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Six pigments were separated from Monascus product, and some derivatives were chemically synthesized.

The cytotoxicity of different Monascus pigments to various human cancer cells (SH-SY5Y, HepG2,

HT-29, BGC-823, AGS, and MKN45) was evaluated. Rubropunctatin showed the greatest anti-

cancer effect within the tested compounds. The inhibition effect of rubropunctatin was higher than

that of taxol on the growth of the human gastric cancer cell SH-SY5Y (P < 0.05), BGC-823 (P <

0.01), AGS (P < 0.01), and MKN45 (P < 0.05). On the other hand, its cytotoxicity to the normal

human gastric epithelial cell GES-1 was less than that of taxol (P < 0.01). The experimental data

demonstrated that rubropunctatin was a valuable compound with high anticancer activity, which

could offer better therapeutic benefits than taxol. Cell apoptosis stages were assayed by annexin

V-EGFP/PI staining experiments using flow cytometry. The data showed that 87.63% of tested

BGC-823 cells entered the early phase of apoptosis when treated with 5 μM rubropunctatin for

24 h. A drug concentration-dependent cell apoptosis was observed. The analysis of the relation-

ship between pharmaceutical activity and the chemical structure of the tested compounds led to

the conclusion that 6-internal ether, 4-carbonyl, and conjugated double bonds in the tricyclic

structure of rubropunctatin were necessary to the anticancer effect, whereas the difference of

C2H4 in the side chain showed little influence. Rubropunctatin could be supplied as a precursor

compound in the development of a new natural anticancer reagent.
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INTRODUCTION

Red mold rice (RMR) is produced by cultivating Monascus
species on steamed rice. For centuries, red mold rice has been
widely used as a food additive and traditional pharmaceutical in
China and Asia (1, 2). Monascus pigments are a series of
azaphilone compounds exhibiting a wide range of biological
activities (3). Scientific evidence showed that RMR was proved
to be effective for the management of cholesterol, diabetes,
cardiovascular disease, and also the prevention of cancer (4-9).

In recent years, many researchers have paid close attention to
the anticancer effects of RMR. The pigments extracted from
Monascus anka inhibited 12-O-tetradecanoyl-phorbol-13-acetate
(TPA) promoted carcinogenesis in mice(4). Ankaflavin showed
selective cytotoxicity to HepG2 cells by an apoptosis-related
mechanism and showed relatively low toxicity to normal fibro-
blasts (5). Oral administration of monascin inhibited the carci-
nogenesis of skin cancer initiated by peroxynitrite or ultraviolet
light and after the promotion of TPA in the mouse model (6).
The secondary metabolites produced by Monascus, including
monacolin K and ankaflavin, have been reported to have anti-
tumor-initiating effects on cancer progression. Ho and Pan

reported that the oral administration of RMR extract dramati-
cally inhibited the metastatic ability of murine Lewis lung
carcinoma cells in syngeneic C57BL/6 mice (7). Hong compared
the anticancer effects of monacolin K and RMR extract (without
monacolin K) and found that both decreased proliferation of
human colon cancer cells and induced apoptosis. The experi-
mental data suggested that other components in red yeast rice
(RYR) or a matrix with many metabolites including pigments
may be a potent anticancer compound (8). It is an essential task
for the development of natural anticancer drug to explore the
anticancer effect of the purified Monascus pigments containing
only a single component.

In this study, sixMonascus pigments were isolated and purified
by high-speed counter-current chromatography (HSCCC), and
some derivatives were chemically synthesized. To determine
which component exhibited the greatest antiproliferative poten-
tial, the effects of all prepared compounds on the growth of
different human tumor cells, including hepatocellular carcinoma
cell HepG2, neuroblastoma cell SH-SY5Y, colon cancer cell
HT-29, and gastric adenocarcinoma cell BGC-823, AGS, and
MKN45 were compared. Then the apoptotic effect induced by
the pigments was examined using flow cytometry. Furthermore,
the relationship between chemical structure and anticancer activity
of the tested compounds was analyzed.

*Corresponding author (phone þ86-591-83720772; fax þ86-591-
83720772; e-mail yanghaoguo@yahoo.com.cn).



9524 J. Agric. Food Chem., Vol. 58, No. 17, 2010 Zheng et al.

MATERIALS AND METHODS

Materials. MTT and DMSO were purchased from Sigma (St. Louis,
MO). Fetal bovine serum (FBS), RPMI 1640, DMEM, and F12 were
obtained from Gibco BRL (Gaithersburg, MD). Annexin V-EGFP/PI
Apoptosis Detection Kit was supplied by Nanjing Keygen Biotech. Co.,
Ltd. (Jiangshu, China). All other reagents were of analytical grade.

Cell Lines and Culture. HepG2 (human hepatocellular carcinoma
cell), SH-SY5Y (human neuroblastoma cell), HT-29 (human colon cancer
cell), BGC-823 (human gastric adenocarcinoma cell), AGS (human gastric
adenocarcinoma cell), and MKN45 (human gastric adenocarcinoma cell)
were purchased from the Cell Resource Center of Shanghai Biological
Sciences Institute (Chinese Academy of Sciences, Shanghai, China). The
human gastricmucosal epithelial cell lineGES-1was a gift ofProf. Feifei S.
(Fujian Medical University, Fuzhou, China). BGC-823 and HepG2 were
cultured in RPMI 1640 supplemented with 10% FBS. MKN45, HT-29,
SH-SY5Y, and GES-1 were grown in DMEM plus 10% FBS. AGS cells
were maintained in F12 medium with the same supplement. All of the
cells were incubated in a humidified incubator at 37 �C with 5% CO2 and
95% air.

Preparation of Monascus Pigments. Steamed rice was inoculated
withMonascus sp. strain FZU04 and then cultivated at 33 �C (humidity=
50-60%) for 8 days until the rice was completely red. The fermented rice
(RMR) were dried and finely ground (diameter < 0.15 mm). Then the
resulting powder (100 g) was extracted with 1 L of ethanol/water solution
(7:3, v/v). The extract was collected and concentrated under reduced
pressure. A HSCCC method was developed to separate six Monascus
pigments, including rubropunctatamine, monascorubramine, monascin,
ankaflavin, rubropunctatin, and monascorubrin, from the crude extract.
Six eluted fractions were collected and subjected to crystallization. Six
crystallized Monascus pigments were obtained separately.

The HSCCC separation was performed with a TBE-300B high-speed
counter-current chromatography apparatus manufactured by Tauto Bio-
tech Co., Ltd. (Shanghai, China). The apparatus was equipped with three
preparative coils (diameter of tube, 1.9 mm; total volume, 260 mL) and a
20 mL sample loop. The β values of this column range from 0.5 to 0.8
(β= r/R, where r is the distance from the coil to the holder shaft and R is
the revolution radius or the distance between the holder shaft and central
axis of the centrifuge). The selected solvent system that consisted of
n-hexane, methanol, and water (10:7.5:2.5, v/v/v) was used for the separa-
tion of five fractions: the red pigments (mixture of rubropunctatamine and
monascorubramine), monascin, rubropunctatin, ankaflavin, and monas-
corubrin. Then the red pigments were separated by the solvent system that
consisted of n-hexane, ethyl acetate, methanol, and water with the volume
ratio of 2.5:7.5:5:5 for rubropunctatamine and monascorubramine.When
the columnwas totally filled with the two phases, only the lower phase was
pumped at a flow rate of 3.0 mL/min, and at the same time, the HSCCC
apparatus was run at a revolution speed of 900 rpm. The temperature was
controlled at 25 �C in the separation procedure. The effluent from the
outlet of the column was continuously monitored at 254 nm.

Identification of Monascus Pigments. The purity of six pigments
obtained was determined by HPLC (10), and the chemical structure was
identified by HPLC-MS and NMR spectroscopy.

An Agilent 1100 series ion trap LC/MS systems (Agilent, USA) was
used to determine the molecular weight ofMonascus pigments. The mass
spectrometer was equipped with an electrospray ionization (ESI) source.
The ESI conditions were as follows: capillary voltage, 3.5 kV; nebulizer
pressure, 40 psi; drying gas flow, 10 mL/min; temperature, 350 �C. The
mass range was from m/z 100 to 400.

1H and 13C NMR spectra were measured with an Inova-500 M NMR
spectrometer (Varian,USA) inCDCl3 operating at 500MHz for 1HNMR
and at 125MHz for 13CNMR.Tetramethylsilane (TMS)was employed as
an internal standard.

MTTCell ProliferationAssay.Cells (1� 104 per cell) were seeded in
100 μL of medium into sterile 96-well plates. After 24 h of incubation, the
medium in the 96-well plate was discarded and replaced with 100 μL of
medium that contained tested components at final concentrations of 0, 3,
15, 30, 60, 120, 180, and 240 μM (with 0.4%DMSO), each in sextuplicate.
These plates were then incubated in a 37 �C humidified incubator with 5%
CO2 for 24 h. The media in these plates were discarded, and then 200 μL
of MTT solution (500 μg of MTT in 1 mL of fresh medium) was added.
The culture was then incubated for 4 h to convert MTT to formazan.

Thereafter, the supernatant was aspirated, and 200 μL of DMSO was
added to dissolve the formazan. The optical density (OD) was determined
at 570 nm. Percentage of inhibition was calculated using the following
formula: growth inhibition (%) = 1 - (ODtest/ODcontrol) � 100%.

Cell Apoptosis Determined by Flow Cytometry. Early and late
apoptotic changes in BGC-823 cells were determined using an Annexin
V-EGFP/PI Apoptosis Detection Kit. The operation was performed as
recommended by themanufacturer (Keygen, China). Briefly, cells (5� 105)
were collected and washed twice with PBS and suspended in 500 μL
of binding buffer (adding 5 μL of annexin V-EGFP and 5 μL of PI).
Thereafter, the samples were incubated in the dark for 10 min at room
temperature. Flow cytometry was carried out on a flow cytometer system
(Bechman Coulter, USA). The number of annexin V-EGFP-positive and
PI-positive of cells in each field was determined by counting the cells
directly.

Statistical Analysis. The results were expressed as the mean (
standard deviation (SD) from three independent experiments. A signifi-
cant difference from the respective controls for each experimental test
condition was assessed using Student’s unpaired t test, with P values
of <0.01 (*) or <0.05 (**) being regarded as statistically significant.

RESULTS

Purification and Identification ofMonascus Pigments. There are
yet no available commercialMonascus pigments with high purity.
The prepared pigments should be identified by HPLC, HPLC-
MS, and NMR.

Six pigment components were prepared separately fromMon-
ascus products. The purity of each component was analyzed
according to the previously reported determination method of
HPLC fingerprint profile of the metabolites in the Monascus
product(10). As shown in Figure 1, a high purity of >98.5% was
achieved.

O1: UV-vis (ethanol), λmax 213, 247, 286, and 473 nm; ESI-
MS, m/z 355.2 [M þ H] þ; 1H NMR (CDCl3, 500 MHz), δ 0.89
(3H, t, H-19), 1.305-1.334 (4H, m, H-17-18), 1.61 (2H, m,
H-16), 1.71 (3H, s, H-10), 1.96 (3H, d, H-13), 2.94 (2H, m,H-15),
6.05 (1H, d, H-11), 6.15 (1H, s, H-8), 6.59 (1H, dq, H-12), 6.89
(1H, s, H-9), 7.87 (1H, s, H-5); 13C NMR (CDCl3, 125 MHz), δ
13.927 (C-19), 18.721 (C-10), 22.524 (C-13), 23.379 (C-18), 28.291
(C-16), 31.377 (C-17), 41.580 (C-15), 85.758 (C-3a), 104.154 (C-8),
109.544 (C-4a), 113.228 (C-9), 116.283 (C-11), 122.356 (C-1),
136.358 (C-12), 141.584 (C-8a), 152.760 (C-5), 156.398 (C-7),
169.192 (C-2), 171.625 (C-9a), 190.777 (C-14), 197.398 (C-4).

Y1: UV-vis (ethanol), λmax 231, 291, and 387 nm; ESI-MS,
m/z 359.2 [MþH] þ; 1HNMR (CDCl3, 500MHz), δ 0.89 (3H, t,
H-19), 1.25-1.35 (4H,m,H-17-18), 1.45 (3H, s,H-10), 1.63 (2H,
m, H-16), 1.88 (3H, d, H-13), 2.43 (1H, m, H-15), 2.63, 3.23 (2H,
m, H-9), 2.98-3.06 (H, m, H-9a), 3.49 (1H, d, H-1), 4.73, 5.05
(2H, d, H-5), 5.27 (1H, s, H-8), 5.90 (1H, d, H-11), 6.51 (1H, dq,
H-12); 13CNMR (CDCl3, 125MHz), δ 13.885 (C-19), 17.730 (C-
13), 18.489 (C-10), 22.402 (C-18), 22.787 (C-16), 29.455 (C-9),
31.152 (C-17), 42.870 (C-9a), 42.908 (C-15), 54.900 (C-1), 63.833
(C-5), 83.149 (C-3a), 103.265 (C-8), 114.010 (C-11), 124.377 (C-12),
135.443 (C-4a), 150.715 (C-8a), 160.495 (C-7), 169.474 (C-2),
189.793 (C-4), 202.464 (C-14).

R1: UV-vis (ethanol), λmax 304, 413, and 524 nm; ESI-MS,
m/z 354.1 [MþH] þ; 1HNMR (CDCl3, 500MHz), δ 0.90 (3H, t,
H-19), 1.360-1.388 (4H, m, H-17-18), 1.640-1.700 (2H, m,
H-16), 1.806 (3H, s,H-10), 2.05 (3H, d,H-13), 2.86 (2H,m,H-15),
6.39 (1H, d, H-11), 7.05 (1H, dq, H-12), 6.75 (1H, s, H-8), 6.77
(1H, s, H-9), 9.25 (1H, s, H-5); 13C NMR (CDCl3, 125 MHz), δ
14.026 (C-19), 19.206 (C-10), 22.517 (C-13), 24.565 (C-18), 29.459
(C-16), 31.858 (C-17), 41.580 (C-15), 86.852 (C-3a), 104.346 (C-8),
109.952 (C-4a), 113.625 (C-9), 116.283 (C-11), 121.982 (C-1),
123.435 (C-12), 141.584 (C-8a), 153.120 (C-5), 156.458 (C-9a),
169.346 (C-7), 174.291 (C-2), 191.234 (C-4), 197.345 (C-14).
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The determined MS and NMR data demonstrated that Y1,
O1, and R1 were monascin, rubropunctatin, and rubropuncta-
tamine, separately (11-14). Their structures are shown inFigure 2.
The other three components (Y2, O2, and R2) were ankaflavin,
monascorubrin, and monascorubramine, which were homologues
ofY1,O1, andR1, respectively. Therewas a commondifference of
C2H4 in the chemical structure of the side chain between both
homologues.

Inhibition Effect of Y1, O1, and R1 on Proliferation of Different

Cancer Cell Lines. The effects of Y1, O1, and R1 at different
concentrations on the proliferation of the human cancer cell lines
(HepG2, SH-SY5Y, HT-29, BGC-823, AGS, andMKN45) were
tested separately using the MTT assay. As shown in Figure 3, O1
was demonstrated to have the greatest in vitro anticancer potency
among the tested compounds. The inhibition effects of the yellow
pigment Y1 and the red pigment R1 on the tested cells weremuch
less than that of the orangepigmentO1.After treatment byO1 for
24 h, IC50 values against the human gastric adenocarcinoma cells
(BGC-823, AGS, and MKN45) were below 15 μM and those
against the other three cells (HepG2, SH-SY5Y, and HT-29)
ranged from 30 to 45 μM (Table 1).

Taxol, an efficient natural anticancer drug (with activity
against a number of cancers in the human breast, ovary, lung, and
gastrointestin) was used as a positive control in the present work.

The inhibition effects of the tested compounds on the cell growth
of different cancer cell lines are compared inTable 1. As shown in
Table 1, the inhibition effect of O1 was higher than that of taxol
on the growth of SH-SY5Y (P < 0.05), BGC-823 (P < 0.01),
AGS (P < 0.01), and MKN45 (P < 0.05).

A normal human gastric epithelial cell GES-1 was also in-
cluded in parallel experiments. IC50 values of O1 and taxol were
108.38( 9.65 and 80.03( 11.96 μM, respectively, which showed
that O1 possessed less cytotoxicity than taxol for the normal
gastric epithelial cell (P < 0.01). The experimental data demon-
strated that rubropunctatin (O1) was a valuable component with
high anticancer activity, which could offer better therapeutic
benefits than taxol.

Induction of Apoptosis As Evidenced by Phosphatidylserine

Externalization. In attempt to elucidate whether the loss in cell
viability induced by O1 was associated with apoptosis, we
performed the annexin V-EGFP/PI staining experiment to
examine the occurrence of phosphatidylserine externalization
onto the cell surface, as shown in Figure 4.

In the control group, the cellwasnot treatedwithO1and97.57%
of cells were in normal condition (EGFP-/PI-). When BGC-823
cells were incubatedwith 5 μMO1 for 24 h, a substantial amount of
cells (84.63%) was primarily in the early phase of apoptosis
(EGFPþ/PI-). Treatment with a higher concentration of O1,

Figure 1. HPLC chromatogram of six purifiedMonascus pigments. The elution gradient was as follows [eluent A (water/HAC = 100:10), eluent B (acetonitrile/
HAC = 100:10)]: 0 min, 80% A and 20% B; 25 min, 50% A and 50% B; 26 min, 15% A and 85% B; flow rate, 1 mL/min; detected by PDA detector at 390 nm.

Figure 2. Chemical structures of Monascus pigments.
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however, induced a shift of the cell population to late apoptotic/
necrotic stage (EGFPþ/PIþ); 94.91% of cells were determined in
the late apoptotic/necrotic stage when treated with 40 μM O1 for
24 h. The results indicate obviously that O1 induced cell apoptosis
of BGC-823 and that cell apoptosis was dose-dependent.

Relationship between the Chemical Structure and Anticancer

Activity of Monascus Pigments. A series of Monascus pigments
and the derivatives were prepared in this work. Y1, O1, R1, and
O2 were separated from RMR, as shown in Figures 1 and 2. By
way of Schiff base formation (15), O3 and O4 were produced,
when glutamic acid and carbamide reacted with O1 separately.

O5 was the derivative produced by reduction of the carbonyl
group at position 4 (16) (Figure 5).

The prepared compounds of different concentrations (3, 15,
and 30 μM) were used to explore their anticancer effects. The
influence of different chemical structures on the proliferation of
the human gastric adenocarcinoma cell BGC-823 was analyzed
using MTT assay (Figure 6).

O1 and O2, a pair of orange pigments, displayed similar
inhibition effects on the proliferation of BGC-823 at the same
concentration applied. The experimental data indicated that the
difference of C2H4 in the chemical structure of the side chain
showed little influence on the anticancer effect.

R1, O3, and O4 were derivatives of O1. Reaction of amino
compounds (ammonia, glutamic acid, and carbamide) withO1 gave
water-soluble pigments (R1,O3, andO4). The oxygen atomat posi-
tion 6was displaced by a nitrogen atom in the derivative. The inhibi-
tion of R1, O3, or O4 on cell growth of BGC-823 was significantly
low compared with O1. The result indicated that the chemical
structure of 6-internal ether was necessary to the anticancer activity.

O1 was reduced by sodium borohydride to give the product
O5. O5 had a hydroxyl group instead of a carbonyl group at
position 4. After treatment with O5 for 24 h, no cytotoxicity on
BGC-823 cells was observed and, on the contrary, the prolifera-
tion of BGC-823 was promoted.

Y1was also a reduced product ofO1. Y1 andO1 varied only in
the number of conjugated double bonds in the tricyclic structure.

Figure 3. Growth inhibition of Y1, O1, and R1 on various cancer cell lines. Cells were seeded in 96-well plates and incubated with different concentrations of
Y1, O1, andR1 (3, 15, 30, 60, 120, 180, and 240μmol/L) for 24 h at 37 �C in an atmosphere of 5%CO2.Growth inhibitionwas determined byMTTassay. Each
value represents the mean( SD of six replicates.

Table 1. Cytotoxicity of O1 and Taxol on Various Cancer Cell Lines and
Normal GES-1 Cell Linea

cell type cell line IC50 of O1 (μM) IC50 of taxol (μM)

cancer cell SH-SY5Y 30.95 ( 6.26* 35.46( 4.57

HepG2 44.19( 5.23 37.53( 4.93

HT-29 36.69( 4.08 33.07( 2.28

BGC-823 12.57( 1.82** 21.65( 1.93

AGS 7.98( 0.71** 20.57( 2.53

MKN45 14.27( 1.39* 17.95( 2.34

normal cell GES-1 108.38( 9.65** 80.03 ( 11.96

aCells were treated with various concentrations of O1 and taxol for 24 h and then
determined by MTT proliferation assays. Results are expressed as mean ( SD of
three different experiments.
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Y1 showed low cytotoxicity on BGC-823 cells, which manifested
thatmultiple conjugated double bonds in the tricyclic structure of
O1 were important to the anticancer activity.

DISCUSSION

The main pigments produced by Monascus spp. comprised
rubropunctatin (O1), monascorubrin (O2),monascin (Y1), anka-
flavin (Y2), rubropunctatamine (R1), and monascorubramine
(R2), which could be divided into three groups, O1 and O2, Y1
and Y2, and R1 and R2. In the present work, we evaluated the
cytotoxicity of different Monascus pigments to various human

cancer cell lines. Both orange pigments, O1 and O2, showed the
greatest inhibition effect on the proliferation of the tested human
cancer cells. It was notable that O1 and O2 exhibited a significant
antigastric cancer activity. The inhibition effect of O1 was higher

Figure 4. Annexin V-FITC/PI staining of BGC-823 cells treated with rubropunctatin for 24 h. BGC-823 cells were treated with different concentrations of
rubropunctatin (0, 5, 10, 20, 30, and 40μmol/L) for 24 h at 37 �C in an atmosphere of 5%CO2. Cells collected were subjected to annexin V-EGFP/PI staining
and analyzed by flow cytometry. The table summarizes the proportion of cells in each stage of apoptosis.

Figure 5. Chemical structures of Monascus pigment derivatives.

Figure 6. Growth inhibition of Monascus pigments and derivatives on
BGC-823. Cells were seeded in 96-well plates and incubated with different
concentrations of Y1, O1, andR1 (3, 15, and 30μmol/L) for 24 h at 37 �C in
an atmosphere of 5% CO2. Growth inhibition was determined by MTT
assay. Each value represents the mean ( SD of six replicates.
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than that of taxol on the growth of the human gastric cancer cells
SH-SY5Y (P<0.05), BGC-823 (P<0.01), AGS (P<0.01),
and MKN45 (P<0.05). On the other hand, O1’s inhibition of
cell proliferation on normal human gastric epithelial cell GES-1
was less than that of taxol (P<0.01).

Cell apoptosis stages were determined by annexin V-EGFP/
PI staining experiments using flow cytometry. The proportion
of annexin V-stained cells signifying both the early and late
apoptotic cells increased with the concentration of rubropunc-
tatin applied. It manifested the loss in cell viability after
treatment with the pigment component could be associated
with cell apoptosis.

The relationship between pharmaceutical activity and chemical
structure of differentMonascus pigments and derivatives showed
that 6-internal ether, 4-carbonyl, and conjugated double bonds in
the tricyclic structure of rubropunctatin were necessary to the
anticancer effect, whereas the difference of C2H4 in the side chain
showed little influence. The experimental data demonstrated that
rubropunctatin could be supplied as a potential precursor com-
pound in the development of a new natural anticancer reagent.

LITERATURE CITED

(1) J
�
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