JJOURNAL O

AGRICULTURA

562 J. Agric. Food Chem. 2005, 53, 562-565

FOOD CHEMISTRY

Azaphilones, Furanoisophthalides, and Amino Acids from the
Extracts of Monascus pilosus -Fermented Rice (Red-Mold Rice)
and Their Chemopreventive Effects
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Six azaphilones, monascin (1), ankaflavin (2), rubropunctatin (3), monascorburin (4), rubropunctamine
(5), and monascorburamine (6), two furanoisophthalides, xanthomonasin A (7) and xanthomonasin
B (8), and two amino acids, (+)-monascumic acid (9) and (—)-monascumic acid (10), isolated from
the extracts of Monascus pilosus-fermented rice (red-mold rice) were evaluated for their inhibitory
effects on 12-O-tetradecanoylphorbol-13-acetate (TPA)-induced inflammation in mice, on the induction
of Epstein—Barr virus early antigen (EBV-EA) by TPA in Raji cells, and on the activation of (£)-(E)-
methyl-2[(E)-hydroxy-imino]-5-nitro-6-methoxy-3-hexemide (NOR 1), a nitric oxide (NO) donor. Among
the compounds tested, seven compounds (1—6 and 10) on TPA-induced inflammation, and six
compounds (1, 3—5, 9, and 10) on EBV-EA activation, exhibited potent inhibitory effects. All of the

compounds tested showed moderate inhibitory effects on NOR 1 activation.
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INTRODUCTION

Species of the fungMonascus(Eurotiaceae) have been
utilized for making fermented food and preserving meat for
hundreds of years. Red-mold rice fermented usiwmnascus
spp. is effective in decreasing blood pressureand lowering
plasma cholesterol level2{4) and has antibacterial activity
(5). y-Aminobutyric acid (GABA) 6), possessing antihyper-
tensive effects for humans, and monacolin K (lovastatin;
mevinolin) (3), which functions as an inhibitor of 3-hydroxy-
3-methylglutaryl-coenzyme A (HMG-CoA) reductase, have been
isolated from red-mold rice. In the course of our search for

mold rice extracts and the inhibitory effects of 10 compounds
(1—10) (Figure 1) on 120O-tetradecanoylphorbol-13-acetate
(TPA)-induced inflammation in mice, on the induction of
Epstein—Barr virus early antigen (EBV-EA) by TPA, and on
activation of &)-(E)-methyl-2[E)-hydroxy-imino]-5-nitro-6-
methoxy-3-hexemide (NOR 1), a nitric oxide (NO) donor.
Compoundd —6 along with a new nonpigment, monascodilone,
and citrinin have recently been detected in the red-mold rice
obtained as cultures df. purpureusDSM1379 on rice (9).

MATERIALS AND METHODS

potential antitumor-promoters from natural sourcgswe have Ultraviolet and visible light (UV—vis) spectra were recorded on a
isolated and characterized two new azetidine-type amino acids,Shimadzu UV-2200 spectrometer in MeOH. Electron-impact mass
(H)-[9; (+)-monascumic acid] and —()-syn-2-isobutyl-4- spectra (EIMS) (70 eV) and electrospray ionization mass spectra

methylazetidine-2,4-dicarboxylic acids [10:-)Y-monascumic
acid], from the extract of red-mold rice fermented with
Monascus pilosuéB). In this paper, we report the isolation and
characterization of further eight compounds-8) from the red-

(ESIMS) (positive mode) were recorded on JEOL JMBJ20
spectrometer and on Agilent 1100MSD SL spectrometer, respectively,
using a direct inlet system. Proton nuclear magnetic resondhte (
NMR) spectra were recorded with a JEOL LA-400 spectrometer at 400
MHz in CDCl; with tetramethylsilane as internal standard. Silica gel
(Silica gel 60, 226-400 mesh, Merck) and octadecyl silica (Chroma-

* To whom correspondence should be addressed-(fik-3-3293-7572; torex-ODS, 100—200 mesh; Fuji Silysia Chemical, Ltd., Aichi, Japan)
e-mail akihisa@chem.cst. nihon-u.ac.jp). were used for open column chromatography. Reversed-phase prepara-
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tive HPLC was carried out on a 25 cm 10 mm i.d. Pegasil ODS ||

O College of Pharmacy, Nihon University. (Senshu Scientific Co., Ltd., Tokyo, JapansGilica column at 25
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°C. A refractive index detector was used for reversed-phase HPLC.
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Figure 1. Structures of compounds isolated from the extracts of red-

mold rice.

Chemicals and Materials.Red-mold rice was prepared from cooked
paddy rice inoculated witMonascus pilosub-O 4520, obtained from

J. Agric. Food Chem., Vol. 53, No. 3, 2005 563

(1H, d,J = 12.8 Hz, H-12), 5.27 (1H, s, H-5), 5.91 (1H, d,= 15.2
Hz, H-3), 6.51 (1H, dgJ = 15.2, 6.8 Hz, H-2). The spectral data are
consistent with those of compourdd(10—12).

Ankaflain (2): yellow amorphous solid; UV Vis Amax 382, 460 nm;
ESIMS m/z 387 (MH"). The *H NMR (CDCl) signals for this
compound were essentially the same as those of compbuenad the
spectral data are consistent with those of compai(to—12).

Rubropunctatin (3)red amorphous solid; U¥vis Amax 300, 410,
530 nm; EIMSm/z353 (M*); *H NMR (CDClg): 6 0.89 (3H, t,J =
6.8 Hz, (HsCHy-), 1.71 (3H, s, H-13), 1.95 (3H, d,= 7.2 Hz, H-1),
2.47 (1H, br ddJ = 7.2, 9.0 Hz, H-17), 2.94 (1H, dddJ = 5.2, 7.2,
7.2, H-17), 6.03 (1H, dJ = 16.7 Hz, H-3), 6.14 (1H, s, H-7), 6.58
(1H, dq,J = 16.7, 7.2 Hz, H-2), 6.89 (1H, s, H-5), 7.86 (1H, s, H-12).
The spectral data are consistent with those of comp&u¢i®).

Monascorubrin (4):red amorphous solid; UVvis Amax 300, 410,
530 nm; EIMSm/z381 (M"). The'H NMR (CDCl) signals for this
compound were essentially the same as those of comp®uend the
spectral data are consistent with those of compotit2).

Rubropunctamine (5)purple amorphous solid; UV—Vifnax 250,
280, 480 nm; ESIMSn/z: 355 (MH); *H NMR (CDCls): ¢ 0.87
(3H,t,J=6.6 Hz, CHCHy,-), 1.75 (3H, s, H-13), 2.00 (3H, d,= 6.8
Hz, H-1), 2.94 (1H, br ddJ = 6.1, 6.4 Hz, H-17), 3.02 (1H, br ddJ
= 6.1, 6.4 Hz, H-17), 3.28 (1H, s>NH), 6.35 (1H, dJ = 15.6 Hz,
H-3), 6.37 (1H, s, H-5), 6.72 (1H, s, H-7), 6.78 (1H, s, H-12), 7.05
(1H, dg,J = 15.6, 6.8 Hz, H-2). The spectral data are consistent with
those of compound (12).

Isolation and Identification of Furanoisophthalides. Extraction
of the dried red-mold rice (1.0 g) with 1 M solution of HCI in MeOH
yielded an extract (245 mg) which was subjected to HPLC on an ODS
column (eluting solvent, MeOHH,O—AcOH, 65:35:3, v/v/v; flow rate,
3.0 mL/min) to give xanthomonasin A7) (67 mg,tr 5.2 min) and
xanthomonasin B (20 mdg 8.4 min). Identification of7 and 8 was

the Institute for Fermentation (IFO), Osaka, Japan, as described performed by UV-vis, MS, andH NMR comparison with the

previously (6). (+)-Monascumic aci®) and )-monascumic acid

(10) were isolated from red-mold rice recently (8). The following

literature.
Xanthomonasin A7(): yellow amorphous solid; UMVis Amax 230,

chemicals were purchased: TPA from ChemSyn Laboratories (Lenexa, 460 nm. ESIMSm/z: 389 (MH):; 'H NMR [dimethyl sulfoxide

KS), indomethacinj-carotene, and glyzyrrhizin from Sigma Chemical
Co. (St. Louis, MO), the EBV cell culture reagents antiutyric acid

(DMSO)-d]: 6 0.85 (3H, t,J = 7.2 Hz, GHsCHy), 1.41 (3H, s, H-14),
1.53 (3H, ddJ = 1.5, 6.4 Hz, H-1), 5.31 (1H, dgl = 15.6, 1.5 Hz,

from Nacalai Tesque, Inc. (Kyoto, Japan), and NOR 1 and carboxy- H-3) 558 (1H, dgJ = 15.6, 6.4 Hz, H-2), 9.41 (1H, s, H-15). The

PTIO from Dojindo Laboratories (Kumamoto, Japan).

Isolation and Identification of Azaphilones. Red-mold rice (1.5
kg) was extracted with 12 L of 70% ethanol (EtOH) (Et&H.0, 7:3,

spectral data are consistent with those of compoui3).
Xanthomonasin B8): yellow amorphous solid; UMVis Amax 230,
460 nm. ESIMSm/z: 417 (MH). The *H NMR (DMSO-d;) signals

viv) for 30 min under stirring. The mixture was suction-filtered, and for this compound were essentially the same as those of comghund

the residue was washed WwiB L of 70%EtOH. The combined filtrate
and wash were evaporated in vacuo at’60to leave the 70% EtOH
extract (152.9 g). The extract was suspended L of H,O, and the

and the spectral data are consistent with those of comp8yaa).
Animals. Specific pathogen-free female ICR mice were obtained
from Japan SLC (Shizuoka, Japan). The animals were housed, five per

suspension was extracted with ethyl acetate (EtOAc) (five times with polycarbonate cage, in an air-conditioned specific pathogen-free room

0.5 L each). The EtOAc solution was evaporated in vacuo &5
yield the EtOAc fraction (26.1 g). A portion (11.9 g) of the EtOAc

at 24+ 2 °C. Food and water were available ad libitum.
Assay of TPA-Induced Ear Edema Inflammation in Mice. TPA

fraction was chromatographed on silica gel (200 g) which was eluted (1 nM) dissolved in acetone (26.) was applied to the right ear only

successively with solvent of increasing polarityl{exanes—EtOAe
1:0, 9:1, 4:1, 1:1, 3:7, 1.9, 0:1; EtOAc-MeOH 9:1, 1:1, 0:1; v/v) to
afford 11 fractions, Fr. A-K. A portion (250 mg) of Fr. C was subjected
to HPLC [eluting solvent, methanol (MeOHH,O—acetic acid (AcOH),
75:25:3, viviv; flow rate, 2.5 mL/min] which yielded monasci) (18
mg, retention time & 27 min] and ankaflavin?) (4 mg, & 40 min).

A portion of Fr. D (200 mg) gave, upon HPLC (eluting solvent,
MeOH—-H,O—HCOOH, 75:25:0.1, v/vlv; flow rate, 2.5 mL/min),
rubropunctatin (3) (2 mggt1l8 min) and monascorubrid) (2 mg, &
27 min). Furthermore, HPLC (eluting solvent, MeOHz3+-AcOH,
60:40:3, v/viv; flow rate, 2.5 mL/min) of a portion of Fr. E (500 mg)
gave rubropunctamine (5) (22 mig 8 min) and monascorubramine
(6) (11 mg,tr 19 min). Identification of compounds-6 was performed
by UV—vis, MS, and*H NMR comparison with the literature.

Monascin (1):yellow amorphous solid; UV—Vignax 382, 460 nm;
ESIMSm/z: 359 (MH); *H NMR (CDCl): 6 0.90 (3H, t,J = 6.8
Hz, CHCH,-), 1.45 (3H, s, H-13), 1.88 (3H, d,= 6.8 Hz, H-1), 2.44
(1H, dd,J = 7.6, 11.6 Hz, B17), 2.61 (1H, ddd) = 7.6, 7.6, 18.0
Hz, H:7), 2.68 (1H, ddJ = 4.0, 17.6 Hz, -17), 3.02 (1H, ddd) =
7.6,7.6,18.0, K7), 3.24 (1H, dddJ = 4.0, 13.2, 13.2 Hz, H-8), 3.66
(1H, d,J = 13.2 Hz, H-15), 4.71 (1H, dJ = 12.8 Hz, H-12), 5.06

of ICR mice by means of a micropipet. A volume of 1 was
delivered to both the inner and outer surfaces of the ear. The samples
or their vehicle, MeOH-CHCl;—H,0 (2:1:1, 2QuL), as a control, were
topically applied about 30 min before the TPA treatment. Ear thickness
was determined with a pocket thickness gauge with a range-6f 0O
mm, graduated at 0.01 mm intervals, and modified so that the contact
surface area was increased to reduce the loading, which was applied
to the tip of the ear. The ear thickness was measured before the
treatment (a) and 6 h after the TPA treatment< TPA alone;b’ =

TPA plus sample). The following values were then calculated:

edema A induced by TPA alone (ha)
edema B induced by TPA plus a sample-{b&)
inhibitory ratio (%)= [(edema A— edema B)/edema A% 100

Each value was the mean of individual determinations from five
mice. The 50% inhibitory dose (Hg values were determined by the
method of probit-graphic interpolation for four dose levels. A statistical
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Table 1. Inhibitory Effects of Compounds 1-10 and Reference Compounds on TPA-Induced Inflammation in Mice and on the Induction of

Epstein—Barr Virus Early Antigen, and Inhibitory Ratio (IR) on NOR 1 Action

percentage of EBV-EA induciton®

inhibition of 1Cs50°
inflammation, concentration (mol ratio/32 pmol TPA) (molratio/32 IR of NOR 1
compound IDso? (mglear) 1000 500 100 10 pmol TPA) activation?
1 monascin 0.16 53 (60) 43.9 (>80) 72.1 (>80) 94.2 (>80) 421 1.7
2 ankaflavin 0.26 12.6 (60) 65.2 (>80) 80.1 (>80) 100 (>80) 590 1.7
3 rubropunctatin 0.11 24 (60) 38.6 (>80) 67.4 (>80) 91.3 (>80) 401 19
4 monascorburin 0.40 5.7 (60) 45.2 (>80) 74.8 (>80) 94.1 (>80) 429 19
5 rubropuntamine 0.32 9.8 (60) 45.7 (>80) 73.0 (>80) 96.8 (>80) 433 15
6 monascorburamine 0.12 18.3 (60) 67.9 (>80) 82.6 (>80) 100 (>80) 610 15
7 xanthomonasin A 0.82 135 (50) 66.9 (>80) 81.7 (>80) 100 (>80) 607 19
8 xanthomonasin B 0.74 16.1 (50) 69.6 (>80) 83.3 (>80) 100 (>80) 620 19
9  (+)-monascumic acid 1.30 49 (60) 42.0 (>80) 70.6 (>80) 93.6 (>80) 418 1.7
10 (-)-monascumic acid 0.30 7.8 (60) 43.8 (>80) 725 (>80) 95.2 (>80) 427 17
indomethacin® 0.30
p-carotene® 8.6 (70) 342 (>80) 82.1 (>80) 100 (>80) 397
glyzyrrhizine 2.2
carboxy-PTIO® 8.0

21Dsp: 50% inhibitory dose. ? Values represent relative percentages to the positive control value. TPA (32 pmol, 20 ng) = 100%. Values in parentheses are viability

percentages of Raji cells. ¢1Csq represents the mol ratio to TPA that inhibits 50% of posit

ive control (100%) activated with 32 pmol TPA. 9 Determined at the concentration

of 350 nmol. Inhibitory ratio of NOR 1 (positive control; 350 nmol) was taken as 1.0. € Reference compound.

analysis was carried out by Student'$est. Details of the in vivo
antiinflammatory test have been described previously (14).

In Vitro EBV-EA Activation Experiment. The inhibition of EBV-
EA activation was assayed by using Raji cells (EBV genome-carrying
human lymphoblastoid cells; nonproducer type) which had been
cultivated in a 10% fetal bovine serum RPMI-1640 medium (Sigma,
St. Louis, MO). The Raji indicator cells (k 1(f cells/mL) were
incubated in 1 mL of a medium containing 4 mMbutyric acid as an
inducer, 32 pM of TPA (20 ng/mL in DMSO), and a known amount
(32, 16, 3.2, or 0.32 nmol) of the test compound at°87in a CQ

matory drug Table 1). The inhibitory effects (Iep = 0.11—
0.40 mg/ear) of six azaphilone$;-6, and one amino acid0
(0.30 mg/ear), were comparable in potency to the effects of
indomethacin (0.30 mg/ear). The inhibitory effect against TPA-
induced inflammation has been demonstrated to closely parallel
that of the inhibition of tumor promotion in two-stage carcino-
genesis initiated by 7,12-dimethylbeafnthracene (DMBA)
and then by TPA, a well-known promoter, in a mouse skin
model (17); thus, these antiinflammatory compounds from red-

incubator. After 48 h, the cell suspension was centrifuged at 1000 rpm mold rice might be expected to possess a high antitumor-
for 10 min, and the supernatant was removed. The activated cells werepromoting effect in the same animal model. Among the
stained with high-titer EBV-EA-positive sera from nasopharyngeal compounds tested in this study, monascorub#inhas previ-

carcinoma patients, and the conventional indirect immunofluorescence gysly been proved to inhibit tumor promotion in two-stage
technique was employed for detection. Details of the in vitro assay of

EBV-EA induction have been reported previously (15).

In Vitro NOR 1 Inhibition Experiment (16). Chang liver cells
(normal human hepato cells; 1°/mL), derived from human liver
in MEM Eagle medium, were cultured 3 days before treatment. NOR
1 was added into culture dish and incubated for 1 h underi@Dbator
as control. For screening assay, test samples to culture dish were adde
before 1 min of NOR 1 treatment. Transformed cells were observed
under light-microscopyx 100). All observed cells count for more than
250. The inhibitory ratio was then calculated:

transformed cell % (NOR 1 alone)
transformed cell % (NOR % test sample)

inhibitory ratio (IR)=

RESULTS AND DISCUSSION

Six azaphilones were isolated from the EtOAc soluble fraction
of a 70% EtOH extract of red-mold rice and identified as
monascin 1), ankaflavin @), rubropunctating), monascorubrin
(4), rubropunctamines)), and monascorubraming)( In addi-
tion, two furanoisophthalides isolated from the acidic MeOH
extract of red-mold rice were identified as xanthomonasin A
(7) and xanthomonasin BB). These eight compound§8),
along with two amino acids(and 10) recently isolated8),
were evaluated for their inhibitory effects on TPA-induced
inflammation in mice, on the induction of EBV-EA by TPA in
Raji cells, and on the activation of NOR 1, a NO donor.

TPA-Induced Inflammation in Mice. The inhibitory effects
on TPA-induced inflammation in mice examined for the 10
compounds,1—10, were compared with that of a reference
compound, indomethacin, a commercially available antiinflam-

carcinogenesis in mice (17).

In Vitro EBV-EA Activation. The inhibitory effects on
EBV-EA activation induced by TPA, examined as a preliminary
evaluation of the potential antitumor-promoting activities, of
the 10 compoundd,—10, are shown ifTable 1, together with
d¢omparable data fg#-carotene, a vitamin A precursor that has
been intensively studied in cancer chemoprevention by using
animal models (18). At a X 10 mol ratio/TPA, all compounds
tested in this study showed inhibitory effects on EBV-EA
activation without cytotoxicity on Raji cells as shownTable
1. Among these, four azaphilonesand3—5, and two amino
acids,9 and 10, showed the most potent inhibitory effects on
EBV-EA activation (IGo values of 401—433 mol ratio/TPA;
90—95% inhibition of induction at Xk 10° mol ratio/TPA, and
3—6% inhibition even at Ix 10 mol ratio/TPA) which were
almost equivalent to those @Fcarotene (IG values of 397
mol ratio/TPA). The inhibitory effects against EBV-EA induc-
tion have been demonstrated to be closely parallel with those
against tumor promotion in viverd, and these azaphilones and
amino acids from red-mold rice are, therefore, suggested to be
potent cancer chemopreventive agents as antitumor promoters.

In Vitro NOR 1 Inhibition. As a primary screening test for
antitumor-initiators 16), the 10 compound4,—10, were evalu-
ated for their scavenging activity against NO generation by NOR
1 in cultured cell systemTable 1 shows the inhibitory ratios
(IR) of the 10 compounds and two reference compounds:
glycyrrhizin, a natural compound, and carboxy-PTIO [2-(4-
carboxyphenyl)-4,4,5,5-tetramethylimidazoline-1-oxyl-3-ox-
ide potassium salt], a synthetic NO scavenger, on NOR 1
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action. Among the compounds tested, six compoufdg, 5,
6, 9, and 10, exhibited moderate activity (IR= 1.5—1.7),
whereas four compounds, 4, 7, and8, showed more potent
activity (IR = 1.9) which was close to that of glycyrrhizin (IR
Igrgan the foregoing, it can be concluded that the azaphilones (10) Kumasaki, S.; N_akanishi, K.; Nishikawa, E.; Ohashi M. Structure
. ; ' . L ’ of monascorubrinTetrahedron1962,18, 1171—1184.
furanmsophthahdes, and amino auds isolated from the extracts (11) Inouye, Y.: Nakanishi, K.; Nishikawa, H.; Ohashi, M.; Terahara,
of red-mold rice are valuable as antitumor promoters (potential

extract ofMonascus pilosus-fermented rice (red-mold rick).
Nat. Prod.2004,67, 479—480.

(9) Wild, D.; Tésh, G.; Humpf, H.-U. NewMonascusmetabolite
isolated from red yeast rice (Angkaku, Red Kaji) Agric. Food
Chem.2002,50, 3999—4002.

A.; Yamamura, S. Structure of monascoflaviietrahedronl 962,

cancer chemopreventive agents) in chemical carcinogenesis.
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