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Some tuber-bearing wild potato species are reportedly higher in potential health-promoting traits,
such as antioxidant activity (AOA) and total phenolic content (TP), than commercial cultivars;
therefore, they could be used as parental material in breeding for high AOA and TP. However, using
wild species might result in progenies that are toxic for human consumption because of the
presence of high total glycoalkaloids (TGAs) and other unknown compounds. Therefore, wild potato
accessions should be screened for cytotoxicity before their introduction into breeding programs. The
objective of this study was to investigate antiproliferative activity and cytotoxicity of tuber extracts
from 15 Solanum jamesii accessions on human HT-29 colon and LNCaP prostate cancer cell lines
in vitro. Also, correlations among AOA, TP, TGA, and antiproliferative activity were determined. The
tuber extracts significantly inhibited proliferation of HT-29 and LNCaP cell lines and were not
cytotoxic to the cells compared to the control (DMSO). The antiproliferative activity exhibited by
tuber extracts was not due to necrosis, because the amount of lactate dehydrogenase (LDH)
released from cells incubated with the extracts was not significantly different from that released from
cells incubated without extracts (control). Colon cancer cells were more responsive to tuber extract
treatment than prostate cancer cells. In both HT-29 and LNCaP cells, there were no observable
significant correlations between antioxidant activity (DPPH and ABTS) and inhibition of cell
proliferation or between TP and cell proliferation inhibition. Also, glycoalkaloids did not exhibit
significant correlations with the inhibition of cancer cell proliferation. Findings of this study show that
S. jamesii accessions probably pose no cytotoxic effects when used as parental material in
improving the nutritional value of potato cultivars. Correlation results, along with cell proliferation
data, suggest that not only the compounds measured in this study but also other bioactive
compounds present in the matrix acting additively or synergistically may be more responsible for
the antiproliferative effects of potato tuber extracts than higher concentrations of a single or group of
compounds.
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INTRODUCTION

Several studies have reported that bioactive compounds pre-
sent in fruits and vegetables are important in the prevention of
chronic diseases, such as cancer, cardiovascular disease, and
diabetes (7, 2). The health benefits derived from these bioactive
compounds could be attributed to their antioxidant capabil-
ities (3), modulation of potential carcinogenic xenobiotics (4),
and influence on digestive and metabolizing enzymes (5). Several
anti-inflammatory, antinecrotic, and neuroprotective drugs have
an antioxidant and/or radical-scavenging mechanism as part of
their activity (6, 7).
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Juan et al. (8) reported that olive fruit extract inhibited
proliferation of HT-29 human colon cancer cells by inducing
apoptosis. Crude extracts from sweet potato (Ipomoea batatas)
inhibited proliferation of the human leukemia NB4 cell line
in vitro (9). Several studies have demonstrated that tea extracts
exhibit anticancer properties on breast (MCF-7), liver (HepG?2),
colon (HT-29) (10), lung (/1), stomach (12), prostate (PC-3)
(10, 13), and skin (14) cancer cells.

Potato (Solanum tuberosum) tuber extracts have also been
tested on several cancer types. Chu et al. (/) observed minor
antiproliferative activity of potato tuber extract on HepG, hu-
man liver cancer cells in vitro. Reddivari et al. (15) reported that
whole potato tuber extract and anthocyanin fractions inhibited
proliferation and induced apoptosis in both LNCaP and PC-3
prostate cancer cells. Glycoalkaloids from commercial potato
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cultivars have also been reported to inhibit growth of human
colon (HT-29), liver (HepG2), cervical (HeLa), lymphoma
(U937), stomach (AGS and KATO III) (/6), and both LNCaP
and PC-3 human prostate (/5) cancer cell lines.

Recent research is focusing mostly upon increasing the amount
of beneficial phytochemicals in food crops and also increasing the
variety of plant products consumed by introducing exotic and
wild fruits and vegetables, spices, and herbs (/7). However, some
of the wild and exotic products may contain natural toxicants at
levels that might cause health problems. For example, develop-
ment of pest-resistant varieties or changes in methods of cultiva-
tion, storage, and preparation can change the balance between
beneficial and toxic compounds in staple foods, with significant
consequences on human health (/8). This has been especially
observed in the potato of commerce with regard to glyco-
alkaoids (19—21).

Wild potato species have been reported to contain higher
amounts of beneficial phytochemicals, such as chlorogenic acid
and caffeic acid, than the potato of commerce (22) and are
therefore potential sources of parental material in breeding
for these phytochemicals. Some of the species identified as con-
taining high antioxidant activity were Solanum jamesii, Solanum
pinnatisectum, Solanum megistacrolobum, and Solanum micro-
dontum (22, 23).

However, wild potato species are also known to contain higher
amounts of toxic compounds, such as glycoalkaloids (20), that
are considered a health hazard for human consumption at higher
concentrations. Tuber extracts from wild potato species may also
contain other unknown compounds that may be toxic to humans;
thus, in addition to identifying and quantifying toxic compounds
present in wild potato accessions, they should be screened for
potential cytotoxicity before their introduction in breeding pro-
grams.

Therefore, the objective of this study was to investigate anti-
proliferative activity and cytotoxicity potential of tuber extracts
from S. jamesii accessions with different antioxidant activity,
phenolic and glycoalkaloid contents on human prostate (LNCaP)
and colon (HT-29) cancer cell lines in vitro. Colorectal cancer is
the third most common cancer in both men and women in the
U.S., and prostate cancer is the most frequently diagnosed cancer
and the second leading cause of cancer death in men (24). Cancer
is characterized by uncontrolled growth of abnormal cells result-
ing in tumor formation. Tumor promotion is the only reversible
event during cancer development (/0); therefore, early interven-
tion targets inhibition of cancerous cell proliferation (25). Also,
the present study sought to determine correlations among anti-
oxidant activity, phenolics, glycoalkaloid content, and both
antiproliferative activity and cytotoxicity. S. jamesii was selected
because of the lack of previous use in breeding programs and
because it was recently found to contain high antioxidant activity.

MATERIALS AND METHODS

Plant Material. A total of 15 accessions of S. jamesii (P1_564049,
PI_564056, P1_592398, PI_592411, PI_595775, P1_595784, P1_603051,
P1_603054, P1_605364, PI_605368, PI_605372, PI_612450, P1_612453,
PI 620870, and PI_632325) with a wide range of antioxidant activity
(419—958 ug of trolox equivalent/g of fresh weight) and total glycoalka-
loids (8.5—20.0 mg/100 g) were selected from 92 accessions obtained from
the U.S. Potato Genebank, Sturgeon Bay, WI. The selected accessions
were evaluated for antioxidant activity, phenolic compounds, total gly-
coalkaloids, and antiproliferative effects and cytotoxicity using human
prostate (HT-29) and colon (LNCaP) cancer cell lines in vitro.

Chemicals. 2,2-Diphenyl-1-picrylhydrazyl (DPPH), Folin—Ciocalteu
reagent, 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (trolox),
2,2'-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt
(ABTS), potassium persulfate, sodium phosphate dibasic, sodium phosphate
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monobasic, sodium chloride, ammonium phosphate, and sodium carbo-
nate were purchased from Fisher Scientific (Pittsburgh, PA). Methanol,
dimethyl sulfoxide (DMSO), and acetonitrile were obtained from VWR
International (Suwanee, GA). a-Chaconine, ammonium hydroxide,
1,3,4,5-tetrahydroxycyclohexanecarboxylic acid 3-(3,4-dihydroxycinna-
mate) (chlorogenic acid), quercetin-3-rutinoside hydrate (rutin hydrate),
3,4-dimethoxycinnamic acid (caffeic acid), 3,5-dimethoxy-4-hydroxycin-
namic acid (sinapic acid), and 3,3',4',5,5,7-hexahydroxyflavone (myricetin)
were purchased from Sigma-Aldrich (St. Louis, MO). a-Solanine and
tomatine were obtained from MP Biomedicals (Solon, OH). The cell
proliferation reagent WST-1 {4-[3-(4-iodophenyl)-2-(4-nitrophenyl)-2H-
S-tetrazolio]-1,3-benzene disulfonate} and cytotoxicity detection kit were
obtained from Roche Applied Sciences (Indianapolis, IN).

Cell Lines. Human prostate cancer LNCaP (androgen-dependent)
cells and HT-29 colon cancer cells were obtained from the American Type
Culture Collection (Manassas, VA). The LNCaP cells were maintained at
37 °Cin a 5% CO, jacketed incubator in RPMI 1640 (Sigma-Aldrich)
supplemented with 2.38 g/L N-2-hydroxyethylpiperazine-N'-2-ethanesul-
fonic acid (HEPES), 2.0 g/L sodium bicarbonate, 0.11 g/L sodium pyru-
vate, 4.5 g/L glucose, 100 mL/L fetal bovine serum (FBS), and 10 mL/L
antibiotic antimycotic solution (Sigma-Aldrich). HT-29 cells were main-
tained under similar conditions in Dulbecco’s modified Eagle medium
(DMEM) containing 10% FBS.

Antioxidants and Total Phenolics Extraction. A set of five tubers
from each accession was washed and diced into 0.5 cm cubes, and a 5 g
sample of chopped tubers was weighed and extracted with 20 mL of high-
performance liquid chromatography (HPLC)-grade methanol. The sam-
ples were homogenized with an IKA Ultra-turrax tissuemizer for 3 min.
The tuber extract was centrifuged at 31000g for 20 min with a Beckman
model J2-21 refrigerated centrifuge. A total of 5 mL of supernatant was
collected in glass vials and dried to completion using a Speed Vac. The
dried extract was redissolved in DMSO and filtered through 0.45 um
syringe filters. Sample extracts were stored at —20 °C until analysis of
antioxidant activity (AOA), phenolics and glycoalkaloids in DMSO-
soluble phytochemicals.

Total Glycoalkaloid Extraction. Extraction of glycoalkaloids fol-
lowed the method of Rodriguez-Saona et al. (26). A total of 5 g of fresh
tubers was homogenized with 10 mL of acetone to a uniform consistency.
The extract was centrifuged at 13000g for 15 min, and the clear super-
natant was collected into a falcon tube. The residue was re-extracted with
10 mL of aqueous acetone [30:70 acetone/water (v/v)]. The extract was
centrifuged, and the supernatant was combined with the first extract.
Chloroform was added to the acetone extract (two volumes of chloroform
for each volume of acetone extract), thoroughly mixed by shaking the
tubes, and stored overnight at 1 °C. The top aqueous portion was collected
into glass vials and concentrated in a rotovapor Speed Vac at 40 °C until all
residual acetone was evaporated. The extract was brought to a known
volume with nanopure water and analyzed for glycoalkaloids.

Antioxidant Activity Analysis. Total antioxidant activity was esti-
mated using both the DPPH (27) and ABTS (28) assays.

DPPH Assay. A 150 uL aliquot was placed into scintillation vials;
2850 uL of DPPH methanol solution was added; and the mixture was
placed on a shaker for 15 min. The mixture was transferred to UV cuvettes,
and its absorbance was recorded using a Shimadzu BioSpec-1601 spectro-
photometer at a wavelength 1 = 515 nm. Trolox, a synthetic antioxidant,
was used as a standard to generate a standard curve, and total AOA in
tuber extracts was expressed as micrograms of trolox equivalents per gram
of potato tuber fresh weight (ug of TE/g of fw).

ABTS Assay. The ABTS"" radical was generated by reacting
potassium persulfate with ABTS salt [2,2'-azinobis(3-ethylbenzothiazo-
line-6-sulfonic acid) diammonium salt]. A working solution composed of a
mixture of 5 mL of stock solution and 145 mL of phosphate buffer was
prepared. The stock solution contained equal volumes of § mM ABTS and
3 mM potassium persulfate solutions, and the phosphate buffer solution
at pH 7.4 was composed of 40.5 mL of 0.2 M Na,HPO, dibasic, 9.5 mL of
0.2 M NaHPO, monobasic, and 150 mM NaCl. A total of 100 uL of tuber
extract was used for analysis. A total of 2900 uL of the working solu-
tion was added to tuber extracts and reacted for 30 min on a shaker.
Absorbance of the solution was measured at a wavelength 4 =734 nm
with a Shimadzu BioSpec-1601 spectrophotometer. Trolox was used as a
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standard, and total AOA was expressed as micrograms of trolox equiva-
lents per gram of tuber fresh weight (ug of TE/g of fw).

Total Phenolic Analysis. The total phenolic content was determined
following the method of Singleton et al. (29). A total of 150 uL of tuber
extract was pipetted into scintillation vials, and 2.4 mL of nanopure water
was added. A total of 150 uL of 0.25 N Folin—Ciocalteu reagent was
added, and after 3 min of reaction, 0.3 mL of 1 N Na,COs reagent was
added and allowed to react for 2 h. The spectrophotometer (Shimadzu
BioSpec-1601) was zeroed with a blank (150 uL of methanol, 2.4 mL of
H,0, 150 uL of 0.25 N Folin—Ciocalteu, and 0.3 mL 1 N Na,COs) before
sample analysis. Absorbance of tuber extracts was read at 725 nm.
Chlorogenic acid was used as a standard, and total phenolic content
was expressed as milligrams of chlorogenic acid equivalents per 100 g of
potato tuber fresh weight (mg of CGA equiv/100 g of fw).

Phenolic Composition. Composition of phenolics in tuber extracts
was determined using a HPLC system. A total of 5 mL of the extract was
concentrated with a speed vac concentrator and then redissolved in 1 mL
of methanol. The concentrated extracts were filtered through 0.45 um
syringe filters. The HPLC system consisted of a binary pump system
(Waters 515), autoinjector (Waters 717 plus), photodiode array (PDA)
detector (Waters 996), column heater (SpectraPhysics SP8792), and an
Atlantis C-18 reverse-phase column (4.6 x 150 mm, 5 ym) from Waters
(Milford, MA), maintained at 40 °C. Phenolic acids were separated using a
linear-gradient elution with mobile-phase solvents A (acetonitrile) and B
(water/acetic acid at pH 2.3). The solvent flow rate was set at | mL/min
and a gradient of 0/85, 5/85, 30/0, and 35/0 (min/% A) in 35 min. Pure
phenolic compounds used as standards for HPLC analysis were chloro-
genic acid, rutin hydrate, caffeic acid, myricetin, and sinapic acid. Identi-
fication and quantification of phenolic acids present in the extracts was
accomplished by comparing retention time and area of peaks in the extracts
to those of the standard compounds. Method validation was performed by
spiking tuber extracts with pure phenolic compounds of known concen-
tration and then comparing retention times, peak spetra, and concentra-
tions of spiked samples, nonspiked samples, and pure compounds. Repro-
ducibility was checked by analyzing the same sample 3 times. Quantities of
phenolic acids were expressed as ug/g of fresh weight.

Determination of Glycoalkaloids. Glycoalkaloids were analyzed
with a HPLC system following the method of Sotelo and Serrano (30).
A HPLC system (Waters) and Atlantis C-18 reverse-phase columns (4.6 x
150 mm, 5 um) were used for glycoalkaloid analysis. The mobile phase
used for separating glycoalkaloids was (35:65, v/v) acetonitrile/0.05 M
monobasic ammonium phosphate buffer (NH4)H,POy,, adjusted to pH 6.5
with NH4OH. The solvent flow was isocratic at a rate of 1 mL/min, with
the UV absorbance detector set at 200 nm with 5% AUFS sensitivity. The
amount of extract sample injected was 20 uL. Again, the method was
validated by spiking tuber extracts with pure a-solanine, o-chaconine, and
tomatine and comparing retention times and peak spectra of spiked
samples, nonspiked samples and pure glycoalkaloid standards. Different
concentrations of pure a-solanine, a-chaconine, and tomatine were used
to prepare standard curves by regressing known concentrations of the
glycoalkaloid standards to their corresponding peak areas, and these
curves were used to quantify amounts of glycoalkaloids in the tuber
extracts.

Cell Proliferation. Cells were plated at a density of 1 x 10*/well in 96-
well plates. They were allowed to attach to the plate for 24 h. After 24 h,
media was replaced with DMEM F-12 media containing 2.5% charcoal-
stripped serum and tuber extracts. Two concentrations (5 and 10 ug/mL)
of tuber extract deemed potent (15) were used. After every 24 h, cell
proliferation was measured using the WST-1 assay. The WST-1 assay has
a good interlaboratory reproducibility, which is a prerequisite for accep-
tance of an in vitro test (37). The assay required preincubation of cells in
media with the tetrazolium salt WST-1 {4-[3-(4-iodophenyl)-2-(4-nitro-
phenyl)-2H-5-tetrazolio]-1,3-benzene disulfonate} (10 uL/well) for 4 h,
followed by measuring absorbance at 450 nm with the enzyme-linked
immunosorbent assay (ELISA) plate reader. The cell proliferation assay
was repeated at 48 and 72 h of incubation with potato extracts. Percent cell
proliferation due to each tuber extract treatment was calculated as a
percentage of the control (DMSO) according to the following equation:
percent cell proliferation = [(cell proliferation with extract treatment/cell
proliferation in control) x 100]. All extracts were tested in triplicate.
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Cytotoxicity Analysis. Cytotoxicity of tuber extracts to cancer cells
was determined by measuring the amount of lactate dehydrogenase (LDH)
enzyme leaked from the cytosol of damaged cells into the medium (32)
after exposure of cells to the extracts for 24 h. The LDH release represents
necrosis as opposed to apoptosis. LDH in the supernatant was measured
using the cytotoxicity detection kit (LDH) (Roche Applied Science,
Mannheim, Germany) following the protocol of the manufacturer. Triton
X-100 was used as a positive control. A total of 100 uL of the supernatant
from the cells was placed in a 96-well plate, and 100 uL of LDH assay
solution [mixture of catalyst lyophilizate (catalyst, diaphorase/NAD™,
and lyophilizate) and dye solution (iodotetrazolium chloride and sodium
lactate)] was added to each well and incubated for 30 min in the dark.
Absorbance of the mixture was read with an ELISA plate reader at 490 nm.
Two concentrations (5 and 10 ug/mL) of the extracts were used, and
extract cytotoxicity was calculated as a percentage of the control (DMSO)
following the equation: percent LDH released = [(LDH released with
extract treatment/LDH in control) x 100]. All samples were analyzed in
triplicate.

Statistical Analysis. Results of each treatment were expressed as
mean = standard error for three treatment replicates. Analysis of variance
(ANOVA) was performed to determine the variability of antiproliferative
activity and cytotoxicity of the tuber extracts of the accessions. Treatment
means for each variable were compared to the unrestricted least significant
difference (LSD) multiple comparison procedure. Correlations among
antioxidant activity, total phenolics, and glycoalkaloid content were
computed following Pearson’s correlation method. All statistical analyses
were performed using SAS version 9.1 software (33).

RESULTS AND DISCUSSION

Antioxidants, Phenolic Compounds, and Glycoalkaloids in Tuber
Extracts. Tuber extracts of the 15 S. jamesii accessions were
significantly different in antioxidant activity, total phenolic con-
tent, and individual phenolic compounds. Also, levels of a-solanine
and o-chaconine and total glycoalkaloids in the tuber extracts
were significantly different (Table 1).

Effect of Tuber Extract on Cell Proliferation. ANOVA results
for antiproliferative activity exhibited by tuber extracts from the
15 accessions on human colon (HT-29) and prostate (LNCaP)
cancer cells in vitro are presented in Figures 1 and 2, respectively.
Significant reductions in proliferation of HT-29 colon and
LNCaP prostate cancer cells by the tuber extracts were observed.
The tuber extracts decreased proliferation of HT-29 colon cancer
and LNCaP prostate cancer cells in a dose- and time-dependent
manner. Proliferation of both HT-29 colon cancer cells and
LNCaP prostate cancer cells decreased with increased time of
incubation with the extracts. The maximum cell proliferation
inhibition was observed after 72 h of incubation. Also, accessions
exhibited varying degrees of cell proliferation inhibition at each
incubation period, and all accessions showed more antiprolifera-
tive activity with longer times of incubation.

All extracts at concentrations of 5 and 10 ug/mL significantly
reduced proliferation of HT-29 cells compared to the DMSO
control (Figure 1). Cell proliferation was less than 60% of the
control (DMSO) after 24 h of cell incubation with tuber extracts
of either 5 or 10 ug/mL concentration (panels A and D of
Figure 1). After 48 and 72 h of incubation with either of the
extracts (5 and 10 ug/mL), HT-29 cell proliferation was less than
40% of the DMSO control (panels B, C, E, and F of Figure 1).

HT-29 colon cancer cells were more responsive to tuber extract
treatment than prostate (LNCaP) cancer cells. LNCaP cancer cell
proliferation was variably inhibited by the tuber extracts. At the
Sug/mL extract concentration, only three accessions (P1_595784,
PI_592411, and PI_620870) significantly reduced LNCaP cell
proliferation compared to that of the control (DMSO) after 24
and 48 h of incubation (panels A and B of Figure 2). However,
after 72 h of incubation, seven accessions in the following order:
PI_620870>PI_595784 > P1_592411>PI_603054 > PI_605372>
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Table 1. Mean Values of Antioxidant Activity in «g of TE/g of fw (DPPH and ABTS Assays), Total Phenolic Content in mg of CGA equiv/100 g of fw (TP), a-Solanine
in mg/100 g of fw (SOL), a-Chaconine in mg/100 g of fw (CHA), Total Glycoalkaloids in mg/100 g of fw (TGA), Chlorogenic Acid in zg/g of fw (CGA), Caffeic Acid in
ug/g of fw (CA), Sinapic Acid in ug/g of fw (SA), Rutin Hydrate in «g/g of fw (RH), and Myricetin in xg/g of fw (MYC) in 15 S. jamesii Accessions (ACNO)

8311

ACNO DPPH ABTS P soL CHA TGA CGA CA SA RH MYC
PI_564049 647+29 26184175 128 £1.1 93+1.2 83+04 175+14 270+9.6 132+165 244+0.0 289+18 32+03
PI_564056  820+23 2279 461 139 £1.7 79+0.3 6.3+04 142407 409 46.1 223+115 25402 29.7+0.7 414041
PI_592398 589 + 21 2051 £ 63 118 +£25 12.9+0.5 6.5+ 0.1 19.4+0.6 222 +8.5 254 4+133 42401 23.7+1.2 53+04
PI_592411 607 +£8 2121 £ 61 124 +1.0 554+0.3 6.0+ 0.2 11.4+£0.3 339+5.9 76 +£8.3 52405 43.7 £5.1 6.0+0.8
PI_595775  879+28 2607+135 161 +27 50+1.3 6.4+04 114416 368+12.9 136 +180 5.040.6 429+32 89+14
PI_595784  789+20 26414111 137 £1.8 11.0£05 56+03 16.74+09 503432 117+94 24+03 40.0+27 25+0.7
P1_603051 758 +30 2904 + 141 129 +1.9 49404 6.54+0.0 11.4+£0.3 282+0.9 209 +2.1 2.0+0.3 324+1.2 53+0.1
PI_603054 783 +28 2206 £+ 120 140 +2.2 13.6 £0.8 6.4+ 0.1 20.0+0.9 466 + 16.0 205+1.2 20+03 312+25 3.04+0.3
PI_605364 958 +6 2947 + 84 140 +04 41+14 45+0.3 86+17 413+£16.3 154 4+3.2 22+04 421+29 26403
PI_605368 560+ 18 1857 + 88 99 +£2.6 48+07 51+04 99+1.1 2174+1.9 157 £136 2.04+0.1 229+12 3.4+05
PI_605372 687 +14 2687 +-62 128 £1.8 43+05 51+0.3 94+08 363+16.2 254 +8.7 1.74+041 339+10 25403
PI_612450 648 + 21 2237 103 112 +1.3 89+04 6.2+0.0 15.0+£0.4 306 £ 6.5 213+10.7 24403 20.9+ 0.8 46+04
PI_612453 814 +24 1998 + 84 127 +£25 41404 46+0.2 8.7+0.6 370 +£6.7 211 £5.3 1.9+03 31.0+24 32+02
PI_620870 895+19 2727479 141 +1.2 13.3+0.3 6.6+ 0.3 19.9+0.6 351 +£6.7 221 +17.4 39+04 36.3+2.6 74+04
PI_632325 416+19 1906 + 197 92+1.7 41+0.1 47 +04 89+04 164 +2.4 44 +41 1.94+03 164 +13 23+0.1
LSDg 05 33 206 3 1.3 0.7 1.7 28 28 0.9 5.7 1.3
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Figure 1. Cell proliferation of HT-29 colon cancer cells determined after 24, 48, and 72 h of incubation with 5 and 10 zeg/mL of tuber extracts from 15 S. jamesii
accessions. Results are presented as means =+ standard error (SE) of three experiments.
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Figure 2. Cell proliferation of LNCaP prostate cancer cells evaluated after 24, 48, and 72 h of incubation with 5 and 10 zg/mL of tuber extracts from 15
S. jamesii accessions. Results are presented as means =+ SE of three experiments.

PI_592398 > PI_564049 significantly inhibited LNCaP cell pro-
liferation compared to the DMSO control (Figure 2C). With a
higher extract concentration (10 ug/mL), all accessions exhibited
significant inhibition of LNCaP cell proliferation compared to
the DMSO control after 24, 48, and 72 h of incubation (panels D,
E, and F of Figure 2). After 72 h of incubation with 10 ug/mL
extracts, cell proliferation was reduced by all accessions by about
60% of the DMSO control.

Colon and prostate cancer cells responded differently to tuber
extract treatments. Colon (HT-29) cancer cell lines seemed more
responsive to tuber extract treatment than prostate (LNCaP)
cancer cell lines. Proliferation of colon (HT-29) cancer cells was
significantly reduced by all extracts at 5 ug/mL (Figure 1), yet a
higher concentration (10 ug/mL) of extract was required for all
accessions to inhibit proliferation of LNCaP prostate cancer cells
(Figure 2). These results agree with Kim et al. (34), who reported
that polyphenol concentrations required for anticancer effects
depend upon the type of cancer cell line. Friedman et al. (/6) came
to a similar conclusion while investigating anticarcinogenic effects

of glycoalkaloids against cervical, liver, lymphoma, and stomach
cancer cells.

Cytotoxicity of Tuber Extracts. Accessions PI_595784 and
PI_620870 at a concentration of 5 ug/mL caused slightly more
but not significant LDH leakage from HT-29 cells than the DMSO
control. Even at higher concentrations, none of the accessions
were cytotoxic to HT-29 cells. LDH released by LNCaP prostate
cells after treatment with 5 ug/mL of tuber extracts of PI_564056,
PI_595775, P1_595784, PI_605368, and PI_605372 accessions
was significantly lower than that of the control (DMSO)
(Figure 4A). A total of 5 ug/mL of tuber extracts of PI_592398,
PI_612450, and PI_620870 caused slightly higher LDH leakage
than the control, but they were not significantly different from
the control. Even at twice the concentration (10 ug/mL), most of
the accessions were not significantly cytotoxic, except for two
(P1_595784 and PI_620870) (Figure 4B).

Accessions tested were not cytotoxic in HT-29 at both 5 and
10 ug/mL concentrations (Figure 3) and in LNCaP cells at the low
concentration (Figure 4A). Only two accessions (PI_595784 and
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Figure 3. Cytotoxicity of tuber extracts from 15 S. jamesii accessions
(5 and 10 ug/mL) to HT-29 human colon cancer cells expressed as a
percentage of LDH released from the cells after 24 h of incubation. Results
are presented as means + SE of three experiments.

PI_620870) at a high concentration (10 ug/mL) showed signifi-
cantly higher LDH leakage than the control in LNCaP cells
(Figure 4B). The observed reduction in proliferation of HT-29
and LNCaP cancer cells after incubation with tuber extracts of
S. jamesii accessions was not due to necrosis but probably
enhanced apoptosis. A previous study (/5) reported that tuber
extracts from specialty potato cultivars contain phytochemicals
that can inhibit LNCaP and PC-3 cell growth and induce
apoptosis. Hence, most of these accessions should not pose a
health problem if used as parental material in improving the
nutritional value of potato cultivars. For confirmatory purposes,
in vivo experiments using animal models would be useful.

Findings of this study support the use of S. jamesii accessions in
breeding for high health-promoting phytochemicals in the potato
of commerce. Dietary constituents in foods must be sufficient to
attain the cellular concentrations that display effective bioactivity
and chemopreventive capacity (35). The presence of high amounts
of chemopreventive compounds in plant foods, such as the potato
of commerce, would increase bioavailability of the bioactive
phytochemicals.

Correlations among Antioxidants, Phenolics, Glycoalkaloids,
and Antiproliferative Activity. Relationships among antioxidant
activity, phenolic and glycoalkaloid content in tuber extracts, and
their inhibition of HT-29 colon and LNCaP prostate cancer cell
proliferation were investigated, because several studies have
associated consumption of foods rich in antioxidants with a
decrease in the prevalence of degenerative diseases, such as
cancer (36). Other studies specifically investigated polyphenols
extracted from plants for their potential effect in curing colon
(8, 34) and prostate (13, 15) cancers. Glycoalkaloids have also
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Figure 4. Cytotoxicity of tuber extracts from 15 S. jamesii accessions
(5 and 10 ug/mL) to LNCaP human prostate cancer cells expressed as a
percentage of LDH released from the cells after 24 h of incubation. Results
are presented as means + SE of three experiments.

been reported to play a role in reducing cancer cell prolifera-
tion (15, 16) by upregulating apoptosis in these cells.

Results from correlation analysis among antioxidant activity,
total phenolics, glycoalkaloids, and antiproliferative activity on
HT-29 colon cancer cells showed no significant relationships.
There were no significant correlations between antioxidant activ-
ity (DPPH and ABTS assays) and inhibition of HT-29 cell
proliferation or between total phenolic content and inhibition
of HT-29 cell proliferation. Similarly, individual phenolic acids
(chlorogenic acid, caffeic acid, sinapic acid, rutin hydrate, and
myricetin) measured from the tuber extracts exhibited no sig-
nificant correlation with the inhibition of colon cancer cells. Also
o-solanine, o-chaconine, and total glycoalkaloids showed no
significant correlation with the inhibition of HT-29 cell prolifera-
tion after 24, 48, and 72 h of incubation (Table 2).

Antioxidant activity in tuber extracts measured by the DPPH
and ABTS assays, total phenolic content, and total glycoalkaloids
were not significantly correlated with the inhibition of LNCaP
prostate cancer cell proliferation after 24, 48, or 72 h of incuba-
tion with 5 or 10 ug/mL of tuber extract. Also, individual phenolic
acids (chlorogenic acid, caffeic acid, sinapic acid, rutin hydrate,
and myricetin) and individual glycoalkaloids (a-solanine and
o-chaconine) measured from the tuber extracts exhibited no
significant correlation with the inhibition of prostate LNCaP cell
proliferation (Table 3).

Actual proliferation values (Figures 1 and 2) show that pro-
liferation of HT-29 and LNCaP cells was significantly inhibited
by treatment with tuber extracts. Therefore, correlation results,
together with cell proliferation data, suggest that not a single or
group of compounds at a higher concentration but a combination
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Table 2. Correlation Analysis of Antioxidant Activity (DPPH and ABTS), Total
Phenolic Content (TP), Chlorogenic Acid, Caffeic Acid, Sinapic Acid, Rutin
Hydrate, Myricetin, a-Solanine, a-Chaconine, and Total Glycoalkaloids (TGA)
in S. jamesii Accessions and Percentage Inhibition of HT-29 Colon Cancer Cell
Proliferation

percent inhibition of HT-29 colon cancer cell proliferation?

tuber extract (5 ug/mL) tuber extract (10 ug/mL)

parameter 24 h 48 h 72 h 24 h 48 h 72h

DPPH —0.097 —0.279 —0.360 0.441 0.058 0.363
ABTS 0.361 0.148 0.207 0262 —0.081 0.081
TP 0.059 —0.086 —0.165 0.528°  0.318 0.393
o-solanine 0.193 0.137 0.345 0.017 0.219 —0.109
a-chaconine 0.289 0.223 0.351 0.321 0.468 0.155
TGA 0.236 0.172 0.378 0.091 0294 —0.057
chlorogenic acid —0.115 —0.198 —0.207 0.089 —0.073 0.069
caffeic acid —0.306 —0.382 —0.262 —0.261 —0.245 —0.354
sinapic acid 0.103 0.291 0.093 0.426 0.326 0.439
rutin hydrate 0.190 0.154  —0.001 0.282 0.063 0.255
myricetin 0.052 0.087 —0.028 0.257 0.358 0.412

@Values are correlation coefficients. ® Indicates significant values at p < 0.05.

Table 3. Correlation Analysis of Antioxidant Activity (DPPH and ABTS), Total
Phenolic Content (TP), Chlorogenic Acid, Caffeic Acid, Sinapic Acid, Rutin
Hydrate, Myricetin, a-Solanine, o-Chaconine, and Total Glycoalkaloids (TGA)
in S. jamesii Accessions and Percentage Inhibition of LNCaP Prostate Cancer
Cell Proliferation

percent inhibition of LNCaP prostate cancer cell proliferation®

tuber extract (5 ug/mL)
parameter 24 h 48 h 72h 24 h 48 h 72h

tuber extract (10 «g/mL)

DPPH 0.126 —0.001 —0.061 0.278 0.120 0.244
ABTS 0.273 0.149 0.159 0.357 —0.034 0.374
TP 0.294 0.145 0.132 0.262 0.247 0.329
o-solanine 0.287 0.220 0409 —0271 —0.135 —0.458
oa-chaconine 0.105 0.013 0.239 0.329 0.398 —0.092
TGA 0.271 0.193 0.489 —0.159 —0.030 —0.409
chlorogenic acid ~ 0.347 0.262 0223 —0.007 —0.017 0.001
caffeic acid —0.349 —0.373 —0.224 0.485 0.432 —0.386
sinapic acid 0.389 0.314 0.380 —0.201 0.142 0.253
rutin hydrate 0.470 0.465 0.383 —0.029 0.026 0.329
myricetin 0.175 0.116 0.125 0.127 0.279 0.409

@Values are correlation coefficients.

of several bioactive compounds in the matrix (acting together)
were responsible for inhibiting HT-29 and LNCaP cell prolifera-
tion.

In summary, proliferation of colon and prostate cancer cells
was inhibited by S. jamesii tuber extracts and, also, the extracts
were not cytotoxic to the cells. However, correlations between
antiproliferation and antioxidant activity, phenolics, and gly-
coalkaloids in the tuber extracts were not significant in both HT-
29 and LNCaP cell lines, yet actual proliferation data showed
significant differences among extract treatments and the control
(Figures 1 and 2). This study suggests that combinations of diverse
phytochemicals, i.e., those that were analyzed (chlorogenic acid,
caffeic acid, sinapic acid, rutin hydrate, myricetin, a-solanine, and
o-chaconine) as well as other compounds, such as ascorbic acid
and carotenoids, that may be present in tuber extract are important
in inhibiting cell proliferation. A similar idea that combinations of
different phytochemicals synergistically confer more health bene-
fits than individual chemicals was proposed by Liu (2) and Milde
et al. (37). Likewise, Chu et al. (/) observed no significant corre-
lations between phenolic compounds of vegetables and inhibition
of HepG, human liver cancer cell proliferation. They suggested

Nzaramba et al.

that inhibition of human liver cancer cells by vegetables does not
solely depend upon their phenolic content, but that other chemicals
in the vegetables were also responsible for antiproliferative activ-
ities. Therefore, a network of phytochemicals is necessary in
promoting health, and compounds required in high amounts
should be selected for and those required in low amounts, such
as glycoalkaloids, selected against during crop development.
S. jamesii was reported to contain higher antioxidant activity
and glycoalkaloids than common cultivars; therefore, its potential
cytotoxicity was addressed in this study, and results indicated that
S. jamesii accessions would probably pose no health problems
when used as parental material in improving the nutritional value
of potato cultivars.

LITERATURE CITED

(1) Chu, Y. F.; Sun, J.; Wu, X,; Liu, R. H. Antioxidant and antiproli-
ferative activities of common vegetables. | N 2002,
50, 6910-6916.

(2) Liu, R. H. Potential synergy of phytochemicals in cancer prevention:
Mechanism of action. L Nug. 2004, 134, 3479S-34858S.

(3) Chawla, R.; Arora, R.; Kumar, R.; Sharma, A.; Prasad, J.; Singh,
S.; Sagar, R.; Chaudhary, P.; Shukla, S.; Kaur, G.; Sharma, R. K;
Puri, S. C.; Dhar, K. L.; Handa, G.; Gupta, V. K.; Qazi, G. N.
Antioxidant activity of fractionated extracts of rhizomes of high-
altitude Podophyllum hexandrum: Role in radiation protection. Jol,
iamiiaskais 2005, 273, 193-208.

(4) Gyamfi, M. A.; Hokama, N.; Oppong-Boachie, K.; Aniya, Y.
Inhibitory effects of the medicinal herb, Thonningia sanguinea, on
liver drug metabolizing enzymes of rats. | - 2000,
19, 623-631.

(5) Rohn, S.; Rawel, H. M.; Kroll, J. Inhibitory effects of plant phenols
on the activity of selected enzymes. | . 2002, 50,
3566-3571.

(6) Repetto, M. G.; Llesuy, S. F. Antioxidant properties of natural
compounds used in popular medicine for gastric ulcers. jiisimmbdish
LialaRes. 2002, 35, 523-534.

(7) Liu, J. J.; Huang, T. S.; Hsu, M. L.; Chen, C. C.; Lin, W. S.; Lu, F.J;
Chang, W. H. Antitumor effects of the partially purified polysac-
charides from Antrodia camphorata and the mechanism of its action.
I 2004, 201, 186-193.

(8) Juan, M. E.; Wenzel, U.; Ruiz-Gutierrez, V.; Daniel, H.; Planas,
J. M. Olive fruit extracts inhibit proliferation and induce apoptosis in
HT-29 human colon cancer cells. LA, 2006, /36, 2553-2557.

(9) Huang, D. J.; Lin, C. D.; Chen, H. J.; Lin, Y. H. Antioxidant and
antiproliferative activities of sweet potato (Ipomoea batatas [L.]
Lam ‘Tainong 57’) constituents. [ RN 2004, 45,
179-186.

(10) Friedman, M.; Mackey, B. E.; Kim, H. J.; Lee, I. S.; Lee, K. R.; Lee,
S. U.; Kozukue, E.; Kozukue, N. Structure—activity relationships of
tea compounds against human cancer cells. | R
2007, 55, 243-253.

(11) Yang, C. S.; Liao, J.; Yang, G. Y.; Lu, G. Inhibition of lung
tumorigenesis by tea. jninssasiag. 2005, 3/, 135-144.

(12) Mu, L. N.; Lu, Q. Y.; Yu, S. Z.; Jiang, Q. W.; Cao, W.; You, N. C.;
Setiawan, V. W.; Zhou, X. F.; Ding, B. G.; Wang, R. H.; Zhao, J ;
Cai, L.; Rao, J. Y.; Heber, D.; Zhang, Z. F. Green tea drinking and
multigenetic index on the risk of stomach cancer in a Chinese
population. jimlmimsisggy 2005, /76, 972-983.

(13) Bettuzzi, S.; Brausi, M.; Rizzi, F.; Castagnetti, G.; Peracchia, G.;
Corti, A. Chemoprevention of human prostate cancer by oral
administration of green tea catechins in volunteers with high-grade
prostate intraepithelial neoplasia: A preliminary report from a one-
year proof-of-principle study. (skasiias. 2006, 66, 1234-1240.

(14) Camouse, M. M.; Hanneman, K. K.; Conrad, E. P.; Baron, E. D.
Protective effects of tea polyphenols and caffeine. jpiitimitin
it 2005, 5, 1061-1068.

(15) Reddivari, L.; Vanamala, J.; Chintharlapalli, S.; Safe, S. H.; Miller,
J. C., Jr. Anthocyanin fraction from potato extracts is cytotoxic
to prostate cancer cells through activation of caspase-dependent



Article

and caspase-independent pathways. [ssisssesiy 2007, 28, 2227
2235.

(16) Friedman, M.; Lee, K. R.; Kim, H. J.; Lee, 1. S.; Kozukue, N.
Anticarcinogenic effects of glycoalkaloids from potatoes against
human cervical, liver, lymphoma, and stomach cancer cells. Ludgiics
daaadeelici. 2005, 53, 6162-6169.

(17) Ko, J. K.; Leung, W. C.; Ho, W. K.; Chiu, P. Herbal diterpenoids
induce growth arrest and apoptosis in colon cancer cells with
increased expression of the nonsteroidal anti-inflammatory drug-
activated gene. i 2007, 559, 1-13.

(18) Phillips, B. J.; Hughes, J. A.; Phillips, J. C.; Walters, D. G.;
Anderson, D.; Tahourdin, C. S. M. A study of the toxic hazard that
might be associated with the consumption of green potato tops. Food

. 1996, 34, 439-448.

(19) Abreu, P.; Relva, A.; Matthew, S.; Gomes, Z.; Morais, Z. High-
performance liquid chromatographic determination of glycoalka-
loids in potatoes from conventional, integrated, and organic crop
systems. isatsaiesiiiad 2007, /8, 40-44.

(20) Laurila, J.; Laakso, I.; Larkka, J.; Gavrilenko, T.; Rokka, V. M.;
Pehu, E. The proportions of glycoalkaloid aglycones are dependent
on the genome constitutions of interspecific hybrids between two
Solanum species (S. brevidens and S. tuberosum). DlgdaSai. 2001, 161,
677-683.

(21) Lachman, J.; Hamouz, K.; Orsak, M.; Pivec, V. Potato glycoalk-
aloids and their significance in plant protection and nutrition. Roszl,
Juabg 2001, 47, 181-1912.

(22) Hale, A. L.; Reddivari, L.; Nzaramba, M. N.; Bamberg, J. B.; Miller,
J. C. Interspecific variability for antioxidant activity and phenolic
content among Solanum species. ———_ 2008, 85, 332-
341.

(23) Nzaramba, M. N.; Bamberg, J. B.; Miller, J. C., Jr. Effect of
propagule type and growing environment on antioxidant activity
and total phenolic content in potato germplasm. iy
2007, 84, 323-330.

(24) American Cancer Society. Cancer facts and figures 2008. American
Cancer Society, Atlanta, GA, 2008.

(25) Hawk, E. T.; Umar, A.; Richmond, E.; Viner, J. L. Prevention and
therapy of colorectal cancer. | NI 2005, 89, 85-110.

(26) Rodriguez-Saona, L. E.; Wrolstad, R. E.; Pereira, C. Glycoalkaloid
content and anthocyanin stability to alkaline treatment of red-
fleshed potato extracts. Jonlaadmeg. 1999, 64, 445-450.

J. Agric. Food Chem., Vol. 57, No. 18,2009 8315

(27) Brand-Williams, W.; Cuvelier, M. E.; Berset, C. Use of a free radical
method to evaluate antioxidant activity. | N N R NI
1995, 28, 25-30.

(28) Miller, N. J.; Rice-Evans, C. A. Factors influencing the antioxidant
activity determined by the ABTS" * radical cation assay. jisaiie
Res. 1997, 26, 195-199.

(29) Singleton, V. L.; Orthofer, R.; Lamuela-Raventos, R. M. Analysis of
total phenols and other oxidation substrates and antioxidants by
means of Folin—Ciocalteu reagent. i 1999, 299,
152-178.

(30) Sotelo, A.; Serrano, B. High-performance liquid chromatographic
determination of the glycoalkaloids a-solanine and a-chaconine in
12 commercial varieties of Mexican potato. | N
2000, 48, 2472-2475.

(31) Huhtala, A.; Alajuuma, P.; Burgalassi, S.; Chetoni, P.; Diehl, H.;
Engelke, M.; Marselos, M.; Monti, D.; Pappas, P.; Saettone, M. F.;
Salminen, L.; Sotiropoulou, M.; Tahti, H.; Uusitalo, H.; Zorn-Kruppa,
M. A collaborative evaluation of the cytotoxicity of two surfactants
by using the human corneal epithelial cell line and the WST-1 test.

. 2003, 79, 11-21.

(32) Phillips, B. J. Development of cell culture techniques for assessment
of the toxicity of plant products. iy 1996, /0, 69-76.

(33) SAS Institute, Inc. SAS software version 9.1, SAS Institute, Inc.,
Cary, NC, 2002.

(34) Kim, M. J.; Kim, Y. J.; Park, H. J.; Chung, J. H.; Leem, K. H.; Kim,
H. K. Apoptotic effect of red wine polyphenols on human colon
cancer SNU-C4 cells. | 2006, 44, 898-902.

(35) Juan, M. E.; Planas, J. M.; Ruiz-Gutierrez, V.; Daniel, H.; Wenzel,
U. Antiproliferative and apoptosis-inducing effects of maslinic and
oleanolic acids, two pentacyclic triterpenes from olives, on HT-29
colon cancer cells. Br. J. Nutr. 2008, 1-8.

(36) Lui, M.; Li, X. Q.; Weber, C.; Lee, C. Y.; Brown, J.; Lui, R. H.
Antioxidant and antiproliferative activities of raspberries. Lt
dasaialeis. 2002, 50, 2926-2930.

(37) Milde, J.; Elstner, E. F.; Grassmann, J. Synergistic effects of
phenolics and carotenoids on human low-density lipoprotein oxida-

tion. N 2007, 51, 956-961.

Received May 11, 2009. Revised manuscript received August 1, 2009.
Accepted August 2, 2009.



