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Fingerprint of Phytochemicals in Rice Protein Isolate
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Rice protein isolate (RPI) has been reported to reduce the incidence of 7,12-dimethylbenz[a]-
anthracene-induced mammary tumors in rats. To determine the potential role of phytochemicals
associated with the RPI, we studied in vitro antitumor activities of an ether fraction from RPI using
human tumor cell lines, including two human breast carcinoma cell lines (MDA-MB-453 and MCF-7)
and two myeloma cell lines (RPMI-8226 and IM-9). Concentration-dependent antiproliferative effects
of the ether fraction were observed in all cell lines using the standard 3-[4,5-dimethylthiazol-2-yl]-
2,5-diphenyltetrazolium bromide assay. Fraction-induced apoptosis (P < 0.05) was detected in all
cell lines, and this was associated with the induction of proapoptotic bax protein and cdk inhibitors
(p21) and the suppression of cdk4 and cyclin D1 activity. Liquid chromatography—mass spectrometry/
mass spectrometry (LC-MS/MS) with both positive and negative modes was used to analyze the
phytochemicals in the ether fraction from RPI. Fifty-seven phytochemicals were identified or
characterized by their diagnostic fragmentation patterns and direct comparison with the authentic
standards on the basis of electrospray ionization-MS/MS data. The major components bound to RPI
were lysoglycerophospholipids, fatty acids, and fatty acid 3-[2-(2,3-dihydroxy-propoxycarbonyl)-2-
hydroxy-ethoxy]-2-hydroxy-propy! esters.
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INTRODUCTION has been given to the health effects of rice protein isolate (RPI)

Diet is believed to be one of the most important lifestyle 2Nd the phytochemicals bound to RPI. RPI is in widespread
factors responsible for the lower incidence of breast and colon US€ in the food industry and has been reported to lower
cancer in certain Asian countries as compared with the United cholesterol (24), to have antiatherogenic properties (25), and
States. Traditionally, Asians have consumed more soy, rice, andt® Plock experimentally induced mammary tumorigenea (
fish and less red meat and fat than Americans. In countries such__OUr laboratory has previously demonstrated that rats fed AIN-
as Japan, where the diet has become progressively more?3G diets made with RPI have a significantly lower incidence
Westernized in recent years, the incidence of colon cancer hadh 7,12-dimethylbenz]anthracene (DMBA)-induced mammary
increased 1). Although soy foods have received considerable tUmMors €7), and we were interested in the potential mechanisms
attention for their potential cancer protective effe@s @), rice of this effect. The aim of the current study was to determine
is a major staple of Asian diets that is generally consumed in € Potential antitumor-promoting effects of a phytochemical
greater quantities than soy. Rice possesses special dietanfXtract of RPI using in vitro bioassays. Furthermore, the
importance in Asia and is becoming increasingly recognized phytoc_he_mlcals 'bound to RP_I were identified or characterl_zed
as providing health benefits in the areas of can@r1g) by their diagnostic fragmentation patterns and direct comparison
inflammation (19), and reductions in serum cholesteBal Wlth the authentic standards on the basis of electrospray
23). The majority of the studies in rice have focused on the Onization—mass spectrometry (ESI-MS)/MS data.
phytochemicals of rice bran and colored rice. Much less attention

MATERIALS AND METHODS
* To whom correspondence should be addressed. Tel: 501-364-2875. Materials and ReagentsRPI was a gift from Riceland Foods, Inc.

Fax: 501-364-2818. E-mail: BadgerThomasm@uams.edu. (Stuttgart, AR). RPI was produced using a proprietary process similar
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bovine serum, and trypan blue were purchased from Gibco (Grand
Island, NY). Dimethyl sulfoxide (DMSO), 3-[4,5-dimethylthiazol-2-
yl]-2,5-diphenyltetrazolium bromide (MTT), and propidium iodide were
purchased from Sigma (St. Louis, MO). Annexin V—fluorescein
isothiocyanate (Annexin V-FITC) was purchased from BD Bioscences
(Palo Alto, CA). Lysis buffer was from Cell Signaling (Beverly, MA).
Bio-Rad protein standard solution, Kaleidoscope Prestained Standards,
and Immun-Blot PVDF Membrane for Protein Blotting (Q.&h) were
from Bio-Rad Laboratories (Hercules, CA). The primary antibodies
against cdk4, p24A¥1, Bax, and two secondary antibodies (anti-rabbit
IgG antibody and anti-mouse IgG antibody) were purchased from Santa-
Cruz Biotechnology (Santa Cruz, CA,; catalog nos. 260, 397, 526, 2004,
and 2005, respectively), and anti-cyclin D1 antibody was from Cell
Signaling Technology (catalog #2926). Three standard mixtures includ-
ing L-a-lysophosphatidylethanolamine (lyso-PE) (prepared from egg
yolk, contains primarily stearic and palmitic acids)x-lysophosphati-
dylcholine (lyso-PC) [prepared by the action of phospholipase A on
soybean.-a-phosphatidylcholine, contains primarily C-18 unsaturated
fatty acids (FAs)], and-a-lysophosphatidylinositol (prepared by the
action of phospholipase A on soybean-phosphatidylinositol, contains
primarily palmitic and stearic acids), and FAs including linolenic acid,
myristic acid, palmitoleic acid, linoleic acid, palmitic acid, oleic acid,
and stearic acid were purchased from Sigma-Aldrich Chemical Co.
Preparation of the Ether Fraction from RPIl. RPI (200 g) was
extracted with 300 mL of 80% aqueous methanol &5or 24 h with
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Figure 1. Antiproliferative effects of five concentrations of an ether fraction
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occasional stirring. The slurry was filtered through a Biichner funnel from RPI 24 h after treatment on (A) two human breast carcinoma cells

with #4 Whatman filter paper. The extraction process was repeated (MDA-MB-453 and MCF-7) and (B) two myeloma cell lines (RPMI-8226
with 80% (300 mL) aqueous methanol and followed with 50% methanol 54 IM-9) as determined by MTT assay. Key: 1, medium as control; 2

(300 mL x 2). The four extracts were combined and concentrated on
a rotary evaporator under reduced pressure at room temperature unti
the methanol was removed. The aqueous extract (200 mL) was
partitioned with ether (200 mlx 3). The combined ether phase was
filtered through a Blichner funnel with #4 Whatman filter paper. The
clear ether phase was evaporated under reduced pressure at roo
temperature followed by drying in a freeze dryer. The ether fraction
(4.057 g) represented 2.03% of RPI.

Cell Cultures and Treatment. Four cell lines including two human
breast carcinoma cell lines, estrogen receptor (ER)-negative MDA-MB-
453 and ER positive MCF-7, and two myeloma cell lines, Epstein
Barr virus (EBV)-negative RPMI-8226 and EBV-positive IM-9, were
obtained from the American Type Culture Collection (Rockville, MD).
MDA-MB-453 and MCF-7 cells were maintained in Dulbecco’s
modified Eagle medium containing 0.37% NaH£0.1% penicillin/
streptomycin, and 10% fetal bovine serum. Two myeloma cell lines
were maintained in RPMI-1640 supplemented with 10% fetal bovine
serum, 100 U/L penicillin, 100 mg/L streptomycin, and 4 mmol
L-glutamine. Cell cultures were incubated at 7 in a humidified
atmosphere of 5% C495% air. The test fraction was dissolved in
DMSO and mixture with medium before treatment. The final concen-
tration of DMSO in treated cell medium was 0.1%. Two control groups
were cells cultured in medium only (untreated) or in medium plus 0.1%
DMSO.

Cell Proliferation Assay. Human breast cell lines (& 10¥100uL/
well) were seeded in 96 well microplates and maintained for 48 h in
the medium prior to treatment with different concentrations of an ether
fraction from RPI. The MTT assay was carried out following previously
described protocols (29). Myeloma cell lines ¥510%100 uL/well)
were cultured overnight in 96 well microplates in medium free of phenol
red, followed by treatment with different concentrations of the fraction.
The MTT assay was conducted based on the published proce8Qyes (
At the desired time point of treatment (24, 48, or 72 h), the medium
was replaced with 100L of fresh culture medium free of phenol red
containing 1QuL of 12 mM MTT solution. After incubation with MTT
at 37 °C for 4 h, 100uL of sodium dodecyl sulfate (SDSHCL
solution was added to each well and incubated af@7overnight.
The viable cells in the wells converted MTT into purple formazan,
which was measured at 540 nm. For observation of antiproliferative
effects on the cell images, MCF-7 cells were seeded in six well
microplates and treated with the fraction for 24 h. Antiproliferative
effects on morphological changes of MCF-7 cells were captured at
200x magnification using the Spot program, Version 4.0 (Diagnostic

g.l% DMSO; 3, 50 mgiL; 4, 100 mg/L; 5, 200 mg/L; 6, 400 mg/L; and 7,
00 mg/L. Each value represents the mean + SD of three replicates; * =
P < 0.05 vs control.

200 mg!L . - 00 ng’L
Figure 2. Antiproliferative effects on morphological changes of MCF-7

cells 24 h after treatments of different concentrations of the ether fraction
from RPI.

800 mg/L

Instruments, Inc., Sterling Heights, Ml). All experiments were repeated
at least three times using triplicate determinations.

Apoptosis Assays.The apoptotic effect of the ether fraction from
RPI was determined by staining cells with Annexin V-FITC and PI
(31). Cells were cultured in medium containing various concentrations
of the fraction. The treated cells were harvested 24 h after treatment
with the fraction and washed in ice-cold phosphate-buffered saline
(PBS) and resuspended in 350 of Annexin V-binding buffer on
ice. Five microliters of Annexin V-FITC was added to the cells and
incubated on ice for 30 min in the dark. The cells were washed with
PBS and resuspended in 3bD of binding buffer on ice, and 4.5L
of Pl was added. After incubation in the dark for 10 min, the cells
were analyzed by flow cytometry. Data plots were generated from
analysis of ungated data, and representative dot plots indicate apoptotic
tumor cells determined by Pl and Annexin V-FITC staining. Viable
cells (PI/Annexin VV-), newly apoptotic cells (PYAnnexin V), and
already apoptotic cells (PIAnnexin V") are located in the lower left
(LL), lower right (LR), and upper right (UR) quadrants of data plots,
respectively. The total apoptotic cells represented the sum dof Pl
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Figure 3. Ether fraction-induced apoptosis in two human breast carcinoma cell lines and two myeloma cell lines 24 h after treatment. Representative
dot plots showing apoptotic tumor cells determined by Pl and Annexin V-FITC staining. Alive cells (PI=/Annexin V), newly apoptotic cells (PI~/Annexin
V*), and already apoptotic cells (PI*/Annexin V*) are located at LL, LR, and UR, respectively. (A) Control (0.1% DMSO), (B) 50 mg/L, (C) 200 mgiL,
and (D) 800 mg/L. The percentages of apoptotic cells are the sum of PI=/Annexin V* (newly apoptotic cells) and PI*/Annexin V* (already apoptotic) cells
population by flow cytometry analysis; * = P < 0.05 vs control.

Annexin V" (newly apoptotic) and PfAnnexin V* (already apoptotic)

cell populations (31).

Western Blot Analysis. MDA-MB-453 and MCF-7 cells were
from RPI at 50, 200, or 800 mg/L when the cell density reached 80

h, harvested in cell lysis buffer containing 1 mM phenylmethylsulfonyl

Rad protein standard solution. Equal amounts of total protein were
mixed with 5x loading buffer (25% glycerol, 7.5% SDS, 5% 2-mer-
captoethanol, 0.05% bromophenol blue, and 156 mM Tris-HCL, pH
incubated in 75 ciflasks. The cells were treated with an ether fraction 6.8) and fractionated by electrophoresis on 15% Sp&yacrylamide

gel electrophoresis (PAGE). Kaleidoscope Prestained Standards were
90% confluence. The cells were washed with cold PBS twice after 24 used as molecular weight markers. Proteins were electrotransferred to
immune-blot PVDF membranes using transfer buffer. After blocking
fluoride with sonication while in an ice bath, and microcentrifuged. with 5% w/v nonfat dry milk in TBS overnight at 4C, the membranes
The protein concentration in the cell lysate was measured using Bio- were incubated for 2 h abom temperature with appropriate dilutions
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0.8 mL/min. The LC gradient was acetonitrile (solvent B) inCH
(solvent A). The constituents in the eluant were monitored by MS and
a diode array detector set at five wavelengths of 2000, 240+ 10,
290 + 10, 320+ 10, and 355t 10 nm. MS with both positive and
negative modes was used to characterize or identify a wide range of
natural products. For optimum MS analysis, 10 mmol/L ammonium

acetate (for negative-ion mode) or 2% formic acid (for positive-ion
mode) in methanol was used as an ionization reagent and added at a
flow rate of 0.2 mL/min via a tee in the eluant stream of the high-
performance liquid chromatograph (HPLC) just prior to the mass
spectrometer. Conditions for ESI-MS in both negative- and positive-
ion mode included a capillary voltage of 3200 V, a nebulizing pressure
of 33.4 psi, a drying gas flow of 8 mL/min, and at 25C. Parameters

that control the atmospheric pressure interface (API) and the mass spec-
trometer were set via the Smart Tune with a compound stability of
50% and a trap drive level of 50%. lon charge control (ICC) was on
including the following: target, 5000; maximum accumulation time,
50.00 ms; scamvz 80.00-850.00; averages, 10; and rolling averaging,
off. Conditions for automatic MS/MS were as follows: width of the
isolation, 4.0; fragmentation amplitude, 1.00 V; and number of parents,
P21 Cyclin D1 Cdkd 1.

Figure 4. Expression of bax, p21, cyclin D1, and cdk4 in MDA-MB-453
and MCF-7 cells with Western blot analysis. Cells were treated with the
ether fraction from RPI in various doses for 24 h. Key: 1, 0.1% DMSO
as control; 2, 50 mg/L; 3, 200 mg/L; and 4, 800 mg/L. Each value
represents the mean + SD of three replicates; * = P < 0.05 vs control.
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Statistical Analyses.Results are expressed as meanstandard
deviations (SD) for at least three replicate determinations for each assay.
The data shown irFigures 2, 4, and5 were analyzed by one-way
analysis of variance and Dunnett’s posthoc test to compare treatments
vs the control using SigmaStat software. values < 0.05 were
considered statistically significant.

of primary antibodies in blocking buffer, anti-cdk4 (1:600), anti-{#Z*
(1:500), anti-Bax (1:600), and anti-cyclin D1 (1:2000), and washed RESULTS AND DISCUSSION
three times with TBS containing 0.1% Tween 20. Subsequently, the
membranes were incubated with the peroxidase-conjugated anti-rabbit
secondary antibody diluted in blocking buffer, 1:6000 for anti-cdk4,

We have previously studied the effects of SPI on mammary
gland development and DMBA-induced mammary tumors and
1:5000 for anti-p2%AFt, and anti-Bax, or the peroxidase-conjugated found a consistently '9"‘{e,r InCIdencg of tumors, increased
anti-mouse secondary antibody 1:3000 for anti-cyclin D1. Antibody- 'at€ncy, and lower multiplicity32). Morita et al. 26) found a
bound proteins were visualized by ECL plus Western blotting analysis lOwer incidence of the DMBA-induced mammary gland tumors
system (Amersham Pharmacia Biotech, United ngdom) in rats fed diets made with RPI when Compal'ed with rats fed

LC-MS/MS Analysis. The ether fraction from RPI was directly diets made Wlth.e|ther casein or SRB{. Similar results have
analyzed by LC-MS/MS using a Bruker model Esquire-LC multiple been _rep_orted In our Iaborator;_@?(). These_ results are of
ion trap mass spectrometer equipped with an Agilent 1100 series liquid Potential importance because while Westernized populations do
chromatograph and HP ChemStation for data collection and manipula- N0t consume high levels of either rice or soy, there is far more
tion. A 150 mmx 4.6 mm i.d Eclipse XDB-C8 column (Agilent Tech-  rice consumed in countries such as the United States than soy
nologies, Wilmington, DE) was used with LC solvent at a flow rate of foods, and if a health advantage could be established, there is
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Figure 5. LC/MS/MS fingerprints of an RPI ether fraction: (A) negative TIC, (B) positive TIC, and (C) UV (200 £ 10 nm) chromatogram. Lyso-PC: 7,
9, 10, 12, 16, 18, 20, 23, 25, 27, 35, and 38 (Figure 6A); lyso-PE: 3, 4, 6, 8, 11, 15, 17, 19, 22, 24, 26, 34, 36, and 41 (Figure 6B); lyso-PG: 37, 39,

and 43 (Figure 6C); FAs: 1, 2, 5, 13, 14, 21, 30, 32, 42, 45-51, and 53-57 (Table 1); and FA DPHEHP esters: 28, 29, 31, 33, 40, 44, and 52 (Table
2).
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A. Identification of lysophosphatidylcholines associated with RPI:
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Figure 6. LC-MS chromatograms of lyso-PL in the ether fraction and lyso-PL standards. Lyso-PC: 7, lyso/14:0a-PC; 9, 14:0a/lyso-PC; 10, lyso/18:3a-
PC; 12, 18:3allyso-PC; 16, lyso/18:2a-PC; 18, 18:2allyso-PC; 20, lyso/16:0a-PC; 23, 16:0a/lyso-PC; 25, lyso/18:1a-PC; 27, 18:1a/lyso-PC; 35, lyso/18:
0a-PC; and 38, 18:0a/lyso-PC. Lyso-PE: 3,* OH-lyso/18:2a-PE; 4,* OH-18:2a/lyso-PE; 6, lyso/14:0a-PE; 8, 14:
18:2a-PE; 17, 18:2allyso-PE; 19, lyso/16:0a-PE; 22, 16:0a/lyso-PE; 24, lyso/18:1a-PE; 26, 18:1a/lyso-PE; 34, lyso/18:0a-PE; 36, 18:0a/lyso-PE; and 41,
20:1allyso-PE. Lyso-PG: 37, lyso/16:0a-PG; 9, 16:0a/lyso-PG; and 43, lyso/18:1a-PG. *Compounds 3 and 4 are trace components in RPI, and LC/MS/

MS data are available as Supporting Information.

a greater likelihood that Westerners would incorporate more 2.03% of RPI. To determine the potential role of phytochemicals
rice into their diets than soy. In the current report, the associated with the RPI, we studied in vitro antitumor activities
phytochemicals in the ether fraction were obtained from a of an ether fraction using human tumor cell lines and determined
partition between ether and agueous methanol extract of RPI.the identity of phytochemicals in the ether fraction from the

The ether fraction (4.057 g from 200 g of RPI) represented RPI.

Oallyso-PE; 11, 18:3a/lyso-PE; 15, lyso/
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Table 1. ESI-MS/MS Data for Free FAs Associated with RPI

product ions from CID, miz (relative intensity %)

no. in R ionization parent other
Figure 1 (min) mode ion [P —Hy0)2 ions structure
FAs with Two Oxygen Atoms (Nonhydroxy FAS)

46 45.0 negative 279 M —H]~ 261 (100) 18:2
positive 263 [M +H - H0]* 245 (100) 165 (36), 149 (51), 121 (48), 93 (57)

47 456 negative 255 [M - H]~ 237 (100) 16:0

48b 45.9 negative 277 M =H]~ 259 (32) 233 (100) 18:3 (linolenic acid)
positive 279 [M +H]* 261 (26) 191 (73), 173 (100), 151 (53), 131 (49)

49b 46.1 negative 227 M —H]~ 209 (100) 14:0 (myristic acid)

50 46.7 negative 255 [M —H]~ 237 (100) 16:0

510 47.2 negative 253 [M —1]~ 235 (100) 16:1 (palmitoleic acid)

53b 48.2 negative 219 M -1~ 261 (100) 18:2 (linoleic acid)
positive 263 [M +H - H.0]* 245 (100) 217 (43), 189 (69), 163 (55), 105 (29)

54 48.8 negative 2719 M -1]~ 261 (100) 18:2
positive 263 [M +H —H,0]* 245 (100) 189 (50), 161 (33), 127 (23), 109 (25)

550 50.0 negative 255 M - 1]~ 237 (100) 16:0 (palmitic acid)
positive 257 [M +H]* 239 (70) 187 (50), 145 (100), 117 (72), 103 (69)

56 50.8 negative 281 [M-1]" 263 (100) 18:1 (oleic acid)
positive 265 [M +H - H,0]* 247 (100) 191 (36), 151 (74), 111 (65), 95 (72)

570 53.7 negative 283 M -1~ 265 (100) 18:0 (stearic acid)
positive 285 [M + H]* 267 (39) 201 (94), 191 (71), 159 (100), 145 (58)

FAs with Three Oxygen Atoms (Monohydroxy FAS)

30 31.2 negative 295 M —H]~ 277 (100) 233 (17), 195 (51), 179 (7), 171 (22) OH-18:2
positive 279 [M +H - H,0]* 261 (23), 243 (71), 159 (59), 123 (100)

32 33.0 negative 295 [M —H]~ 277 (69) 233 (6), 251 (3), 171 (100), 123 (14) OH-18:2
positive 279 M +H - H0]* 261 (23) 243 (100), 192 (45), 179 (71), 121 (47)

42 419 negative 295 [M - H]~ 277 (100) 233 (4), 171 (77), 141 (2), 125 (3) OH-18:2
positive 279 [M +H - H0]* 261 (64) 224 (38), 179 (46), 153 (44), 124 (100)

45 44.2 negative 297 M —H]~ 279 (63) 197 (3), 171 (100), 155 (15) OH-18:1

FAs with Four Oxygen Atoms (Hydroxylated and/or Hydroperoxidated FAS)

5 14.2 negative 311 [M-H]~ 293 (100) 275 (11), 231 (21), 181 (12), 157 (69) diOH-18:2

13 18.0 negative 313[M-H]~ 295 (100) 277 (20), 195 (21), 183 (90) diOH-18:1
positive 337 [M + NaJ* 263 (46), 245 (54), 207 (53), 176 (100)

14 18.6 negative 313 [M—H]~ 295 (33) 277 (34), 201 (100), 171 (45), 165 (25) diOH-18:1
positive 337 [M + NaJ* 261 (72), 243 (87), 226 (100), 188 (72)

21 224 negative 315[M-H]~ 297 (100) 279 (15), 171 (39), 155 (9), 141 (7) diOH-18:0

FAs with Five Oxygen Atoms (Hydroxylated and/or Hydroperoxidated FAs)

1 119 negative 329 M -H]~ 311 (42) 293 (63), 229 (100), 211 (51), 171 (55) triOH-18:1
positive 353 [M + NaJ* 335 (100)

2 12.8 negative 329 M —H]~ 311(32) 293 (17), 211 (40), 195 (100) triOH-18:1
positive 353 [M + NaJ* 335(72) 321 (85), 289 (81), 235 (100), 191 (98)

aJons [P — H,0] are the ion [parent — H,O]* for positive ionization mode MS and the ion [parent — H,0]~ for negative ionization mode MS. ? Compounds were identified
by direct comparison in LC-MS/MS analysis.

Antiproliferative Properties of the Ether Fraction from antiproliferative effects were observed at the same concentration
RPI. The MTT assay was used to assess antiproliferative effectsin the MTT bioassay (Figure 1).

of the ether-soluble phytochemicals from RPI in four human Ether Fraction-Induced Apoptosis. Fraction-induced apo-

cancer cell Iines._ Following incubation with different concentra- ptosis on MDA-MB-453, MCF-7, RPMI-8226, and IM-9 cells
tions of the fraction (0, 50, 100, 200, 400, and 8@mL) for = |54 eyajuated at 0 (0.1% DMSO), 50, 200, and 800 mg/L of

2.4 bhll' th(le:r_e Wai a:c;:onciantrition-deﬁendentt) fedUCtior? of Ce"the fraction. The treated cells were sequentially stained with
viability (Figure 1). ICso values for two human breast carcinoma 5 neyin \.FITC and propidium iodide following 24 h of

Cs:las'\/l(:\ASDZ’géMB'ﬁa%nd MCng) 4a1nil tE\;/v(c))?m)l/ggrggicgllslénes treatment with the fraction. The staining pattern with annexin
( ) an -9) were : o0 ' = V-FITC or/and propidium iodide of the treated cells and their

271194 17.89, and 353.21 54.18 mg/L, respectively. It is controls was quite different. Gradual dose-dependent decreases
important to note that different protocols were used for the MTT 9 b
of viable cells and increases of apoptotic cells were observed

bioassay of myeloma cells (growth properties, suspension) and.
breast cells (growth properties, adherent): thuse Malues of in the human breast carcinoma and the myeloma lines (Figure
- 3). Approximately 200 mg/L of the fraction could induce
myeloma cells should not be used to compare with that of breast L 0 . .
cells for their potency. Similar fraction potencies {§Qsed as aPOptOS'S n 50/.0 of the population. The re.SU|tS were consistent
an indicator of their potency) in the MTT assays were observed with the antiproliferative effect of the fraction.
at 48 and 72 h treatments of the fraction in all cell lines (data  Expression of Cdk4, Bax, Cyclin D1, and p2¥A"1. MDA-
not shown). MCF-7 cells seeded in six well microplates were MB-453 and MCF-7 cells were used to elucidate the mecha-
treated with the fraction for 24 h, and the morphological changes nisms of the fraction-induced apoptosis. The cells were treated
of cells were captured at 200magnification using the Spot  with the fraction at 0 (0.1% DMSO), 100, 400, and 800 mg/L,
program, version 4.0. Clear antiproliferative effects were and the treated cells were examined by Western blot analysis.
observed at 50 mg/L of the extracFigure 2), while no As shown inFigure 4, the levels of bax and p21 protein were
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Figure 7. Mass spectra of compound 33 and proposed diagnostic fragmentation pathways for FA DPHEHP esters.
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increased, and in contrast, the levels of cyclin D1 and Cdk4 LC-MS/MS Fingerprint of an Ether Fraction from RPI.
were decreased 24 h after fraction treatment. The ether fraction was directly analyzed by LC-MS/MS. Five

In these studies, the in vitro bioassay of an ether fraction of wavelengths set on the diode array detector and MS with
RPI in human breast cell lines indicated a dose-dependentPositive and negative modes were used to monitor the phy-
decrease in the numbers of viable cells, increases in apoptotictochemicals in the eluant from LC. The major UV peaks were
cell numbers, and suppression of proliferation. The results shown in the 200 nm chromatograffigure 5C) and identified
suggest that the fraction-induced apoptosis may be mediated@s unsaturated FAs by comparison with corresponding standards.
through increasing proapoptotic bax protein expression. MDA- The negative total ion chromatograms (TI€)dure 5A) and
MB-453 and MCF-7 cells treated with the fraction also showed UV (200 nm) profiles, combined with a lack of significant peaks
up-regulation of p21 and down-regulation of cyclin D1 and detected at 240, 290, 320, and 355 nm, suggested that major
cdk4. A central role is played by cdks in the cell cycle of Phytochemicals in an ether fraction from RPI were common
mammalian cells33), and progression through the cell cycle FAs (compoundsl8, 53, and55—57). However, the positive
is accelerated by cyclins and cdks and decelerated by cdkTIC profile shown in Figure 5B revealed a much more
inhibitors (such as p21). The D type cyclins (cyclins D1, D2, complicated composition for phytochemicals associated with
and D3) are involved in regulation of transition from G1to S RPI.
phases of the cell cycle. Also, it is reasonable to assume that Identification of Lysophospholipids (Lyso-POwelve lyso-

the fraction may induce G1 arrest in cells via the induction of
cdk inhibitors (p21), with the suppression of cyclin D1 and cdk4
activity. Furthermore, we studied myeloma cell lines to deter-
mine if these effects were limited to just mammary tumor cells

or if these protective effects might be applicable to other cancers.

PCs, 14 lyso-PEs, and three lysophosphatidylglycerols (lyso-
PG) were identified by direct comparison with their correspond-
ing standards in LC-MSHjgure 6) and their unique fragments
and neutral losses in the ESI-MS with both positive- and
negative-ion modes3@). The MS data for lyso-PC, lyso-PE,

Our results suggested that phytochemicals in RPI act similarly and lyso-PG for RPI are very similar to those previously
in myeloma cell lines. It should be noted that the concentrations published for soy protein isolat84), except for one ion in the
of the fraction required to cause these effects were somewhatnegative MS of lyso-PC. While lyso-PC yielded an abundance

high, but it was a crude fraction and further fractionation is
expected to reveal one or more phytochemicals with high
potency.

of negative molecular ion species [ OAc]™ in the neutral
solvent system in this study, abundant fM HCOO]~ was
generated in the formic acid solvent system instedt).(The
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Table 2. ESI-MS Data for FA DPHEHP Esters Associated with RPI
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positive ionization m

ode, miz (relative intensity %)

major peaks in MS

product ions CID of [M + H — glycerol]*

no. in parent
Figure R [M+H- [M+H- [M+H- [M+H=[parent — [parent — cation at other
1 (min) [M+H* [M+Na]* [M+NHJ]* H,O]* glycerol]* glycerol —H,O]* glycerol]*  H,Ol* lacyll*  [acyloxy]* C3HsOo)* miz 145 ions
28 283  493(1) 515(0) 510 (0) 475(0) 401 (100) 383(11) 401 383(60) 239 (100) 257 (18) 145(12) 335(51)
29 29.0 517(0) 539(22) 534(18)  499(10) 425 (100) 407 (42) 425 407 (100) 263 (53) 353 (18) 389 (68), 283 (57)
31 319 493(0) 515(30) 510(19) 475(16) 401 (100) 383(29) 401 383(100) 239(47) 257(3) 329(20) 145(41) 341(24),127(15)
33 339 493(0) 515(6) 510 (9) 475(3) 401 (100) 383 (8) 401 383(100) 239(12) 257(3) 329(3) 145(8) 163(5), 127 (4)
40 399 519(17) 541(42) 536 (14) 501 (6) 427 (100) 409 (61) 427 409 (100) 265(37) 283(20) 355(10) 145(8) 391 (44),373(31)
44 434  521(0) 543(2) 538(12) 503 (3) 429 (100) 411 (14) 429 411(100) 267(23) 285(1) 357(11) 145(12) 393(5), 351 (16)
52 476 549(0) 571(7) 564 (9) 531(0) 457 (100) 439 (56) 457 439(100) 295(8) 313(3)  385(7) 421 (9), 293 (10)
negative ionization mode, m/z (relative intensity %)
major peaks in MS product ions CID of [M = H]~
no. in proposed
Figure R M-H- parent M-H- M-H- tentative
1 (min) M=H]~ [acyloxy]™ acyl]™ M=H]~ [acyloxy]™ acyl]™ acyloxy]™ structures
28 28.3 491 (100) 255 (75) 253 (39) 491 255 (100) 253 (10) 235 (20) stereoisomer of
compound
33 (Figure 7)
29 29.0 515 (100) 279 (44) 253 (11) 515 279 (100) 253 (8) 235(3) linoleic acid (18:2)
FA DPHEHP esters
31 319 491 (100) 255 (58) 253 (12) 491 255 (100) 253 (20) 235 (30) stereoisomer of
compound
33 (Figure 7)
33 339 491 (100) 255 (48) 253 (15) 491 255 (100) 253 (21) 235 (25) palmitic acid (16:0)
DPHEHP esters
(Figure 7)
40 39.9 517 (100) 281 (35) 253 (9) 517 281 (100) 253 (4) 235(7) oleic acid (18:1)
DPHEHP esters
44 434 519 (100) 283 (36) 253 (12) 519 283 (100) 253 (3) 235(7) stearic acid (18:0)
DPHEHP esters
52 47.6 547 (100) 311 (30) 547 311 (100) 253 (36) arachidic acid (20:0)
DPHEHP esters

MS data for lyso-PL are not shown and are available as
Supporting Information.

Identification of FAsSeven common FAs, linolenic acidg),
myristic acid (49), palmitoleic acid5¢), linoleic acid §3),
palmitic acid (55), oleic acid (56), and stearic acid (57), were
identified by comparison with their corresponding standards in
LC-MS/MS analyses. Also, 14 FAs were characterized by LC-
MS/MS analysis including retention time and product ions from
collision-induced dissociation (CIDY@ble 1). FAs were much
more sensitive to negative ionization than positive ionization
because of the carboxyl group. Carboxylate anions{M]~

positive MS spectrum oB3 (Figure 7 and Table 2). Two
positive molecular ion species, [M Na]t atm/z515 and [M

+ NH4] ™ atm/z510, appeared in the positive MS spectrum of
33, but they were not abundant. To confirm 492 as the molecular
weight of 33, the addition of 5@g/mL silver perchlorate post-
HPLC was used in LC-MS/MS analysis. This method can be
used to form the Ag—lipid adducts and enhance the ESI of
neutral lipids (35). Furthermore, the naturally occurring isotopes
of silver (%7Ag and 19°Ag) are of almost equal abundance,
resulting in a very characteristic two mass doublet for the two
Ag* adduct ions. In this study, the characteristic two*Ag

were the major molecular ion species in the MS spectra, and adducts of compoun83 atn/z 599 (°7Ag-33) and 6011*°Ag-

CID of [M — H]~ yielded abundant ions [M- H — H,O] .

For the positive ionization, ESI-MS behavior of FAs was
complicated. All FAs with three oxygen atoms (monohydroxy
FAs) yielded abundant positive ion species fivH — H,O]*,

and all FAs with four or five oxygen atoms (hydroxylated and/
or hydroperoxidated FAs) had the tendency to form the ion
species [M+ NaJ" instead (Table 1).

Identification of FA 3-[2-(2,3-Dihydroxy-propoxycarbonyl)-

2-hydroxy-ethoxy]-2-hydroxy-propyl Esters (DPHEHP Esters).
Compound33, in its negative ESI-MS, yielded an aniomafz

33) were produced in the positive MS spectrufig(re 7) and
confirmed the GsHgO9 formula for 33. The structure 083
was assigned as hexadecanoic acid DPHEHP ester based on
product ions from CID of [M— H]~ and [M+ H — glycerol]"
(Figure 7). The fragmentation patterns of compoura®s 29,
31,40,44, and52 were identical to that 033 (Table 2), which
suggested that these compounds should be FA DPHEHP esters.
Because neither NMR data of these minor compounds nor their
standards were available, identification of these compounds
could not be completed by LC-MS/MS and assigned structures

491 as the most abundant ion, along with lesser abundant iongh this study were tentative.

at m/z 255, 253, and 235Higure 7). These three ions were
produced by the CID of anion at/z491. The anion atn/z491
was designed as a deprotonated molecular ion-{MH]~ in
accord with the gsH4s09 formula for33. However, protonated
molecular ions [M+ H]* at m/z 493 were not found in the

The chemical fingerprint of the ether fraction from RPI was
established by LC-MS, which indicated that lyso-PLs, FAs, and
FA DPHEHP esters are the major components. Lyso-PLs are
normal constituents of cellular membran8s, 37), body fluids,
and lipoproteins 38, 39) and have been known for decades to
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