures 
thereof. 

[0026] The chemistry of anthocyanins is based on 2-phe 
nylbenZopyrylium (?avylium) having the folloWing struc 
ture: 

[0027] If this basic formula is substituted With hydroXy or 
methoXy groups at 2, 3, 4, 5, 7, 3‘ or 5‘, the resultant 
compounds are knoWn as anthocyanidins, Which are Water 
insoluble, unstable to light and rapidly destroyed by alkali 
and thus not found too often in plants. Table 1 beloW shoWs 
the structure for several of the anthocyanidins: 

TABLE 1 

Substitution Pattern 

Name 3 5 6 7 3' 4' 5 ' Color 

Cyanidin OH OH H OH OH OH H Orange 
(Cy) red 
Delphinidin OH OH H OH OH OH OH Bluish-red 

(DP) 
Malvidin OH OH H OH OME OME OME Bluish-red 

(Mv) 
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TABLE l-continued 

Substitution Pattern 

Name 3 5 6 7 3' 4' 5 ' Color 

Pelargonidin OH OH H OH H OH H Orange 
(Pg) 
Peonidin OH OH H OH OME OH H Orange 
(Pn) red 
Petunidin OH OH H OH OME OH OH Bluish-red 

(Pt) 

[0028] Anthocyanins are the glycosides of the above com 
pounds and are more stable and found as native substances 
in the leaves, ?oWers and fruits of plants. The anthocyanins 
may be hydrolyZed to produce anthocyanidins (the aglycone 
form) and sugars. 
[0029] The total number of anthocyanins found in nature 
is extremely large, since many mono, di and tri-saccharides 
may be glycosylated at the 3, 5 or 7 positions and also since 
the sugar at position 3 may be acylated (often With p-cou 
maric acid). Thus, a particular fruit may have 20 or more 
anthocyanins including the 3,5-diglucosides, the 3-mono 
glucoside, the 3-(6-O-p-coumaryl-glucoside)-5-glucosides 
and the 3-(6-O-p-coumaryl-glucoside) of cyanidin, delphini 
din, petunidin, pelargonidin and malvidin. The color of 
anthocyanins is determined by their molecular structure and 
the physiochemical nature of the medium in Which they are 
present. 
[0030] In accordance With the present invention, the 
eXtract contains one or more anthocyanins and anthocyani 
dins selected from the group consisting of peonidin, cyani 
din, pelargonidin, delphinidin, petunidin, malvidin, apigen 
indin, auratinidin, capensinidin, europinidin, hirsutidin, 
6-hydroXycyanidin, luteolinidin, S-methylcyanidin, pulch 
ellidin, rosinidin, tricetinidin, derivatives and miXtures 
thereof. In one embodiment, the anthocyanins and antho 
cyanidins are selected from the group consisting of cyanidin, 
peonidin, malvidin, petunidin, delphinidin, their glycoside 
derivatives, and miXtures thereof. In yet another embodi 
ment, the eXtract contains at least one cyanidin-based antho 
cyanin. 
[0031] Anthocyanins that may be useful in the inventions 
described herein include, but are not limited to, cyanidin 
3-glucoside; cyanidin 3-glucosylrutinoside; cyanidin-3-gen 
tibioside; cyanidin-3-rutinoside, cyanidin-3-sambunigrin, 
cyanidin-3-samb-5-glucoside, cyanidin-3-galactoside, 
peonidin-3-rutinoside, peonidin-3-glucoside, peonidin-3 
galactoside, peonidin, cyanidin, cyanidin-3 sophoroside, 
pelargonidin, delphinidin, delphinidin-3-glucoside, del 
phinidin-3-galactoside, petunidin, petunidin-3-glucoside, 
petunidin-3-galactoside, malvidin, malvidin-3-arabinoside, 
malvidin-3-glucoside, malvidin-3-galactoside, kaempferol, 
hesperidin, gentiodelphin, platyconin, cinerarin and the like. 
[0032] It has been found that hydrolyZed anthocyanins 
(i.e. anthocyanidins) may provide greater COX inhibition 
activity as compared to the anthocyanin and its glycoside 
derivatives. It is believed that the anthocyanins provide 
little, if any, COX inhibition, particularly COX-1 inhibition. 
HoWever, it has also been found that it may be advantageous 
to include anthocyanins in the dietary food supplement and 
alloW them to be hydrolyZed in vivo to the anthocyanidin 
form. It is believed that the anthocyanins can be absorbed or 
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passed through the gastrointestinal tract Without inhibiting 
the COX 1 enZyme there. As a result, the amount of 
prostaglandins generated by the COX 1 enZyme on the 
gastrointestinal tract remains normal or high enough to 
maintain the GI lining. After the absorption, the sugar 
moieties are cut off and the active form, the anthocyanidins, 
are transported to the sites Where the COX 2 enZymes are 
being induced, thereby inhibiting the COX 2 enZymes and 
providing relief from pain and in?ammation. As a result, the 
present invention is believed to provide an advantage over 
currently available COX inhibitors, such as NSAIDs, since 
there Will be little inhibition of the COX-1 in the gastrointes 
tinal tract, With a possible reduction in side effects. 
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[0033] As described further in the Examples, cyanidin 
may provide a greater amount of COX inhibition as com 

pared to the other anthocyanidins. Accordingly, it may be 
desirable to provide a dietary supplement having a high 
concentration of cyanidin-based anthocyanins to achieve 
pain and in?ammation relief. It has further been found that 
anthocyanins containing only a single sugar moiety may 
provide a greater amount of COX inhibition as compared to 

di-saccharchide, tri-saccharide, or other multiple saccharide 
anthocyanins. 

sources. 

TABLE 2 

Table 2 identi?es the cyanidin-based, 
monosaccharide anthocyanins found in many natural 

Commercial 
source of an 

Cyanidin-based 
anthocyanins found 
in this source1 Weight 

Anthocyanin- extract or other percentage, if provided, Cyanidin-based 
containing Latin concentrated is relative to all known mono-saccharides COX1/COX2 
plant Name product anthocyanins in this source found in this source Ratio2 

Acer N/A Cyanidin derivative N/A N/A 
macrophyllum 
Acer platanoides N/A Cyanidin 3-(2",3"— N/A N/A 

digalloyl-beta 
glucopyranose (3%) 
Cyanidin 3—(2"—galloyl— 
beta-glucopyranose 
(37%) 
Cyanidin 3-beta 
glucopyranoside (60%) 

Acerola Malpighia N/A Cyanidin-3-glucoside Cyanidin-3- N/A 
marginata glucoside 
Ajuga reptans N/A Cyanidin 3-(di-p- N/A N/A 

coumaroyl) sophoroside 
5-glucoside 

Apple Malus spp N/A Cyanidin 3-galactoside Cyanidin 3- N/A 
Cyanidin 3-arabinoside galactoside 
Cyanidin 3-glucoside Cyanidin 3 
Cyanidin 3-xyloside arabinoside 

Cyanidin 3 
glucoside 
Cyanidin 3-xyloside 

Apricot Pmnus armeniaca N/A Cyanidin-3-glucoside Cyanidin-3- N/A 
glucoside 

Artic bramble Rubus spp N/A N/A N/A N/A 
Avocado Persea spp N/A Acylated cyanidin 3,5- Cyanidin 3- N/A 

diglucoside galactoside 
Cyanidin 3-galactoside 

Banana Musa acuminata N/A N/A N/A N/A 
M balbisiana 

Barberry Berberis spp. N/A Cyanidin-glucoside Cyanidin-glucoside N/A 
Barley Hordeum vulgare N/A Cyanidin and cyanidin N/A N/A 

glycosides 
Bean Phaseolus N/A Cyanidin 3-glucoside Cyanidin 3- N/A 

vulgaris (several Cyanidin 3,5-diglucoside glucoside 
cultivars) 
Begonia N/A Cyanidin derivative N/A N/A 
semper?orens cvs 

Benibana-cha Camellia sinensis N/A Cyanidin 3-O-beta-D- Cyanidin 3-O-beta- N/A 
galactoside D-galactoside 

Bellis perennis N/A 3 Cyanidin 3-derivatives N/A N/A 
Bletilla striata N/A Acylated cyanidin 3,7,3'— N/A N/A 

triglucoside derivatives 
Bilberry Vaccinium Artemis/Iprona; Cyanidin-3-galactoside Cyanidin-3- >1.3 

myrtillus Indena (22%); galactoside 
Cyanidin-3-glucoside Cyanidin-3 
(9%); glucoside 

Black beans Phaseolus N/A Cyanidin-3-glucoside Cyanidin-3- N/A 
(96%) glucoside 
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TABLE 2-c0ntinued 

Commercial 
source of an 

Cyanidin-based 
anthocyanins found 
in this source1 Weight 

Anthocyanin- extract or other percentage, if provided, Cyanidin-based 
containing Latin concentrated is relative to all knoWn mono-saccharides COX1/COX2 
plant Name product anthocyanins in this source found in this source Ratio2 

Blackberry Morlferi veri N/A Cyanidin-glucoside (70—100%) Cyanidin-glucoside N/A 
(European and Rubus caesius Cyanidin-rutinoside 
American) R. alleghniensis, 

R. argums, 
R. cunelfolius, 
R. setosus, 
R. trivialis. 

Black grapes Many varieties N/A N/A N/A N/A 
Black potatoes Solanum N/A Cyanidin-glycosides" N/A 

tuberosum 
Black raspberry Rubus N/A Cyanidin-sambubioside Cyanidin- >1.3 

occidentalis (20%); sambubioside 
Cyanidin- Cyanidin-glucoside 
Xylosylrutinoside (40%); 
Cyanidin-glucoside 
(17%); 
Cyanidin-rutinoside 
(23%) 

Black soybeans Glycine max N/A Cyanidin-3-glucoside Cyanidin-3- N/A 
(96%) glucoside 

Blueberries Five common N/A Cyanidin-glucoside (3%); Cyanidin-glucoside N/A 
Vaccinium spp Cyanidin-galactoside Cyanidin 

(3%); galactoside 
Cyanidin-arabinoside Cyanidin-3 
(3%) arabinoside 

Bog Vaccinium N/A Cyanidin 3-glucoside Cyanidin 3 
Whortleberry uliginosum (14%) glucoside (14%) 

Cyanidin 3-arabinoside Cyanidin 3 
(10%) arabinoside (10%) 
Cyanidin 3-galactoside Cyanidin 3 
(6.5%) galactoside (6.5%) 

Boysenberry neW Zealand Cyanidin-3-sophoroside Cyanidin-3- N/A 
(44.5%) glucoside 
Cyanidin-3-glucoside 
(26.4%); 
Cyanidin-3 
glycosylrutinoside 
(25.8%); 
Cyanidin-rutinoside 
(3.3%) 

Buckwheat F agopymm N/A Cyanidin 3-glucoside Cyanidin 3- N/A 
species Cyanidin 3-galactoside glucoside 

Cyanidin 3 
galactoside 

Cacao Theobroma cacao N/A Cyanidin 3-glucoside Cyanidin 3- N/A 
(suspected) glucoside 

(suspected) 
Celery Apium spp N/A N/A N/A N/A 
Cherry laurel Pmnus N/A Cyanidin 3-arabinoside Cyanidin 3- N/A 

laurocerasus arabinoside 
Chicory Cichorium intybus N/A Cyanidin 3-glucoside Cyanidin 3-glucoside N/A 
Chive Allium N/A Cyanidin 3-glucoside Cyanidin 3- N/A 

schoenoprasum Cyanidin 3- glucoside 
acetylglucoside 
Cyanidin 3-(6 
malonylglucoside) 
Cyanidin 3—(3,6— 
dimalonylglucoside) 

Chokeberry Aronia Artemis/Iprona Cyanidin-3-galactoside Cyanidin-3- >1.3 
melanocarpa (64.5%); galactoside 

Cyanidin-3-arabinoside Cyanidin-3 
(28.9%); arabinoside 
Cyanidin-3-glucoside Cyanidin-3 
(2.4%); glucoside 
Cyanidin—3—Xyloside Cyanidin—3—Xyloside 
(4.2%) 

Coffee Co?ea arabica N/A Cyanadin 3-glycoside Cyanadin 3- N/A 
cv. Bourbon Cyanadin 3,5- glycoside 
l/ermelho diglycoside 
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Commercial 
source of an 

Cyanidin-based 
anthocyanins found 
in this source1 Weight 

Anthocyanin- extract or other percentage, if provided, Cyanidin-based 
containing Latin concentrated is relative to all knoWn mono-saccharides COX1/COX2 
plant Name product anthocyanins in this source found in this source Ratio2 

Cotoneaster Cotoneaster N/A Cyanidin 3-glucoside Cyanidin 3- N/A 
Medic. Spp.) Cyanidin 3-galactoside glucoside 

Cyanidin 3-rutinoside Cyanidin 3 
galactoside 

CoWberry or V vitis-idaea N/A Cyanidin 3-galactoside Cyanidin 3- N/A 
Lingonberry Cyanidin 3-arabinoside galactoside 

Cyanidin 3-glucoside Cyanidin 3 
arabinoside 
Cyanidin 3 
glucoside 

Chimonanthus N/A Cyanidin 3-O-glucoside Cyanidin 3-O- N/A 
praecox Acylated cyanidin 3-O- glucoside 

glucoside 
Cyanidin glycoside 

Cranberry Vaccinium Ocean Spray Cyanidin-galactoside Cyanidin- N/A 
(American and macrocarpon (16-24%) galactoside 
European) V oxycoccus Cyanidin-arabinoside Cyanidin 

(1 3—25 %) arabinoside 
CroWberry Empetrum nigmm N/A Cyanidin 3-glucoside Cyanidin 3- N/A 

Cyanidin 3,5-diglucoside glucoside 
Cyanidin 3-rutinoside 
Cyanidin 3-sophoroside 

Chrysanthemum Dendranthema N/A Cyanidin 3—O—(6'—O— N/A N/A 
Grandi?omm malonyl-beta 

glucopyranoside 
Currant (red Ribes rubmm N/A Cyanidin-glucoside (2—10%), Cyanidin-glucoside, N/A 
and black) R. nigmm Cyanidin-rutinoside (8—17%), Cyanidin 

Cyanidin-sambubioside sambubioside 
(9—31%), 
Cyanidin-sophoroside 
<4-9%>, 
Cyanidin 
Xylosylrutinoside (28-73%), 
Cyanidin 
glucosylrutinoside (14-28%), 

Cynomorium N/A Cyanidin 3-O-glucoside Cyanidin 3-O- N/A 
coccineum (92%) glucoside (92%) 

Cyanadin 3-O-(6-O 
rhamnosylglucoside 
(8%) 

DaneWort Sambucus ebulus N/A Cyanidin 3- Cyanidin 3- N/A 
Xylosylglucoside sambubioside 
Cyanidin 3- Cyanidin 3 
sambubioside glucoside 
Cyanidin 3 
sambubioside-S 
glucoside 
Cyanidin 3,5 diglucoside 
Cyanidin 3-glucoside 
Cyanidin 3 
arabinoglucoside 

Dendrobium Phalaenopsis spp N/A Cyanidin derivatives N/A N/A 
DWarf dogWood Camus suecica N/A Cyanidin 3-glucoside Cyanidin 3- N/A 

(4%) glucoside (4%) 
Cyanidin 3-galactoside 
(16%) 
2 Cyanidin derivatives 

(80%) 
Echinacea Echinacea spp. N/A N/A N/A N/A 
Elderberry Sambucus Artemis/Iprona Cyanidin-3-glucoside Cyanidin-3- >1.3 

nigra (42%) glucoside 
Cyanidin-3 
sambubioside (43%) 
Cyanidin-3,5-diglucoside 
(2%) 
Cyanidin-3 
sambubioside —5— 

glucoside (9%) 
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Commercial 
source of an 

Cyanidin-based 
anthocyanins found 
in this source1 Weight 

Anthocyanin- extract or other percentage, if provided, Cyanidin-based 
containing Latin concentrated is relative to all knoWn rnono-saccharides COXl/COXZ 
plant Narne product anthocyanins in this source found in this source Ratio2 

Gentiana spp N/A Cyanidin 3-O-beta-D- Cyanidin 3-O-beta- N/A 
glucoside and 3 other D-glucoside 
derivatives 

F atsia japonica N/A Cyanidin 3-lathyroside N/A N/A 
Feijoa F eij'oa sellowiana N/A Cyanidin 3-glucoside Cyanidin 3- N/A 

glucoside 
Fig Ficus carica spp N/A Cyanidin 3- Cyanidin 3- N/A 

rharnnoglucoside glucoside 
Cyanidin 3,5-diglucoside 
Cyanidin 3-glucoside 

F orsythia X N/A Cyanidin derivatives N/A N/A 
intermedia cv 

Spring Glory 
Garlic Allium sativum N/A Cyanidin 3-glucoside Cyanidin 3- N/A 

Cyanidin 3-glucoside glucoside 
rnonoacylated 
Cyanidin 3-glucoside 
triacylated 

Ginseng Panax ginseng N/A Cyanidin 3-O-[5-D- N/A N/A 
Panax Xylopyranyl—(1—2)—[5—D— 
quinquefolius glucopyranoside 

Globe artichoke Cynara scolymus N/A Cyanidin 3- N/A N/A 
caffeylglucoside 
Cyanidin 3 
caffeyIsophoroside 
Cyanidin 3 
dicaffeyIsophoroside 

Gooseberry Ribes spp N/A Cyanidin 3-glucoside Cyanidin 3- N/A 
Cyanidin 3-rutinoside glucoside 

Grape Vinis vinifera N/A Cyanidin 3- Cyanidin 3- N/A 
rnonoglucoside rnonoglucoside 
Cyanidin 3 
rnonoglucoside-acetate 
Cyanidin 3 
rnonglucoside-p 
cournarate 

Guava Psidium guajavica N/A Cyanidin 3-glucoside Cyanidin 3- N/A 
glucoside 

HaWthorn Crataegus spp N/A Cyanidin 3-galactoside Cyanidin 3- N/A 
Cyanidin 3-arabinoside galactoside 
Cyanidin 3-glucoside Cyanidin 3 

glucoside 
Hibiscus or Hibiscus N/A Cyanidin-sarnbubioside Cyanidin- N/A 
Roselle sabdari?a (30%) sarnbubioside 
Hollyhock Althaea rosea N/A Cyanidin 3-glucoside Cyanidin 3- N/A 

Cyanidin 3-rutinoside glucoside 
Other cyanidin 
glucosides 

Honeysuckle Lonicera nitida N/A Cyanidin 3-rutinoside Cyanidin 3- N/A 
Cyanidin 3-glucoside glucoside 

Japanese Iris ensata N/A Cyanidin 3RG N/A N/A 
garden iris Cyanidin 3RG5G 

Cyanidin 3Rgac5G 
Ipomoea N/A Six acylated cyanidin 3- N/A N/A 
purpurea sophoroside-5 

glucosides 
Java plurn Myrciaria N/A Cyanidin 3-glucoside Cyanidin 3- N/A 

jaboticaba glucoside 
Jerusalem Helianthus N/A N/A N/A N/A 
artichoke tuberosus 
Kokurn Garcinia indica N/A Cyanidin 3-glucoside Cyanidin 3- N/A 

Cyanidin 3- glucoside 
sarnbubioside Cyanidin 3 

sarnbubioside 
Laeliocattleya cv N/A Acylated cyanidin N/A N/A 
Mini purple derivatives 
Lacmca saliva N/A Cyanidin 3—O—(6"- N/A N/A 

rnalonylglucoside) 
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source of an 

Cyanidin-based 
anthocyanins found 
in this source1 Weight 

Anthocyanin- extract or other percentage, if provided, Cyanidin-based 
containing Latin concentrated is relative to all knoWn rnono-saccharides COXl/COXZ 
plant Narne product anthocyanins in this source found in this source Ratio2 

Loganberry Rubus N/A Cyanidin-sophoroside Cyanidin-glucoside N/A 
loganbaccus (48.1%), 

Cyanidin-glucoside 
(21.6%), 
Cyanidin-rutinoside 
(6.2%) 

Lupine Lupinus spp N/A Cyanidin glycosides N/A N/A 
presence con?rmed 

Lychee Litchi chinensis N/A Cyanidin 3-glucoside Cyanidin 3- N/A 
Cyanidin 3-galactoside glucoside 
Cyanidin 3-rutinoside Cyanidin 3 

galactoside 
Maize Zea mays N/A Cyanidin 3-glucoside Cyanidin 3- N/A 

Cyanidin 3—(6"— glucoside 
rnalonylglucoside) 
Cyanidin 3 
(3 ",6"dirnalonyl— 
glucoside) 

Mango Manglfera indica N/A Cyanidin glycosides N/A N/A 
Mangosteen Garcina N/A Cyanidin 3-sophoroside Cyanidin 3- N/A 

mangostana Cyanidin 3-glucoside glucoside 
Maqui Aristotelia N/A Cyanidin 3-,5- N/A N/A 

chilensis diglucoside 
Matthiola incana N/A Four acylated cyanidin N/A N/A 

3-sarnbubioside-5 
glucosides 

Millet Pemnisetum N/A Cyanidin 3-glucoside Cyanidin 3- N/A 
americanum glucoside 

Mountain ash Sorbus spp N/A Cyanidin 3-galactosid N/A N/A 
berry Cyanidin 3,5-diglucoside 

Cyanidin 3-[5-D 
glucopyranoside 

Mulberry Moms nigra N/A Cyanidin 3-glucoside Cyanidin 3- N/A 
Cyanidin 3,5-diglucoside glucoside 
Cyanidin 3-rutinoside 
Cyanidin 3-sophoroside 

Myrtle berry Myrtus communis N/A Cyanidin 3-glucosides Cyanidin 3- N/A 
Cyanidin 3,5- glucosides 
diglucosides 

Olive Olea europaea N/A Cyanidin 3-rutinoside Cyanidin 3- N/A 
Cyanidin 3-glucoside glucoside 
Cyanidin derivatives 

Onion Allium sepa N/A Cyanidin 3-glucoside Cyanidin 3- N/A 
Cyanidin 3-diglucoside glucoside 
Cyanidin 3-larninarioside 

Orange Citrus sinensis N/A Cyanidin 3- Cyanidin 3- N/A 
glucoside(95%) glucoside 
Cyanidin 3,5-diglucoside 

Passion fruit Pasi?ora edulis N/A Cyanidin 3-glucoside Cyanidin 3- N/A 
glucoside 

Pea Pisum sativum N/A Cyanidin 3- N/A N/A 
sophoroside-5 
glucosides 
Cyanidin 3 
sarnbubioside-S 
glucosides 

Peach Pmnus persica N/A Cyanidin 3-glucoside Cyanidin 3- N/A 
Cyanidin 3-rutinoside glucoside 
Cyanidin derivatives 

Peanut Arachis hypogaea N/A Cyanidin glucosides N/A N/A 
Pear Pyms communis N/A Cyanidin 3-galactoside Cyanidin 3- N/A 

Cyanidin 3-arabinoside galactoside 
Cyanidin 3 
arabinoside 

Perilla Perilla fmtescens N/A Cyanidin 3,5-diglucoside N/A N/A 
Cyanidin 3,5-derivatives 

Petunia spp N/A Cyanidin 3-rutinoside N/A N/A 
Phalsa Grewia spp N/A Cyanidin 3-glucoside Cyanidin 3- N/A 

glucoside 

Feb. 2, 2006 
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Pineapple Ananas comosus N/A Cyanidin 3-galactoside Cyanidin 3- N/A 
galactoside 

Pistachio Pistacia vera N/A N/A N/A N/A 
Pragmites N/A Cyanidin-3 derivatives N/A N/A 
australis 

Plurn 2000 varieties N/A Cyanidin-glucoside Cyandin-glucoside N/A 
15 species (37%) 

Cyanidin-rutinoside 
(45%) 

Pomegranate Punica granatum N/A Cyanidin-glucoside (30% Cyanidin-glucoside N/A 
Cyanidin-diglucoside 
(17%) 

Purple carrot Daucus carota N/A Cyanidin-glucoside Cyanidin-glucoside N/A 
Cyanidin- Cyanidin 
glucosylgalactoside galactoside 
Cyanidin-digalactoside 
Cyanidin-galactoside 

Quince Cydonia oblonga N/A Cyanidin 3-glucoside Cyanidin 3- N/A 
Cyanidin 3,5-diglucoside glucoside 
Cyanidin derivatives 

Radish Raphanus sativus N/A Acylated cyanidin 3- N/A N/A 
sophoroside-S-glucoside 
Acylated cyanidin 3 
diglucoside-S-glucoside 

Red cabbage Brassica oleracea N/A Cyanidin-glycosides" N/A N/A 
var. capitata 

Reed Phalaris N/A Cyanidin 3-glucoside Cyanidin 3- N/A 
canarygrass arundinacea Cyanidin 3—(6"— glucoside 

rnalonylglucoside) 
Cyanidin 3 
(3 ",6"dirnalonyl— 
glucoside) 

Red onion Allium cepa N/A Cyanidin 3-glucoside Cyanidin 3- N/A 
Acylated cyanidin 3- glucoside 
glucoside derivatives 

Red petunia Petunia spp N/A Cyanidin 3-glucoside Cyanidin 3- N/A 
Cyanidin 3-sophoroside glucoside 

Red raspberry Rubus idaeus N/A Cyanidin-glucoside Cyanidin-glucoside N/A 
(17%); 
Cyanidin-rutinoside 
(7%); 
Cyanidin-sophoroside 
(50%); 
Cyanidin 
glycosylrutinoside (26%); 
Cyanidin-diglucoside 

Rhubarb Rheum spp N/A Cyanidin 3-glucoside Cyanidin 3- N/A 
Cyanidin 3-rutinoside glucoside 

Rice Oryza spp N/A Cyanidin 3-glucoside Cyanidin 3- N/A 
Cyanidin 3-rharnnoside glucoside 
Cyanidin 3,5-diglucoside 

Rosehip Rosa canina N/A Cyanidin 3-rutinoside Cyanidin 3- N/A 
Cyanidin 3-glucoside glucoside 
Cyanidin 3,5-diglucoside 

Rye Secale cereale N/A Cyanidin 3-glucoside Cyanidin 3- N/A 
Cyanidin 3- glucoside 
rharnnosylglucoside 
Cyanidin 3 
rharnnosyldiglucoside 
Cyanidin 3-rutinoside 
Cyanidin 3-rutinoside 
derivatives 
Cyanidin 3-gentiobioside 

Sheepberry Vibumum spp N/A Cyanidin 3-glucoside Cyanidin 3- N/A 
Cyanidin 3- glucoside 
arabinosylsarnbubioside 

Sorghum Sorghum bicolor N/A Cyanidin N/A N/A 
Cyanidin glycosides 
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Sparkleberry V arboreum N/A Cyanidin 3-glucoside Cyanidin 3- N/A 
Cyanidin 3-arabinoside glucoside 
Cyanidin 3-galactoside 

Strawberry F ra garia N/A Cyanidin- Cyanidin-glucoside N/A 
ananassa glucoside(rninor) 

Sun?ower Helianthus N/A Cyanidin 3-glucoside Cyanidin 3- N/A 
annuus Acylated cyanidin 3- glucoside 

glucoside Cyanidin 3-xyloside 
Cyanidin 3-xyloside 
Acylated cyanidin 3 
Xyloside 
Cyanidin 3-vanillyl 
sarnbubioside 

Sweet cherry Pmnus avium N/A Cyanidin-glucoside Cyanidin-glucoside N/A 
Cyanidin-rutinoside; 
Cyanidin-3-sophoroside 

Sweet potato Ipomoea batatas N/A Cyanidin derivatives N/A N/A 
Sophronitis N/A Five acylated cyanidin N/A N/A 
coccinea 3,3',7—triglucosides. 

Tarnarillo or Cyphomandrea N/A Cyanidin 3-rutinoside Cyanidin 3- N/A 
tornato tree betacea Cyanidin 3-glucoside glucoside 
Tarnarind Tamarindus N/A Cyanidin 3-glucoside Cyanidin 3- N/A 

indica glucoside 
Taro Colocasia N/A Cyanidin 3-glucoside Cyanidin 3- N/A 

esculenta Cyanidin 3-rutinoside glucoside 
Tart Cherry Pmnus cerasus Nutrilite Cyanidin-3-rutinoside- N/A >1.3 
(balaton) cv. Balaton heXose (75%); 

Cyanidin-3-rutinoside 
pentose (3%); 
Cyanidin-3-rutinoside 
(18%); 

Tart cherry Pmnus cerasus Nutrilite Cyanidin-3-sophoroside Cyanidin-3- >1.3 
(rnontrnorency) cv. Montmorency (80%); glucoside (20%) 

Cyanidin-3-glucoside 
(20%) 

Tulip Tulipa spp N/A Cyanidin 3—O—(6"- N/A N/A 
rharnnosylglucosides 
Cyanidin 3-O-derivative 

Turnip Brassica rapa N/A Cyanidin 3-glucoside Cyanidin 3- N/A 
Cyanidin 3-diglucoside- glucoside 
5-glucoside 
Cyanidin 3,5-diglucoside 

Water lily Nymphaea alba N/A Cyanidin 3—O—(6"—acetyl— Cyanidin 3-O- N/A 
beta-galactopyrosinase galactoside (2%) 
(23%) 
Cyanidin 3-O 
galactoside (2%) 

Vlleigela spp N/A Cyanidin 3-O-glucoside Cyanidin 3-O- N/A 
Cyanidin 3-O-glucose- glucoside 
Xylose 

Wheat Triticum spp N/A Cyanidin 3-glucoside Cyanidin 3- N/A 
Acylated cyanidin glucoside 
glucoside 
Cyanidin 3-rutinoside 
Acylated cyanidin 3 
rutinoside 
Cyanidin 3-gentiobioside 

Wild rice Zizania aquatica N/A Cyanidin 3-glucoside Cyanidin 3- N/A 
Cyanidin 3- glucoside 
rharnnoglucoside 

Yarn Dioscoracea spp N/A Cyanidin 3,5-diglucoside Cyanidin 3- N/A 
Cyanidin 3-glucoside glucoside 
Cyanidin 3 
rharnnoglucoside 
Cyanidin 3-gentiobioside 
Acylated cyanidin 
glucosides 
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B. Methods for Extracting Anthocyanins 
[0034] There are various methods for the extraction of 
anthocyanins known to those of skill in the art. Some of 
these methods are described in, for example, U.S. Pat. No. 
5,817,354; US. Pat. No. 5,200,186; US. Pat. No. 5,912,363; 
US. Pat. No. No. 4,211,577; US. Pat. No. 4,302,200 (each 
incorporated herein by reference). 
[0035] Us. Pat. No. 5,817,354 describes a process for 
removing ?avonoids from citrus products that cause the 
bitter taste. The process includes contacting a ?uid contain 
ing one or more these bitter ?avonoids With a polystyrene 
divinylbenZene resin to bind the ?avonoids to the resin. 
Generally, a centrifugation or ultra?ltration step is used 
before contacting With the polystyrene divinylbenZene resin. 
The ?avonoids can then be collected by eluting from the 
resin. While this patent does not describe hoW the ?avonoids 
can be eluted (removed) from the resin, Chandra, et al. (J. 
Agric. Food Chem., 1062-64, Vol. 41, No. 7 (1993)) 
describe the use of ethanol to elute the anthocyanins. The 
eluted solution is then vacuum dried to remove the ethanol. 

[0036] Us. Pat. No. 5,912,363 describes a method for the 
extraction of proanthocyanidins from plant material. The 
method involves heating an aqueous mixture of solid plant 
material, optionally under increased pressure and reduced 
oxygen folloWed by various separation, ?ltration and 
adsorption steps, and the elution of adsorbed proanthocya 
nidins With polar solvent. This method also is amenable to 
reconstituting and recycling the polar solvent into the elution 
phase of the method, resulting in decreased solvent con 
sumption and a more cost-effective process. 

[0037] Us. Pat. No. 4,211,577 describes the extraction of 
plant anthocyanin colors by treating impure materials to 
insure discrete monomeric anthocyanin molecules in solu 
tion and then passing the solution through ultra?ltration 
membranes to retain soluble and/or cloudy macromolecular, 
e.g., colloidal, impurities upstream that produce, an aging, 
haZe and sediments, and passing the monomeric anthocya 
nins doWnstream for further concentration as liquid or 
poWder to give a stable color concentrate that can be used as 
a color additive. In this manner, fruit solids may be treated 
With sulfur dioxide solutions to ioniZe, decolor and insure 
the monomeric state of the pigment molecules (change from 
anthocyanins to chromon 2- and 4-sulfonates). Ultra?ltering 
the solution to pass the anthocyanins doWnstream While 
retaining upstream the macromolecular components such as 
pectins, tannins, proteins, complexes thereof, etc. Optionally 
stripping of the sulfur dioxide from the ultra?ltered solution 
regenerates the original anthocyanins from the chromen 
sulfonates. The anthocyanins can then be concentrated by 
evaporation to a highly concentrated liquid from Which 
unstable pigments With acyl groups in the molecule may 
optionally be removed by controlled precipitation at reduced 
temperatures. 
[0038] Us. Pat. No. 4,302,200 describes a process for the 
extraction of anthocyanins from a natural product by bring 
ing the natural product containing the anthocyanin into 
contact With a sul?te ion-containing aqueous solution at a 
temperature of 85° C. or higher for 30 minutes or less, at 
Which time the sul?te ion content of the aqueous solution 
?rstly contacting the natural product is adjusted to at least 
10,000 ppm in terms of S02. 
[0039] Us. Pat. No. 3,963,700 describes a method of 
recovering anthocyanins from plant materials such as grape 
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Wastes using a tartaric acid-alkanol extraction folloWed by 
controlled precipitation of excess tartaric acid as potassium 
hydrogen tartrate. This patent further describes the use of 
these anthocyanins in the preparation of an arti?cial grape 
drink colored With the anthocyanin extract. 

[0040] While it is contemplated that the methods 
described in the above patents Will be useful in generating 
the anthocyanins for the anti-in?ammatory properties 
described herein, the inventors have developed another 
method of extraction of anthocyanins from a natural source. 

[0041] The method is directed to concentrating ?avonoids 
from plants Without the use of undesirable chemicals. The 
process includes passing a solution containing one or more 
?avonoids through an ultra?ltration membrane to provide a 
supernatant and a retentate. The supernatant is then passed 
through a reverse osmosis membrane to provide a retentate 
and a permeate, and then the reverse osmosis retentate is 
collected. 

[0042] The molecular Weight cutoff of the ultra?ltration 
membrane is preferably in the range of about 100,000 to 
about 1,000,000. The molecular Weight cutoff of the reverse 
osmosis membrane is preferably in the range from about 
1,000 to about 10,000. 

[0043] The collected retentate contains the anti-in?amma 
tory, COX-2 inhibiting properties that are described in the 
present invention. In preferred embodiments the retentate 
may thus be dried and combined With one or more excipients 
to provide a dietary supplement. 

[0044] Referring noW to FIG. 1, there is shoWn a How 
sheet of one embodiment of the process according to the 
present invention. In accordance With this embodiment, a 
plant source 1, particularly a fruit containing ?avonoids and 
more particularly a fruit containing anthocyanin compounds 
is processed by an extraction method 10 to obtain an extract 
or juice 2. For example, the plant may be subjected to a 
juicing operation or a pressing operation such as a screW or 
bag press to obtain a cake and a juice. Alternatively, the raW 
plant may be ground, pulveriZed or subjected to process to 
increase the surface area of the plant to facilitate the extrac 
tion and separation of the desired ?avonoid compounds from 
the bulk solids. 

[0045] To aid in this separation and to obtain a better 
ultimate recovery of the desired anthocyanin compounds, it 
may be desirable to contact the plant With an extractant 3 to 
obtain an extract juice) rich in ?avonoids (particularly the 
anthocyanin compounds) and to form a bulk solid residue or 
cake 4. Preferably, the extractant is Water in order to 
minimiZe further separation processing steps. The extracting 
step may be done using conventional extraction equipment, 
in countercurrent fashion, batch, or multiple batch extrac 
tion. 

[0046] In addition, the cake may likeWise be subjected to 
an extraction process to increase the recovery of the desired 
anthocyanin compounds. If this extraction process step is 
conducted, it may be desirable to combine the extract from 
this step With the juice and/or extract (juice) from the 
previous step. 

[0047] The juice may separated from the cake in any 
knoWn manner using bulk separation apparatus such as a 
centrifuge, screen, press, or ?lter. Prior to ultra?ltration, the 



US 2006/0024397 A9 

bulk solids are desirably separated from the liquid by any 
known bulk separation apparatus. For example, the folloW 
ing may be used a centrifuge, ?lter, screen, press, etc. 

[0048] Thereafter, an ultra?ltration process 20 is used to 
remove suspended particles and colloidal high molecular 
Weight components having a molecular Weight greater than 
about 200,000 Daltons. The ultra?ltration membrane can be 
a tubular type, a capillary type, spiral type, holloW ?ber, or 
other suitable type. The membrane can be polysulphone, 
polyacrylonitrile, polyethersulphone, PVDF or other suit 
able material. Preferably, the ultra?ltration is conducted 
using cross-?oW. The molecular Weight cut off of the mem 
brane can range from about 20,000 Daltons to about 300,000 
Daltons, preferably about 200,000 Daltons. If there is no 
?ltration before the ultra?lter, it is preferred to use a higher 
molecular Weight cut off membrane so that an acceptable 
?ltration rate can be achieved. Thus, it is contemplated to 
incorporate a micro?ltration step before the ultra?ltration 
step. 

[0049] For example, a micro?lter may be used to remove 
suspended particles having a siZe in the range from about 
0.01 to about 1 micrometer. 

[0050] The ultra?ltration can be conducted under a pres 
sure of about 5 to about 25 bar and at a temperature of about 
22° C. to about 80° C. This step primarily removes the lipids, 
proteins and like colloids, cell fragments, starch, etc. With 
the advantage that the folloWing RO step can be carried out 
free of the contamination of the membrane(s) that Would 
otherWise lead to a reduced ?ltration rate. 

[0051] The ultra?ltration step results in a permeate 5 rich 
in anthocyanin compounds and a retentate 7 containing 
undesirable compounds. To increase the ultimate recovery of 
the ?avonoids and desired anthocyanin compounds, a di?l 
trate 6 may be provided to the ultra?ltration membrane. 

[0052] The ultra?ltration permeate 5 is subjected to 
reverse osmosis 30 to provide a retentate 8 rich in ?a 
vonoids, including the anthocyanin compounds, and a per 
meate 10, Which is substantially free of the ?avonoids, 
including the anthocyanin compounds. To increase the ulti 
mate recovery of the ?avonoids and desired anthocyanin 
compounds, a di?ltrate 9 may be provided to the ultra?ltra 
tion membrane. The membrane to be used for the R0 of the 
present invention can be polyethersulphone, polysulphone, 
cellulose acetate, or a polyamide ?lm. 

[0053] The reverse osmosis can be conducted at a pressure 
from about 30 to about 70 bar and at a temperature from 
about 30° C. to about 80° C., preferably the temperature is 
maintained in the range from about 30° C. to about 45° C. 
In general, the reverse osmosis membrane has a molecular 
Weight cutoff in the range from about 1,000 to about 10,000, 
preferably about 2,000 to provide a retentate. 

[0054] The retentate contains a higher concentration of the 
desired anthocyanin compounds than found in the starting 
plant material. The retentate may be left in the form of a 
solution but also may be further concentrated by drying 40 
to remove some of the Water or may be completely dried to 
form a poWder 11. 

[0055] Where a more concentrated solution is desired, 
some of the Water may be removed by conventional means 
including use of reverse osmosis membranes having greater 
than 90% NaCl retention. 
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[0056] Spray drying is the preferred drying means but 
other drying methods, eg ?ash drying, freeZe drying, ?u 
idiZed bed drying, ring drying, micron drying, tray drying, 
vacuum drying, radio-frequency drying, or microWave dry 
ing, may also be adapted for use in this drying step. Before 
drying, it may be desirable to add one or more How control 
agents such as maltodextrin (e.g. M100), magnesium 
hydroxide or other knoWn ?oW controls agents or carriers. In 
general, it may be desirable to add a How control agent in an 
amount from about 20 to 60% by Weight of the solid content 
in the retentate. 

[0057] When spray drying is used, the total solids content 
of the retentate should be at least about 1%, based on the 
total slurry Weight although higher total solids content in the 
range of at least about 20% to about 35% solids Would be 
desired. The higher solids content levels are desirable since 
the amount of Water that must be removed during the drying 
step is accordingly reduced. Consequently, the solids content 
of the retentate Will be as high as can be achieved and yet 
alloW ef?cient processing conditions. The upper limit on 
solids content in the retentate is typically determined by the 
operating constraints of the membrane used in the reverse 
osmosis/nano?ltration step as Well as the drying apparatus 
used. 

[0058] The temperature of the retentate is not critical. 
Ambient temperatures, of from about 10-25° C., Will gen 
erally be preferred. Higher slurry temperatures may be used, 
and these may be desirable With certain types of drying 
equipment. 

[0059] Conventional spray drying equipment may be used, 
and operating procedures that are familiar to those experi 
enced in the spray drying art are applicable to the spray 
drying step of this process. Drier (drier gas) outlet tempera 
ture is ordinarily used to control the residual moisture level 
obtained in the resulting poWder. In a spray drying process, 
drier outlet temperatures are ordinarily in the range of about 
40-100° C. In general, it is desirable to maintain the outlet 
temperature to less than about 80° C. to minimiZe the 
potential for degradation of the desired anthocyanin com 
pounds. It is understood that the corresponding drier inlet 
temperatures are higher, ordinarily in the range of about 90° 
C. to about 200° C., but preferably less than about 150° C. 

[0060] The product recovered from the drying operation is 
a free-?oWing particulate solid that typically has a ?ne 
granular poWder appearance and is suitable for use as a 
dietary or food supplement. In this regard, the resulting 
poWder containing the desired one or more anthocyanin 
compounds is useful as a food or dietary supplement. 

[0061] The reverse osmosis permeate may be further pro 
cessed by, for example, a concentrator 50 to provide a 
concentrate 12 that may be used to prepare a fruit drink. 

[0062] Of course the above is only one method and it 
should be understood that any method, Which provide fruit 
extracts possessing an anti-in?ammatory activity greater 
than the anti-in?ammatory activity found in the natural fruit, 
Will be useful in the context of the present invention. 

[0063] Although any of the above methods are suitable for 
obtaining the desired anthocyanin, it is also contemplated 
that commercially available extracts may be used for some 
or all of the requirements of the products of the present 
invention. As an example, it is knoWn that Artemis Interna 
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tional of Fort Wayne, Ind. supplies juice concentrates and 
powders that contain anthocyanins and other ?avonoids. 
Where commercial products are used, it is preferred that the 
anthocyanin content in the extract is at least 10% by Weight 
of the extract product. 

C. Identi?cation of Anthocyanin and Novel Anti-In?amma 
tory Compounds 

[0064] The present section is directed toWards providing a 
general teaching of the puri?cation and identi?cation of such 
compound(s). 
[0065] In general, the plant extract may be prepared as 
described herein above, obtained from another method, or 
obtained from a commercial source. The plant extract Will 
comprise a mixture of ?avonoid compounds some of Which 
Will have COX-2 selective activity, others of Which Will 
have COX-1 selective activity, still others Which Will have 
a broad spectrum cyclooxygenase inhibitory activity and 
still others Which Will not have any appreciable inhibitory 
activity of cyclooxygenase inhibition. 

[0066] Upon demonstrating that a particular plant extract 
has an anti-in?ammatory activity, using for example the 
assays described herein beloW or other equivalent assays 
knoWn to those of skill in the art for measuring COX 
activity, it Will be possible to separate the individual com 
ponents of the fruit extract. Separation techniques are Well 
knoWn to those of skill in the art. For example, those of skill 
in the art may employ chromatography such as thin layer 
chromatography, gas chromatography, high performance 
liquid chromatography, paper chromatography, af?nity chro 
matography, ion exchange chromatography, supercritical 
?oW chromatography and the like to separate the individual 
?avonoid components (See Freifelder, Physical Biochemis 
try Applications to Biochemistry and Molecular Biology, 
2nd ed., Wm. Freeman and Co., NeW York, NY, 1982 for 
an overvieW of chromatographic techniques). 

[0067] Partition chromatography is based on the theory 
that if tWo phases are in contact With one another, and if one 
or both phases constitute a solute, the solute Will distribute 
itself betWeen the tWo phases. Usually, partition chromatog 
raphy employs a column that is ?lled With a sorbent and a 
solvent. The solution containing the solute is layered on top 
of the column. The solvent is then passed through the 
column, continuously, Which permits movement of the sol 
ute through the column material. The solute can then be 
collected based on is movement rate. The tWo most common 
types of partition chromatograph are paper chromatograph 
and thin-layer chromatograph (TLC); together these are 
called adsorption chromatography. In both cases, the matrix 
contains a bound liquid. Other examples of partition chro 
matography as gas-liquid and gel chromatography. 

[0068] Paper chromatography is a variant of partition 
chromatography that is performed on cellulose columns in 
the form of a paper sheet. Cellulose contains a large amount 
of bound Water even When extensively dried. Partitioning 
occurs betWeen the bound Water and the developing solvent. 
Frequently, the solvent used is Water. Usually, very small 
volumes of the solution mixture to be separated is placed at 
top of the paper and alloWed to dry. Capillarity draWs the 
solvent through the paper, dissolves the sample, and moves 
the components in the direction of ?oW. Paper chromato 
grams may be developed for either ascending or descending 
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solvent ?oW. TWo dimensional separations are permitted by 
changing the axis of migration 90° after the ?rst run. 

[0069] Thin layer chromatography (TLC) is very com 
monly used to separate lipids and, therefore, is considered a 
preferred embodiment of the present invention. TLC has the 
advantages of paper chromatography, but alloWs the use of 
any substance that can be ?nely divided and formed into a 
uniform layer. In TLC, the stationary phase is a layer of 
sorbent spread uniformly over the surface of a glass or 
plastic plate. The plates are usually made by forming a slurry 
of sorbent that is poured onto the surface of the gel after 
creating a Well by placing tape at a selected height along the 
perimeter of the plate. After the sorbent dries, the tape is 
removed and the plate is treated just as paper in paper 
chromatography. The sample is applied and the plate is 
contacted With a solvent. Once the solvent has almost 
reached the end of the plate, the plate is removed and dried. 
Spots can then be identi?ed by ?uorescence, immunologic 
identi?cation, counting of radioactivity, or by spraying vary 
ing reagents onto the surface to produce a color change. 

[0070] TLC of anthocyanins from bilberry extracts is 
described by Petri et al., (1994). This reference also 
describes additional spectrophotmetric and chromatographic 
techniques that can be used in the identi?cation and char 
acteriZation of anthocyanin agents. 

[0071] In gas liquid chromatography (GLC), the mobile 
phase is a gas and the stationary phase is a liquid adsorbed 
either to the inner surface of a tube or column or to a solid 
support. The liquid usually is applied as a solid dissolved in 
a volatile solvent such as ether. The sample, Which may be 
any sample that can be volatiZed, is introduced as a liquid 
With an inert gas, such as helium, argon or nitrogen, and then 
heated. This gaseous mixture passes through the tubing. The 
vaporiZed compounds continually redistribute themselves 
betWeen the gaseous mobile phase and the liquid stationary 
phase, according to their partition coef?cients. 

[0072] The advantage of GLC is in the separation of small 
molecules. Sensitivity and speed are quite good, With speeds 
that approach 1000 times that of standard liquid chroma 
tography. By using a non-destructive detector, GLC can be 
used preparatively to purify grams quantities of material. 

[0073] Gel chromatography, or molecular sieve chroma 
tography, is a special type of partition chromatography that 
is based on molecular siZe. The theory behind gel chroma 
tography is that the column, Which is prepared With tiny 
particles of an inert substance that contain small pores, 
separates larger molecules from smaller molecules as they 
pass through or around the pores, depending on their siZe. As 
long as the material of Which the particles are made does not 
adsorb the molecules, the sole factor determining rate of 
How is the siZe. Hence, molecules are eluted from the 
column in decreasing siZe, so long as the shape is relatively 
constant. Gel chromatography is unsurpassed for separating 
molecules of different siZe because separation is indepen 
dent of all other factors such as pH, ionic strength, tempera 
ture, etc. There also is virtually no adsorption, less Zone 
spreading and the elution volume is related in a simple 
matter to molecular Weight. 

[0074] The gel material for gel chromatography is a three 
dimensional netWork Whose structure is usually random. 
The gels consist of cross-linked polymers that are generally 
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inert, do not bind or react With the material being analyzed, 
and are uncharged. The space ?lled Within the gel is ?lled 
With liquid and this liquid occupies most of the gel volume. 
Common gels are dextran, agarose and polyacrylamide; they 
are used for aqueous solution. 

[0075] High Performance Liquid Chromatography 
(HPLC) is characteriZed by a very rapid separation With 
extraordinary resolution of peaks. This is achieved by the 
use of very ?ne particles and high pressure to maintain an 
adequate ?oW rate. Separation can be accomplished in a 
matter of minutes, or at most an hour. Moreover, only a very 
small volume of the sample is needed because the particles 
are so small and close-packed that the void volume is a very 
small fraction of the bed volume. Also, the concentration of 
the sample need not be very great because the bands are so 
narroW that there is very little dilution of the sample. HPLC 
set up With a photodiode array detection system has been 
used to study ?avonoids such as rutin and other quercetin 
glycosides, phloridZin, as Well as certain anthocyanins 
(Paganga and Rice-Evans, FEBS Left. 401(1):78-82, 1997). 
A reverse phase-HPLC gradient procedure has been 
described for the separation and quantitative estimation of 
12 anthocyanins (Petri et al., Acta Pharm. Hung. 64(4) 
117-122, 1994). Quercetin compounds also may be identi 
?ed using the HPLC techniques described by Laires et al., 
(Food Chem. Toxicol., 31(12) 989-994, 1993). It is contem 
plated that such methods may be adapted to the present 
invention in characteriZing and identifying novel ?avonoids. 

[0076] Affinity Chromatography is a chromatographic 
procedure that relies on the speci?c affinity betWeen a 
substance to be isolated and a molecule that it can speci? 
cally bind to. This is a receptor-ligand type interaction. The 
column material is synthesiZed by covalently coupling one 
of the binding partners to an insoluble matrix. The column 
material is then able to speci?cally adsorb the substance 
from the solution. Elution occurs by changing the conditions 
to those in Which binding Will not occur (alter pH, ionic 
strength, temperature, etc.). 

[0077] The matrix should be a substance that itself does 
not adsorb molecules to any signi?cant extent and that has 
a broad range of chemical, physical and thermal stability. 
The ligand should be coupled in such a Way as to not affect 
its binding properties. The ligand should also provide rela 
tively tight binding. And it should be possible to elute the 
substance Without destroying the sample or the ligand. One 
of the most common forms of affinity chromatography is 
immunoaffinity chromatography Which employs antibodies 
directed against the particular materials to be detected. 

[0078] The structure of anthocyanins separated using the 
above techniques can be identi?ed by generating mass 
spectra and NMR spectra as described by Saito et al., 
(Phytochemistry 41(6) 1613-1620,1996 and Phytochemistry 
43(6), 1365-1370, 1.996); Takeda et al., (Phytochemistry, 
36(3) 613-616,1994). Additional NMR techniques are 
described by Terahara et al. (BioSci. Biotech. Biochem., 
58(7) 1324-1325, 1994); Nerdal et al., (Acta Chem. Scand. 
46(9) 872-876, 1992). Johansen et al., (Phytochemis 
try30(12)4137-4141, 1991) describe various methods 
including ion-exchange resin, droplet-counter chromatogra 
phy and gel ?ltration for the isolation of anthocyanins and 
the subsequent use of techniques such as chemical degra 
dation, chromatography and spectroscopy, especially homo 
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and heteronuclear tWo-dimensional NMR techniques for the 
characteriZation of the isolated anthocyanin compounds. It 
Will be clear to those of skill in the art that any of the above 
described techniques can be used to isolate and further 
purify the fruit extracts described herein to identify the 
individual compounds responsible for the anti-in?ammatory 
activity. 
D. Assays to Test for Anti-In?ammatory Activity 

[0079] In the present invention, it is described that antho 
cyanin-containing plant extracts have an anti-in?ammatory 
activity. More particularly, it is demonstrated that such 
extracts inhibit COX-2 activity preferentially over COX-1 
activity. As such these extracts provide an excellent alter 
native to the traditional NSAIDs in that they are selective for 
COX-2. These inhibitory extracts are further advantageous 
over the recently developed, COX-2 speci?c “super aspi 
rins” because these extracts are natural extracts that have not 
been linked to increased propensity for heart attacks, 
strokes, and other adverse cardiovascular events. 

[0080] The concentration of any inhibitor that inhibits the 
enZyme to 50% of its maximal activity is called IC5O or ISO. 
The smaller the ICSO, the stronger or more potent the 
corresponding inhibitor is for the enZyme inhibition. Con 
sequently, a smaller amount of inhibitor Would be required 
for anti-in?ammatory and pain-relief supplement formula 
tion if the compound can be absorbed, metaboliZed, trans 
ported to the malfunctional or diseased site. 

[0081] Some materials, compounds, or plant concentrates 
may selectively inhibit either COX-1 or COX-2 enZyme. 
This can be referred to as selectivity of the material. The 
selectivity can be numerically expressed by the ratio of I50 
(COX-1)/I5O (COX-2). When the ratio is equal to 1, the 
inhibitor has no selectivity for either of the isoZymes; ie the 
inhibitor is equally inhibiting COX-1 and COX-2 enZymes. 
When the ratio is less than 1, the inhibitor is more selective 
for COX-1 inhibition. When the ratio is more than 1, the 
inhibitor is more selective for COX-2 inhibition. For chronic 
anti-in?ammatory and pain-relief drugs or supplements, the 
selectivity may play a key role in side effects. The side 
effects are mostly gastrointestinal (GI) bleeding caused by 
the inhibition of COX-1 enZyme on the GI tract Where 
prostaglandins have a normal function on GI lining. 

[0082] The selectivity is an important issue in non-sterol 
anti-in?ammatory drugs (NSAIDs), because NSAIDs only 
have one active form that can inhibit constitutively 
expressed COX 1 enZyme in GI tract and cause GI bleeding, 
in addition to the expected action of absorption and trans 
portation to the in?ammatory and pain sites. Though not yet 
proven, natural products, such as anthocyanin-containing 
plant extracts, may have an advantage because they have 
non-active and active forms and therefore, may not cause 
side effects in GI tract. Different mechanisms of absorption, 
metabolism and transportation may exist. It is possible that 
the non-active form (glycosidic form With sugar) can be 
absorbed or passed through the GI tract Without inhibiting 
the COX-1 enZyme there. As a result, the amount of pros 
taglandins generated by COX 1 enZyme on the GI tract is 
normal or high enough to maintain the GI lining. After the 
absorption, the sugar moiety is cleaved and the active form 
(aglycone form, anthocyanidin) is transported to the site 
Where COX 2 enZyme is induced at great level, although 
COX 1 Will be inhibited as Well (but to a lesser degree). The 
























