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Abstract

The purpose of these studies was to investigate and compare the composition, stability,
antioxidant and anticancer properties and mechanisms of anthocyanin-containing blackberry
extracts (ACEs) from selected cultivars and using different extraction methods. ACEs were
analyzed for total anthocyanins and phenolics content, polymeric color, and total antioxidant
capacity (TAC). The influence of water content in the extraction system was evaluated. A 90-day
stability study of the extract and a 48-h stability study of the extract in biologically relevant
buffers were completed. The cytotoxic effects of ACEs on HT-29, MCF-7, and HL-60 cells were
determined. H,O, production in culture medium was measured and intracellular ROS levels were
quantified. As compared to powder-derived ACEs, puree-derived ACEs contained similar
amounts of anthocyanins, but greater levels of phenolics, increased TAC, significantly enhanced
production of H,O,, and significantly enhanced cytotoxicity in all cell lines. Catalase could not
protect cells from ACE-induced cell death. Cyanidin 3-glucoside exerted anticancer effect by
acting synergistically or additively with other active components in the extracts. These data
suggest that anthocyanins and non-anthocyanin phenolics in ACEs act synergistically or
additively in producing anti-cancer effects. These studies also provide essential information for

the development of fruit-derived ACEs as potential Botanical Drug Products.



1. Introduction

In addition to the protective effects of endogenous antioxidant defenses, the consumption of
dietary antioxidants appears to be of great importance in counteracting oxidative stress-
associated chronic diseases. Dietary phenolics have captured increasing attention in recent years
because of their known antioxidant properties (Manach et al., 2004). It has been stated that
dietary phenolics are multifunctional antioxidants either acting as reducing agents, hydrogen-
donating antioxidants, and/or single oxygen (free-radical) quenchers (Rice-Evans et al., 1996).
Among the many phenolic compounds, anthocyanins have been given a great amount of
attention since they possess potent antioxidant activity (Rice-Evans et al., 1995; Seeram and
Nair, 2002). Various anthocyanin-containing extracts from plants and fruits have been shown to
reduce the oxidative stress-associated inflammatory diseases and cancer (reviewed in
Nichenametla et al., 2006; Prior and Wu, 2006), and there may be synergistic or additive
biological effects due to unique combination of anthocyanins and phenolics in the extracts
prepared from different fruit samples or by different extraction methods (Bagchi et al., 2004;
Zhao et al., 2004).

In spite of the accumulated evidence of their potential usefulness in the treatment and
prevention of oxidative stress-related diseases, dietary bioactive constituents have been promoted
as health-promoting products or nutrition supplements instead of drug products. However, the
FDA's Guidance Document on "Botanical Drug Products" (June 2004) paved the way for the
development of registered drug products derived from natural sources. These products may
contain multiple chemical constituents, often comprising phenolic phytochemicals including
phenolic acids, non-flavonoids, and flavonoids including anthocyanins. In many cases, the active

constituents in a botanical drug product are not identified, nor are their biological activity well



characterized. The first FDA-registered botanical drug product, Veregen™, was approved in
2006 to treat genital warts and is a topical cream containing a mixture of catechins and other
components from the water extract of green tea leaves. There are now many additional naturally-
derived products in clinical development under the Botanical Drug Product registration pathway
to treat, for examples, cancer and other inflammatory-mediated diseases. As development
activity increases in this area, it is of critical importance to investigate methods of extraction,
extract stability, and factors which may influence and/or elucidate mechanisms of action.

Blackberries are a species of fruit belonging to the subgenus Eubatus in the genus Rubus, and
are very complex in terms of genetic background, growth characteristics, and number of species.
It has been shown that blackberries contain higher amount of anthocyanins and other
antioxidants than other fruits (Halvorsen et al., 2006; Moyer et al., 2002; Pantelidis, 2007).
Blackberry extracts have been shown to have various bioactivities including protecting against
endothelial dysfunction and vascular failure in-vitro (Serraino et al., 2003), attenuating the injury
caused by LPS-induced endotoxic shock in rats (Sautebin et al., 2004) and exhibiting cytotoxic
effects on human oral, prostate (Seeram et al., 2006), lung (Feng et al., 2004) cancer cells. In our
previous report, we showed that an anthocyanin-containing extract (ACE) from Hull cultivar
grown in Kentucky inhibited HT-29 colon cancer cell growth and reduce Lipid A-induced
Interleukin-12 release from murine dendritic cells (Dai et al., 2007).

Although the mechanisms behind the bioactivities of anthocyanins and phenolics involve
many pathways (reviewed in Hou, 2003; Nichenametla et al., 2006), the most remarkable aspect
of their activities may be their ability to act as either antioxidants or prooxidants in some
biological environments. The anti-inflammatory and chemopreventive properties of dietary

phenolics are generally believed to be related to their antioxidant properties. For example, Elisia



et al. showed that a purified cyanidin 3-glucoside extract from blackberry protected Caco-2 cells
from peroxyl radical-induced apoptosis (Elisia and Kitts, 2008). On the other hand, dietary
phenolics may be subject to redox cycling generating reactive oxygen species (ROS) and free
radicals under defined conditions (Galati and O'Brien, 2004). Importantly, the prooxidant action
of phenolics may be an important mechanism for their anticancer and apoptosis-inducing
properties (Hadi et al., 2000). For example, cyanidin-3-rutinoside was shown to induce the
accumulation of peroxides, which were involved in the induction of apoptosis in HL-60 cells
(Feng et al., 2007). Dietary phenolics were also shown to cause oxidative strand breakage in
DNA in the presence of transition metal ions such as copper (Hadi et al., 2007), generate
substantial amounts of H,O; in the commonly used media (Lee et al., 2005), and subsequently
exerted antiproliferative effects on cancer cells.

It has been shown that the phenolic content and/or profile as well as antioxidant activity of
blackberries varies between cultivars (Siriwoharn et al., 2004). Moreover, different extraction
methods may introduce different combinations of anthocyanins and phenolics in the extract
resulting in different bioactivities. The purpose of these present studies was to extend our
previous studies on Hull blackberry extract to compare ACEs prepared from three blackberry
cultivars grown in Kentucky (Hull, Black Satin and Chester). Two different blackberry materials,
puree and powder (freeze-dried puree), were used to obtain the ACEs. The total phenolic and
anthocyanin content, polymeric color, and total antioxidant capacity (TAC) in the ACEs were
compared. In addition, the effect of the water-to-ethanol ratio of the extraction system was
investigated on the properties of the obtained ACEs. To investigate the anticancer properties of
ACEs, the growth effects of the powder and puree-derived ACEs on a panel of human cell lines

was evaluated and in selected studies compared directly to the dominant anthocyanin in the



extracts, cyanidin 3-glucoside. Possible mechanisms of cytotoxicity were evaluated including
H,0,, ROS generation, and the role of copper. In addition, the ability of catalase to quench these
effects was investigated. A final aim of the present studies was to investigate the stability of
these extracts stored alone as a function of time, temperature, and light, and when incubated in

biologically relevant buffers.



2. Materials and methods

2.1. Materials

Hull, Chester, and Black Satin blackberries were grown at WindStone Farms (Paris, Kentucky).
Catalase, hydrogen peroxide solution (30%), dimethyl sulfoxide (DMSO), 2,2'-Azinobis(3-
ethylbenzothiazoline-6-sulfonicacid)  diammonium salt (ABTS), Trolox (6-hydroxy-2,5,7,8-
tetramethychroman-2-carboxylic acid), potassium persulfate, formic acid (ACS, >96%), 3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT), Folin-Ciocalteau phenol reagent, gallic acid (98%
purity) and trichloroacetic acid were purchased from Sigma (St. Louis, MO). Hydrogen chloride ~1.25
mol/l in ethanol was purchased from Fluka (St. Gallen, Switzerland). USP grade Ethanol (Absolute—200
proof) was purchased from AAPER Alcohol and Chemical Co. (Shelbyville, KY). HPLC grade
acetonitrile was purchased from Fisher Scientific (Fair Lawn, NJ). Cyanidin 3-glucoside (Kuromanin
chloride, HPLC grade) was purchased from Indofine Chemical Company (Hillsborough, NJ). 5-(and-6)-
carboxy-2’,7 -dichlorodihydrofluorescein diacetate (CH,DCFDA) was purchased from Invitrogen, Inc.

(Carlsbad, CA).

2.2. Preparation of anthocyanin-containing extracts (ACE)

The Hull blackberries were harvested in July 2005 and July 2006, and the Chester and Black Satin
blackberries were harvested in July 2006. The seeds and skin of the berries were removed using a
Langsenkamp type 161 Colossal Pulper as previously described (Dai et al., 2007). The blackberry puree
was stored frozen at =20 °C until processed for these present studies.

The frozen blackberry puree was lyophilized in a VirTis Model AD2 Lyophilizer and ground into a
free-flowing purple powder. ACEs were obtained from blackberry powder or puree as previously reported
(Dai et al., 2007). Briefly, an aliquot of blackberry powder (1 g) or blackberry puree (10 g) was treated
under sonication for 30 min with 25 ml of extraction solvent of ethanol containing 0.01% HCI (v/v). The

supernatants were collected after filtration and dried by rotary evaporation at 40 °C. The dried extract was



resuspended in deionized water and filtered through a 20-25 pm filter paper and lyophilized to obtain
dried ACE. Dried ACE was then redissolved in deionized water as a stock ACE solution (140 mg/ml) and
stored at =80 °C for further characterization and cell-based studies.

Black Satin puree was used to prepare various ACEs with different solvent combinations of water and
ethanol/0.01% HCI to investigate the solvent influence on the properties of ACEs. Briefly, 10 g of puree
was mixed with 25 ml of extraction solvent. The water to ethanol/0.01% HCI (v/v) ratios were as follows:
0/100, 10/90, 25/75, 50/50, 75/25, 90/10, and 100/0. ACEs were then obtained following the same

extraction procedure as described above.

2.3. Monomeric anthocyanins and polymeric color measurement

Monomeric anthocyanin content was determined using the pH-differential method of Giusti and
Wrolstad (Giusti and Wrolstad, 2001). Total anthocyanin content was calculated using an extinction
coefficient of 26900 1 cm™ mg™ and a molecular weight of 449.2 g/mol of cyanidin 3-glucoside (dominant
anthocyanin). Color density and polymeric color were calculated using absorption at 420, 510 and 700 nm
with and without bisulfite treatment. The percentage of polymeric color was determined by the ratio of

polymerized color to color density.

2.4. Total phenolic measurement

Total phenolic content was estimated using the Folin-Ciocalteau method for total phenols (Singleton
and Rossi, 1965). Briefly, diluted samples were mixed with Folin-Ciocalteau reagent (0.1 N) and then
treated with saturated sodium carbonate to maintain the reaction pH at 10. The absorbance was measured
at 765 nm with a Beckman DU800 UV-Visible Spectrophotometer after incubation for 2 h at room
temperature. Total phenols were calculated as gallic acid equivalent based on the standard curve with

gallic acid standard prepared in corresponding vehicles.



2.5. Trolox equivalent antioxidant capacity (TEAC) assay

The TEAC assay for the extracts was carried out using a Beckman DU640B UV-Vis
Spectrophotometer in the kinetic mode following procedures described by (Re et al., 1999). ABTS«" was
produced by reacting 7 mM ABTS with 2.5 mM potassium persulfate for 16 h in the dark at room
temperature. The ABTS+" solution was diluted with ethanol or water to an absorbance of 0.70 (£ 0.02) at
734 nm and equilibrated at 30 °C. Twenty (20) pl of ACE samples or Trolox standards in ethanol were
added to 980 ul of diluted ABTSe" solution, such that each final sample produced between 20-80%
inhibition of the blank absorbance. The absorbance readings were taken continuously for 7 min at 734 nm
at 30 °C. The standard curve was generated based on the percentage of inhibition of the blank absorbance
by Trolox at 7 min versus Trolox concentration. The total antioxidant capacity of samples was calculated
as Trolox equivalent (TE) based on the percentage of inhibition of the blank absorbance by samples at 7

min.

2.6. HPLC assay for anthocyanins

HPLC analysis was performed using a X-Bridge™ C18 column (250 mm x 4.6 mm, 5 um) (Waters
Corp. Milford, MA) equipped with an X-Bridge™ C18 guard column and a Thermoquest HPLC system
with a UV6000LP photodiode array detector. The mobile phase was comprised of solvent A, 10% formic
acid (pH 1.37), and Solvent B, 100% acetonitrile. The elution profile was 100% to 91% A for 0.5 min,
91% A (isocratic) for 0.5-4 min, 91% A to 87% A (linear gradient) for 4-10 min, 87% A to 70% A (linear
gradient) for 10-20 min, 70% A to 0% A (linear gradient) for 20-21 min, 0% A (isocratic) for 21-24 min,
0% A to 100% A (linear gradient) for 24-25 min, and 100% A (isocratic) for 25-30 min. The flow rate
was 1.0 ml/min, and the detection wavelength was 524 nm. Each determination was run in triplicate.

Quantification of cyanidin 3-glucoside in ACEs was carried out using the external standard method.
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2.7.  90-day stability study of ACE under different storage conditions

A freshly prepared ACE solution derived from powder of Hull blackberries (2005) was filled into
polypropylene microcentrifuge tubes (1.5 ml) and kept in the following controlled conditions: =80 °C
freezer, 2-8 °C stability chamber, 25 °C stability chamber (60% humidity). On days 3, 10, 17, 24, 31, 45
and 90, three samples at each storage condition were withdrawn and analyzed for pH, osmolality,
cyanidin 3-glucoside content, total anthocyanin content, total phenolics, and polymeric color. TAC was
measured at day 24, 45 and 90. The stability of ACE stored in a temperature-controlled room (22-28 °C,
38% humidity) with white light (fluorescent light, 1929 Ix) was also investigated using the same

procedure over a period of 45 days.

2.8.  48-h stability study of ACE in biologically relevant buffers at 25 °C and 37 °C

ACE stock solution derived from powder of Hull blackberries (2005) was diluted to a final
concentration of 2 mg/ml with (1) pH 1.0 buffer (214.6 mM NaCl, 8.7 mM KCIl); (2) pH 7.4 phosphate
buffered saline (PBS: 30.3 mM Na,HPO,, 8.7 mM KH,PO,, 0.9% NaCl); (3) pH 7.4 PBS with 10% Fetal
Bovine Serum (FBS) (ATCC, Rockville, MD); (4) RPMI 1640 medium (Invitrogen, Carlsbad, CA)
supplemented with 10% FBS in 50-ml screw-capped polypropylene centrifugation tubes (25 ml each).
ACE in buffer (1), (2), and (3) were kept at 25 £ 0.5 °C. Another sample of ACE in buffer (3) and (4)
were kept in 37 + 0.5 °C. At time 0, 10 min, 30 min, 2, 6, 12, 24, 48 h after mixing with each buffer, an
aliquot of sample was withdrawn and anthocyanin degradation in buffers (pH 7.4) was stopped by adding
36.5% hydrochloric acid (1/100, v/v). To avoid protein interference in the total phenolics measurement,
protein was removed by trichloroacetic acid precipitation method before the Folin-Ciocalteau assay.
Briefly, samples were mixed with 20% TCA and kept in 4 °C for 0.5 h. Then samples were centrifuged at

13,000 rpm for 15 min. at 4 °C and the supernatant was collected for the analysis of total phenol content.



11

2.9.  Cell culture

The human colorectal cancer cell line HT-29, human ovarian cancer cell lines MCF-7 (her2 negative
and ER+), human leukemia cell line, HL-60, were purchased from American Type Cell Culture
Collection (ATCC, Rockville, MD). HT-29 cells were grown in modified McCoy’s SA medium (ATCC,
Rockville, MD). All other cells were grown in RPMI-1640 medium (Invitrogen; Carlsbad, CA). All
media were supplemented with 100 U/ml penicillin, 100 pg/ml streptomycin and 10% FBS. Cells were

maintained at 37°C in a humidified 5% CO, incubator.

2.10.  Cell viability assay

The adherent HT-29, MCF-7 and the suspension HL-60 cells were seeded at an initial concentration
of 3x10* cells/well in 96-well plates. After 24 h, cells were treated with the ACE stock solution (140
mg/ml) with final doses ranging from 0.084 to 11.2 mg/ml. Vehicle controls were the normal media with
the corresponding pH adjusted with 2.5 N HCI for each treated group. HL-60 cells were also treated with
cyanidin 3-glucoside (in 0.1% DMSO) with final doses ranging from 10.4 to 62.2 pg/ml. After 48 h of
treatment, medium was removed and cell viability was measured for all cells using the MTT assay.
Briefly, cells were incubated with MTT (0.5 mg/ml) in fresh medium in the dark at 37 °C for 4 h. Next,
supernatant was removed and 200 pl of DMSO was added to each well. Plates were read at 570 nm using
Biotek Synergy 2 Microplate Reader. Cell viability was calculated using Equation 1:

% cell viability = ABS;/ ABScy x 100%  (Equation 1)

where ABS; is the absorbance of cells treated with HBE and ABScy is the absorbance of corresponding

vehicle control.
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2.11. Determination of intracellular ROS in HL-60 cells

5-(and-6)-carboxy-2",7 -dichlorodihydrofluorescein diacetate (CH,DCFDA) was used as an indicator
of intracellular ROS generation. HL-60 cells (3x10" cells/well) were loaded with 100 pM CH,DCFDA
(dissolved in DMSO) for 30 min at 37 °C. The cells were washed twice with fresh PBS to remove excess
CH,DCFDA. Non-CH,DCFDA-loaded cells were used as negative controls. The fluorescence of control
and sample wells was recorded at excitation 485 £ 20 nm, emission 528 + 20 nm with the microplate
reader every 10 min for 1.5 h. Data are reported as percentage increase of DCF fluorescence associated
with the CH,DCFDA-loaded cells compared to that of corresponding non-CH,DCFDA-loaded cells

(negative controls).

2.12. H,0; generation in medium

The ability of sample to produce H,O, was assessed in both cell culture medium and cell culture
medium with HL-60 cells. The samples analyzed were cyanidin 3-glucoside, puree and powder-derived
ACEs from Black Satin at various concentrations. The effect of catalase (100 U/ml) addition as well as
10% FBS in the medium was also determined at time points up to 48 h. At each time point, an aliquot was
removed and H,0O, concentration was measured using a Bioxytech H,0,-560 Kit (Oxis International,
Foster City, CA) according to the instructions from the manufacturer. Briefly, 1 volume of sample was
mixed with 10 volumes of ferrous ion-xylenol orange working reagent and the absorbance was measured
at 1 h at 560 nm using the microplate reader. Appropriate controls were used to subtract the possible
interference of the corresponding vehicles. HyO, concentrations were calculated based on the standard

curve of authentic H,O, at concentrations ranging from 0 to 50 pM.

2.13. Statistical analysis
All values of each assay other than cell culture studies were based on independent triplicate samples

of ACEs and calculated as the mean + standard error (SE). In cell culture studies, each experimental
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group consisted of n = 3 and data were expressed as mean = standard error (SE) of three independent
experiments. Statistical analysis was performed using one way ANOVA followed by Dunnett’s or
Bonferroni’s Multiple Comparison test (o < 0.05) with GraphPad 5.0 (GraphPad Software Inc.; San

Diego, CA).



14
3. Results
3.1 Extraction and characterization of ACEs

In these studies, an ultrasound-assisted acidified ethanol extraction method was used for the
preparation of ACEs. Total anthocyanin and phenolics content, polymeric color and total
antioxidant activity of puree-derived or powder-derived ACE from all Hull, Chester, and Black
Satin cultivars are shown in Table 1. Using the same extraction method, it was found that the
total anthocyanin and phenolic content, polymeric color and TAC were comparable between
cultivars of the same harvest year (2006). As compared to Hull (2006), puree-derived ACE from
Hull (2005) had 27% less total anthocyanins content and significantly increased polymeric color.
Interestingly, using the same extraction process, ACEs derived from the puree contained about
two-fold greater amounts of phenolics than the extract derived from powder. However, the total
anthocyanins content in puree and powder-derived ACEs was about the same. Moreover, the
TAC values of puree ACEs increased by about two to three-fold as compared to those of
powder-derived ACEs. A significant positive correlation was found between total phenolics and
TAC values (r* = 0.9832). In addition, the percentage of polymeric color in puree ACEs was
higher than that in powder ACEs indicating that more polymeric browning products were
extracted from blackberry puree than powder. It must be noted that since the puree contains
around 90% (w/w) water, the actual extraction solvent was not 100% ethanol/0.01 HCI but
71.4% ethanol/0.01 HCI. Puree ACEs were of interest since the time consuming and expensive
lyophilization step was avoided in its preparation. (Insert Table 1 here)

To investigate the effect of the extraction solvents with different water to ethanol ratios on
the properties of the extracts, a series of ACEs were prepared from Black Satin puree using a

solvent system with 0 to 100% water content. As shown in Fig. 1, the ACEs obtained using
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solvents with 0 to 50% water content contained about the same amount of total anthocyanins and
TAC. An increasing trend of total phenolics and percentage of polymeric color was observed but
there was no significant difference in this range. On the other hand, in ACEs prepared using
solvent systems with water content above 50%, total anthocyanin, total phenolics content, and
TAC decreased while the percentage of polymeric color significantly increased as compared to
those in ACE prepared using solvent systems with water content below 50%. A strong positive
correlation was found between TAC and total phenolics (r* = 0.8057) as well as between TAC
and total anthocyanins content (r* = 0.8746). Total anthocyanins content was also found to be

negatively correlated with the percentage of polymeric color (r* = 0.9646). (Insert Fig. 1 here)

3.2  Stability of ACE under various storage conditions

The major anthocyanins in powder-derived ACE from Hull blackberry were identified in our
previous report (Dai et al., 2007). The chromatograms resulting from the developed HPLC
method showed a fast and selective separation of the five major blackberry anthocyanins, 1-5,
which account for 99% of total anthocyanins in the ACE (Fig. 2). The chromatogram fingerprint
of anthocyanins was found to be the same for the ACEs prepared from Hull, Chester and Black
Satin (data not shown). In these studies, powder-derived ACE from Hull blackberry was used to
investigate the influence of storage conditions on the stability of anthocyanins and phenolics in
ACEs. Cyanidin 3-glucoside (peak 1) was the dominant anthocyanin (71% of the total
anthocyanins) in ACEs. The HPLC method was validated with external standard cyanidin 3-
glucoside and demonstrated linearity within the range of 4.7-14.2 mg/l (r* = 0.9984 and an RSD
= 1.15%). The intra and inter-day variations were 1.0 and 2.0%, respectively. The recovery

percentage was in the range of 98.6-100.4%. (Insert Fig. 2 here)
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The change of cyanidin 3-glucoside concentration in ACE at different storage conditions
over 90 days is shown in Fig. 3. No significant change of cyanidin 3-glucoside concentration was
observed at —80 °C over 90 days. However, with increasing storage temperature (4 °C and 25
°C), a decrease in cyanidin 3-glucoside was observed at each time point. The retention
percentage of the other four major anthocyanins were also calculated based on the percentage of
peak area at each time point compared with the corresponding peak area at day 0 in the HPLC
chromatogram (data not shown). Their degradation profiles showed the same trend as cyanidin 3-
glucoside. Moreover, the stability (most stable to least stable) followed as: cyanidin 3-glucoside
(peak 1) = cyanidin-3-arabinoside (peak 2) > cyanidin-3-xyloside (peak 3) = cyanidin-3-
dioxalylglucoside (peak 5) > cyanidin-3-malonylglucoside (peak 4). The results were in
accordance with the previous report that the aliphatic acyl anthocyanins, particularly malonic
acid, are more labile under an acidic environment as compared to other anthocyanins (Francis,
1989). (Insert Fig. 3 here)

The pH of ACE samples increased slightly from day 0 to day 90 from 1.95 = 0.01 to 2.04 +
0.01, 2.12 £ 0.00, 2.23 £ 0.01 when stored at —80 °C, 4 °C and 25 °C, respectively. There was no
significant change in the osmolality of the ACE samples observed in any of the storage
conditions over 90 days. As shown in Table 2, with increasing storage temperature, total
anthocyanins content, total phenolics and TAC values decreased over time whereas the
percentage of polymeric color increased. A similar trend was also observed for all other time-
points to day 90 (data not shown). Moreover, it was found that there was no significant
difference for all the parameters measured between samples stored in the 25 °C stability chamber
and the temperature-controlled room (22-28 °C, 38% humidity, white light) over a period of 45

days (data not shown), which indicated that white light may not have a significant effect on the
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degradation of anthocyanins and phenolics in ACE. It was also observed that frozen storage of
ACE for up to 90 days caused about 10% loss of total phenolics and TAC, which was in
accordance with the previous report by Srivastava et al. (Srivastava et al., 2007). Taken together,
temperature and time contributed to the loss of anthocyanins, total phenolics and antioxidant

activity in ACE, while the effect of light was insignificant. (Insert Table 2 here)

3.3  Stability of ACE in biologically relevant buffers at 25 and 37 °C

The degradation profiles of ACE anthocyanins and phenolics in biological buffers at 25 °C
and 37 °C are shown in Fig. 4. The final pH of after adding ACE (2 mg/ml) to all media and
buffers was pH 7.2, except for the pH 1.0 buffer which was maintained at pH 1.0. As expected,
elevated pH and/or temperature accelerated anthocyanins degradation (Fig. 4A). Total phenolics
content was also decreased with increasing temperature (Fig. 4B). As a control, ACE was diluted
in pH 1.0 buffer and it did not show any significant loss of total anthocyanins and phenolics
content at 25 °C over 48 h. There was no significant decrease of total phenolics content observed
for up to 24 h in samples with PBS and 10% FBS in PBS buffer at 25 °C. The lowest amount of
total phenolics content retained after 48 h was in samples with RPMI 1640 medium at 37 °C,
about 53.8% of that at time 0. (Insert Fig. 4 here)

Total anthocyanins content decreased much more rapidly than total phenolics content in
biological buffers. The anthocyanin degradation curves were fitted using nonlinear regression of
first-order kinetics. The estimated half-lives of samples with PBS, 10% FBS in PBS at 25 °C,
10% FBS in PBS at 37 °C, and RPMI 1640 medium at 37 °C were 32.7, 12.6, 5.0 and 6.2 h with

% of 0.9757, 0.9780, 0.9907 and 0.9850, respectively.
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3.4  Cytotoxic effects of ACEs and cyanidin 3-glucoside on human cancer cell lines

Powder and puree-derived ACEs from Black Satin cultivar were evaluated for their cytotoxic
properties on human colon cancer (HT-29, Fig. 5A), ovarian cancer (MCF-7, Fig. 5B) and
leukemia (HL-60, Fig. 5C) cell lines. It was found that leukemia cells were most sensitive to
ACEs among the cell lines tested. On the other hand, the cytotoxic effect of puree-derived ACEs
was more profound than that of powder-derived ACEs in all three cell lines tested. The cytotoxic
effect of cyanidin 3-glucoside on HL-60 cells is shown in Fig. 5D. The cell viability of HL-60
cells was decreased from 99.5% to 45.9% in a dose-dependent manner after 48 h of exposure

with cyanidin 3-glucoside in a concentration range of 10.4-62.2 pg/ml. (Insert Fig. 5 here)

3.5  H0; generation by ACEs and cyanidin 3-glucoside in RPMI 1640 medium

H,0, production by ACEs at 1.4 mg/ml with or without catalase in RPMI 1640 medium with
10% FBS over time is illustrated in Fig. 6. Detailed results with respect to cyanidin 3-glucoside,
ACEs at various concentrations in medium with or without 10% FBS, as well as in the presence
of HL-60 cells are presented in Table 3. When authentic H,O, was incubated with RPMI 1640
medium, its concentration decreased over time. Hence, the H,O; level in the RPMI 1640 medium
was determined by the rate of its generation and decomposition. Puree and powder-derived ACE
as well as cyanidin 3-glucoside produced H,O; in a dose-dependent manner in the RPMI 1640
medium, and the puree-derived ACE generated more H,O, than powder-derived ACE at the
same concentration. Catalase (100 U/ml) depleted the H,O, in the medium at all concentrations
tested for authentic H,O,, as well as puree and powder-derived ACEs. (Insert Fig. 6 here)

Our results also showed that the rate of H,O, generation by puree-derived extract was

inversely correlated to the extract concentration. For example, the level of H,O, peaked at 2 h
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with 0.7 mg/ml of puree-derived ACE but not until 48 h with 1.4 mg/ml of puree-derived ACE
in RPMI1640 medium with 10% FBS. Since the pH of the medium decreased from pH 7.2 to 6.5
with increasing concentration of ACE from 0.14 to 7 mg/ml, it is possible that the active
components in ACE that produce H,O, was stabilized at relatively lower pH and the rate of H,O,
generation was reduced. On the other hand, powder-derived extract produced H,O, at a lower
rate and extent than the powder-derived extract and it did not reach a plateau until 48 h for all
concentrations tested. Further, when puree-derived ACEs incubated with RPMI 1640 medium
without FBS, the H,O, level was 1.95 and 2.46-fold higher than those when incubated with
RPMI 1640 medium with 10% FBS at 6 h and 48 h, respectively. Similar results were also found
with powder-derived ACE as well as cyanidin 3-glucoside. These results indicated that FBS
significantly inhibited the generation of H,O, by ACEs. A similar phenomenon was observed by
Lapidot et al. using apple extracts in medium containing fetal calf serum; and it was suggested
that the H,O, might be decomposed by the residual enzymatic activity in the serum (Lapidot et

al., 2002).

We also measured the H,O; level in the medium in the presence of HL-60 cells. It was found
that when authentic H,O, (100 uM) was added to the medium with cells, HO, was not detected
in the medium at 2 h. In contrast, 90% of the added H,O, was detected when it was incubated
with medium without cells. These data suggested that the rate of H,O, diffusion into cells was
much greater than its rate of decomposition in the medium. With extract derived from puree at
1.4 mg/ml, the concentration of H,O, at 2 h in the medium was 6.3-fold lower in the presence of
cells as compared to the absence of cells suggesting the rapid cell entry of either the generated

H,0; or the component in the extract responsible for the generated H,O,.
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In comparison to the puree derived extract, a relatively small concentration of H,O, (< 10
uM) was detected after the addition of cyanidin 3-glucoside with HL-60 cells over a period of 2

to 6 h. (Insert Table 3 here)

3.6 Effect of ACEs and cyanidin 3-glucoside on intracellular ROS level in HL-60 cells

Intracellular ROS level in HL-60 cells after treatment of cyanidin 3-glucoside and ACEs for
1 h is shown on Fig. 7. It was found the intracellular ROS level peaked at 1 h after treatment of
puree-derived ACE but remained the same for either powder-derived ACE or cyanidin 3-
glucoside over 1.5 h (data not shown). As shown in Fig. 7, the baseline intracellular ROS level in
HL-60 cells (Veh.) was increased by 71.8 + 2.7% (mean + SE) as compared to non-CDCFDA
loaded cells. Authentic H,O, (98 uM) significantly increased the fluorescence intensity by about
1104.4%. As expected, catalase (500 U/ml) decreased the increase of fluorescence intensity
caused by H,0; (98 uM) to the baseline level. Puree-derived ACE increased the intracellular
ROS level dose-dependently from 69.3 + 16.2% to 322.2 + 23.1% in concentrations ranging
from 0.14 to 2.80 mg/ml. However, no significant difference was found in intracellular ROS
levels for powder-derived ACE treatment groups as compared to the control group. Cyanidin 3-
glucoside (20 and 60 pg/ml) slightly reduced the intracellular ROS level though the difference

was insignificant as compared to the control group. (Insert Fig. 7 here)
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3.7  Effect of H,O, produced by ACEs in the medium on cytotoxic properties of ACEs in HL-

60 cells

To evaluate the influence of H,O, produced by ACEs in the medium on their cytotoxic
properties in HL-60 cells, cells were pretreated with catalase and compared to the ACE-induced
cytotoxicity with non-catalase treatment groups (Fig. 8). Authentic H,O, (98 uM) reduced HL-
60 cell viability to 8.8 + 0.5%. Catalase (500 U/ml) rescued the H,O»-induced cell death to 92.1
+ 1.3%. This demonstrated that addition of exogenous catalase almost completely abolished
H,0;-induced cytotoxicity on HL-60 cells in our experiment conditions. Interestingly, in spite of
the fact that puree-derived ACE produced more H,0O, in the medium than powder-derived ACE,
the cytotoxicity induced by puree-derived ACE was not affected by catalase, whereas catalase
partially protected the HL-60 cells from powder-derived ACE-induced cytotoxicity. There was
no significant difference in cell viability between catalase and non-catalase treatment groups for
puree-derived ACE at all concentrations tested. In contrast, the cytotoxicity resulting from
powder-derived ACE was significantly recovered by catalase from 48.7 + 4.0% to 77.2 + 1.8%,
and 28.8 £ 2.7% to 52.3 £ 1.5% at ACE concentrations of 2.1 and 2.8 mg/ml, respectively.
However, at high concentration (5.6 mg/ml), there was no significant difference in cell viability

between catalase and non-catalase treatment groups. (Insert Fig. 8 here)
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4. Discussion

In these studies, we provide a comprehensive evaluation of ACEs from Kentucky-grown
blackberries including extraction methods, stability, anticancer activity and its possible
mechanisms of action. Solvent extraction of phenolic compounds from fresh, dried, or freeze-
dried fruit materials has been the most common method in fruit sample preparation. The solvents
generally used are methanol, ethanol, acetone, water, and their mixtures. To obtain high yield of
anthocyanins in the extract, solvents are usually mildly acidified to facilitate liberation and
solubilization of anthocyanins from the fruit tissue and to stabilize anthocyanins as well. The
relative recovery efficiency between solvents varies with different plant materials. For example,
Metivier et al. found that methanol was 20% more effective than ethanol and 73% more effective
than water in recovering anthocyanins from grape pomace (Metivier et al., 1980). However,
Giusti et al. found that water was more effective in recovering anthocyanins from purple corn
waste than acidified water and ethanol (Jing and Giusti, 2007). Besides the solvent system, other
factors such as temperature and time are important. It has been reported that elevated
temperature improves extraction efficiency due to enhanced solubility and diffusion rate of
compounds into the solvent. However, high temperature accelerates anthocyanin degradation in
the extraction process. A few extraction technologies such as pressurized liquid extraction (Ju
and Howard, 2003) have been developed to enable rapid extraction of anthocyanins and other
phenolics at high temperature (> 50 °C) and were found to be successful in retarding anthocyanin
degradation during processing. It was also found that ultrasound-assisted solvent extraction was
more efficient to extract anthocyanins than conventional solvent extraction due to the strong

disruption of the fruit tissue under ultrasonic acoustic cavitation (Chen et al., 2007).
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In these studies, we used an ultrasound-assisted ethanol extraction method to prepare
anthocyanin-containing extract from blackberries. The starting materials used for extraction were
either blackberry puree or freeze-dried puree which was ground into powder. Because the puree
contains around 90% w/w water, 25 ml of solvent was used to extract 10 gram of puree
(corresponding ~1 gram of powder) to keep the solid-to-liquid ratio at 1:2.5. It was found that the
ACEs from Hull, Black Satin and Chester contained similar amount of total anthocyanins and
total phenolics. However, ACEs from puree contained 2-3 fold greater total phenolics than those
from powder while the anthocyanins content was about the same. This suggested that the water
content inside the puree contribute to the difference of total phenolics in ACEs extracted from
blackberry puree and powder. To further evaluate the influence of the water content in the
extraction system on the property of the extracts, various ACEs were prepared from puree of
Black Satin cultivar with solvent systems comprising increased water content in ethanol/0.01%
HCI. It was found that total anthocyanins and total phenolics contents were similar in the ACEs
obtained using the solvent systems ranging from 0 to 50% water, indicating that this range of
water to ethanol was preferable. A sharp increase of the percentage of polymeric color in ACE
prepared with 75% water was observed, which suggested that water content greater than 50% led
to increased anthocyanin degradation and the degradation and/or condensation products
contributed significantly to the percentage of polymeric color. These data may suggest that in the
extraction system using high water content, some of the polyphenol oxidase activity was retained
and contributed to the condensation of anthocyanin and other phenolics during extraction.

It is well-known that anthocyanins and other phenolics are prone to degradation (Matsufuji et
al., 2007; Srivastava et al., 2007; Xiong et al., 2006). Understanding the mechanism and extent

of degradation are critical in the development of Botanical Drug Products. Anthocyanins are very
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stable under acidic conditions; however, under normal processing and storage conditions readily
convert to colorless derivatives and subsequently to insoluble brown pigments (e.g., increased
polymeric color). The mechanisms of anthocyanins degradation involve hydrolysis, oxidation
and condensation with other polyphenols. For example, the degradation of cyanidin 3-glucoside
in aqueous solution begins with hydrolysis of glucosidic bonds and the opening of the pyrylium
ring upon heating (Sadilova et al., 2007) or by anthocyanase (Zhang et al., 2001). They are
further degraded and produce protocatechuic acid and phloroglucinaldehyde. Cyanidin 3-
glucoside can also be co-oxidized with other phenolics such as chlorogenic acid by polyphenol
oxidase with the formation of 0-quinones that generate polymerized products by quinone-phenol
reactions (Kader et al., 1998). The most important factors that influence anthocyanin degradation
are pH and heat (Sadilova et al., 2007). Thus, the stability of anthocyanins and total phenolics
was examined in extract stock solution as well as in biologically relevant buffers at various
storage temperatures. It was found that anthocyanin degradation in aqueous solution followed
first-order kinetics. Anthocyanins concentrated in extract stock solution exhibited relatively high
stability over time. The half-life of cyanidin 3-glucoside in the extract stock solution having a pH
of 2 at 25 °C was 63.8 days (r° = 0.9949).

To access the stability of ACEs in biologically relevant environment, the ACE was diluted
with biologically relevant buffers to the ECsy concentrations obtained in the cytotoxicity studies.
It was found that when ACE was diluted with buffers at physiological pH, the anthocyanins
degradation rate increased substantially (Fig. 4A). Further, our results showed that FBS
contributed significantly to the acceleration of anthocyanins degradation. The half-life of total
anthocyanins in samples with 10% FBS in PBS was 2.6-fold shorter than that with PBS at 25 °C,

although the mechanism behind it remains unclear. When the temperature was increased from 25
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°C to 37 °C, the half life of total anthocyanins in samples with 10% FBS in PBS decreased by
2.5-fold. In this experiment, precipitation was not observed under any condition and the
percentage of polymeric color remained the same after 48 h (data not shown).

Our studies demonstrated that ACEs are cytotoxic to human colon (HT-29), ovarian (MCF-7)
cancer, and leukemia (HL-60) cells, with different degrees of potency (Fig. 5A, 5B, 5C). Based
on the ECsy values, puree-derived ACE was 4-fold more potent than powder-derived ACE in
HL-60 cells. Moreover, the HL-60 cells showed much greater sensitivity to ACEs than MCF-7
and HT-29 cells since the ECs of puree-derived ACE was 5.7 and 3.3-fold lower for HL-60 than
that for MCF-7 and HT-29 cells, respectively. A number of dietary phenolics, such as quencetin,
which was also found in blackberries (Mertz et al., 2007), have been shown to produce H,O, in
generally-used medium including RPMI 1640 medium and contribute to the cytotoxicity of
cancer cells (reviewed in Halliwell, 2008). In addition, H,O, was shown to be an important
regulator in HL-60 cells growth (Hachiya and Akashi, 2005). Therefore, we investigated the
H,0O, generation by puree and powder-derived ACEs in medium and its influence on HL-60 cell
growth. A detailed examination of H,O, production by ACEs over time in RPMI 1640 medium
with or without HL-60 cells is provided in Table 3. Our results showed that both puree and
powder-derived ACEs produced levels of H,O, (>10 uM) which caused cytotoxicity in HL-60
cells when incubated with RPMI 1640 medium within 48 h. Interestingly, the cytotoxic activity
of puree-derived ACE was not blocked by exogenous catalase. On the other hand, the
intracellular ROS level was also found to increase with puree-derived ACE, which may induce
cytotoxicity in HL-60 cells. Since it is well-known that H,O, diffuses freely through cell
membranes while catalase is membrane-impermeable, the results suggested that the cytotoxic

activity of puree-derived ACE was not due to the H,O, generated in the medium, but due to
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some active components in ACE which were quickly taken up by the cells and subsequently
induced cytotoxicity by generating ROS inside the cells and/or by other mechanisms. However,
as for powder-derived ACE, its growth inhibition activity was partially abolished by the catalase.
Since intracellular ROS level in HL-60 cells remained the same after treatment of powder-
derived ACE for 1 hour (Fig. 7) and H,O, concentration in medium did not exceed 10 uM in the
first 6 h of incubation (Table 3), it is apparent that the cytotoxic activity through ROS
mechanism by powder-derived ACE was relatively delayed. The difference of anticancer
mechanism between puree and powder-derived ACEs in HL-60 cells may be attributed to the
different major active components that contribute to their cytotoxic activity resulting in different
anticancer potency in HL-60 cells, and similarly in HT-29 and MCF-7 cells. Since we showed
that puree-derived ACE contained 2-fold greater amount of total phenolics than powder-derived
ACE, it was possible that the elevated antiproliferative potency of puree-derived ACE was due to
the higher level of phenolics. It is noteworthy that we also investigated the effect of copper on
the H,O, generation by ACEs in medium. It was found that H,O, production by ACEs did not
increase with increasing concentration of cupric sulfate from 0 to 100 uM in the RPMI 1640
medium (data not shown), which suggests that the H,O, generation by ACEs was likely not

copper-mediated.

Cyanidin-based anthocyanins were the dominant anthocyanins in the blackberry extract and
cyanidin 3-glucoside was the major anthocyanin (71%). Cyanidin 3-glucoside has been found to
possess chemopreventive and chemotherapeutic activities. Chen et al. showed that cyanidin 3-
glucoside purified from Black rice (Oryza. sativa L. indica) inhibited human breast cancer cell
HS578T growth via G2/M arrest and it also improved the cytotoxicity of doxorubicin at non-

toxic concentrations (Chen et al., 2005). Ding et al. showed that cyanidin 3-glucoside not only
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protected JB6 cells from ultraviolet B-induced insult but also can inhibit the proliferation,
migration and invasion of A549 lung tumor cells (Ding et al., 2006). Cyanidin (Hou et al., 2003)
and cyanidin-3-rutinoside (Feng et al., 2007) were also found to increase the intracellular ROS
level which may involve induction of apoptosis in HL-60 cells. Therefore, we were interested in
assessing the possible role of cyanidin 3-glucoside in ACEs in the cytotoxic property of ACE in
HL-60 cells. The antiproliferative effect of pure cyanidin 3-glucoside was examined on HL-60
cells (Fig. 5D) as well as its ability to spontaneously generate H,O, in RPMI 1640 medium
(Table 3) and intracellular ROS in HL-60 cells (Fig. 6). It was found that cyanidin 3-glucoside
exhibited antiproliferative activity in a concentration range of 10.4-62.2 ng/ml. However, ACEs
caused cytotoxicity in HL-60 cells with much lower anthocyanin concentrations. For example,
the anthocyanins concentration in powder and puree-derived ACEs at ECsy were 3.6 and 14.5
pg/ml, respectively (of which 71% was cyanidin 3-glucoside). However, pure cyanidin 3-
glucoside caused little or no cytotoxic effects on HL-60 cells at these concentrations. These data
suggested that cyanidin 3-glucoside in ACEs may act additively or synergistic with other active
components in inhibition of cell growth, but that a significant part of the cytotoxicity could not
be explained by anthocyanins alone. Moreover, it was found that the concentrations of cyanidin
3-glucoside which induced cytotoxicity in HL-60 cells produced non-toxic levels of H,O; in the
RPMI 1640 medium with 10% FBS with little or no increase in the intracellular ROS in HL-60
cells. These results suggested that the active components that produced H,O,, increased
intracellular ROS, and cytotoxicity with puree-derived ACE were components predominantly
other than cyanidin 3-glucoside. Related, McDougall et al. compared the antiproliferative
effectiveness of a series of polyphenol-rich berry extract on human cervical (Hela) and colon

(Caco-2) cancer cells and their polyphenol compositions and they suggested that phenolics that
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responsible for the antiproliferative activity of berry extracts was due to other constituents such
as ellagitannins and procyanidins more than anthocyanins (McDougall et al., 2008). Importantly,
it has been shown that ellagitannins are the major phenolic class than anthocyanins in blackberry
species (Mertz et al., 2007). Identification of the active components in ACEs is currently
ongoing in our lab.

In conclusion, these studies demonstrated that ACEs from blackberry cultivars of Hull, Black
Satin and Chester grown in Kentucky have potent antioxidant and anticancer properties. Using
the same extraction method, total anthocyanins and phenolics contents as well as total
antioxidant capacity by TEAC method were comparable in ACEs derived from these cultivars.
Extraction solvent with different water to ethanol ratio greatly influenced the yield of total
anthocyanins and phenolics in ACEs. In general, puree-derived ACEs contained similar amount
of total anthocyanins but higher amount of total phenolics with higher total antioxidant capacity
and were more potent in their antiproliferative activity in cancer cells as compared to powder-
derived ACEs. Furthermore, our studies suggested that the antiproliferative activity of puree-
derived ACE was not due to the H,O, produced in the medium, but some active components in
ACE which were quickly taken up by the cells to induce cytotoxicity in the cells before they
produced toxic levels of H>O, in the medium. On the other hand, the antiproliferative activity of
powder-derived ACE was partially related to the toxicity of H,O, generated in medium since
catalase was partially effective in reducing extract-mediated cytotoxicity. Moreover, our studies
suggested cyanidin 3-glucoside itself contributed little to the antiproliferative activity of ACEs
and it suggested that cyanidin 3-glucoside may act synergistically or additively with other active
components in ACE to cause cytotoxicity in cancer cells. Together with the stability studies of

ACE, these findings warrant further investigation into the anticancer effects of blackberries in
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both in-vitro and in-vivo models and provide essential information for the development of

Botanical Drug Products from ACEs derived from blackberries and other fruits.
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Table 1.

Composition and Characterization of Blackberry Extracts *

Level (mg/g of DBE)
glzvtverial Cultivar (year) An thr([)(c);z;lninsb Total Phenolics® POIym(e";:)c color (pmol ?]?:/Cg DBE)
Hull (2005) 5.34+0.19 24.07 £2.70 12.99 +2.50 171.43 £ 15.67
Puree Hull (2006) 7.54+£0.14 25.78 £0.56 7.20+0.28 186.65 £ 0.63
Chester (2006) 7.95+0.15 25.31+1.80 4.89+0.33 186.75 +10.49
Black Satin (2006) 7.16 £0.22 2291 +1.24 3.27+0.15 158.52 £ 6.90
Hull (2005) 4.51+0.50 12.00 £ 0.77 1.97+1.97 64.40 = 0.60
Powder  Chester (2006) 7.88 £0.23 14.61 +1.48 0.94 £ 0.94 78.02 £ 6.07
Black Satin (2006) 7.67+0.51 14.81 +1.59 1.11+0.75 71.68 £9.18

* The extraction was repeated at least two times. All assays were carried out in triplicate. Data are
expressed as the mean + SE.
® Total anthocyanins are expressed as cyanidin 3-glucoside equivalent.

¢ Total phenolics are expressed as gallic acid equivalent.
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Table 2.

Effect of Storage Conditions on Several Parameters of the Hull Blackberry Extract after 90

Days *
Parameters Day 0 Day 90
-80 °C 4 °C 25 °C
Level / (% of Retention)
Cyanidin 3-glucoside (mg/l) 600 = 4.3 589+8.2 539+38 230+0.9
(100%) (98.3%) (89.8%) (38.4%)
Total Phenolics (mg/l) 1899 + 18.1 1680 + 6.9 1696 + 6.8 1537 +£16.2
(100%) (88.5%) (89.3%) (80.1%)
Total Anthocyanins (mg/l) © 710 £22.3 684 +15.8 621 £8.3 261 +£4.7
(100%) (96.3%) (87.5%) (36.8%)
Polymeric Color (%) 0.12+0.12 1.43+£0.11 2.61+0.88 13.96 £ 1.11
NA NA NA NA
TAC (umol/l) ¢ 8.9+0.13 8.0£0.27 7.8+0.11 7.3+0.09
(100%) (89.2%) (86.4%) (81.2%)

*Data are expressed as mean + SE (n = 3).

® Total anthocyanins are expressed as mg of cyanidin 3-glucoside equivalent/] of extract.
“Total phenolics are expressed as mg of gallic acid equivalent/l of extract.

YTAC are expressed as pmol of trolox equivalent/l of extract.

% of Retention was calculated based on the day 0 concentration as 100%.

NA: Not applicable.



Table 3.

H,0;, Generation by ACEs and Cyanidin 3-glucoside (C-3-G) in Medium at 37°C *

Medium

Concentration

H,0; level (uM) at various times (h)

1 2 6 24 48
0.14 533+0.12 5.09 + 1.00 4.42 £ 0.40 6.57+0.25 6.74+ 037
0.70 8.98 +0.24 27.45+0.83 20.85+0.61 11.82 +0.26 9.97+0.37
RPMI 1640
0,
10% FBS ” 11.48 +0.28 33.00+ 1.76 4197 +1.89 63.70 +2.89 61.13+1.20
' (ND)* (NDY* (NDY (NDY (NDY*
7.0 9.06 +0.22 21.98+1.56 5274 +2.00 145.41 +3.98 171.91 + 1.15
ACEpuree
(mg/ml) 070 23320.19 4242022 3.10+0.79
' (ND)Y (ND) (ND)
RPMI 1640 1.96 =023 5224020 4322024
10% FBS 14 DY DY Dy
HL60 cells (ND) (ND) (
)8 3264025 6.54+0.18 ND
' (NDY* (NDY* (NDY*
RPMI 1640 14 81.70 + 2.66 150.46 = 1.22
0.14 130025 1.09+0.30 1.50 £ 0.40 2.05+0.31 3.01+0.29
0.70 ND 192 £0.26 493+0.73 6.09 +0.41 10.92 +0.39
RPMI 1640
0,
10% FBS 4 ND 3.63+0.29 859+ 1.12 15.18+ 0.63 1939+ 1.21
' (NDY* (NDY* (NDY* (NDY* (NDY*
ACEpowder 7.0 ND 3424021 6.74+0.52 11.28 +0.65 28.69 + 1.09
(mg/ml)
4 1.40 £0.10 1.54+0.17 ND
RPMI 1640 : (ND)* (ND)* (ND)*
10% FBS
HL60 cells . 2024028 1.68 £0.17 143+0.14
' (ND)* (ND)* (NDY
RPMI 1640 14 9.68+0.36 3336+ 1.20
207 ND ND ND
RPMI 1640
10% FBS
622 2.97+0.16 273+0.14 190 +0.28
207 1.26+0.10 590+0.15 12.79 +0.31
C-3-G
RPMI 1640
(ng/ml)
622 3.09+0.18 9.04+0.18 19.39 + 0.32
RPMI 1640 207 ND
10% FBS
HL60 cells 622 ND
RPMI 1640 s 4626+ 1.16 44245192 3529+ 0.90 17.65 +0.33 12.49 + 0.25
10% FBS (ND)* (ND)* (ND)* (ND)* (ND)*
H:0; (uM) RPMI 1640
10% FBS 100 ND
HL60 cells

*Data are expressed as mean = SE (n = 6).
*With catalase (100 U/ml).
ND: Not detected.
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Figure Captions

Fig. 1. The water content in the extraction solvent on the properties of ACEs: 10 g of Black
Satin puree was mixed with 25 ml of extraction solvent. The water to ethanol/0.01% HCI ratios
(v/v) were as follows: 0/100, 10/90, 25/75, 50/50, 75/25, 90/10, and 100/0. Various ACEs were
obtained and analyzed for total anthocyanins (e), total phenolics (O), percentage of polymeric
color (A), and total antioxidant capacity (o). Results were normalized to the corresponding
values of each parameter of ACE prepared using 100% ethanol/0.01% HCI. Data are presented

as the mean = SE of three independent extractions.

Fig. 2. HPLC chromatogram of anthocyanins in: cyanidin 3-glucoside (peak 1), cyanidin-3-
arabinoside (peak 2), cyanidin-3-xyloside (peak 3), cyanidin-3-malonylglucoside (peak 4), and

cyanidin-3-dioxalylglucoside (peak 5).

Fig. 3. Changes in cyanidin 3-glucoside concentration in powder-derived ACE from Hull
blackberry under different storage conditions over 90 days: —80 °C (m); 2-8 °C (A); temperature-

controlled room (22-28 °C) with white light (¥); 25 °C (0).



35

Fig. 4. The effects of biologically relevant buffers on the stability of anthocyanins and phenolics
in powder-derived ACE from Hull blackberry at 25 °C and 37 °C. ACE stock solutions were
diluted to a final concentration of 2 mg/ml in (1) pH 1.0 buffer at 25 °C (e); (2) pH 7.4 PBS at
25 °C (o); (3) pH 7.4 PBS with 10% FBS at 25 °C (A); (4) pH 7.4 PBS with 10% FBS at 37 °C
(0); (4) RPMI 1640 medium supplemented with 10% FBS at 37 °C ('¥) and incubated for 48 h.
At each time point, an aliquot was withdrawn, and measured for total anthocyanins content (A)
and total phenolics content (B). Data are presented as the mean = SE of three independent

experiments.

Fig. 5. The cytotoxic effects of Black Satin ACEs and Cn-3-G on human cancer cell lines. Cells
were exposed to Black Satin puree and powder-derived ACE (A, B, C), or Cn-3-G (D) for 48 h
and cell viability was measured by MTT assay. Data in A-D are representative of three
independent experiments and data are presented as the mean = SE (n = 3). Curves were fit by
nonlinear regression using GraphPad Prism. Half maximum effective concentration (ECs) is

reported as the mean + SE (n = 3) in the figure legend.

Fig. 6. H,O, generation by Black Satin ACEs in RPMI 1640 medium with 10% FBS over time.
Authentic H>O, (50 pM), puree and powder-derived ACE (1.4 mg/ml) with or without catalase
(100 U/ml) were incubated with RPMI 1640 medium with 10% FBS at 37°C for 48 h. At each
time point, an aliquot was taken out and measured for H,O, concentration. Data are presented as

the mean + SE (n = 6).
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Fig. 7. The effects of Black Satin ACEs and Cn-3-G on the intracellular ROS level in HL-60
cells. CH,DCFDA-loaded and non-CH;DCFDA loaded cells were incubated with either ACEs,
or cyanidin 3-glucoside (Cn-3-G), or media alone (vehicle). HO, (98 uM), H,O, (98 uM) plus
catalase (500 U/ml) treatment groups were used as controls. The results are reported as the
percentage increase fluorescence associated with the CH,DCFDA-loaded cells compared to that
of corresponding non-CH,DCFDA-loaded cells. Data are presented as the mean + SE of three

independent experiments. P < 0.01, °P < 0.001 compared to the vehicle group.

Fig. 8. The effects of H,O, generated by ACEs in medium on cytotoxic properties of ACEs in
HL-60 cells. Cells were treated with catalase (500 U/ml) (m) or PBS (o), and concomitantly with
H,0, (98 uM) or puree and powder-derived ACEs from Black Satin for 48 h and cell viability
was measured. Data are presented as the mean + SE of three independent experiments. ° P <
0.01, °P <0.001 compared to the non-catalase treatment group with corresponding H,O, or ACE

concentration.
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Fig. 3
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Fig.
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Fig. 7
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Fig. 8

Cell Viability (% Control)
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