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Two (2) mL of the blackberry extract, corresponding to
76.48 mg extract was mixed with 8 mL of 10% mannitol and
lyophilized to produce a dried berry extract with mannitol.
The final mannitol concentration in the solution was 8% and
the final pH ranged from 2.5 to 2.6. In addition, blackberry
extract alone (without mannitol) was lyophilized to produce a
dried berry extract. The lyophilization procedure for both the
dried berry extract with mannitol and dried berry extract is
shown in Table 4.

TABLE 4

Lyophilization Cycle Used to Prepare Dried Berry
Extract and Dried Berry Extract with Mannitol
Steps

. Freeze to -40° C.

. Raise temp to -35° C.

. Once at -35° C., hold for 3 hr

. Set vacuum to less 150 microns
. Raise temp to -10° C.

. Once at -10° C., hold for 15 hr
. Maintain vacuum of less than 150 microns
. Raise temp to 0° C.

. Once at 0° C., hold for 3 hr

. Raise Temp to 5° C.

. Once at 5° C., hold for 10 hr

. Raise temp to 5° C.

. Once at 10° C., hold for 3.4 hr

. Raise temp to 20° C.

. Once at 20° C., hold for 2.5 hr

. Break vacuum

O 0~ O B W

To observe the stability of the blackberry extract in solution
alone, and in the presence of 8% mannitol, the extract was
stored at 4° C. and 25° C. for 1 month. As shown in Table 5
below, at both temperatures, the presence of 8% mannitol in
solution was able to stabilize the retention of four different
anthocyanins in solution designated by Peak 1 (Cn-3-gluco-
side), Peak 2 (Cn-3-arabinoside), Peak 3 (Cn-3-xyloside),
and Peak 4 (Cn-3-malonyl-glucoside).

TABLE §

Retention of Anthocyanins in Berry Extract Solution and
Berry Extract with 8% Mannitol Solution Over 1 Month

Peak 1 Peak 2 Peak 3 Peak 4

% Retention of Anthocyanin Peak Area after
Storage at 4° C. for 1 month

Berry Extract 89.7+0.3 86.2 £13.2 90.7 £ 3.1 88.0 £ 6.7
in Solution

Berry Extract 106.0 £1.0 138.0«5.9 109.5+49 1156 +10.7
with Mannitol

% Retention of Anthocyanin Peak Area after
Storage at 25° C. for 1 month

Berry Extract 79.2x0.2 75.5 £10.8 81324 69.6 3.4
in Solution

Berry Extract 101.9 £0.6 96.7+3.4 102.0 4.6 T7.2+243
with Mannitol

To observe the stability of blackberry extract in solution
stored at four different temperatures or conditions, blackberry
extract solution was stored frozen at —80° C. as a control, at 4°
C., at 25° C. in the dark, and at 25° C. with light for 90 days.
As shown in FIG. 4, the concentration of cyanidin-3-gluco-
side remained unchanged over 90 days when the blackberry
extract solution was frozen at —80° C. When the blackberry
extract solution was stored at 4° C. over 90 days, there was
about a 10% loss in the concentration of cyanidin-3-gluco-
side. In contrast, there was substantial loss of cyanidin-3-
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glucoside over 90 days when the blackberry extract solution
was stored at 25° C., indicating that the anthocyanin was less
stable as the temperature increased.

To further confirm the stability of dried blackberry extracts
stored under various conditions and at various temperatures,
freeze-dried blackberry powder was stored at -20° C. as a
control, dried berry extract was stored at 4° C. and 25° C., and
dried berry extract with mannitol stored at 4° C. and 25° C.
The stability time points collected were at time 0, 2 weeks, 4
weeks, and 8 weeks.

Sample quantitation was performed by comparing the area
of'each stability data point to the area for the Time 0 point for
each type of sample (freeze-dried blackberry powder, dried
extract, or dried extract with mannitol). Equation 3 was used
to calculate the concentration (mg/mlL.) of the sample using
the actual weight of sample.

Actual Weight of Sample
Volume of Dilution

Equation (3)

C = Sample concentration =

The percent of each sample peak area relative to the peak area
at the Time 0 point was calculated using Equation 4.

Peak Area at Timepoint
Peak Area at Time 0

CTimeo Equation (4)

% Peak Area= x 100

Climepoint

As shown in FIG. 5A, the Cn-3-glucoside in the freeze-
dried blackberry powder stored at —20° C. was stable for at
least eight weeks. Likewise, Cn-3-glucoside remained stable
in both the dried blackberry extract and the dried blackberry
extract with mannitol stored for 8 weeks at 4° C. Cn-3-
glucoside was continuously lost in the dried blackberry
extract over 8 week storage at 25° C. After 8 weeks, the
retained Cn-3-glucoside was only about 65% of the original.
In contract, Cn-3-glucoside remained stable in the dried
blackberry extract with mannitol stored for 8 weeks at 25° C.
Surprisingly, this suggested that mannitol had a stabilizing
effect on the dried blackberry extract and in particular Cn-3-
glucoside. As shown in FIG. 5B, this effect was also observed
for at least three other anthocyanins. FIG. 5B shows the
stability of Cn-3-glucoside, Cn-3-arabinoside, Cn-3-xylo-
side, and Cn-3-malonyl-glucoside over 8 weeks at 25° C.
stored as either a dried blackberry extract or dried blackberry
extract lyophilized in 8% mannitol.

EXAMPLE 9

A blackberry extract was obtained by extracting 2.5 g
blackberry powder (prepared as described in Example 2)
three times with ethanol/0.01% HCl (see Example 4). The
three extracts were collected and the ethanol was removed by
rotoevaporation. Ten (10) mL of water was then used to
rehydrate the reddish purple extract. One (1) mL of the black-
berry extract was then added to 4 ml. of mannitol at a con-
centration of 10%, 5%, 2%, 1%, or 0%. The blackberry
extract/mannitol samples were then lyophilized as described
in Example 2. A pink free-flowing powder was only obtained
with final mannitol concentration of >8%. The pH of the
blackberry extract/mannitol mixture was in the range of pH
2.5 to 2.6. Freeze-drying of the blackberry extract in final
mannitol concentrations less than 2% resulted in a sticky
gelatin-like product.

EXAMPLE 10

A vanishing lotion base having the composition presented
in Table 6 was prepared by heating a water phase to 70° C. An
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oil phase was heated to about 60° C. and added to the stirring
water phase. The resulting mixture was stirred at 70° C. at
1,000 rpm for 30 minutes to produce a homogenous oil-in-
water emulsion. After 30 minutes the oil-in-water emulsion
was allowed to mix at room temperature at 1,000 rpm for 2
hours. The lotion was q.s. to 100% and a pH of3.1. The lotion
was then allowed to sit at room temperature overnight to cure.
To 18 g of the vanishing lotion base, 2 g of blackberry powder
(Example 2) was added to produce a final 10% blackberry
lotion. The lotion had a purple color that when applied to
human skin and rubbed, vanished within 10-15 seconds.

TABLE 6

Composition of Vanishing Lotion Base Used
to Prepare a 10% Blackberry Lotion

Lotion Formula

Ingredients % (Wiw)
‘Water 83.39
Propylene Glycol 333
Sorbitol, 70% 2.22
Sorbic Acid 0.22
Butylated Hydroxytoluene 0.11
Simethicone 0.11
Sub-total Water Phase 89.38
Petrolatum 3.89
Cetostearyl Alcohol 3.06
Brij 58 2.78
Glyceryl Monostearate 0.22
PEG 400 Monostearate 0.67
Sub-total Oil Phase 10.62
Total 100

EXAMPLE 11

The composition described in Example 10 was prepared,
except that the blackberry extract described in Example 3 was
used. The lotion was prepared identically as described in
Example 10 except that to 18 g of the vanishing lotion base
(Table 6), 2 g of dried blackberry extract (Example 3) was
added to produce a final 10% blackberry extract lotion. The
lotion had a purple color that when applied to human skin and
rubbed, vanished within 10-15 seconds.

EXAMPLE 12

A 1 kg vanishing cream base was prepared using the for-
mula set forth in Table 7.

TABLE 7

Formula for Preparing Vanishing Cream Base

Calculated weight (g)

Ingredients % wiw for 1 kg batch
Water for injection 79.8 798
Propylene Glycol 3.0 30
Sorbitol, 70% 2.0 20
Sorbic Acid 0.2 2
Butylated Hydroxytoluene 0.1 1
Simethicone 0.1 1
Sub-total water phase 85.2 852
Petrolatum, white 5.6 56
Cetostearyl alcohol 4.4 44
Brij 58 4.0 40
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TABLE 7-continued

Formula for Preparing Vanishing Cream Base

Calculated weight (g)

Ingredients % w/w for 1 kg batch
Glyceryl monostearate 0.2 2
PEG-400 monostearate 0.6 6
Sub-total oil phase 14.8 148
TOTAL 100 1000

The cream was prepared by first preparing the water phase.
Water (798 g) was added to the mixing vessel followed by 30
g propylene glycol. This wax mixed until homogeneous. Next
20 g of 70% sorbitol was added, and then 2 g sorbic acid. This
was mixed until homogeneous and then headed to 60-70° C.
Butylated hydroxytoluene (1 g) was then added and mixed
followed by 1 g simethicone. The water phase was mixed until
homogenous at 60-70° C. To prepare the oil phase, the fol-
lowing materials were added to a separate vessel; 56 g white
petrolatum, 44 g of cetostearyl alcohol, 40 g of Brij 58, 2 g of
glyceryl monostearate, 6 g of polyethylene glycol 400
monostearate. After the addition, the oil phase was heated at
60-70° C. until melted to produce a homogenous phase. Next,
the melted oil phase was slowly added to the oil phase and
mixed to obtain a homogenous mixture between 60-70° C.
The mixture was stirred for an additional 30 min, and then
allowed to cool while stirring to 30-35° C. The net weight was
adjusted to 1000 g with water and then mixed to produce a
homogeneous white placebo cream, pH 3.2. To this cream,
freeze-dried blackberry powder (Example 2) was added
directly to the placebo cream to produce 1%, 5%, and 10%
blackberry cream. Separately, freeze-dried blackberry extract
prepared as described in Example 3 was added to produce
1%, 5%, and 10% blackberry extract cream. The pH of all
creams was adjusted to pH 3.5 by adding 2N potassium
hydroxide. Creams containing either freeze-dried blackberry
powder or blackberry extract were pink-red in color depend-
ing on the final concentration. All creams applied to human
skin and rubbed vanished into the skin with 10-15 seconds
after continuous rubbing.

EXAMPLE 13

An enteric-coated blackberry powder capsule was pre-
pared. Empty hard gelatin capsules (#3 Coni-Snap white
opaque, Capsugel Lot #589552) having a mean capsule
weight of 46.53+0.61 mg were filled with 120 mg of active
blackberry powder (Example 2). Fifteen capsules each were
enteric-coated with either Coating Solution A or Coating
Solution B:

Coating Solution A: 12.50 g EUDRAGIT L-100 and 6.25 g
triethy] citrate dissolved in 81.25 g of acetone: isopropyl
alcohol (60:40 v/v).

Coating Solution B: 12.50 g EUDRAGIT S-100 and 6.25 g
triethy] citrate dissolved in 81.25 g of acetone: isopropyl
alcohol (60:40 v/v).

As is known in the art, EUDRAGIT L-100 is soluble above
pH 6, whereas EUDRAGIT S-100 is soluble above pH 7. For
each coating solution (A and B), 15 individual capsules were
coated by taking the capsule fully closed from one end and
dipping it in the solution for 2 seconds. About 60% of the
capsule was submerged. Residual coating solution was
removed by gently touching tip of capsule to a cloth. The
solution was evaporated in a stream of airflow from the hood.
After 2 hours, the capsule was inverted and the same proce-
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dure was repeated. After 2 hours the 15 dry coated capsules
were individually weighed and the means were calculated for
each coating solution. The average weight of the coating film
for each coating solution was calculated, subtracting the aver-
age weight of an uncoated capsule from the average weight of
the corresponding coated capsule. The average coating
weight for capsules coated with coating Solution A and Solu-
tion B was 5.53 mg and 4.92 mg, respectively.

A modified version of the disintegration procedure from
USP 25 (<701>) was followed using three individual enteric-
coated capsules for each coating solution and for each of four
disintegration fluids (pH 1, pH 4.5, pH 6 and pH 7.4). One
capsule was placed in each of three tubes of the basket in the
disintegration apparatus. One liter of each buffer maintained
at37° C.x2° C. during the test was used as the immersion fluid
and the disintegration time of capsules was recorded. The end
point of the disintegration process was taken to be when the
capsule had opened completely and disintegrated except for
small fragments of the capsule shell. The results are presented
in Table 8.

TABLE 8

Disintegration Time of Blackberry Capsules Enteric-Coated
with EUDRAGIT L-100 or EUDRAGIT S-100 as a Function of pH

pH
pH=1.0 pH=45 pH=60 pH=74
Buffer
(10 mM (I0mM (10 mM
Type of (0.1M Citric-Citrate Phosphate Phosphate
Capsule HCI) Buffer) Buffer) Buffer)
Uncoated Capsule <5 min <5 min <5 min <3 min
1
Capsule <5 min <5 min <5 min <3 min
Capsule <5 min <5 min <5 min <3 min
3
EUDRAGIT Capsule >1 hour >1 hour <25 min <7 min
L-100 1
Coated Capsule >1 hour >1 hour <25 min <7 min
Capsule >1 hour >1 hour <25 min <7 min
3
EUDRAGIT Capsule >1 hour >1 hour >1 hour <28 min
S-100 1
Coated Capsule >1 hour >1 hour >1 hour <28 min
Capsule >1 hour >1 hour >1 hour <28 min

3

Note:
For “>1 hour”, samples were removed from the vessel intact at 1 hour

Next, a simulated dissolution study was completed at 37°
C.x2° C. using the blackberry capsule coated with
EUDRAGIT L-100 (as noted above, a polymer coating that
dissolves at a pH greater than 6). The results are summarized
in FIG. 6. Two capsules were placed in medium having pH 1
for 1 hour at 37° C.x2° C., and then transferred intact to
medium of either pH 6 or pH 7.4. EUDRAGIT L-100 coated
capsules disintegrated very rapidly at pH 7.4 and released
their contents. However, the capsules disintegrated more
slowly at pH 6 and had released only about 50% of their
contents within the first 60 minutes at pH 6.

EXAMPLE 14

Coni-Snap (#2) white opaque capsules from Capsugel
were used to prepare enteric-coated capsules comprising
blackberry extract with mannitol prepared as described in
Example 8. An enteric-coating solution was used to coat the
capsules. The coating solution was made by dissolving
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Eudragit [.-100 (12.54 g) in 81.26 g coating solvent contain-
ing 6.14 g triethyl citrate. The coating solvent was acetone:
isopropyl alcohol (60:40 v/v). Empty uncoated capsules (av-
erage weight of 58.6+0.9 mg) were hand-filled with dried
blackberry extract with mannitol powder. The average weight
of filled capsules was 134.4x£15.3 mg. Filled capsules were
then enteric-coated with Eudragit 1.-100 using a Torpac
enteric-capsule coater. The coated capsules were allowed to
dry.

A two-phase pH dissolution study was performed by first
exposing a coated capsule to 30 mL 0.1N HC], pH 1 at 37° C.
for 30 min while stirring at 50 rpm. Two mL samples were
removed at 15 min and 30 min to assay for anthocyanin
release. After 30 min, the capsule was transferred to 30 mL
PBS, pH 7.4 buffer at 37° C. stirring at 50 rpm. Two (2) mL of
sample was removed from the PBS after 10, 30, 45 and 60
min. Twenty (20) pl of formic acid (1% final formic acid
concentration) was added to each sample to acidify. The
volume lost in the vessel each time was replaced with 2 mL of
PBS. The results as shown in FIG. 7 demonstrate that antho-
cyanins were not released from the intact capsule at pH 1 for
30 min. However, after transfer to pH 7.4, the capsules under-
went disintegration and anthocyanins were released. Plotted
in FIG. 7 is the average anthocyanin released for three cap-
sules.

EXAMPLE 15

A chewing gum base (see Table 9) was prepared by pre-
heating a gum base to 150° F. and a Sigma blade mixer to 120°
F. About 40% of Sorbogem712 Crystalline Sorbitol was
added to the warmed mixer. The preheated gum base was
added to the mixer, followed by an additional 40% of the
Sorbogem 712 Crystalline Sorbitol. The liquids were then
blended except for the aspartame and spearmint flavor. The
liquids were then added to the preheated mixer and the mixer
was turned on. The remaining 20% of the Sorbogem?712
Crystalline Sorbitol was added.

The entire blend was mixed for 3 minutes and then the
aspartame was added. The gum was then mixed an additional
5 minutes and then the spearmint flavor was added. The gum
was then mixed for an additional 3 minutes and then black-
berry powder (Example 2) was added so that the final black-
berry powder was 5% of the total weight. The blackberry gum
was mixed an additional 3 minutes and the gum was removed
form the mixer. The blackberry gum was sheeted, scored, and
cut to predetermined portion sizes.

TABLE 9

Composition of Gum Base Used to Prepare

a 10% Blackberry Chewing Gum
Gum Base
Ingredients % (Wiw)
SORBOJEM 712 Crystalline Sorbitol 49.6
PALOGA Gum Base 25.7
Mannitol 10.0
MALTISWEET 3145 Maltitol Syrup 9.7
Glycerin 39
Spearmint Flavor 1.0
Aspartame 0.1
Total 100
EXAMPLE 16

A second embodiment of a blackberry chewing gum was
prepared. Silicon dioxide, magnesium stearate, sorbitol, and
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mannitol were obtained from Spectrum. Pharmagum C was
purchased from SPI Polyols. Carmine 52% Purple Type
Color and Natural Blackberry Flavor were obtained from
Wild Flavors. Sugartab was purchased from JRS Pharma.

Compressible chewing gum blends were prepared as
shown in Table 10 to determine the needed compression force
to form a suitable tablet. The formulation powder was pre-
pared using the target weight of 2000 mg per chewing gum
tablet. The following procedures were used to prepare the
formulation mixtures. Pharmagum C was placed in the
V-blender (Patterson-Kelly Co.) along with the liquid flavor
and the mix was allowed to blend for 2 min. To this blend was
the first addition of silicon dioxide to adsorb any residual
liquid and the mix was allowed to blend for 15 min. A sieve
was used to break up any clumps that may have formed during
this addition. Dried berry extract with mannitol (Example 7)
was removed from the vials, weighed and placed in the
V-blender; the mix was allowed to blend for 5 min. Sorbitol
was then added and the mix was allowed to blend for 5 min.
Powdered color was added if needed and the mix was allowed
to blend for 5 min. Magnesium stearate was then added and
the mix was allowed to blend for 5 min. Finally, the second
addition of silicon dioxide was added and the mix was
allowed to blend for 5 min.

Two thousand (2000) mg of a gum formulation were placed
in the punch and die set (0.6500", square arc, punch/die,
Natoli Engineering). Chewing gum was compressed using a
Carver Carver Hydraulic Tablet press (Model C) at compres-
sion forces of 2500, 3000, 3500, and 10,000 pounds of pres-
sure. Formulation #16 pressed at 10,000 pounds of pressure
was found to be the most desirable chewing gum formulation
in terms of hardness and sweetness.

TABLE 10
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pH of 1.9. This sample was then centrifuged for 10 min at
12,000 g to obtain a final dark-red solution.

HT-29 human colorectal cancer cells (ATCC, HTB38)
were grown in McCoy’s 5A medium supplemented with 10%
fetal bovine serum, 100 IU/mL penicillin, and 10 pg/mL
streptomycin and maintained in a humidified atmosphere
with 5% CO, at 37° C. For the cell proliferation assay, HT-29
cells were seeded at a density of 1.2x10* cells/well in 96-well
plates and incubated under normal growth conditions over-
night to allow cells to attach and proliferate. The berry extract
was added in final concentrations ranging from 13.6 to 49.2
g monomeric anthocyanins/ml. medium to each well.
Vehicle controls were the normal media with the correspond-
ing pH adjusted using 2.5 N HCI solution of each treated
group. At the 0.5, 2, 4 hr time points, the medium was
replaced with fresh medium and the cells were cultured for a
total of 48 or 72 hr. Cell growth was measured using the MTT
assay as previously described (Visconti et al., 1999). Briefly,
an MTT stock solution (5 mg/ml.) was prepared by dissolving
MTT in PBS, pH 7.4. The stock solution was added at 1:10
v/v to the medium in each well, and plates were incubated in
the dark at 37° C. for 4 hr. Next, supernatant was removed and
200 pul 0of 0.04 N HCl in isopropanol was added to each well.
After keeping in the dark at room temperature for 1 hr, plates
were read at 570 nm using an ELISA plate reader. Cell viabil-
ity was calculated using Equation 5:

% inhibition=(4BS¢,,~A4Bs,)/ABS ,x 100% Equation (5)

where AB, is an absorbance of cells treated with the berry
extract and ABS_,,; is the absorbance of corresponding
vehicle control.

Composition (%) of Excipients in the Blackberry Flavored Gum Formulation:;

Berry
Liquid  Silicon Powdered Extract Magnesium
Pharmagum Flavor Dioxide Sorbitol Sugartab  Flavor w/Mannitol Color  Stearate Mannitol
1 75.0 2.0 2.0 10.0 0.0 8.0 0.0 0.5 0.5 2.0
2 71.0 4.0 4.0 10.0 0.0 8.0 0.0 0.5 0.5 2.0
3 67.0 6.0 6.0 10.0 0.0 8.0 0.0 0.5 0.5 2.0
4 63.0 8.0 8.0 10.0 0.0 8.0 0.0 0.5 0.5 2.0
5 71.0 4.0 4.0 12.0 0.0 6.0 0.0 0.5 0.5 2.0
6 73.0 4.0 2.0 12.0 0.0 6.0 0.0 0.5 0.5 2.0
7 69.0 6.0 4.0 0.0 12.0 6.0 0.0 0.5 0.5 2.0
8 73.0 4.0 2.0 0.0 12.0 6.0 0.0 0.5 0.5 2.0
9 70.0 5.0 3.0 0.0 8.0 0.0 0.0 0.5 1.0 12.5
10 69.0 5.0 3.0 0.0 8.0 0.0 0.0 0.5 2.0 12.5
11 69.0 6.0 3.0 0.0 8.0 0.0 12.5 0.5 1.0 0.0
12 68.0 7.0 3.0 0.0 7.0 0.0 12.5 0.5 1.0 0.0
13 69.0 5.0 3.0 0.0 8.0 0.0 12.5 0.5 2.0 0.0
14 68.0 7.0 3.0 0.0 7.0 1.0 12.5 0.5 1.0 0.0
15 69.0 5.0 3.0 0.0 8.0 0.0 12.5 0.5 2.0 0.0
16 69.0 5.0 3.0 0.0 8.0 0.0 12.5 0.5 2.0 0.0
EXAMPLE 17 35 There are numerous reports on the growth inhibition of

To evaluate health and medical benefits, and in particular
anti-proliferative/anti-cancer effects, of the composition of
the present invention, a blackberry extract was obtained as
described in Example 4 by extracting 2.5 g blackberry powder
(prepared as described in Example 2) three times with 20 mL.
of ethanol/0.01% HCI under sonication. The three samples
were collected, combined, and centrifuged for 10 min at
12,000 g. The supernatant was then filtered to collect dark red
solution. Ethanol was then removed at 40° C. using a rotary
evaporator to obtain a dark red, viscous liquid. Ten (10) mL of
water was added to produce a dark-red suspension having a
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cancer cells in vitro by various anthocyanin-containing
extracts or purified anthocyanin fractions from various kinds
of fruits and vegetables (Olsson et al., 2004; Seeram et al.,
2004; Zhao et al., 2004; Reddy et al., 2005; Yi et al., 2005;
Zhang et al., 2005). Among them, Olsson et al. showed an
average inhibition of 53% on HT29 cells at the highest con-
centration of strawberry extracts (Olsson etal., 2006). Yiet al.
found that the IC,, for blueberry extracts with HT29 cells
ranged from 1000-3000 pg/mL (Yi et al., 2005). Commer-
cially prepared grape, bilberry, and chokeberry anthocyanin-
rich extracts (AREs) were investigated by Zhao et al. and it
was demonstrated that all of the three extracts inhibited HT29
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cell growth, with chokeberry ARE being the most potent
inhibitor (Zhao et al., 2004). In addition, Parry et al. reported
similar results with black raspberry, cranberry, and chardon-
nay grape seed flour extracts on the anti-proliferative effects
on HT29 cells (Parry et al., 2006). However, for all of these
studies mentioned above, the HT29 cells were treated with
extracts for at least 24 hr. In addition, to our knowledge, the
present study is the first to investigate the growth inhibition
effect of an aqueous extract from blackberries on the prolif-
eration of HT29 cells. Moreover, in the present studies, cells
were treated with a reduced contact time 0of 0.5 to 4 hr instead
of the typical 24 hr. It was found that the berry extract inhib-
ited the growth of HT-29 cells in a concentration-dependent
manner. In addition, the inhibition rates of HT-29 cells versus
anthocyanin concentration were comparable in these studies
to extracts derived from other fruits.

As shown in FIG. 8, HT-29 cells were exposed to berry
extract for 2 hr and then incubated with fresh media for 48 or
72 hr. The growth of HT-29 cells was inhibited by 24% to 53%
(P<0.001) at concentrations ranging from 13.6 to 49.2 ug
monomeric anthocyanins/ml. medium at 48 hr At the 72 hr
time point, although the HT-29 cell growth inhibition was not
significant (P=0.2) at the concentration of 13.6 ug monomeric
anthocyanins/mL. medium, significant inhibition of 39% and
66% (P<0.001) was observed at higher concentrations of 32.8
and 49.2 ug monomeric anthocyanins/ml. medium, respec-
tively. The studies by Malik et al. (2003) and Zhao et al.
(2004) using anthocyanin-rich berry extracts suggested that
the increase in inhibition with exposure time (24, 48 and 72
hr) was mainly due to growth of control cells over time as
there was little or no change in the growth of cells exposed to
the berry extracts. In contrast, in the present studies, cells
were exposed to berry extract for a fixed period of time and
then removed and replaced with fresh media for addition
incubation for 48 or 72 hr. As a consequence, a trend of
increasing inhibition over time was not observed in the
present studies. For example, the percentage inhibition of
38.6% and 38.99% were not statistically different at the 48
and 72 hr time point after two hour exposure of a concentra-
tion of 32.8 monomeric anthocyanins/ml. medium, respec-
tively. Similar growth inhibition rates and patterns were also
observed at 48 and 72 hr time point after 0.5 hr and 4 hr
exposure of the berry extract (data not shown) which may
indicate that the active components (including anthocyanins)
that lead to inhibition by the berry extract may be rapidly
taken up by the cells.

EXAMPLE 18

The experiment described in Example 17 was repeated,
with the exception that media containing berry extract was
added to the HT-29 cells after incubation for 0.5 hr at 37° C.,
rather than adding berry extract directly to the cells. The
results showed a similar inhibition rate at all concentrations as
the berry extract with a concentration of 13.6 g monomeric
anthocyanins/mL. medium was added directly to cells. Since
anthocyanins are known to be less stable at neutral pH than
low pH, this result may suggest that there are other active
components in the berry extract. However, this aspect was
beyond the scope of the present studies and remains an active
area of investigation.

There are a few studies that have been performed to eluci-
date the mechanism behind the chemoprevention effects of
anthocyanins or anthocyanin-rich extracts on cancer cells.
Hibiscus (Chang et al., 2005), Lingonberry (Wang et al.,
2005), and bilberry (Katsube et al., 2003) anthocyanins-rich
extract were found inhibiting the growth of HL.60 (human
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leukemia cells) through the induction of apoptosis. Hou et al.
showed anthocyanins inhibit tumorigenesis induced by TPA
on mouse JB6 (+) cells by blocking activation of the MAPK
pathway (Hou et al., 2004). Several groups have reported that
anthocyanins could suppress the cyclooxygenase activity,
which may also play a key role on carcinogenesis (Wang et
al., 1999; Seeram et al., 2001; Hou et al., 2005). Hakimuddin
et al. found that the inhibition of MCF-7 cell proliferation by
a flavonoid fraction from a red wine was related to its inhibi-
tion of calcium and calmodulin-promoted phosphodiesterase
activity (Hakimuddin et al., 2004). The molecular mechanism
by which the berry extract inhibits the growth of various
cancer cells is currently being investigated.

It will be appreciated that other known agents having anti-
proliferative or anti-cancer properties may be combined with
the present composition to enhance its anti-proliferative/anti-
cancer activity, including, but not limited to: alkylating agents
such as cisplatin, nitrosoureas such as carmustine, antime-
tabolites such as 5-fluoruracil, methotrexate, anthracyclines
such as daunorubicin and doxorubicin, topoisomerase 11
inhibitors such as topotecan, and mitotoic inhibitors such as
taxanes (paclitaxel, docetaxel) and the vinca alkaloids (vin-
blastine, vincristine, and vinorelbine). In addition, combina-
tions with antibodies are also envisioned such as trastuzumab,
imatinib, gefitinib, erlotinib, rituximab, and bevacizumab.

EXAMPLE 19

To evaluate the anti-inflammatory effects of the blackberry
extract of the present invention, bone marrow cells were
obtained by flushing the femurs of BALB/c mice (Harlan
Sprague-Dawley Laboratories, Indianapolis, Ind.) with
1xHBSS. Cells were cultured in 100 mm bacteriological petri
dishes at 2x10° cells/mL in 10 mL of complete RPMI 1640
medium (supplemented with 10% heat-inactivated fetal calf
serum, 1 mM HEPES, 2 -M L-glutamine, 10 U/mL penicil-
lin, 100 U/mL streptomycin, 50 -M 2-mercaptoethanol) con-
taining 20-25 ng/ml. GM-CSF at 37° C., 7% CO,. The cells
were supplemented with an additional 10 mL. of complete
RPMI 1640 with 20-25 ng/ml. GM-CSF on day 3. On day 6,
10 mL of supernatant was removed from each plate and spun
down. The cells were resuspended in fresh 10 mL. of complete
RPMI 1640 with 20-25 ng/ml. GM-CSF and added back to
the Petri dishes. Non-adherent to lightly adherent cells were
harvested on day 7 as dendritic cells (DCs) and used for the in
vitro studies. For the interleukin-12 (IL-12) release assay, day
7 harvested bone marrow derived dendritic cells (BMDDCs)
were plated in 200 cl of complete RPMI 1640 containing
20-25 ng/mL. GM-CSF at 4x10° cells/well in 48-well tissue
culture plates (Costar) at 37° C., 7% CO, overnight. The
media was removed and replaced with fresh complete RPMI
1640.

Blackberry extract prepared as described in Example 3 was
then added in concentrations providing from 5.1 to 37.3 ug
monomeric anthocyanins/ml. media and plates were incu-
bated for 30 min. High-dose (10 pg/ml) or low-dose (0.1
ng/mL) Lipid A from Salmonella Minnesota R595 (Re) (List
Biological Laboratories, Campbell, Calif.) was then added to
each well with or without the berry extract treatment. After 24
hr, supernatant in each well was collected and stored at —80°
C. until IL-12 measurement. Total IL-12 concentration in
supernatant was measured using a murine total IL-12 ELISA
Kit (Pierce) according to the instructions from the manufac-
turer. Results are presented in FIG. 9.

Previous studies by Pergola and colleagues demonstrated
that part of the anti-inflammatory activity of a specific black-
berry extract was due to the suppression of nitric oxide (NO)
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production in J774 cells by cyanidin-3-O-glucoside (Pergola
et al., 2006). Rossi et al. (2003) showed that the anthocyanin
fraction from blackberry extract exerted multiple protective
effects in carrageenan-induced pleurisy in rats. Nevertheless,
most of the in vitro studies utilizing anthocyanin-containing
extracts from other fruits or vegetables have focused on the
effect of the extracts on NO synthesis and TNF-a levels in
vitro using activated macrophages (Wang and Mazza, 2002a;
Wang and Mazza, 2002b; Hou et al., 2005). Other studies
have assessed the effects of extracts on the inflammation
induced by hydrogen peroxide and TNF-a in human
microvascular endothelial cells (Youdim et al., 2002). To our
knowledge, there have been few or no studies assessing the
anti-inflammatory eftects of anthocyanin-containing extracts
on dendritic cells. DCs are potent antigen-presenting cells
and function as initiators and modulators of the immune
response. Lipid A is known to induce maturation of DCs
resulting in synthesis of high levels of pro-inflammatory
IL-12 that enhances both innate (natural killer cell) and
acquired (B and T cells) immunity.

As shown in FIG. 9A, baseline release of IL-12 from non-
stimulated DCs was low, with an IL.-12 concentration of only
1.46 ng/ml.. However, for all concentrations of the berry
extract added, the I1L-12 release was reduced in a concentra-
tion dependent manner with only 0.37 ng IL.-12/mlL. secreted
using a concentration of 37.3 pug monomeric anthocyanins/
ml medium. As expected, both high-dose (10 pg/ml.) and
low-dose (0.1 pg/mL) lipid A resulted in very high release of
1L-12 from DCs of 624 ng/ml and 468 ng/mL, respectively
(FIG. 9B). In the low dose lipid A treatment group, the con-
centration of IL.-12 in cell culture supernatant was decreased
in a concentration dependent manner from 468 to 72 ng/mL
when the berry extract was added in the range from 5.1t037.3
cg monomeric anthocyanin/ml.. A similar pattern was
observed in the high-dose lipid A treatment group, with the
reduction of IL.-12 release ranging from 474 to 138 ng/mL
when the berry extract was added in the range from 5.1t037.3
ng monomeric anthocyanin/ml.. Thus, the berry extract sig-
nificantly inhibited the release of I1[.-12 from murine BMD-
DCs with or without Lipid A treatment. These results suggest
that the berry extracts of the present invention may have
significant anti-inflammatory properties, mediated at least in
part by reduced production of certain inflammatory cytok-
ines.

EXAMPLE 20

To evaluate the ability of various cryoprotectants to stabi-
lize anthocyanins in berry extracts, a blackberry extract was
prepared from blackberry puree (Example 1) with the extrac-
tion method described in Example 3. The cryoprotectants
evaluated were:

1. Dextran: Sigma, 6 kD, Cat#9004-54-0, Lot#1288265;

2. Polyvinyl pyrrolidone (PVP): Sigma, 10 kD, Cat#9003-

39-8, Lot#108K0157;
3. Carboxymethyl cellulose (CMC): Sigma, 90 kD,
Cat#419273, Lot# MKBF8492V;
4. Polyethylene glycol (PEG): Sigma, 8 kD, Cat#89510,
Lot#1394369;
. Lactose: Spectrum, Cas#63-42-3, Lot#V00335;
. Sucrose: Fisher, Cat# BP220-1, Lot#037621,
. Trehalose: Sigma, Cat# TO167, Lot#020M70073V; and
Hydroxyethyl starch (HES): Sigma, Cat#H6382,
Lot#093H0405V, MW>1 million.
The experimental groups evaluated were: 1) extract powder;
2) cryoprotectant-extract (2:1, w/w) powder; and 3) cryopro-
tectant-extract (8:1, w/w) powder groups.
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A 10% aqueous solution of each cryoprotectant was pre-
pared. For the carboxymethyl cellulose, a 5% aqueous solu-
tion was prepared. A stock blackberry extract solution was
prepared (140 mg extract powder/mL). A mixture of 10%
(v/v) cryoprotectant solution (5% for carboxymethyl cellu-
lose) in blackberry extract stock solution (140 mg/ml.) was
prepared to provide a final cryoprotectant powder:extract
powder ratio (w/w) of 2:1 and 8:1.

To evaluate anthocyanin stability over time, 10 mL samples
(1 ml/samplex3 repetitionsx3 time points=9 mL) of each
solution were prepared for each of the above cryoprotectants.
The final concentrations of extract in each extract-cryopro-
tectant solutions were 36.82 mg/ml. and 11.48 mg/mL for
cryoprotectant:berry extract ratios (w/w) of 2:1 and 8:1,
respectively.

Next, stability of anthocyanins during storage at ambient
temperature was evaluated according to the following proce-
dure:

1. One (1) mL aliquots of extract-cryoprotectant or extract
solution (without cryoprotectant) were freeze-dried and
the freeze-dried powder were stored at room tempera-
ture (22-28) in 20 ml glass scintillation vials sealed with
white polypropylene screw caps (Fisher, cat# 03-341-
25E).

2. Total Anthocyanin content (TA) was determined using a
pH differential method [37.1.68 AOAC Official Method
2005.02, J. AOAC Int. 88, pg 1269 (2005), incorporated
herein by reference in its entirety] at days O, 14, and 28.

3. A total of 18 samples were evaluated for each cryopro-
tectant [3 time points 2 concentrations 3 repetitions
(n=3)=18 samples].

Total samples tested at each time point=2 concentrations
of cryoprotectant 8 samples 3 repetitions (n=3)+3
repetition of pure extract=51.

Total samples this
points=153.

4. Retention of TA at day 14 and 28 was calculated as
percentage of the TA of each corresponding cryopro-
tectant or pure extract group as measured at day 0.

in experiment=51x3 time

The results are presented in Tables 11-19 below.

TABLE 11

Retention of TA over time at 22-28° C.

for berry extract powder without cryoprotectant.
Extract Alone Day 0 Day 14 Day 28
100.00 + 6.86 88.04 + 2.20 84.15 £ 4.03
TABLE 12
Retention of TA over time at 22-28° C.
for berry extraet-Trehalose powder.
Trehalose:Extract
(w/w) Day 0 Day 14 Day 28
2:1 100.00 + 8.21 103.59 + 6.56 107.76 +3.44
8:1 100.00 +10.47  105.12 £2.51 99.26 +9.10
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Retention of TA over time at 22-28° C.
for berry extract-Lactose powder.

Lactose:Extract (w/w) Day 0 Day 14 Day 28
2:1 100.00 £5.82 10145 +4.34 99.37 +2.36
8:1 100.00 £6.72  101.82 594  100.59 = 3.47
TABLE 14
Retention of TA over time at 22-28° C.
for berry extract-Sucrose powder.
Sucrose:Extract (w/w) Day 0 Day 14 Day 28
2:1 100.00 £ 5.21 96.28 = 1.12 99.37 +2.36
8:1 100.00 £5.97 101.93 £3.63  101.55 +1.90
TABLE 15
Retention of TA over time at 22-28° C.
for berry extract-Dextran powder.
Dextran:Extract (w/w) Day 0 Day 14 Day 28
2:1 100.00 + 6.45 97.97 £ 824 101.70 + 12.41
8:1 100.00 £7.51  100.58 +8.15 100.93 £ 5.61
TABLE 16
Retention of TA over time at 22-28° C.
for berry extract-PVP powder.
PVP:Extract (w/w) Day 0 Day 14 Day 28
2:1 100.00 £ 9.52 91.36 £ 0.35 86.73 £4.35
8:1 100.00 £7.69  101.10 £ 7.13  100.69 = 7.82
TABLE 17
Retention of TA over time at 22-28° C.
for berry extract-HES Powder.
HES:Extract (w/w) Day 0 Day 14 Day 28
2:1 100.00 = 3.36 96.93 +3.21 91.98 + 1.70
8:1 100.00 + 6.72 103.83 +4.83  93.82 +7.76
TABLE 18
Retention of TA over time at 22-28° C.
for berry extract-PEG powder.
PEGR000:Extract (w/w) Day 0 Day 14 Day 28
2:1 100.00 + 7.61 97.12 +11.64 80.36 + 3.24
8:1 100.00 + 10.19  75.87 £5.36  63.95+3.93
TABLE 19
Retention of TA over time at 22-28° C.
for berry extract-CMC powder.
CMC:Extract (w/w) Day 0 Day 14 Day 28
2:1 100.00 £5.74  99.12 +10.09  102.63 +5.14
8:1 100.00 + 6.86  92.15 +7.13 92.58 +13.69
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As clearly demonstrated in Tables 11-19, with the excep-
tion of PEG increased retention of Total Anthocyanin content,
i.e., improved anthocyanin stability, was observed in all berry
extract-cryoprotectant powder compositions tested as com-
pared to berry extract powder without cryoprotectant.

It will therefore be appreciated that the present invention
provides a simple, convenient method for preparing a berry
extract having a stabilized anthocyanin content, for use in
compositions providing health and medical benefits to indi-
viduals consuming them. The foregoing description of the
preferred embodiment of this invention has been presented
for purposes of illustration and description. It is not intended
to be exhaustive or to limit the invention to the precise form
disclosed. Obvious modifications or variations are possible in
light of the above teachings. The embodiment was chosen and
described to provide the best illustration of the principles of
the invention and its practical application to thereby enable
one of ordinary skill in the art to utilize the invention in
various embodiments and with various modifications as are
suited to the particular use contemplated. All such modifica-
tions and variations are within the scope of the invention as
determined by the appended claims when interpreted in
accordance with the breadth to which they are fairly, legally,
and equitably entitled.
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What is claimed is:

1. A stabilized anthocyanin-containing berry powder hav-
ing antioxidant and anti-inflammatory activity, prepared by
the steps of: 1) physically disrupting a quantity of anthocya-
nin-containing berries; ii) exposing the physically disrupted
berries to an acidic solvent composition having a pH of from
about 1 to about 3 to provide an acidic extract of berries; iii)
adding a cryoprotectant in an amount of at lease 2:1 (w/w)
cryoprotectant: anthocynanin-containing berry extract to pro-
vide a stabilized anthocyanin-containing berry extract; and
iv) forming the stabilized anthocyanin-containing berry
extract into a berry powder.

2. The composition of claim 1, wherein the cryoprotectant
is selected from the group consisting of a monosaccharide, a
disaccharide, a polysaccharide, a polymer, and combinations
thereof.

3. The composition of claim 2, wherein the cryoprotectant
is selected from the group consisting of glucose, fructose,
maltose, ribose, mannose, xylose, trehalose, sucrose, myo-
inositol, phosphorylated inositols, glycerol, hydroxyethyl
starch, dextran, hyaluronic acid, polyvinylpyrrolidone, algi-
nates, carrageenan, cyclodextrins, polyvinyl alcohol, car-
boxymethyl cellulose, methyl cellulose, hydroxypropyl cel-
Iulose, hydroxypropylmethyl cellulose, xanthan gum,
chitosan, and combinations thereof.

4. The composition of claim 1, wherein the anthocyanin-
containing berry extract is derived from a blackberry.

5. The composition of claim 1, further comprising recov-
ering an anthocyanin-containing berry extract having a pH of
from about 1.0 to about 4.5.

6. The composition of claim 1, wherein the anthocyanin-
containing berry extract is brought to a pH of about 3.5.

7. The composition of claim 1, wherein the solvent com-
position comprises an alcohol and at least one acid.

8. The composition of claim 7, wherein the alcohol is a
lower alcohol.

9. The composition of claim 8, wherein the lower alcohol is
selected from the group consisting of methanol, ethanol, pro-
panol, butanol, and combinations thereof.

10. The composition of claim 7, wherein the at least one
acid is selected from the group consisting of hydrochloric
acid, acetic acid, citric acid, lactic acid, trifluoroacetic acid,
aspartic acid, glutamic acid, a sulfur-containing acid, sulfonic
acid, formic acid, phosphoric acid, maleic acid, and combi-
nations thereof.
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11. The composition of claim 1, wherein the physically
disrupted anthocyanin-containing berries are dewatered to a
water content of up to 20% (w/v) prior to or after exposing to
the solvent composition.

12. The composition of claim 1, wherein the anthocyanin-
containing berry extract is provided as a formulation adapted
for oral administration.

13. The composition of claim 12, wherein the anthocyanin-
containing berry extract is provided as a nutritional supple-
ment, a capsule, an enteric-coated capsule, a film-coated cap-
sule, a tablet, an enteric-coated tablet, a film-coated tablet, or
a chewing gum.

14. The composition of claim 13, comprising the anthocya-
nin-containing berry extract in an amount of from about 3%
(w/w) to about 90% (w/w).

15. The composition of claim 1, wherein the anthocyanin-
containing berry extract is provided as a formulation adapted
for topical administration.

16. The composition of claim 15, wherein the anthocyanin-
containing berry extract is provided as a lotion, a cream, a
mucoadhesive gel, a vanishing lotion, or a vanishing cream.

17. The composition of claim 16, comprising the anthocya-
nin-containing berry extract in an amount of from about 1%
(w/w) to about 20% (w/w).

18. A composition for treating inflammation, oxidative
damage, or cancer in a mammal in need thereof, comprising
atherapeutically effective amount of a composition as recited
in claim 1 in a pharmaceutically acceptable vehicle.

19. A method for preparing a stabilized anthocyanin-con-
taining berry powder having antioxidant and anti-inflamma-
tory activity, comprising:

physically disrupting a quantity of anthocyanin-containing

berries;
exposing the disrupted berries to an acidic solvent compo-
sition having a pH of from about 1 to about 3;

adding a cryoprotectant in an amount of at least 2:1 (w/w)
cryoprotectant: anthocyanin-containing berry extract;
and

forming the stabilized anthocyanin-containing berry

extract into a berry powder having a stabilized antho-
cyanin content.

20. The composition of claim 19, including selecting the
cryoprotectant from the group consisting of a monosaccha-
ride, a disaccharide, a polysaccharide, a polymer, and com-
binations thereof.

21. The method of claim 20, including selecting the cryo-
protectant from the group consisting of glucose, fructose,
maltose, ribose, mannose, xylose, trehalose, sucrose, myo-
inositol, phosphorylated inositols, glycerol, hydroxyethyl
starch, dextran, hyaluronic acid, polyvinylpyrrolidone, algi-
nates, carrageenan, cyclodextrins, polyvinyl alcohol, cellu-
lose-derivatives, carboxymethyl cellulose, methyl cellulose,
hydroxypropyl cellulose, hydroxypropylmethyl cellulose,
xanthan gum, chitosan, and combinations thereof.

22. The method of claim 19, wherein the anthocyanin-
containing berry is a blackberry.

23. The method of claim 19, including the step of exposing
the physically disrupted anthocyanin-containing berries to
the solvent composition and recovering an anthocyanin-con-
taining berry extract having a pH of from about 1.0 to about
4.5.

24. The method of claim 23, including recovering an antho-
cyanin-containing berry extract having a pH of about 3.5.

25. The method of claim 23, including exposing the physi-
cally disrupted anthocyanin-containing berries to a solvent
composition comprising an alcohol and at least one acid.
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26. The method of claim 25, including exposing the physi-
cally disrupted anthocyanin-containing berries to a solvent
composition comprising a lower alcohol and at least one acid.

27. The method of claim 26, including selecting the lower
alcohol from the group consisting of methanol, ethanol, pro-
panol, butanol, and combinations thereof.

28. The method of claim 26, including selecting the at least
one acid from the group consisting of hydrochloric acid,
acetic acid, citric acid, lactic acid, trifluoroacetic acid, aspar-

34

tic acid, glutamic acid, a sulfur-containing acid, sulfonic acid,
formic acid, phosphoric acid, maleic acid, and combinations
thereof.

29. The method of claim 23, further including the step of
dewatering the physically disrupted anthocyanin-containing
berries to a water content of up to 20% (w/v) prior to or after
the step of exposing to the solvent composition.

#* #* #* #* #*
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