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An active compound that inhibits cancer cells was isolated from the fruit of Prunus mume, and its
structure and in vitro activities were characterized. The n-hexane fraction obtained from methanol
extracts exhibited the strongest inhibitory effect on the growth of cancer cells. From the n-hexane
fraction, a new compound named B-1 was purified through preparative thin-layer chromatography,
ODS column chromatography, and reverse phase high-performance liquid chromatography and its
structure was analyzed by fast atom bombardment mass spectrometry and *H and 13C NMR. The
molecular formula of B-1 was C19H2,0¢ { 2-hydroxy-1-[(7-hydroxy-2-oxo-2H-chromen-6-yl)methyl]-2-
methylpropyl-(22)-3-methyl-but-e-enoate:prunate}, and the ICso value was in the range of 39—58
ug/mL in descending order of the cancer cell lines Hep-2, SW-156, HEC-1-B, and SK-OV-3. B-1
exhibited 81—96% inhibition at a concentration level of 100 ug/mL against all cells, based on an
3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide assay. However, B-1 showed little effect
against normal cells with only 23% or less growth inhibition at 100 ug/mL. Thus, B-1 has a highly
specific inhibitory effect against cancer cells but little effect against normal cells. When the cancer
cell lines Hep-2 and SK-OV-3 were incubated with B-1 for 72 h, most of the tested cells suffered
strong growth inhibition. The compound has the potential to be developed as a nutraceutical.
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INTRODUCTION diarrheal, and antifever effects (149. mume, a deciduous tree
of the genuskosaceagoriginated from central China. It is now
widely distributed with more than 400 varieties worldwide.
However, the raw fruit of this tree is poisonous because the
fruit contains prunasin and amygdalin (1%). Therefore, it is
necessary to process the fruit by pickling in vinegar, liquor, or

yrup or to prepare the fruit as a juice concentrate. In this study,

. mumeruit was extracted using organic solvents. A compound
that inhibits the proliferation of cancer cells was isolated from
the extracts and was characterized.

Elderly people are the fastest growing part of the population
in developed countries, and control of circulatory disease is an
important aspect of aging (2). Much more attention is being
paid to foods and nutraceuticals because immune system
functions are closely related to dietary factors. According to
mortality statistics, cancer has become the most common caus
of death in Korea (B It is well-known that various carcinogens
derived from environmental pollutants are key factors that
induce mutations and cancers via damage to DB)ANumer-
ous reports have focused on attempts to cure cancer using
functional compounds isolated from plangs-9). Vitamins A~ MATERIALS AND METHODS
and C and the dietary fibers abundant in fruits and vegetables sample Extraction and Column Chromatography. Samples of
were reported to decrease the incidence of cardékd (). Citrus P. mumefruit were supplied by Bohae Maesil Farm in Korea (Maesil,
fruits are especially effective in lowering the incidence of gastric Korean name oP. mumefruit). Ten kilograms of fruit was macerated
and colon cancers (12), and sitosterol was reported to decreasé 10 L of pure methanol (MeOH) for 3 days. The residue was then
the development of colon cancer (13). extracted with 10 L of_MeOH. This procedure was rep_eated four_ times,

The fruit of Prunus mumehas been widely used in folk and the extract solutions were gathered. The combined solution was

. . ] e . filtered through a no. 5A filter paper (Advantec, Japan), followed by
remedies and as an herbal medicine having antifatigue, anti concentration using & rotary vacuum evaporator.

A crude sample (732 g) was dissolved in water (1 L) and then serially

*To whom correspondencellshoulr?_ be addres_sed.k¥8l2-2-2123-2886. fractionated withn-hexane, chloroform (CHg), and ethyl acetate
Fa’f‘%ﬁfﬁﬁﬁ@'ﬁf&Ef{c‘,a" csshin@yonsei.ac.kr. (EtOAC). An 3-[4,5-dimethylthiazol-2-y]-2,5-diphenyltetrazolium bro-

 Chonnam National University. mide (MTT) assay using the Hep-2 and SK-OV-3 cell lines was used
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n-hexane fraction was subjected to preparative thin-layer chromatog-

raphy (TLC). Samples were loaded on a 200 mr200 mm Kieselgel
60 Fs4 plate (Merck) and developed with a mixturerehexane/CHGY
MeOH (6:2:1; v/v). Spots were visualized with UVL-56 (UV-366 nm,
Ultra-Violet Products, Inc., United States), and the fraction wittRan
value of 0.6 was isolated. The TLC fractionation was repeated with
another developing solvent ofhexane/CHGIEtOAc/MeOH (6:2:1:
1; viv).

The active fraction was subjected to chromatography on a 550 mm
x 20 mm YMC-Gel ODS column (YMC Co., Kyoto, Japan) that was
successively stepwise eluted with®iMeOH (20:80, 10:90, and 0:100;
v/v) and MeOH/acetone (95:5, 90:10, 85:15, 80:20, 75:25, 70:30, 40:
60, and 0:100; v/v). Further purification using a reverse phase high-
performance liquid chromatography (HPLC) with a 150 .6 mm
Symmetry Gs column (Waters, United States) was performed. The
elution was isocratically performed with 60% MeOH at a flow rate of
1.0 mL/min and detected at 210 nm.

Structural Analysis. Fast atom bombardment (FAB) mass spectra
of theB-1 compound were obtained using a JMSHX110A/110A tandem

mass spectrometer (JEOL, Tokyo, Japan) with a mass resolution of

Jeong et al.

Table 1. Effect of Fractions Isolated from Methanol Extracts of P.
mume Fruit on Proliferation of Hep-2 and SK-OV-3 Cell Lines by MTT
Assay

inhibition rate (%)

fraction concentration (ug/mL) Hep-2 SK-0V-3
n-hexane 100 10.11 13.84
300 82.99 60.02
500 94.21 87.50
chloroform 100 13.67 8.15
300 42.82 15.13
500 83.49 80.36
ethyl acetate 100 15.74 12.88
300 4421 41.05
500 76.62 69.76
water 100 11.31 6.71
300 47.17 37.44
500 80.09 68.18

(SE). The data were evaluated by one-way, and the differences between

1000 (10% valley). The ion source was operated at an acceleratingthe means were assessed by Duncan’s multiple-range test. The

voltage of either 10 or-10 kV, depending on the ion mode. lons were
produced by FAB using a cesium ion gun operated at 22 kV.
Approximately 10ug of sample was dissolved in CHfMeOH (1:1;
v/v). Then, 1uL of 3-nitrobenzyl alcohol (3-NBA) (Sigma) in a positive
ion mode or triethanolamine (BDH, Poole, Dorset, United Kingdom)
in a negative ion mode was added tall of the sample solutiontH
(500 MHz),3C (125 MHz), and two-dimensional (2D) NMR spectra
were measured in GOD using aYNTINOVA 500 spectrometer
(Varian, CA) with tetramethylsilane (TMS) = 0) as an internal
standard.

Cell Lines and Cultivation. The cancer cell lines SW-156 (human
kidney hypernephroma cells), Hep-2 (human larynx carcinoma cells),
SK-OV-3 (human ovary adenocarcinoma cells), and HEC-1-B (human

differences were considered significantpat 0.05.

RESULTS AND DISCUSSION

Isolation of a Compound Inhibiting Cancer Cells from

P. mumeFruit. P. mumefruit (10 kg) was first extracted with
methanol and then fractionated serially with various solvents
at room temperature. An MTT assay using the Hep-2 and SK-
OV-3 cell lines was used for measurement of anticancer activity
during the purification process. The inhibitory effects of each
solvent fraction on the growth of human cancer cells were
examined (Table 1). Tha-hexane fraction showed the highest

uterus adenocarcinoma cells) were used. WRL-68 (human liver cells) growth inhibitory effect against the cancer cell lines Hep-2 and
and NIH/3T3 (mouse embryo cells) were used as normal cells. All cell SK-OV-3. The activity was observed in a descending order of
lines were obtained from the Korean Cell Line Bank (College of n-hexane, chloroform, water, and ethyl acetate. The inhibitory

Medicine, Seoul National University, Korea).

The cell lines SW-156, SK-OV-3, and HEC-1-B, which were
cultivated in RPMI 1640 medium (fetal bovine serum free), contained
1% penicillin—streptomycin (100 unitsL) (Gibco BRL, Gaithersburg,
MD) and 10% FBS (fetal bovine serum) (Hyclone, Logan, UT). The
Hep-2 cells were cultivated in minimum essential medium (MEM)
(Gibco, Grand Island, NY) and contained 10% FBS. The cell lines
WRL-68 and NIH/3T3 were cultivated in DMEM/F12 (Gibco) and
contained 10% FBS. All cells were cultivated in a 5% Q@cubator
at 37°C.

MTT Assay. The inhibition of cell growth was measured by an MTT
assay. After 10@.L of each cell culture was placed in a 96 well plate
at a concentration of % 10* cells/mL, cells were cultivated in a 5%
CGO; incubator at 37°C for 24 h. Extract samples d?. mumefruit

were added to the cell cultures. Each culture was incubated for 48 h in

a 5% CQ incubator at 37C, and then, 1@L of 5 ug/mL MTT (Sigma
Chemical Co., St. Louis, MO) was added to the wells. Controls were
cultivated under the same conditions without additio® omumefruit
extracts. After an additiohmat h of incubation, the medium of each
well culture was carefully removed, followed by addition of 100

of DMSO. Then, the absorbance values were read with an enzyme-

activities ofn-hexane extract against Hep-2 and SK-OV-3 cells
increased greatly up to 94.2 and 87.5% with an increasing extract
concentration up to 50@g/mL. The IGg values of then-hexane
fraction for Hep-2 and SK-OV-3 were estimated to be 240 and
279 ug/mL, respectively.

The n-hexane fraction (26.7 g) was selected and subjected
to preparative TLC. One gram of active fractidg € 0.7, 1.0
g) was obtained and subjected to ODS column chromatography
with successive elution of #D/MeOH and MeOH/acetone. The
resulting fraction (15.9 mg) was further purified by HPLC on
a Symmetry Gg column. A white-yellowish powder (0.9 mg)
with a retention time of 20.06 min on HPLC and]p?® =
—50.8° (c = 0.05) was obtained. The pure active compound
was named-1.

B-1 Structural Determination. Structural analysis oB-1
was performed using FAB-MS and NMR. As shownTiable
2, the’3C NMR (125 MHz, COD) and DEPT spectra d§-1
showed 19 carbon signals including two carbonyl carbon signals
[0 163.5 (C-2), 167.2 (C-1")], 18p? carbon signals (160—

linked immunosorbent assay reader (Bio-Rad, Tokyo, Japan) at 540105.1), one oxygenated quarternary carbon sigh@B(2, C-3),

nm to confirm the number of living cells.

Inhibition of cell growth was expressed as follows: % inhibitien
[1 — (absorbance of treated celisabsorbance of blank)/(absorbance
of untreated cells- absorbance of blank)f 100. The |G, values of
samples indicating 50% growth inhibition were estimated by an MTT
assay. Data are expressed as the average of three analyses.

Microscopic Observation of Cells.After the cell lines Hep-2, SK-
OV-3, HEC-1-B, and SW-156 were incubated with or without Bé&
compound for 72 h in a 5% GOncubator at 37C, cells were observed
using an inverted microscope (Olympus, Japan) (17).

Statistical Analysis. Data were analyzed by the SPSS package for

one oxygenated methine carbon signal 10.8, C-2'), one
methylene carbon signab £8.9, C-1), and four methyl carbon
signals [025.4 (C-4"), 23.7 (C-9, 27.6 (C-4), 20.6 (C-5)].
The 'H NMR (500 MHz, CB,OD) spectrum ofB-1 was
consistent with the carbon signals that appeared it*&MR
spectrum. ThéH NMR spectrum showed the presence of five
s proton signalsd 7.83-5.65), an oxygenated methine proton
signal [0 5.12, (1H,dd, 5.0, 5.5, H-3], a methylene carbon
signal [0 2.91 (1H,dd, 5.0, 17.5, H-B), 3.24 (1H,dd, 5.0,
17.5, H-1'b)], and four methyl carbon signats 2.12—1.37).

Windows (Version 10). Values were expressed as mean standard errorThese data indicate th&-1 is a coumarin conjugated with
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Table 2. Chemical Shifts of H (500 MHz) and 3C (125 MHz) NMR Table 3. ICs Values of B-1 on Various Cancer Cell Lines
Analyses for B-1 (CD;0D, TMS)
ICs0? (,ug/mL)

position *H, 0 (mult, Hz) “C, 0 sample Hep-2 SK-0V-3 SW-156 HEC-1-B
2 163.5
3 6.22 (IH, d, J=9.5) 1137 B % 5% ® 4
4 7.83(1H, d, J=95) 145.8 : A : S—
5 1145 2|Cso is the concentration required for 50% growth inhibition of cancer cells.
6 7.37(1H, 9) 130.7
7 118.0 100 .
8 158.2
9 6.74 (1H, 5) 105.1
10 155.6 g
1'a 2.91 (IH, dd, J=5.0, 17.5) 28.9 <
1'b 3.24 (1H, dd, J=5.0, 17.5) 2
2 5.12 (1H, dd, J= 5.0, 5.0) 70.8 g 50
3 78.2 =
4 1.37 (3H, 9) 25.42 £
5 1.37 (3H, s) 2372 =
1" 167.2
2" 160.0
3" 5.65 (1H, dd, J= 1.5, 1.5) 116.5 0 - . . |
4" 1.89 (3H,d, J=1.5) 276 Hep-2 SK-OV-3 SW-156 HEC-1-B
5" 212(3H,d, J=15) 205

Cell line
Figure 2. Growth inhibition of B-1 against various cancer cell lines by
MTT assay. The concentration of compound B-1 was 10 (white), 50 (gray),
and 100 (black) zeg/mL.

@ Chemical shifts may be vertically interchangeable.

correspond to 6-(2nethyl-pentane-23'-diol)-7-hydroxy-

coumarin (peucedanol) as the partial structurB-dfin 'H NMR

spectrum, agree with the signal patterns of a compound isolated

from Evodia belaheBaillon (18). In the NOESY spectrum, the

cross-peak between the methine protord &.65 (H-3") and

the methyl protons ab 2.12 (3H,d, 1.5, H-3') indicates that

the double bond of the 2 position on 2-methyl-butenoic acid is

Figure 1. Structure of compound B-1 and HMBC NMR correlations. a Z form. Furthermore, the cross-peak between the oxygenated
methine proton ab 5.65 (H-2') and the carbonyl carbon at

methylbutenoic acid and methylpentanediol. In particular, proton 167.2 (C-1") in the HMBC spectrum indicates thaZ)2-

signals ofd 6.22 (1H,d, 9.5, H-3) and 7.83 (1H], 9.5, H-4) methyl-but-2-enoic acid is esterified at thé Position of

in the'H NMR spectrum exhibited the same coupling constant peucedanol (Figure 1).

(J) of 9.5 Hz, indicating that these protons are the AB system  The molecular weight oB-1 was analyzed by FAB-MS. In

of the 3 and 4 positions of coumarin. In addition, the singlet o Fag-MS spectrum, pseudo-molecular ion peaks were
proton signals o 7.37 (1H,s, H-5) and 6.74 (1Hs, H-8)  ,pserved at 384.82 [M- K], consistent with the molecular
apparently indicate protons of the para type on the benzene riNgveight (MW 346) ofB-1. Consequently, the structure Bf1
Therefore, foursp? of the 6 6.22—7.83 protons suggests that was unambiguously determined to be 2-hydroxy-1-[(7-hydroxy-

the coumarin is linked with the carbonyl carban163.5, C-2) 2-0x0-2H-chromen-6

. . -0X0-2H- -6-yl)methyl]-2-methylpropylZR2-methyl-
that is observed in th®C NMR spectrum. On the other hand, but-2-enoate (GH2:0s, named “prunate”), which is reported
the coupling constant(= 1.5 Hz) between the upfield shifted | o - ¢or the first time' '
Sp? proton ofd 5.65 (1H,dd, 1.5, H-3"") and the two methyl L ' .
groups [61.89 (3H,s, 1.5, H-4) and 2.12 (3Hs, 1.5, H-5)] Inhibitory Effect of B-1 against the Growth of Cancer

suggests that the methylbutenoic acid is connected with anotherC©!lS: The inhibitory effect of8-1 against various human cancer

carbonyl group (3167.2, C-1"). In addition, the coupling cell lines was observed. As shown Table 3, the IGo value
constant (J= 5.0 Hz) between the oxygenated methine proton °f B-1 was 39ug/mL against Hep-2 cells, 4bg/mL against

signal P 5.65 (1H,dd, 5.0, 5.0, H-3] and the methylene proton ~ SW-156 cells, 47ug/mL against HEC-1-B cells, and &/
signal [02.91 (1H,dd, 5.0, 17.5, H-R) and 3.24 (1Hdd, 5.0, mL against SK-OV-3 cells. These values are much lower than
17.5, H-1'b)] indicates that these protons are located in the values of the hexane fraction, indicating that the compound

methylpentanediol linked with two methyl groups 1.37 (6H was refined. Genistein, an isoflavone of soybean, has recently
s, H-4', 8)]. received attention as an anticancer-active agent @0,

The structure oB-1 was further analyzed using 2D NMR, ~ Considering that the I& value of genistein against human breast
including HSQCH—!H COSY, NOESY, and HMBC. Results ~ cancer cells (MDA-MB-435) is 14Qug/mL (19), B-1 is

indicate that the partial structures Bf1 consist of 7-hydroxy- considered to have high inhibitory activities against the growth
coumarin, 2-methylbutenoic acid, and 2-methyl-pentane-2,3-diol. of cancer cells.
In the HMBC spectrum oB-1 (Figure 1), the presence of cross- The concentration of appligg-1 varied. As shown ifFigure

peaks from the methylene proton signatsZ.91 (H-1'a) and 2, whenB-1 was added at 1@g/mL, inhibition rates of less
3.24 (H-1'b)] tod 130.7 (C-4) and 158.2 (C-6) and from the than 20% were observed against all of the cancer cell lines. At
oxygenated methine proton signal%.65, H-2') tod 118.0 (C- 50ug/mL, the inhibition rate was higher than 50% against Hep-
6) indicates that 2-methyl-pentane-2,3-diol is conjugated with 2, SW-156, and HEC-1-B and 40% against SK-OV-3. At 100
the 6 position of 7-hydroxycoumarin. The signals, which ug/mL, growth inhibition was 8+96% in ascending order of
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Figure 3. Photomicrographs of the cancer cells Hep-2, SK-OV-3, HEC-1-B, and SW-156 cultivated without and with B-1 (100 xg/mL) for 72 h. (A) Hep-2
(control) x 100; (B) Hep-2 (treated) x 100; (C) SK-OV-3 (control) x 100; (D) SK-OV-3 (treated) x 100; (E) HEC-1-B (control) x 100; (F) HEC-1-B
(treated) x 100; (G) SW-156 (control) x 100; and (H) SW-156 (treated) x 100.

the SW-156, Hep-2, HEC-1-B, and SK-OV-3 cell lines. Growth
inhibition results indicated thaB-1 has significant growth
inhibitory activities against the tested cell lines.

Inhibitory Effect of B-1 against the Growth of Normal
Cells. The human liver cell line WRL-68 and the mouse embryo
cell line NIH/3T3 were selected as a model for normal cells
and used for inhibition tests &-1 against the growth of normal
cells.B-1 showed little inhibition against either WRL-68 or NIH/
3T3 cells. When the applied concentratiorBal was increased
to 50 ug/mL, the growth of normal cells was little affected.
Even at 100ug/mL, growth inhibitions of only 17 and 23%
were observed for WRL-68 and NIH/3T3 cells, respectively.
This result indicates that the compouBél from P. mumeruit
shows only a little growth inhibition against normal cel&1

showed significant inhibitory effects against cancer cells but
little against normal cells.

Microscopic Observation of Cancer Cells Treated with
B-1. After cells of the cancer cell lines Hep-2, SK-OV-3, HEC-
1-B, and SW-156 were cultivated for 72 h in the presence or
absence ofB-1, the cells were observed using an inverted
microscope (Figure 3). When the Hep-2 cells were cultivated
without B-1, they proliferated normally forming cell clumps
(Figure 3A). However, wherB-1 was added at 10@g/mL,
most of the cells suffered strong growth inhibitidfiqure 3B).
Similar results were obtained for SK-OV-Figure 3C,D),
HEC-1-B (Figure 3E,F), and SW-156 (Figure 3G,H) cells.

CompoundB-1 is a phenolic compound that is presenfin
mumefruit. There are several thousand phenolic compounds in
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plants, most abundant in fruits, vegetables, and plant-derived
beverages such as tea and red wi2.(These compounds have

a variety of anticancer activities. Many fruits and onions are
rich in phenolic compounds that have antitumorigenic properties
(23, 24). Naringen and quercetin inhibit phase | carcinogen-
metabolizing enzyme®b, 26). Specific fruits and vegetables,
including phenolic compounds, can reduce the risk of lung
cancer by 40—50% (27).

P. mumefruit contains various phenolic compounds such as
phenolic acids and flavonoids. Various biological activities of
theP. mumdtruit have been reported. Chuda et al. (28) reported
that mumefural, a citric acid derivative, markedly improved
blood fluidity. The n-hexane extract oP. mumefruit has
antimutagenic activites. The effective substances were deter-
mined to be fatty acids, such as oleic acid, linoleic acid, and
linolenic acid @9). P. mumedtuit juice concentrate inhibits the
growth signals of vascular smooth muscle cells induced by
angiotensin 11 80). Benzyl glucoside and chlorogenic acid from
P. mumdruit may contribute to reducing the tension of M-rats
caused by ether stress via regulation of the adrenocorticotropic
hormone and catecholamine leve&l). A new polyacylated
sucrose, prunose lll, was isolated from flowersPofmumeas
a scavenging constituent of the 1,1-diphenylpicryl-2-hydrazyl
radical and a superoxid&82). A methanol extract from flowers
of P. mumeexhibited inhibitory effects against aldose reductase
and platelet aggregation (33).

There have been only a few reports regarding the anticancer
effects of the phenolic compounds obtained fl@mmumeruit.

We isolated the novel compouidl that exhibits an inhibitory
effect against human cancer cells. The compound is similar to
phenolic compounds from other plants that have anticancer
effects.B-1 was effective against cancer cells but exhibited little
effect against normal cells. On the basis of HPLC analysis, the
amount ofB-1 in P. mumefruit is approximately 1.471.70
g/kg. It can be used as a nutraceutical compound for alcohol
beverages and fruit juices & mumdruit, which are currently
sold in the market. Further research regarding the bioavailability
and the metabolic fate oB-1 in the human body will be
performed.
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