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CARDIO-PROTECTIVE AGENTS FROM 
KIWIFRUITS 

FIELD OF THE INVENTION 

[0001] The invention relates to cardio-protective agents. In 
particular, the present invention relates to cardio-protective 
extracts and fractions thereof prepared from kiwi fruit. 

BACKGROUND OF THE INVENTION 

[0002] It is known that a high consumption of fruits and 
vegetables is an important preventive measure by which risk 
of cardiovascular diseases and certain nutritionally linked 
cancers including stomach, colon, breast, and prostate cancer 
can be decreased. One factor involved in the initiation and 
development of both cardiovascular diseases and cancers is 
the occurrence of abnormal oxidative stress processes leading 
to the generation of hydroxy and peroxy free radicals or 
compounds. In part, the bene?cial effect of eating fruits and 
vegetables is explained by the antioxidants known to account 
for the inhibition include vitamin C, vitamin E and caro 
tenoids such as alpha and beta carotenoids, lycopene lutein, 
etc. However, many emerging data also indicates a role for 
non-antioxidant properties of some compounds in fruits in 
different diseases. 
[0003] Considerable effort has been expended in identify 
ing bioactive compounds derived from fruits and vegetables 
may have a role in the prevention of some diseases. Fruits and 
vegetables have been thought to be bene?cial in cardiovascu 
lar disease. The bene?cial effects of fruits and vegetables may 
be explained by antioxidants and bioactive non-antioxidant 
components contained therein. These compounds may func 
tion individually or in concert to protect lipoproteins and 
vascular cells from oxidation, or by other mechanisms (non 
antioxidant pathways) such as reducing plasma lipid levels 
(LDL cholesterol, triglycerides), and platelet aggregation 
response (1,2). 
[0004] Additional preparations from fruits and vegetables 
that provide cardio-protective and other bene?cial properties 
are needed. 

SUMMARY OF THE INVENTION 

[0005] The invention relates to cardio-protective agents in 
fruits. In particular, the present invention relates to cardio 
protective extracts and fractions thereof prepared from kiwi 
fruit. 
[0006] In some embodiments, the present invention pro 
vides a composition comprising, in whole or in part, a fruit 
extract from a fruit of the family Actinidia, said extract char 
acterized as being stable and retaining biological activity 
during storage. In other embodiments, the present invention 
provides a fruit extract or fraction from a fruit of the family 
Actinidia, said extract stabilized to retain biological activity 
during storage. In some embodiments, the fruit extract or 
fraction is stabilized by heat treatment. In some embodi 
ments, the heat treatment is suf?cient to stabilize the biologi 
cal activity of the extract. In some embodiments, the heat 
treatment comprises heating to about 70 to 120 degrees Cel 
sius, and more preferably to about 80 to 100 degrees Celsius. 
In some embodiments, the fruit extract or fraction is stabi 
lized by removal of enzymes in the fraction, for example by 
untra?ltration. In some embodiments, the biological activity 
is inhibition of platelet aggregation in an in vitro platelet 
aggregation assay. In some embodiments, the extract or frac 
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tion has more than 4% inhibitory activity in an in vitro platelet 
aggregation assay after kept at 4 degrees Celsius for 24 days 
normalized to day 0. In some embodiments, the extract or 
fraction may be further characterized as retaining at least 80% 
of biological activity of said biologically active molecules 
when stored for 4 days at 4 degrees Celsius as compared to a 
fresh extract fraction, wherein said biological activity is inhi 
bition of platelet aggregation in an in vitro platelet aggrega 
tion assay. In some embodiments, the extract or fraction may 
be further characterized as retaining at least 80% of biological 
activity of said biologically active molecules when stored for 
at least 18 days at 4 degrees Celsius as compared to a fresh 
extract fraction, wherein said biological activity is inhibition 
of platelet aggregation in an in vitro platelet aggregation 
assay. In some embodiments, the extract or fraction may be 
further characterized as retaining at least 80% of biological 
activity of said biologically active molecules when stored for 
at least 24 days at 4 degrees Celsius as compared to a fresh 
extract fraction, wherein said biological activity is inhibition 
of platelet aggregation in an in vitro platelet aggregation 
assay. In some embodiments, the biological activity is inhi 
bition of angiotensin-converting enzyme. 

[0007] In some embodiments, the extract or fraction is 
delipidated. In some embodiments, the extract or fraction 
comprises biologically active molecules with a molecular 
weight of less than 3000 daltons. In some embodiments, the 
extract or fraction comprises biologically active molecules 
with a molecular weight of less than 1000 daltons. In some 
embodiments, the fruit extract or fraction exhibits major 
peaks at approximately 1.30 and 1.81 minutes on a UV spec 
trum scan of liquid chromatography of said extract on a 
Zorbax 1.8 uM particle rapid resolution C18 column (4.6 
mm><50 mm, 1.8 pm) with a 100% mobile phase (A) water 
formic acid (10010.1, v/v/v) to 100% B acetonitrile-formic 
acid (10010.1, v/v/v) during 35 minutes. In some embodi 
ments, the extract or fraction exhibits major UV spectrum 
peaks as observed in FIG. 6. In some embodiments, the fruit 
extract exhibits major peaks at approximately 1.61, 30.18, 
and 30.87 in a mass spectometry 100-1000 Mw in negative 
mode scan of liquid chromatography of said extract on a 
Zorbax 1.8 uM particle rapid resolution C18 column (4.6 
mm><50 mm, 1.8 pm) with a 100% mobile phase (A) water 
formic acid (10010.1, v/v/v) to 100% B acetonitrile-formic 
acid (10010.1, v/v/v) during 35 minutes. In some embodi 
ments, the extract or fraction exhibits major total ion current 
chromatogram peaks as observed in FIG. 7. 

[0008] In some embodiments, the present invention pro 
vides a syrup or solution comprising an extract or fraction as 

described above. In some embodiments, the present invention 
provides a powder comprising the extract or fraction as 
described above. In some embodiments, the present invention 
provides an oral delivery vehicle comprising the extract or 
fraction, or syrup, solution or powder thereof as described 
above. In some embodiments, the present invention provides 
a functional food or foodstuff comprising the composition, 
syrup, solution or powder as described above. In some 
embodiments, the functional food or foodstuff is selected 
from the group consisting of beverages, baked goods, pud 
dings, dairy products, confections, snack foods, frozen con 
fections or novelties, prepared frozen meals, candy, snack 
products, soups, spreads, sauces, salad dressings, prepared 
meat products, cheese, and yogurt. In some embodiments, the 
present invention provides a nutritional supplement compris 
ing the composition, syrup, solution or powder as described 
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above. In some embodiments, the nutritional supplement is 
selected from the group consisting of soft gel capsules, hard 
shell capsules, chewable capsules, health bars, and supple 
ment powders. 
[0009] In some embodiments, the present invention pro 
vides methods of preventing or treating a disease state initi 
ated or characterized by platelet activation and/or aggrega 
tion, improving or maintaining heart health, improving or 
maintaining cardiovascular health, improving or maintaining 
circulatory health, or improving or maintaining blood ?ow in 
a subject comprising administering to said subject a fruit 
extract or fraction, or syrup, powder, oral delivery vehicle or 
nutritional product as described above. In some embodi 
ments, the administering inhibits platelet aggregation. In 
some embodiments, the administering results in anti-throm 
botic activity. In some embodiments, the administering 
results in blood thinning. In some embodiments, the admin 
istering results in reduced blood pressure. 
[0010] In some embodiments, the present invention pro 
vides for the use of the extract or fraction, or syrup, powder, 
oral delivery vehicle or nutritional product as described above 
for preventing or treating a disease state initiated or charac 
terized by platelet activation and/or aggregation, improving 
or maintaining heart health, improving or maintaining cardio 
vascular health, improving or maintaining circulatory health, 
or improving or maintaining blood ?ow in a subject, or 
improving or maintaining blood pres sure in a subject. In some 
embodiments, the disease state initiated or characterized by 
platelet activation and/or aggregation is selected from the 
group consisting of thrombosis, arteriosclerosis and/or 
plaque formation. 
[0011] In some embodiments, the present invention pro 
vides processes for producing a stable and biologically active 
Actinidia extract comprising producing an Actinidia extract 
and heating the Actinidia extract under conditions such that 
the extract retains biological activity during storage. In some 
embodiments, the heating step comprises heating said frac 
tion to about 70 to about 100 degrees Celsius for greater than 
about ?ve minutes. In some embodiments, the Actinidia 
extract is produced by sedimenting an Actinidia juice or 
homogenate either before or after heating to provide a sedi 
ment fraction and a supernatant fraction, and retaining said 
supernatant fraction to provide said biologically active 
Actinidia extract. In some embodiments, the sedimentation 
step comprises centrifugation at at least 3000 g. In some 
embodiments, the extract is additionally processed by ultra 
?ltration either before or after heating. In some embodiments, 
the ultra?ltration has a cut-off of between 1000-3000 Dal 
tons. 

[0012] In some embodiments, the present invention pro 
vides a stable and biologically active Actinidia extract pro 
duced by the foregoing processes. In some embodiments, the 
stable and biologically active Actinidia extract of claim 35, 
wherein said extract exhibits major peaks at approximately 
1.30 and 1.81 minutes in a UV spectrum scan of liquid chro 
matography of said extract on a Zorbax 1.8 uM particle rapid 
resolution C18 column (4.6 mm><50 mm, 1.8 pm) with a 
100% mobile phase (A) water-formic acid (10010.1, v/v/v) to 
100% B acetonitrile-formic acid (10010.1, v/v/v) during 35 
minutes and major peaks at approximately 1.61, 30.18, and 
30.87 in a mass spectometry 100-1000 Mw in negative mode 
scan of liquid chromatography of said extract on a Zorbax 1.8 
uM particle rapid resolution C18 column (4.6 mm><50 mm, 
1.8 pm) with a 100% mobile phase (A) water-formic acid 
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(10010.1, v/v/v) to 100% B acetonitrile-formic acid (10010.1, 
v/v/v) during 35 minutes, and wherein said extract inhibits 
platelet aggregation in an in vitro platelet aggregation assay. 
In some embodiments, the stable and biologically active 
Actinidia extract described above is characterized in retaining 
more than 4% of biological activity of said biologically active 
molecules when stored for at least 24 days at 4 degrees Cel 
sius as compared to a fresh extract fraction, wherein said 
biological activity is inhibition of platelet aggregation in an in 
vitro platelet aggregation assay. 
[0013] In other embodiments, the present invention pro 
vides a fruit extract fraction, wherein the fraction comprises 
biological molecules with a molecular weight of less than 
3000, 2000 or 1000 daltons. In some embodiments, the 
extract is delipidated. In some embodiments, the fruit is a fruit 
of the family Actinidia. In some embodiments, the extract is 
stabilized by heat treatment. In some embodiments, the heat 
treatment comprises heating to about 70 to 100 degrees Cel 
sius. In some embodiments, the fruit extract exhibits major 
peaks at approximately 1.30 and 1.81 minutes on a UV spec 
trum scan of liquid chromatography of said extract on a 
Zorbax 1.8 uM particle rapid resolution C18 column (4.6 
mm><50 mm, 1.8 pm) with a 100% mobile phase (A) water 
formic acid (10010.1, v/v/v) to 100% B acetonitrile-formic 
acid (10010.1, v/v/v) during 35 minutes. In some embodi 
ments, the extract exhibits major UV spectrum peaks as 
observed in FIG. 6. In some embodiments, the fruit extract 
exhibits major peaks at approximately 1.61, 30.18, and 30.87 
in a mass spectometry 100-1000 Mw in negative mode scan of 
liquid chromatography of said extract on a Zorbax 1.8 uM 
particle rapid resolution C18 column (4.6 mm><50 mm, 1.8 
pm) with a 100% mobile phase (A) water-formic acid (1001 
0.1, v/v/v) to 100% B acetonitrile-formic acid (10010.1, v/v/ 
v) during 35 minutes. In some embodiments, the extract 
exhibits major total ion current chromatogram peaks as 
observed in FIG. 7. 

[0014] In some embodiments, the present invention pro 
vides an Actinidia extract fraction comprising biologically 
active molecules with a molecular weight of less than 3000, 
2000, or 1000 daltons, wherein said extract exhibits major 
peaks at approximately 1.30 and 1.81 minutes in a UV spec 
trum scan of liquid chromatography of said extract on a 
Zorbax 1.8 uM particle rapid resolution C18 column (4.6 
mm><50 mm, 1.8 pm) with a 100% mobile phase (A) water 
formic acid (10010.1, v/v/v) to 100% B acetonitrile-formic 
acid (10010.1, v/v/v) during 35 minutes and major peaks at 
approximately 1.61, 30.18, and 30.87 in a mass spectometry 
100-1000 Mw in negative mode scan of liquid chromatogra 
phy of said extract on a Zorbax 1.8 uM particle rapid resolu 
tion C18 column (4.6 mm><50 mm, 1.8 pm) with a 100% 
mobile phase (A) water-formic acid (10010.1, v/v/v) to 100% 
B acetonitrile-formic acid (10010.1 , v/v/v) during 35 minutes, 
and wherein said extract inhibits platelet aggregation in an in 
vitro platelet aggregation assay. 
[0015] In some embodiments, the present invention pro 
vides processes for producing a stable and biologically active 
Actinidia extract comprising: fractionating juice from an 
Actinidia fruit to produce and extract fraction and heating said 
extract fraction to about 70 to about 100 degrees Celsius. In 
some embodiments, the fractionating comprises size frac 
tionation. In some embodiments, the heating comprises heat 
ing said fraction to said about 70 to about 100 degrees Celsius 
for greater than about ?ve minutes. In some embodiments, the 
present invention provides a stable and biologically active 
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Actinidia extract produced by the foregoing method. In some 
embodiments, the stable and biologically active Actinidia 
extract oexhibits major peaks at approximately 1.30 and 1.81 
minutes in a UV spectrum scan of liquid chromatography of 
said extract on a Zorbax 1.8 uM particle rapid resolution C18 
column (4.6 mm><50 mm, 1.8 pm) with a 100% mobile phase 
(A) water-formic acid (10010.1, v/v/v) to 100% B acetoni 
trile-formic acid (10010.1, v/v/v) during 35 minutes and 
major peaks at approximately 1.61, 30.18, and 30.87 in a 
mass spectometry 100-1000 MW in negative mode scan of 
liquid chromatography of said extract on a Zorbax 1.8 uM 
particle rapid resolution C18 column (4.6 mm><50 mm, 1.8 
pm) with a 100% mobile phase (A) water-formic acid (1001 
0.1, v/v/v) to 100% B acetonitrile-formic acid (10010.1, v/v/ 
V) during 35 minutes, and wherein said extract inhibits plate 
let aggregation in an in vitro platelet aggregation assay. 

DESCRIPTION OF THE FIGURES 

[0016] FIG. 1 shows in schematic from a procedure for 
partial fractionation of kiwi fruit extracts. 
[0017] FIG. 2 shows platelet aggregation inhibition 
induced by ADP activity by the extract. 
[0018] FIG. 3 shows the inhibition of platelet aggregation 
induced by arachidonic acid. 
[0019] FIG. 4 shows the effects of KFE on ACE activity of 
human serum. 

[0020] FIG. 5 shows UV scanning of a delipidated, ultra 
?ltrated puri?ed fraction of kiwifruit extract. 
[0021] FIG. 6 provides a chromatogram of a UV spectral 
200-400 nm scan of a kiwi extract of the present invention. 

[0022] FIG. 7 provides a chromatogram of a MS scan 100 
1000 Mw in negative mode of a kiwi extract of the present 
invention. 

DEFINITIONS 

[0023] As used herein the term ‘fraction’ refers to a par 
tially puri?ed extract or compounds puri?ed from an extract. 
[0024] The term “puri?ed” or “to purify” means the result 
of any process that removes some of a contaminant from the 
component of interest, such as the components responsible 
for inhibition of platelet aggregation. The percent of a puri?ed 
component is thereby increased in the sample. 
[0025] As used herein, the term “physiologically accept 
able carrier” refers to any carrier or excipient commonly used 
with oily pharmaceuticals. Such carriers or excipients 
include, but are not limited to, oils, starch, sucrose and lac 
tose. 

[0026] As used herein, the term “oral delivery vehicle” 
refers to any means of delivering a pharmaceutical orally, 
including, but not limited to, capsules, pills, tablets and syr 
ups. 
[0027] As used herein, the term “food product” refers to 
any food or feed suitable for consumption by humans, non 
ruminant animals, or ruminant animals. The “food product” 
may be a prepared and packaged food (e.g., mayonnaise, 
salad dressing, bread, or cheese food) or an animal feed (e.g., 
extruded and pelleted animal feed or coarse mixed feed). 
“Prepared food product” means any pre-packaged food 
approved for human consumption. 
[0028] As used herein, the term “foodstuff” refers to any 
substance ?t for human or animal consumption. 
[0029] As used herein, the term “functional food” relates to 
any fresh or processed food claimed to have a health-promot 
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ing and/ or disease-preventing property beyond the basic 
nutritional function of supplying nutrients. Functional foods 
are sometimes called nutraceuticals. The general category 
includes processed food made from functional food ingredi 
ents, or forti?ed with health-promoting additives, like “vita 
min-enriched” products, and also, fresh foods (e.g., veg 
etables) that have speci?c claims attached. Fermented foods 
with live cultures are often also considered to be functional 
foods with probiotic bene?ts. 
[0030] As used herein, the term “nutritional supplement” 
refers to a food product formulated as a dietary or nutritional 
supplement to be used as part of a diet. 

DETAILED DESCRIPTION OF THE INVENTION 

[0031] The invention relates to cardio-protective agents. In 
particular, the present invention relates to cardio-protective 
extracts and fractions thereof prepared from kiwi fruit. 
[0032] Kiwifruit is the most well-known crop in the genus 
Actinidia (3). Although Actinidia fruit sales in the intema 
tional market are dominated by a single kiwifruit cultivar 
Actinidia deliciosa “Hayward,” there are a considerable num 
ber of cultivars and selections in the genus that have widely 
diverse shape, size, and hairiness. They also offer a wide 
variation in sensory attributes such as ?esh color, ?avor, and 
taste, and in nutritional attributes such as the vitamin C level, 
polyphenols, and carotenoid content (4,5). Few types of pro 
cessed kiwifruit food products are commercially available to 
consumers. Kiwifruits are mainly eaten as whole fruits. The 
few examples where kiwifruit has been processed into prod 
ucts include frozen desserts and blended juices and more 
recently a few natural kiwifruit drinks such as Kiwi CrushTM 
(Vital Food Processors Ltd, Manukau City, Auckland, New 
Zealand). Kiwifruit extracts containing the fruit’s nutritional 
components and desirable bioactives, including polyphenols, 
ascorbic acid and water-soluble polysaccharides (pectic 
polysaccharides), which may be advantageous for functional 
food applications, increasing the range of kiwifruit products 
available to consumers (3). With growing health awareness, 
there are increased consumer demands for acceptable nutri 
tional foods with multiple consumer bene?ts including 
de?ned health bene?ts, increased convenience and reduced 
additives. 
[0033] Platelets are involved in the development of athero 
sclerosis, and thrombotic events, and therefore reduction of 
platelet activity by medications reduces the incidence and 
severity of disease (1). Experiments conducted during the 
course of development of embodiments of the present inven 
tion evaluated whether consuming kiwi fruit modulated plate 
let activity and plasma lipids in healthy human volunteers in 
a randomized crossover study. It was reported that consuming 
two or three kiwi fruits per day for 28 days reduced platelet 
aggregation response to collagen andADP by 18% compared 
with the controls (6). In addition, consumption of kiwi fruits 
lowered blood triglycerides levels by 15% compared with 
control, whereas no such effects were observed in the case of 
plasma cholesterol levels. All these data indicate that con 
suming kiwi fruit is bene?cial in cardiovascular disease. 
Incubation of kiwi fruit extract (KFE; expressed as weight of 
pulp used to prepare KFE) inhibited platelet aggregation but 
was not an optimal preparation as it requires a good amount of 
?esh plus the activity can be lost in storage even at 4 degrees 
C. due to unwanted reactions in the juice. In addition, it is 
thought that tannins and oil in the seeds (and to a lesser extent 
the hair) can react with the highly acidic pulp to give rise 
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unwanted smell and colour. Many kiwifruit species have a 
?ne hair which is dif?cult to remove from a juice. Soft 
pulping methods are preferred as it is considered desirable to 
avoid both excessive cell disintegration and fragmenting 
components of the fruit such as the seed. Seeds may contain 
toxic substances (e.g. apricot kernel) or contribute to off or 
undesirable ?avors in a juice. 

[0034] Many fruits are acidic and those with a pH of 6 or 
less are generally most likely to be affected. Widely used and 
relatively inexpensive sucrose is alkaline and appears to 
induce or take part in further undesirable reactions when 
added to an acidic pulp. Research leading to embodiments of 
the present invention indicated that substances entering a 
juice from seed fragmentation or excessive cell damage con 
tribute to factors adversely affected the production of suc 
cessful kiwifruit juice, such as problems of browning and 
catch factor. The kiwifruit is more acidic than most and has a 
pH of approximately 3. This may also avoid any possible side 
reactions contributing to catch, discoloration etc. Glucose 
and fructose are commonly found in many fruits. Typically 
this is by masking some of the undesirable properties of fruit 
such as bitterness or excess acidity and is due partly to the 
average human’s af?nity for sweetness. In some embodi 
ments, juice products have not been pasteurized as character 
istic of most other juices and processes. Hence any preserva 
tive effects which are contributed by the sweetening agent 
will help prolong the shelf life of the product. It is possible 
that the alteration in pH resulting from the combination may 
cause unwanted side reactions. Furthermore, it is noted that 
under storage, the chemistry of most juices will vary. For 
kiwifruit, the acid content of the juice will drop. Accordingly, 
in some embodiments the addition of a suitable buffering or 
pH adjusting agent help to preserve the pH of the product over 
a longer period. This also defers any undesirable long term 
reactions resulting in browning or discoloration of the juice. 

[0035] In some embodiments, the active fractions of fruit, 
and in particular kiwifruit, are utilized in a variety of formu 
lations and are preferably added to any matrix for human 
consumption that as are known in the art. In some preferred 
embodiments, the active fractions are characterized in having 
high ef?cacy for a particular use, such as prevention of plate 
let aggregation or adhesion, as being substantially free from 
inactive materials, as having an enhanced shelf-life as com 
pared to untreated active fractions. In some embodiments, the 
fractions are produced by a process where a juice or pulp 
fraction is centrifuged, ?ltered, and delipidated to provide 
highly enriched platelet inhibitors (i.e., more than 10, 20, or 
30 fold and up to about 50 fold or 100 fold as compared with 
raw, unprocessed juice). This process produces an active frac 
tion with an enhanced shelf-life and which is stable to heat 
ing. In some preferred embodiments, the active fraction is 
heat-treated to further enhance stability. In further embodi 
ments, there is provided a reconstituted product from an 
active fraction as described above. The present invention has 
been developed for members of the genus Actinidia. Fruit 
products, other than a juice, are also within the scope of 
embodiments of the invention. These fruit generally have a 
low pH (3.0-3.5), suffer from browning upon exposure of a 
juice to air and have a chlorophyll content. It is envisaged that 
while the process of the invention will be amenable to other 
fruit, the greatest advantage is likely to be realized for fruit 
suffering problems and characteristics in common with the 
kiwifruit e.g. a pH of less than 4.5, signi?cant chloroplast 
levels, or catch (e. g. the fruit of Monstera deliciosa). It should 

Oct. 23, 2014 

not be inferred that bene?t from the invention is limited to 
these types of fruit. The invention has identi?ed several prob 
lem areas, especially for kiwifruit, and addresses their needs. 
[0036] Experiments conducted during the course of devel 
opments of embodiments of the present invention demon 
strated that the KFEexhibits an ability to inhibit platelet 
aggregation, and reduce angiotensin converting enzyme 
(ACE) activity in vitro. The results obtained to date indicate 
that compositions containing KFE are of use in preventing 
cardiovascular disease, for example myocardial infarctions, 
and stroke and in preventing further thrombo-embolic events 
in patients who have suffered myocardial infarction, stroke or 
unstable angina. In addition such composition is of use in 
preventing restenosis following angioplasty and bypass pro 
cedures. Moreover KFE is of use in the treatment of coronary 
disease resulting from thrombo-embolic disorders such as MI 
in conjunction with thrombolytic therapy. Results obtained to 
date indicate that compounds responsible for anti-platelet 
aggregation activity are water soluble compounds having a 
very different structure to the lipid soluble compounds. There 
are many known anti-platelet aggregating agents that act dif 
ferent stages platelet production and action. Aspirin (acetyl 
salicylic acid) is the most widely used and studied. Dipy 
ridamole and ticlopidine have also been used. Aspirin’s anti 
platelet activity is due to irreversible inhibition of platelet 
cyclooxygenase, thus preventing the synthesis of thrombox 
ane A2, a compound that causes platelet aggregation. Ibupro 
fen is a reversible inhibitor of platelet cyclooxygenase. Some 
compounds are direct inhibitors of thromboxane A2 syn 
thetase, for example pirmagrel, or act as antagonists at throm 
boxane receptors, for example sulotroban. 
[0037] The present invention is not limited to a particular 
mechanism. Indeed, an understanding of the mechanism is 
not necessary to practice the present invention. Nonetheless, 
the results described herein indicate that the active compo 
nents in the fruit extract may affect one or more steps of the 
pathways leading to the production of thromboxane A2 
upstream from that of aspirin and other anti-platelet drugs 
currently available. It is well known that the adverse effects 
are common occurrences with therapeutic doses of aspirin; 
the main effects being gastro-intestinal disturbances such as 
nausea, dyspepsia, and vomiting. It is anticipated therefore 
that the isolated platelet aggregation inhibition compounds in 
fruit extract ?nd use in as a desirable alternative to aspirin and 
other anti-platelet drugs in the prevention of thromboembolic 
events and coronary disease. 

[0038] Accordingly, in some embodiments, the invention 
provides a fruit extract, active fraction thereof, or one or more 
active compounds isolatable therefrom, for use in the prophy 
laxis or treatment of a disease state initiated or characterized 

by platelet aggregation. 
[0039] In further embodiments, the invention provides a 
fruit extract or active fraction thereof or one or more com 

pounds isolatable thereof for use as an anti-thrombotic agent. 

[0040] In still further embodiments, the invention provides 
a fruit extract or active fraction thereof or one or more com 

pounds isolatable thereof as here in before de?ned for the 
manufacture of a medicament for use in the prophylaxis or 
treatment of a disease state initiated or characterized by plate 
let aggregation; or for use as a platelet aggregation inhibitor: 
or for use an anti-thrombotic agent. 

[0041] In some embodiments, the invention provides a pro 
cess for the manufacture of a medication for use (i) in the 
prophylaxis or treatment of a disease state initiated, mediated 
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or characterized by platelet aggregation, or (ii) as a platelet 
aggregation inhibitor, or as (iii) an anti-thrombotic agent: 
which process is characterized by the use, as an essential 
ingredient of the medicament, of a fruit, or an extract or active 
fraction thereof or one or more active components isolatable 
thereof as hereinbefore de?ned. 

[0042] In some embodiments, the invention provides a 
pharmaceutical composition comprising an active compo 
nent derived from a fruit or an extract or active fraction or one 

or more active compounds isolatable thereof as hereinbefore 
de?ned and pharmaceutically acceptable carrier. 
[0043] In some embodiments, the invention provides a fruit 
extract, active fraction thereof, or one or more active com 
pounds isolatable therefrom, for use in supporting cardiovas 
cular health. 
[0044] In some embodiments, the invention provides a fruit 
extract, active fraction thereof, or one or more active com 
pounds isolatable therefrom, for use in supporting heart 
health. 
[0045] In other embodiments, the invention provides a fruit 
extract or active fraction thereof or one or more compounds 

isolatable thereof for use as a platelet aggregation inhibitor. 
[0046] In other embodiments, the invention provides a fruit 
extract or active fraction thereof or one or more compounds 

isolatable thereof for use in promoting or maintaining heart 
health and/or circulatory health. 
[0047] In other embodiments, the invention provides a fruit 
extract or active fraction thereof or one or more compounds 

isolatable thereof for use in improving, maintaining and or 
promoting blood ?ow, and in particular the smooth ?ow of 
blood. 
[0048] It is preferred that the fruit extract used in accor 
dance with the invention are those which are non toxic to 
humans and typically the fruits which are usually considered 
to be edible fruits. Thus the fruits may or may not contain 
seeds or stones but have an edible essentially non-oily ?esh. 
[0049] Kiwifruit is the most well-known crop in the genus 
Actinidia. The extracts of embodiments of the invention can 
be prepared by homogenising the ?esh of a peeled kiwifruit 
and then removing solids therefrom, for example by means of 
centrifugation. Thus the extract is a typically an aqueous 
extract, which can consist or comprise the juice of the fruit, 
optionally with the addition of extra water added during the 
homogenising step. Such aqueous extracts can be concen 
trated, enriched or condensed by, for example, standard tech 
niques, e. g. evaporation under reduced pres sure. Examples of 
concentrates are those which are at least 2-fold concentrated, 
more usually, at least 4-fold, for example at least 8-fold, or at 
least 40-fold or at least 100-fold or at least 200 fold or at least 
1000 fold. 
[0050] The extract can be fractionated to isolate one or 
more active fractions therein by, for example, molecular 
weight ?ltration, or chromatography on suitable support such 
as sepharose gel (for size exclusion chromatography) or 
removal of lipids (by Lipidex-1000) or by solvent treatments, 
or ion exchange column using HPLC on a suitably treated 
silica or alumina, for example ODS coated silica, or solvent 
extraction. 
[0051] Experiments carried out on kiwi fruit extract have 
revealed that the active components of the extract passes 
through an ultra?ltration having molecular weight cut-off of 
1000 is colorless, water soluble and does not lose activity 
when boiled. In some embodiments, the present invention 
provides a process for producing a stable and biologically 

Oct. 23, 2014 

active Actinidia extract comprising fractionating juice from 
an Actinidia fruit to produce an extract fraction and heating 
the extract fraction to about 70 to about 120 degrees Celsius, 
preferably 80 to 100 degrees Celsius, and most preferably to 
about 95 to 100 degrees Celsius. In some embodiments, the 
duration of the heating is from about 5 to about 30 minutes, 
preferably about 10 to about 25 minutes, and most preferably 
about 20 minutes, or more for more than about 5, 10, or 
minutes. In some embodiments, the present invention pro 
vides a process for producing a stable and biologically active 
Actinidia extract comprising fractionating juice from an 
Actinidia fruit to produce an extract fraction and subjecting 
the fraction to ultra?ltration with a molecular weight cutoff of 
less than 10 kDa, preferably less than 5 kDa, and more pref 
erably less than about 3 kDa, 2 kDa or 1 kDa. In some 
embodiments, the stabilized active fraction comprises bio 
logically active molecules and is characterized in retaining at 
least 80% of biological activity of said biologically active 
molecules when stored for at least 4 days, 18 days or 24 days 
up to about 30 or 40 days at 4 degrees Celsius as compared to 
a fresh extract fraction. In some embodiments, the biological 
activity is inhibition of platelet aggregation in an in vitro 
platelet aggregation assay or inhibition of angiotensin con 
verting enzyme activity. 
[0052] In some preferred embodiments, the stable and bio 
logically active Aclinidia extract produced by this method 
exhibits major peaks at approximately 1.30 and 1.81 minutes 
on a UV spectrum chromatogram and maj orpeaks at approxi 
mately 1.61, 30.18, and 30.87 on a total ion current chromato 
gram and wherein said extract inhibits platelet aggregation in 
an in vitro platelet aggregation assay. 
[0053] Accordingly, embodiments of the invention also 
provides for use an antithrombotic agent, or for use as a 

platelet aggregation inhibitor, or for use in the prophylaxis or 
treatment of a disease state initiated or characterized by plate 
let aggregation, an active fraction of a fruit extract (e. g., 
kiwifruit extract) the active fraction containing a substantially 
heat stable colorless or slightly straw colored water soluble 
compounds with a molecular weight less than 3000, 2000, or 
1000 kDa. In some embodiments, the active fraction is char 
acterized as having a biologically activity. In some embodi 
ments, the biological activity is an inhibition or decrease of 
angiotensin converting enzyme (ACE) activity by at least 5%, 
10% or preferably 15% as compared to a control or placebo 
substance when the active fraction is incubated with normal 
serum for 10 minutes. In some embodiments, the biological 
activity is inhibition of platelet aggregation in an in vitro 
platelet aggregation assay. In some embodiments, the platelet 
aggregation inhibition is expressed as a percent inhibition of 
platelet aggregation by a known effector of platelet aggrega 
tion, for example collagen, ADP, or arachidonic acid. In some 
embodiments, the active fraction of the present invention 
inhibits platelet aggregation by one of these known effectors 
by at least 10%, 20%, 30% 40% or 50% up to about 50% or 
60% as compared to a control or placebo substance. 

[0054] The active fraction has been found to be primarily 
associated with, or extractable from, the juice, the ?esh sur 
roundings the pips and the pips of the kiwifruit. Thus, the use 
of compositions prepared from an active fraction consisting 
essentially of or comprising a homogenate or an extract 
thereof derived from the ?esh of a peeled kiwifruit or con 
sisting essentially of or comprising the juice and/ or the ?esh 
surrounding the pips, and or the pips, represents a preferred 
embodiment of the invention. 
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[0055] Accordingly, embodiments of the present invention 
provide an active fraction of a kiwifruit extract with one or 
more of the following characteristics: 

[0056] a) The size of molecules in the active fraction is 
less than 3000 kDa, and preferably less than 2000 kDa or 
1000 kDa; 

[0057] b) The active fraction is substantially heat stable; 
[0058] c) The active fraction is substantially colorless; 
[0059] d) The active fraction substantially comprises 
water soluble compounds; 

[0060] e) The active fraction inhibits platelet aggrega 
tion; and 

[0061] f) The active fraction inhibits angiotensin con 
verting enzyme 

[0062] The active fractions of the present invention may be 
provided in a variety of forms and in a variety of formulations. 
In some embodiments, the fractions are provided in as a 
liquid, a syrup, a powder, a paste, an emulsion, a pelleted 
composition, a granulated composition, an encapsulated 
composition, a suspension, a concentrate, a solution, and a 
lozenge. The powders may preferably be a lyophilized, freeze 
dried or spray dried powder prepared from the stabilized kiwi 
extract with or without a organoleptically and/ or pharmaceu 
tically acceptable excipient. The syrups may preferably be a 
viscous, concentrated aqueous solution prepared from the 
stabilized kiwi extract and may include suitable excipients 
and/ or sweeteners. The syrups may be utilized for direct oral 
administration or as a concentrate for reconstitution with 

water prior to adiminsration. 
[0063] The fractions may be provided by any of a number 
of routes, including, but not limited to, oral, intravenous, 
intramuscular, intra-arterial, intramedullary, intrathecal, 
intraventricular, transdermal, buccal, subcutaneous, intrap 
eritoneal, intranasal, enteral, topical, sublingual or rectal 
means. For details on techniques for formulation for and 
administration and administration may be found in the latest 
edition of Remington’s Pharmaceutical Sciences (Maack 
Publishing Co., Easton, Pa.). 
[0064] In some embodiments, the present invention pro 
vides an oral delivery vehicle comprising a fraction of the 
present invention. The fractions may preferably be formu 
lated with pharmaceutically acceptable carriers such as 
starch, sucrose or lactose in tablets, pills, dragees, capsules, 
gel capsules, solutions, liquids, slurries, suspensions and 
emulsions. The tablets or capsules of the present invention 
may be coated with an enteric coating which dissolves at a pH 
of about 6.0 to 7.0. A suitable enteric coating which dissolves 
in the small intestine but not in the stomach is cellulose 
acetate phthalate. In some embodiments, the oral delivery 
vehicle comprises an amount of the ?rst and second compo 
nents effective to cause an effect in subject selected from the 
group consisting of increasing ef?ciency of muscle work, 
decreasing energy cost of work, increasing time of work to 
exhaustion, increasing endurance during physical exercise, 
increasing well-being, ameliorating muscle soreness after 
strenuous exercises, improving metabolic conditions in sub 
jects with obesity and/or metabolic syndrome, and combina 
tions thereof. Examples of improving metabolic conditions in 
subjects with obesity and/or metabolic syndrome include, but 
are not limited to, increasing glucose uptake, lowering oxi 
dative stress, and combinations thereof. In some embodi 
ments, the oral delivery vehicle comprises an effective 
amount of the fractions. In some embodiments, the effective 
amount comprises an amount of extract containing the bio 
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logically active ingredients found in from about 1 to about 20 
kiwifruits, and preferably from about 1 to about 10 kiwifruits, 
and most preferably about 1 to 5 kiwifruits. In other embodi 
ments, the effective amount corresponds to about 1 to about 
5000 mg of the lyophilized or spray dried, stabilized fraction, 
preferably from about 1 to about 3000 mg of the lyophilized 
or spray dried, stabilized fraction and most preferably about 1 
mg to about 1000 mg of the lyophilized or spray dried, sta 
bilized fraction. In other embodiments, the effective amount 
corresponds to about 500 to about 20000 mg of the concen 
trated (e. g., as syrup), stabilized fraction, preferably from 
about 500 to about 10000 mg of the concentrated (e.g., as 
syrup), stabilized fraction and most preferably about 500 mg 
to about 2500 mg of the concentrated (e.g., as syrup), stabi 
lized fraction. 

[0065] In some embodiments, the present invention pro 
vides dietary supplements comprising the fractions of the 
present invention. The ingredients of the dietary supplement 
of this invention are preferably contained in acceptable 
excipients and/or carriers for oral consumption. The actual 
form of the carrier, and thus, the dietary supplement itself, is 
not critical. The carrier may be a liquid, gel, gelcap, capsule, 
powder, solid tablet (coated or non-coated), tea, or the like. 
The dietary supplement is preferably in the form of a tablet or 
capsule and most preferably in the form of a soft gelatin 
capsule. In other embodiments, the supplement is provided as 
a powder or liquid suitable for adding by the consumer to a 
food or beverage. For example, in some embodiments, the 
dietary supplement can be administered to an individual in the 
form of a powder, for instance to be used by mixing into a 
beverage, or by stirring into a semi-solid food such as a 
pudding, topping, sauce, puree, cooked cereal, or salad dress 
ing, for instance, or by otherwise adding to a food. In pre 
ferred embodiments, the dietary supplements comprise an 
effective amount of the components as described above. 

[0066] The dietary supplement may comprise one or more 
inert ingredients, especially if it is desirable to limit the num 
ber of calories added to the diet by the dietary supplement. For 
example, the dietary supplement of the present invention may 
also contain optional ingredients including, for example, 
herbs, vitamins, minerals, enhancers, colorants, sweeteners, 
?avorants, inert ingredients, and the like. For example, the 
dietary supplement of the present invention may contain one 
or more of the following: asorbates (ascorbic acid, mineral 
ascorbate salts, rose hips, acerola, and the like), dehydroepi 
andosterone (DHEA), green tea (polyphenols), inositol, kelp, 
dulse, bio?avinoids, maltodextrin, nettles, niacin, niacina 
mide, rosemary, selenium, silica (silicon dioxide, silica gel, 
horsetail, shavegrass, and the like), spirulina, zinc, docosa 
hexaenoic acid and/or eicosapentaenoic acid (provided in any 
form such as free fatty acids, trigylcerides or phospholipids) 
and the like. Such optional ingredients may be either naturally 
occurring or concentrated forms. 

[0067] In some embodiments, the dietary supplements fur 
ther comprise vitamins and minerals including, but not lim 
ited to, calcium phosphate or acetate, tribasic; potassium 
phosphate, dibasic; magnesium sulfate or oxide; salt (sodium 
chloride); potassium chloride or acetate; ascorbic acid; ferric 
orthophosphate; niacinamide; zinc sulfate or oxide; calcium 
pantothenate; copper gluconate; ribo?avin; beta-carotene; 
pyridoxine hydrochloride; thiamin mononitrate; folic acid; 
biotin; chromium chloride or picolonate; potassium iodide; 
sodium selenate; sodium molybdate; phylloquinone; vitamin 
D3; cyanocobalamin; sodium selenite; copper sulfate; vita 
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min A; vitamin C; inositol; potassium iodide. Suitable dos 
ages for vitamins and minerals may be obtained, for example, 
by consulting the US. RDA guidelines. 
[0068] In preferred embodiments, the dietary supplements 
comprise an effective amount of the fractions as described 
above. The dietary supplements of the present invention may 
be taken one or more times daily. Preferably, the dietary 
supplement is administered orally one to two times daily. 
Frequency of administration will, of course, depend on the 
dose per unit (capsule or tablet) and the desired level of 
ingestion. Dose levels/unit can be adjusted to provide the 
recommended levels of ingredients per day (e.g., an effective 
amount as described above) in a reasonable number of units 
(e. g., two capsules or tablets taken twice a day). In preferred 
embodiments, the doses add up each day to the daily intake of 
each ingredient. In preferred embodiments, the dietary 
supplements are taken with meals or before meals. In other 
embodiments, the dietary supplements are not taken with 
meals. 

[0069] In other embodiments, the present invention pro 
vides nutritional supplements (e.g., energy bars or meal 
replacement bars or beverages) comprising of the fractions of 
the present invention. In preferred embodiments, the nutri 
tional supplements comprise an effective amount of the com 
ponents as described above. The nutritional supplement may 
serve as meal or snack replacement and generally provide 
nutrient calories. Preferably, the nutritional supplements pro 
vide carbohydrates, proteins, and fats in balanced amounts. 
The nutritional supplement can further comprise carbohy 
drate, simple, medium chain length, or polysaccharides, or a 
combination thereof. A simple sugar can be chosen for desir 
able organoleptic properties. Uncooked cornstarch is one 
example of a complex carbohydrate. If it is desired that it 
should maintain its high molecular weight structure, it should 
be included only in food formulations or portions thereof 
which are not cooked or heat processed since the heat will 
break down the complex carbohydrate into simple carbohy 
drates, wherein simple carbohydrates are mono- or disaccha 
rides. The nutritional supplement contains, in one embodi 
ment, combinations of sources of carbohydrate of three levels 
of chain length (simple, medium and complex; e.g., sucrose, 
maltodextrins, and uncooked cornstarch). 
[0070] Sources of protein to be incorporated into the nutri 
tional supplement of the invention can be any suitable protein 
utilized in nutritional formulations and can include whey 
protein, whey protein concentrate, whey powder, egg, soy 
?our, soy milk soy protein, soy protein isolate, caseinate (e.g., 
sodium caseinate, sodium calcium caseinate, calcium casein 
ate, potassium caseinate), animal and vegetable protein and 
mixtures thereof. When choosing a protein source, the bio 
logical value of the protein should be considered ?rst, with the 
highest biological values being found in caseinate, whey, 
lactalbumin, egg albumin and whole egg proteins. In a pre 
ferred embodiment, the protein is a combination of whey 
protein concentrate and calcium caseinate. These proteins 
have high biological value; that is, they have a high proportion 
of the essential amino acids. See Modern Nutrition in Health 
and Disease, eighth edition, Lea & Febiger, publishers, 1986, 
especially Volume 1, pages 30-32. 
[0071] The nutritional supplement can also contain other 
ingredients, such as one or a combination of other vitamins, 
minerals, antioxidants, ?ber and other dietary supplements 
(e.g., protein, amino acids, choline, lecithin, other fatty 
acids). Selection of one or several of these ingredients is a 
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matter of formulation, design, consumer preference and end 
user. The amounts of these ingredients added to the dietary 
supplements of this invention are readily known to the skilled 
artisan. Guidance to such amounts can be provided by the 
US. RDA doses for children and adults. Further vitamins and 
minerals that can be added include, but are not limited to, 
calcium phosphate or acetate, tribasic; potassium phosphate, 
dibasic; magnesium sulfate or oxide; salt (sodium chloride); 
potassium chloride or acetate; ascorbic acid; ferric ortho 
phosphate; niacinamide; Zinc sulfate or oxide; calcium pan 
tothenate; copper gluconate; ribo?avin; beta-carotene; pyri 
doxine hydrochloride; thiamin mononitrate; folic acid; 
biotin; chromium chloride or picolonate; potassium iodide; 
sodium selenate; sodium molybdate; phylloquinone; vitamin 
D3; cyanocobalamin; sodium selenite; copper sulfate; vita 
min A; vitamin C; inositol; potassium iodide. 
[0072] Flavors, coloring agents, spices, nuts and the like 
can be incorporated into the product. Flavorings can be in the 
form of ?avored extracts, volatile oils, chocolate ?avorings, 
peanut butter ?avoring, cookie crumbs, crisp rice, vanilla or 
any commercially available ?avoring. Examples of useful 
?avoring include, but are not limited to, pure anise extract, 
imitation banana extract, imitation cherry extract, chocolate 
extract, pure lemon extract, pure orange extract, pure pepper 
mint extract, imitation pineapple extract, imitation rum 
extract, imitation strawberry extract, or pure vanilla extract; 
or volatile oils, such as balm oil, bay oil, bergamot oil, cedar 
wood oil, walnut oil, cherry oil, cinnamon oil, clove oil, or 
peppermint oil; peanut butter, chocolate ?avoring, vanilla 
cookie crumb, butterscotch or toffee. In one embodiment, the 
dietary supplement contains cocoa or chocolate. 
[0073] Emulsi?ers may be added for stability of the ?nal 
product. Examples of suitable emulsi?ers include, but are not 
limited to, lecithin (e.g., from egg or soy), and/ or mono- and 
di-glycerides. Other emulsi?ers are readily apparent to the 
skilled artisan and selection of suitable emulsi?er(s) will 
depend, in part, upon the formulation and ?nal product. 
[0074] Preservatives may also be added to the nutritional 
supplement to extend product shelf life. Preferably, preserva 
tives such as potassium sorbate, sodium sorbate, potassium 
benzoate, sodium benzoate or calcium disodium EDTA are 
used. 
[0075] In addition to the carbohydrates described above, 
the nutritional supplement can contain natural or arti?cial 
(preferably low calorie) sweeteners, e.g., saccharides, cycla 
mates, aspartamine, aspartame, acesulfame K, and/or sorbi 
tol. Such arti?cial sweeteners can be desirable if the nutri 
tional supplement is intended to be consumed by an 
overweight or obese individual, or an individual with type II 
diabetes who is prone to hyperglycemia. 
[0076] The nutritional supplement can be provided in a 
variety of forms, and by a variety of production methods. In a 
preferred embodiment, to manufacture a health bar, the liquid 
ingredients are cooked; the dry ingredients are added with the 
liquid ingredients in a mixer and mixed until the dough phase 
is reached; the dough is put into an extruder, and extruded; the 
extruded dough is cut into appropriate lengths; and the prod 
uct is cooled. The bars may contain other nutrients and ?llers 
to enhance taste, in addition to the ingredients speci?cally 
listed herein. 
[0077] In still further embodiments, the present invention 
provides food products, prepared food products, or foodstuffs 
comprising the extracts or fractions described above (i.e., 
functional foods). In preferred embodiments, the foods com 
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prise an effective amount of the fractions as described above. 
For example, in some embodiments, beverages and solid or 
semi-solid foods comprising the extracts, fractions or deriva 
tives thereof are provided. These forms can include, but are 
not limited to, beverages (e.g., soft drinks, milk and other 
dairy drinks, and diet drinks), baked goods, puddings, dairy 
products, confections, snack foods, or frozen confections or 
novelties (e.g., ice cream, milk shakes), prepared frozen 
meals, candy, snack products (e.g., chips), soups, spreads, 
sauces, salad dressings, prepared meat products, cheese, and 
yogurt. 

EXPERIMENTAL 

[0078] The following examples are provided in order to 
demonstrate and further illustrate certain preferred embodi 
ments and aspects of the present invention and are not to be 
construed as limiting the scope thereof. 

Example 1 

Preparation of Kiwifruit Extract 

[0079] Extract consisting of 100% kiwifruit juice was pre 
pared. To prepare 100% fruit juice, the fruits were peeled and 
the ?esh was homogenized. The resulting homogenate was 
spun at 9000><g for 15 min at 4° C. on a centrifuge after which 
the supernatant was removed and the pH of the juice was 
adjusted to 7.4 with 1M sodium hydroxide solution. The 
anti-platelet activity of the kiwi fruit extract (KFE) was deter 
mined initially. 

Partial Fractionation of Kiwi Fruit Extract: 

[0080] Kiwifruit extracts were then fractionated according 
to the general scheme set out in FIG. 1. The platelet aggrega 
tion inhibiting activity of the preparations was measured at 
various stages. Thus, fresh kiwifruit juice, prepared from 
100% fruit, was centrifuged at 9000><g for 10 min. Following 
centrifugation, the supernatant was freeze dried and a portion 
of the dried material was dissolved in phosphate buffer and 
pH was adjusted to 7.4. This was then subjected to ultra?l 
tration by passing through an ?lter with molecular weight 
cut-off 1000 dalton. The ultra?ltrate was collected, and freeze 
dried and reconstituted in water, and pH was adjusted to 7.4. 
The platelet aggregation was measured using the extract at 
different stages of fractionation. In a separate study, the 
extract was boiled for 10 min. and centrifuged, and the anti 
platelet activity of the boiled sample was determined. 
[0081] In order to examine whether lipid compounds in the 
fractionated extracts were responsible for anti-platelet activ 
ity, the lipids of the extract were removed by passing the 
solution through the specially prepared Lipidex-1000 column 
(column volume 18 ml). Lipidex-1000 adsorps lipid sub 
stances of the extract only. The column was then eluted with 
5 column volumes of 15 mM phosphate buffer, and the eluted 
solution was collected and dried. Lipid compounds bound to 
column resin were later eluted with methanolic solution and 
dried for anti-platelet activity measurement. Further to the 
above Lipidex-1000 experiment, the lipids were also 
removed with another method by using chloroform methanol 
according to the Bligh and Dyer. Thus, 2 ml of the ultra?ltrate 
were mixed with 2.5 ml of methanol followed by 1.25 ml 
chloroform to give a sing phase, and a chloroformzmethanol: 
water ratio of 1:2:0.8. No precipitate was formed. Chloroforrn 
(1.25 mL) and water (1.25 mL) were then added and after 
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gentle mixing, the mixture was allowed to settle into two 
layers. The upper layer (methanol/water) was removed and 
the methanol blown off under nitrogen at 55° C. The volume 
was then made up to 2 mL after adjustment to pH 7.4. The 
anti-platelet aggregation activity of this aqueous phase was 
compared with respective volume of phosphate buffer as a 
control. 
[0082] The chloroform phase was then evaporated under 
nitrogen, and resuspended in ethanol (50 [1.L). A sample (10 
[1.L) of the ethanol phase then tested for anti-platelet aggrega 
tion activity versus a 10 [1.L ethanol control. 

Platelet Aggregation Study: 

[0083] The effect of the fruit extracts on the aggregatory 
properties of human platelets was investigated in healthy 
volunteers. Venous blood was collected from volunteers who 
had not taken any medications for at least 14 days before 
donation. Blood (20 ml) was collected using a 19 G butter?y 
needle and coagulation was prevented by mixing the blood 
samples with acid citrate, (135 mM) in the ration of 9 parts by 
volume of bloodup to 1 part by volume of acid citrate. Platelet 
rich plasma (PRP) was prepared from the samples by centri 
fuging the blood at 180><g from 15 min. Kiwi fruit juice 
(10-30 [1.1), the pH was adjusted to 7.4 with 1M sodium 
hydroxide was mixed with the PRP to make volume up to 500 
[1.1, and incubated at 37° C. from 15 min. after which the effect 
of the fruit extract on ADP induced platelet aggregation was 
monitored with the addition of ADP to a ?nal concentration 5 
[1.M. Controls were run in parallel using 10-30 [1.L phosphate 
buffer, pH 7.4 instead of the fruit extract. Platelet aggregation 
in PRP was monitored using a Chrono-Log aggregation 
(Chrono-Log, USA) at a constant stirring speed of 1000 rpm 
at 37 C. 

[0084] To determine the effect of KFE on platelet aggrega 
tion in vitro, PRP (450 [1.1) was incubated with different con 
centrations of KFE (in volume 50 [1.1 for 15 min at 37° C. prior 
to the addition of an aggregating agent. The IC50 for different 
fractions of KFE was determined by incubating these plate 
lets with different concentrations of KFE for 15 min. Controls 
were run in parallel replacing fruit extract with 50 [1.1 of 
phosphate. Inhibition of platelet aggregation is expressed as 
the decrease in the area under the curve compared with the 
control. 

Inhibition of Angiotensin Converting Enzyme (ACE) by 
KFE: 

[0085] Angiotensin I-converting enzyme (ACE, EC 3.4.15. 
1), an exopeptidase, is a circulating enzyme that participates 
in the body’s renin-angiotensin system, which mediates 
extracellular volume (e.g., that of the blood plasma, lymph 
and interstitial ?uid), and arterial vasoconstriction. It is 
secreted by pulmonary and renal endothelial cells and cata 
lyzes the conversion of decapeptide angiotensin I to octapep 
tide angiotensin II. ACE inhibitors block the conversion of 
angiotensin Ito angiotensin II. They therefore lower arteriolar 
resistance and increase venous capacity; increase cardiac out 
put and cardiac index, stroke work and volume, lower ren 
ovascular resistance, and lead to increased natriuresis (excre 
tion of sodium in the urine). With ACE inhibitor use, the 
effects of angiotensin II are prevented, leading to decreased 
blood pressure. The effect of KFE on the serum ACE activity 
measured using Angiotensin Converting Enzyme Assay kit 
by BUHLMANN LABORATORIES AG, Germany. 
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Results: 

[0086] Fractionation of Kiwi Fruit Extracts and their 
Effects on ADP-Induced Platelet Aggregation by ADP. 
[0087] FIG. 1 shows the preparation of kiwifruit extract 
using different fractionation procedures. The inhibitor(s) of 
platelet aggregation in kiwi extracts were present in the water 
soluble fraction and their size is smaller than 1000 daltons. 
Boiling of this fraction did not destroy the activity. Delipida 
tion of the sample by Lipidex-1000 demonstrated that the 
active fraction is present in aqueous extract. 

Platelet Aggregation Studies 

[0088] Table 1 shows the dose response of kiwifruit extract 
on inhibition of platelet aggregation by different agents. It 
demonstrated a dose response effect with ADP-induced 
aggregation: increasing the kiwifruit extract led to greater 
reduction in platelet aggregation. The fraction isolated from 
kiwifruit was equally effective against all three platelet aggre 
gating agents, collagen, ADP, and arachidonic acid. 
[0089] FIG. 2 shows the effect of different volumes of kiwi 
fruit extract on platelet aggregation by ADP in vitro. PRP 
(450 ml) was incubated with different volumes (0, 10, 20 and 
30 ul) of KFE for 15 min at 37 C prior to the addition of 
agonists, arachidonic acid (500 [1g/ml), ADP (3 mM, and 
collagen (1 [1g/ml). KFE inhibited ADP-induced aggregation 
in a dose dependent manner (Table-1). ADP induced aggre 
gation was inhibited by 45% with 10 [1.1 KFE, 65% with 20 [1.1 
KFE, and 95% with 30 [11 KFE, compared with controls. 
Similarly, KFE inhibited collagen induced platelet aggrega 
tion; the level of inhibition was lower with 10 and 20 [1.1 
incubations. Inhibition of arachidonic acid-induced platelet 
aggregation exhibited 3 8% inhibition at the highest KFE level 
tested and very little inhibition at lower concentrations of 
KFE. 

TABLE 1 

Inhibition of platelet aggregation 
Kiwifruit extract by three different agonists (mean %) 

Volume ([11) Arachidonic acid Collagen ADP 

10 12 1 8 45 
20 25 45 65 
30 3 8 90 95 

[0090] Boiling of kiwifruit extract at 100 C for 10 min did 
not affect anti-platelet aggregation of the extract. 
[0091] Determination of the effect of KFE on platelet 
aggregation induced by different agonists. FIGS. 2 and 3 
show the inhibition of platelet aggregation induced by arachi 
donic acid, collagen andADP, respectively. The experimental 
conditions are described in Table-1. 

[0092] Determination of the effect of fractionated kiwifruit 
extract on platelet aggregation induced by ADP. FIG. 4 shows 
the effect of fractionated kiwifruit extract on platelet aggre 
gation induced by ADP. The experimental conditions are 
described in Table1. KFE extract was puri?ed as described in 
FIG. 1. 

[0093] Effects of KFE on ACE activity of human serum. 
Incubation of serum with 20 [1.1 of KFE for 15 min inhibited 
more than 15% activity compared with control. 
[0094] FIG. 5 shows UV scanning of the delipidated, ultra 
?ltrated puri?ed active fractions of the Kiwifruit extract. 
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Example 2 

[0095] Kiwifruit juice was prepared after homogenization 
of the peeled fruits, subsequently centrifuged at 9000><g for 
15 min and kept at 4 C for antiplatelet assay. The other 
fraction of juice was boiled at 90 C for 20 min and centrifuged 
again, and pH was adjusted to 7.4 and kept at 4 C up to 24 
days. 
[0096] Inhibition activity of the kiwifruit juice and extract 
was measured at different days as indicated in the table and 
their anti-platelet activity was measured by incubating the 
PRP with the juice (after adjusting pH to 7.4) or the extract for 
1 5 minutes, and the inhibition was compared with control (in 
the absence of juice or extract) using 3 [1.M ADP as an aggre 
gating agent. 

Kiwifruit Juice Kiwifruit extract 
Day Inhibitory Activity Activity 

Day 0 100 100 
Day 4 76 100 
Day 18 29 100 
Day 24 4 100 

Conclusion: The juice lost activity by 24% within a week and 
70% after 18 days, whereas the boiled extract retained its 
100% activity. The freeze-dried extract retained its activity as 
well. 

Example 3 

[0097] This example describes the UV and MS spectra of 
the highly puri?ed heat stable and water soluble kiwi fruit 
extract that contains anti-platetet activity. 

[0098] The kiwifruit juice was prepared and the juice was 
clari?ed by centrifugation at 9000 g for 15 min. The super 
natant was then boiled at 90 C for 20 min. The cooled extract 
was then centrifuged again at 9000><g for 15 min. The colour 
less supernatant was then passed through LIPDEX-1000 col 
umn to remove any associated lipids. The eluted delipidated 
sample was then freeze dried and passed through the 1000 
daltion molecular cut-off ?lter. The ?ltrate was then run in 
triple stage LC-MS/MS-UV. MS scans 100-1000 Mw in 
negative mode (FIG. 7) and UV spectral 200-400 nm (FIG. 6). 

[0099] The column is a Zorbax 1.8 [1.M particle rapid reso 
lution C18 column (4.6 mm><50 mm, 1.8 [1.m). Elution was 
accomplished by starting 100% mobile phase (A) water-for 
mic acid (100:0.1, v/v/v) to 100% B acetonitrile-formic acid 
(100:0.1, v/v/v) during 35 minutes. 

Example 4 

[0100] Kiwifruit juice was prepared after homogenization 
of the peeled fruits, subsequently centrifuged at 9000><g for 
15 min and kept at 4 C for antiplatelet assay. The other 
fraction of juice was boiled at 90 C for 20 min and centrifuged 
again, and pH was adjusted to 7.4 and kept at 4 C and kept up 
to 24 days. The anti-platelet activity of the juice and the 
extract was measured at different days by incubating the PRP 
with the juice (after adjusting pH to 7.4) or the extract for 15 
min, and the inhibition was compared with control (in the 
absence of juice or extract) using 3 [1.MADP as an aggregating 
agent. 



US 2014/0314889 A1 

Kiwifruit Juice Kiwifruit extract 
Day Inhibitory Activity Activity 

Day 0 100 100 
Day 4 76 100 
Day 18 29 100 
Day 24 4 100 

Conclusion: The juice lost activity by 24% within a week and 
70% after 18 days, whereas the boiled extract retained its 
100% activity. The freeze-dried extract retained its all activity 

Example 5 

[0101] The kiwifruit extract was prepared as described 
before. The ?nal preparation yield was 4-5 g per 100 g of 
fruits and that contained 45-50% sugar. The data presented 
here used the extract prepared in Trondheim. 20 gm of KFE 
was mixed with 200 ml of Tine Milk Orange juice for con 
sumption. Six healthy adults of both sexes were recruited into 
the study. Subjects were aged 25-60 y and had no history of 
serious disease or hemostatic disorders. Suitability for inclu 
sion into the study was assessed by using diet and lifestyle 
questionnaires and by medical screening, during which plate 
let function was assessed. Subjects were selected on the basis 
of high platelet function, as determined by the platelet aggre 
gation response to 3 umol ADP/L. 

[0102] Subjects habitually consuming dietary supplements 
(e. g., ?sh oils) were asked to suspend these supplements for a 
minimum of 1 month before participating in the study. Sub 
jects were instructed to abstain from consuming drugs known 
to affect platelet function for a 10-d period before participa 
tion. Written informed consent was obtained from all sub 
jects. This study was approved by the Oslo authority. Volun 
teers were overnight fasted. Venous blood samples of z20 mL 
were drawn at each sampling time point (time 0) and then they 
were asked to drink 200 ml orange juice containing 20 g KFE. 
For measurements of platelet function blood was collected 
into plastic syringes and transferred into citrated blood col 
lection tubes (?nal sodium citrate concentration, 13 mmol/ L). 

[0103] Ex vivo platelet aggregation studies Measurement 
of the extent of ADP-induced platelet aggregation in PRP was 
carried out at each time point. The platelet response to sub 
optimal ADP concentrations was also of interest; under these 
conditions, a biphasic aggregation response may be observed, 
which provides further information about the nature of the 
platelet response. A standardized r ADP concentration (3 
umol/L) was used for all measurements. For ex vivo studies, 
effects on platelet aggregation observed after treatment or 
control interventions are expressed as the percentage change 
in area under the aggregation curve after consumption of 
extract or placebo, as compared with baseline values. 

[0104] The results are as here expressed as % inhibition 

Volunteers % inhibition after 2 hours 

1 8.1 
2 12. 6 
3 12 
4 15 
5 8.2 

10 
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[0111] All publications and patents mentioned in the above 
speci?cation are herein incorporated by reference. Various 
modi?cations and variations of the described method and 
system of the invention will be apparent to those skilled in the 
art without departing from the scope and spirit of the inven 
tion. Although the invention has been described in connection 
with speci?c preferred embodiments, it should be understood 
that the invention as claimed should not be unduly limited to 
such speci?c embodiments. Indeed, various modi?cations of 
the described modes for carrying out the invention that are 
obvious to those skilled in the ?eld of this invention are 
intended to be within the scope of the following claims. 

1.-38. (canceled) 
39. A composition comprising a fruit extract from a fruit of 

the family Actinidia wherein the size of the molecules in the 
extract is less than 3000 daltons and wherein said extract has 
cardiovascular activity. 

40. The composition of claim 39, wherein the cardiovas 
cular activity is selected from the group consisting of inhibi 
tion of platelet aggregation in an in vitro platelet aggregation 
assay and is inhibition of angiotensin-converting enzyme in 
an in vitro angiotensin-converting enzyme assay. 

41. The composition of claim 39 wherein said extract is 
characterized as being stable and retaining at least 80% of 
biological activity when stored for 4 days at 4 degrees Celsius 
as compared to a fresh extract fraction, wherein said biologi 
cal activity is inhibition of platelet aggregation in an in vitro 
platelet aggregation assay. 

42. The composition of claim 39, wherein the extract has 
more than 4% inhibitory activity in an in vitro platelet aggre 
gation assay after kept at 4 degrees Celsius for 24 days nor 
malized to day 0. 

43. The composition of claim 39, wherein said fruit extract 
is stabilized by a method selected from the group consisting 
of ultra?ltration, heat treatment, and combinations thereof. 

44. The composition of claim 39, wherein said fraction 
comprises cardiovascular active molecules with a molecular 
weight of less than 1000 daltons. 

45. The composition of claim 39, wherein said fruit extract 
exhibits major peaks at approximately 1.30 and 1.81 minutes 
on a UV spectrum scan of liquid chromatography of said 
extract on a Zorbax 1.8 uM particle rapid resolution C18 



US 2014/0314889 A1 

column (4.6 mm><50 mm, 1.8 pm) with a 100% mobile phase 
(A) water-formic acid (10010.1, v/v/v) to 100% B acetoni 
trile-formic acid (10010.1, v/v/v) during 35 minutes. 

46. The composition of claim 39, wherein said fruit extract 
exhibits major peaks at approximately 1.61, 30.18, and 30.87 
in a mass spectometry 1 00- 1000 MW in negative mode scan of 
liquid chromatography of said extract on a Zorbax 1.8 uM 
particle rapid resolution C18 column (4.6 mm><50 mm, 1.8 
pm) with a 100% mobile phase (A) water-formic acid (1001 
0.1, v/v/v) to 100% B acetonitrile-formic acid (10010.1, v/v/ 
V) during 35 minutes. 

47. A syrup, solution or powder comprising the composi 
tion of claim 39. 

48. An oral delivery vehicle comprising the composition, 
syrup, solution or powder of claim 39. 

49. A functional food or foodstuff comprising the compo 
sition of claim 39. 

50. The functional food or foodstuff of claim 49, wherein 
said functional food or foodstuff is selected from the group 
consisting of beverages, baked goods, puddings, dairy prod 
ucts, confections, snack foods, frozen confections or novel 
ties, prepared frozen meals, candy, snack products, soups, 
spreads, sauces, salad dressings, prepared meat products, 
cheese, and yogurt. 

51. A nutritional supplement comprising the composition 
of claim 39. 

52. The nutritional supplement of claim 51, wherein said 
nutritional supplement is selected from the group consisting 
of soft gel capsules, hard shell capsules, chewable capsules, 
health bars, and supplement powders. 

53. A method of preventing or treating a disease state 
initiated or characterized by platelet activation and/or aggre 
gation, elevated blood pressure, improving or maintaining 
heart health, improving or maintaining cardiovascular health, 
improving or maintaining circulatory health, or improving or 
maintaining blood ?ow in a subject comprising administering 
to said subject a composition according to claim 39. 

54. The method of claim 53, wherein said administration 
inhibits platelet aggregation, results in anti-thrombotic activ 
ity, results in blood thinning and/or results in reduced blood 
pressure in said subject. 

55. The method of claim 53, wherein said administering 
inhibits platelet aggregation. 

56. The method of claim 53, wherein said administering 
results in anti-thrombotic activity. 

57. The method of claim 53, wherein said administering 
results in blood thinning. 
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58. The method of claim 53, wherein said administering 
results in reduced blood pressure. 

59.A process for producing a stable and biologically active 
Actinidia extract comprising producing an Actinidia extract, 
heating the Actinidia extract under conditions such that the 
extract retains biological activity during storage, and process 
ing the extract by ultra?ltration either before or after heating, 
wherein the ultra?ltration has a cut-off of between 1000-3 000 
Daltons. 

60. The process of any of claim 59, wherein said heating 
comprises heating said fraction to about 70 to about 100 
degrees Celsius for greater than about ?ve minutes. 

61. The process of claim 59, wherein saidAcZinidia extract 
is produced by sedimenting anAcZinidia juice or homogenate 
either before or after heating to provide a sediment fraction 
and a supernatant fraction, and retaining said supernatant 
fraction to provide said biologically active Actinidia extract. 

62. The process of claim 61, wherein said sedimentation 
comprises centrifugation at least 3000 g. 

63. A stable and biologically active Actinidia extract pro 
duced by the process of claim 59. 

64. The stable and biologically active Actinidia extract of 
claim 63, wherein said extract exhibits major peaks at 
approximately 1.30 and 1.81 minutes in a UV spectrum scan 
of liquid chromatography of said extract on a Zorbax 1.8 uM 
particle rapid resolution C18 column (4.6 mm><50 mm, 1.8 
pm) with a 100% mobile phase (A) water-formic acid (1001 
0.1, v/v/v) to 100% B acetonitrile-formic acid (10010.1, v/v/ 
v) during 35 minutes and major peaks at approximately 1.61, 
30.18, and 30.87 in a mass spectometry 100-1000 Mw in 
negative mode scan of liquid chromatography of said extract 
on a Zorbax 1.8 uM particle rapid resolution C18 column (4.6 
mm><50 mm, 1.8 nm) with a 100% mobile phase (A) water 
formic acid (10010.1, v/v/v) to 100% B acetonitrile-formic 
acid (10010.1, v/v/v) during 35 minutes, and wherein said 
extract inhibits platelet aggregation in an in vitro platelet 
aggregation assay. 

65. The stable and biologically active Actinidia extract of 
claim 64, characterized in retaining more than 4% of biologi 
cal activity of said biologically active molecules when stored 
for at least 24 days at 4 degrees Celsius as compared to a fresh 
extract fraction, wherein said biological activity is inhibition 
of platelet aggregation in an in vitro platelet aggregation 
assay. 


