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Abstract

Azaphilone pigments, monascusones A (1) and B (2), together with two known azaphilones, monascin (3) and FK17-P2b2 (4),

were isolated from the CH2Cl2 extract of a yellow mutant of the fungus M. kaoliang grown on rice. Structures of the isolated com-

pounds were elucidated by analyses of spectroscopic data. Monascusone A (1), the major metabolite of M. kaoliang, showed no

antimalarial (against Plasmodium falciparum), antitubercular (against Mycobacterium tuberculosis H37Ra), and antifungal (toward

Candida albicans) activities. Compound 1 exhibited no cytotoxicity against BC (breast cancer) and KB (human epidermoid carci-

noma of cavity) cell lines.

� 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Red yeast rice, also known as ‘‘Red Koji’’ or ‘‘Ang-

kak’’, obtained as a culture of a fungal species of the

genus Monascus on rice, has long been used in East Asia

as a natural food colorant, e.g. for red rice wine, red soy

bean cheese, meat products and fish (Blanc et al., 1994;

Ma et al., 2000; Wild et al., 2002). Its use is increasing,
especially in western countries, because of the growing

interest in natural food supplements. Monascus pig-
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ments are secondary metabolites possessing an azaphi-

lone skeleton, examples are: orange pigments, e.g.

monascorubrin and rubropunctatin, which possess the

oxo-lactone ring; red pigments, e.g. monascorubramine

and rubropunctamine, the nitrogen analogues of the or-

ange pigments; and yellow pigments such as monascin

and ankaflavin (Sato et al., 1997). In addition, other

non-pigment compounds have also been isolated (Endo
et al., 1986; Hossain et al., 1996; Su et al., 2003). How-

ever, a great number of Monascus metabolites have not

yet been characterized chemically, and knowledge of

their pharmacological and toxicological effects is very

limited (Akihisa et al., 2004; Hsieh and Tai, 2003; Saba-

ter-Vilar et al., 1999). Previously, the yellow pigment

producing mutants by secondary mutation of a local
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cassava starch utilizing Monascus kaoliang have been

screened in our laboratory. One yellow mutant,M. kaol-

iang KB20M10.2, exhibited remarkable yellow pigmen-

tation in submerged culture (Yongsmith et al., 1994)

as well as in rice solid culture (Yongsmith et al., 2000).

We have chemically explored the constituents of a yel-
low mutant of the red yeast rice of M. kaoliang

KB20M10.2, and herein report the isolation, structural

elucidation, and biological activities of the fungal sec-

ondary metabolites.
2. Results and discussion

A crude CH2Cl2 extract of M. kaoliang KB20M10.2

grown on rice (1 kg) was sequentially subjected to

Sephadex LH-20 and Si gel chromatography, to yield

two new yellow pigments, monascusone A (1) and mon-

ascusone B (2) together with two known compounds,

monascin (3) and FK17-P2b2 (4). Spectral data of com-

pounds 3 and 4 were identical in all respects to those

published by Chen et al. (1971); Takayuki and Hiroshi
(1994); Martinkova et al. (1999).

The ESITOF mass spectrum of monascusone A (1)

deduced a molecular formula of 1 as C13H18O5 [ob-

served m/z at 277.1041 (M + Na)+, calcd. for

C13H18O5Na, 277.1052]. The 1H NMR spectral data

(CDCl3) of monascusone A (1) prominently showed sig-

nals of two methyls (as a singlet and a doublet), three

methylene groups, a singlet olefinic proton (at dH
Table 1
1H (400 MHz) and 13C NMR (100 MHz) spectral data (CDCl3) of monascu

C Monascusone A (1)

dC, mult.a dH, mult., J in Hz

1 64.6, t 4.83, dt, 12.7, 1.3

4.93, dd, 12.6, 1.7

2 – –

3 165.7, s –

4 103.5, d 5.28, s

4a 150.2, s –

5 33.9, t 2.43, ddd, 15.1, 10.6, 1.5

2.61, dd, 15.2, 5.5

6 72.7, d 4.00, dd, 10.4, 5.7

7 77.6, s –

8 197.6, s –

8a 112.9, s –

9 – –

10 – –

11 – –

12 – –

13 – –

1 0 43.8, t 2.34, d, 6.2

2 0 66.1, d 4.08, m

3 0 18.3, q 1.24, d, 6.5

7-Me 23.5, q 1.25, s

a Multiplicity was determined by analyses of DEPT spectra.
5.28), and two oxygenated methines (at dH 4.00 and

4.08). Analyses of 13C, DEPT, and HMQC spectral data

of monascusone A (1) revealed the presence of three

methine, three methylene, two methyl, and five quater-

nary carbons. The HMQC spectral data of monascu-

sone A (1) assisted in the assignment of protons
attached to their corresponding carbons (Table 1).

Attachment of the unsaturated sp2 C-3 to an oxygen

atom in 1 was evident from a downfield shift of its 13C

resonance (at dC 165.7). The IR absorption at 1650

cm�1, together with 13C resonance at dC 197.6, con-

firmed the presence of a conjugated ketone carbonyl in

1. The 1H–1H COSY of monascusone A (1) spectrum

established the connectivity from H-1 0 through H-3 0

and the coupling between H-6 and H-5, and also demon-

strated the allylic coupling between H-1 0 and H-4. The

HMBC spectrum of monascusone A (1) showed correla-

tions from H-1 to C-3, C4a, and C8a; H-4 to C-3, C-5,

and C-8a; H-5 to C-4a and C-8a; H-1 0 to C-3 and C-4; 7-

Me protons to C-6, C-7, and C-8. On the basis of these

spectral data, the structure of monascusone A (1) was

therefore identified as 6,7-dihydroxy-3-(2-hydroxy-pro-
pyl)-7-methyl-1,5,6,7-tetrahydro- isochromen-8-one.

The coupling constants between H-6 and the two adja-

cent methylene protons of 10.4 and 5.7 Hz indicated

an axial orientation of this proton. The absence of a

cross peak between H-6 and 7-Me protons in the

NOESY spectrum of monascusone A (1) implied an

antirelationship between H-6 and 7-Me. The absolute

configuration of monascusone A (1) was addressed by
sone A (1) and monascusone B (2)

Monascusone B (2)

dC, mult.a dH, mult., J in Hz

63.8, t 4.76, dd, 12.6,1.4

5.11, dd, 12.6, 1.2

– –

160.3, s –

103.3, d 5.32, s

150.8, s –

29.5, t 2.50, m

2.76, dd, 17.6, 4.1

42.8, s 3.22, ddd, 17.3, 13.2, 4.1

83.1, s –

189.7, s –

113.9, s –

– –

169.3, s –

55.6, d 3.70, d, 13.2

200.2, s –

30.0, q 2.53, s

124.4, d 5.95, dd, 15.4, 1.6

135.5, d 6.56, m

18.5, q 1.90, dd, 7.0, 1.5

17.7, q 1.50, s
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Fig. 1. Dd values [d(�)�d(+ )] for the MTPA esters (1a and 1b) of 1.
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the use of Mosher ester (Dale and Mosher, 1973; Sulli-

van et al., 1973). However, we found that (R) and (S)-

methoxy trifluoromethylphenyl acetate (MTPA) esters

(compounds 1a and 1b respectively), of monascusone

A (1) were not stable and easily degraded to unidentified

products during purification of the reaction mixtures.
We therefore employed a convenient procedure for the

Mosher ester formation, which was carried out in an

NMR tube as recently reported by Kinghorn and his

colleagues (Su et al., 2002). The Dd values [d(�)�d(+)]
are shown in Fig. 1, indicating that the absolute config-

urations at C-2 0 and C-6 are S. It should be noted that

one of the H-5 methylene protons (�0.064 and

+0.036) possessed a positive Dd value (+0.036), and this
O
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Fig. 2. Possible biosynthetic pathway of azaphilone pigments 1–4 by

the fungus M. kaoliang.
may raise an uncertainty concerning the absolute stere-

ochemistry of H-6. However, considering the similarity

of positive optical rotations for both monascusone A

(1) and monascin (3), as well as, in part, from the bio-

synthetic pathway of these metabolites (Fig. 2), sup-

ported the proposed stereochemistry of H-6 and H-7
in 1. It is known that the hexaketide chromophore of

azaphilone pigments, e.g. monascusone A (1) and

FK17-P2b2 (4), are derived from the condensation of

acetate and malonate by polyketide synthase (Fig. 2)

while the side chain of these pigments originated from

a medium-chain fatty acid synthesized via fatty acid syn-

thetic pathway (Hajjaj et al., 2000). The azaphilone

chromophore is subsequently esterified with a medium-
chain fatty acid to furnish the observed products as

shown in Fig. 2.
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Monascusone B (2) possessed a molecular formula

C17H18O5 as established from the ESITOF mass spec-
trum [observed m/z at 303.1235 (M + H)+, calcd. for

C17H19O5, 303.1232]. In general, the 1H and 13C NMR

spectra of monascusone B (2) were similar to those of

monascin (3), except that the aliphatic hydrocarbon sig-

nals of the hexoyl moiety in 3 were replaced by a down-

field singlet methyl (dH 2.53 with dC 30.0) in 2. The

HMBC spectrum of monascusone B (2) well assembled

its gross structure; key long-ranged 1H–13C correlations
were observed from H-1 to C-3, C-4a, and C-8a; H-4 to

C-3, C-5, C-8a, and C-1 0; H-5 to C-8a; 7-Me protons to

C-6, C-7, and C-8; H-11 to C-6, C-10, and C-12; H-13 to

C-12; and both H-1 0 and H-2 0 to C-3. Based upon these

spectral data, the structure of monascusone B (2) was

established as shown. Monascusone B (2) exhibited a

positive optical rotation similar to that of monascin

(3), implying that monascusone B (2) possessed the same
stereochemistry as that of monascin (3). The biosyn-

thetic route of monascusone B (2) also logically sup-

ported the proposed configuration of 2 (Fig. 2). The

hexaketide chromophore (e.g. compound 4) in 2 is pos-

sibly synthesized, via monascusone A (1), from the con-

densation of acetate and malonate, which is in turn

esterified with 3-oxo-bytyrate, while that of monascin

(3) is coupled with a medium-chain fatty acid as dis-
cussed earlier (Fig. 2).
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Monascusone A (1), the major metabolite of M.

kaoliang KB20M10.2, was inactive against the malarial

parasite (Plasmodium falciparum), Mycobacterium tuber-

culosis H37Ra, and Candida albicans. Compound 1

showed no cytotoxicity against BC (breast cancer) and

KB (human epidermoid carcinoma of cavity) cell lines.
Unfortunately, due to the limited amount of materials,

the minor metabolites, compounds 2, 3, and 4, were

not tested for their biological activities. A previous study

reported that monascin (3) and its derivatives possessed

mild antibiotic activity against Bacillus subtilis and Can-

dida pseudotropicalis, and also showed immunosuppres-

sive activity on mouse T-splenocytes (Martinkova

et al., 1999). Results from this present investigation
and from that reported by Martinkova et al. (1999)

confirmed that monascin (3) and its derivatives are not

toxic, and this may be the reason why pigments of the

Monascus species have been widely used as natural food

colorant in East Asia since ancient times particularly for

Chinese food and cosmetics. FK17-P2b2 (4) was previ-

ously patented as a novel UV-absorbing compound,

and its excellent near ultraviolet region absorbing ability
is very useful for protecting various kinds of industrial

products from deterioration and can be used as an

additive in cosmetics (Takayuki and Hiroshi, 1994).
3. Experimental

3.1. General

1H and 13C, DEPT, 1H–1H COSY, NOESY, HMQC

and HMBC experiments were carried out on Bruker

DRX 400 NMR spectrometer, operating at 400 MHz

for protons and 100 MHz for carbons. ESITOF mass

spectra were obtained from a Micromass LCT mass

spectrometer, and the lock mass calibration was applied

for the determination of accurate mass (Eckers et al.,
2000). Optical rotations were measured on a JASCO

DIP 370 polarimeter, while UV spectra were recorded

on a Cary 1E UV–Vis spectrophotometer. The IR spec-

tra were measured on a Perkin–Elmer 2000

spectrophotometer.
3.2. Fungal material

A yellow mutant of the fungus M. kaoliang

KB20M10.2 was isolated and identified after Iizuka

and Lin (1981) by B.Y., and deposited (Registration

No. KB20M10.2) at the Department of Microbiology,

Faculty of Science, Kasetsart University. The fungus

was initially grown in a Conidia medium (Hiroi et al.,

1979), and inoculated into boiled rice (1 kg). The culture

was subsequently incubated at 30 �C, for 14 days, and
harvested for further study.
3.3. Extraction and isolation

Culture of M. kaoliang KB20M10.2 (grown on 1 kg

of rice) was macerated in CH2Cl2 for two days, and a

CH2Cl2 extract was evaporated to dryness. The crude

CH2Cl2 extract (16.5 g) was subsequently subjected to
Sephadex LH-20 cc, eluted with MeOH, to provide 11

fractions (A1–A11). Fractions (A4–A7) were pooled

and repeatedly subjected to Sephadex LH-20 column

(MeOH as eluent). Finally the fraction with yellow color

was subjected to Si gel cc (CH2Cl2:acetone, 99:1) to af-

ford monascusone A (1) (80 mg), monascusone B (2)

(2.8 mg), monascin (3) (20 mg), and FK17-P2b2 (4)

(4.2 mg).
Monascusone A (1); yellow viscous liquid;

½a�30D þ 71:95�ðc 0:93;CHCl3Þ; IR mmax cm
�1: 3350,

2974, 2932, 1650, 1554, 1409, 1290, 1193, 1072, 978,

898; UV (CHCl3) kmax nm: 243, 346; ESITOF MS: m/z

277.1041 (M + Na)+, calcd. for (C13H18O5 + Na)+,

277.1052; for 1H and 13C NMR spectra, see Table 1.

Monascusone B (2); yellow viscous liquid;

½a�30D þ 205:47�ðc 0:28;CHCl3Þ; IR mmax cm
�1: 3447,

2927, 1784, 1791, 1380, 1526, 1459, 1382, 1263, 1219,

1088, 866, 804; UV (CHCl3) kmax nm: 243, 375; ESITOF

MS: m/z 303.1235 (M + H)+, calcd. for C17H19O5,

303.1232; for 1H and 13C NMR spectra, see Table 1.

3.4. Preparation of the (R)- and (S)-MTPA ester

derivatives of monascusone A (1) in NMR tubes (Su

et al., 2002)

Monascusone A (1) (2 mg) was dissolved in pyridine-

d5 (0.5 mL) in an NMR tube, and this solution was

subjected to 1H NMR analysis. (S)-(+)-a-Methoxy-a-
trifluoromethylphenylacetyl chloride [(S)-(+)-MTPA

chloride] (6 lL) was added into the solution, the mixture

was left at room temperature for 45 min and the pro-

gress of the esterification reaction was monitored by
1H NMR analysis where upon a downfield shift of H-

2 0 and H-6 was observed. After complete formation of

(R )-(+)-MTPA ester of 1, the reaction mixture was then

subjected to 1H NMR analysis. 1H NMR data (pyri-

dine-d5) of the (R)-(+)-MTPA ester derivative of mona-

scusone A (1): dH 7.185–7.854 (aromatic protons of

MTPA), 5.912 (1H, dd, J = 10.3, 5.2 Hz, H-6), 5.510

(1H, m, H-2 0), 5.100 (1H, s, H-4), 5.058 (1H, d,
J = 12.5 Hz, H-1a), 4.860 (1H, d, J = 12.7 Hz, H-1b),

3.427 (6H, s, OMe of MTPA), 2.884, (1H, dd,

J = 15.2, 5.1 Hz, H-5a), 2.722 (1H, m, H-5b), 2.515

(2H, d, J = 6.3 Hz, H-1 0), 1.428 (3H, s, 7-Me), and

1.346 (3H, d, J = 6.1 Hz, H-3).

(S)-(�)-MTPA ester derivative of monascusone A (1)

was prepared accordingly. 1H NMR data (pyridine-d5)

of the (S)-(�)-MTPA ester derivative of monascusone
A (1): dH 7.185–7.854 (aromatic protons of MTPA),

5.897 (1H, dd, J = 10.4, 5.7 Hz, H-6), 5.529 (1H, m,
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H-2 0), 5.309 (1H, s, H-4), 5.048 (1H, d, J = 12.3 Hz, H-

1a), 4.937 (1H, d, J = 12.4 Hz, H-1b), 3.428 (6H, s, OMe

of MTPA), 2.920 (1H, dd, J = 15.5, 5.3 Hz, H-5a), 2.658

(1H, m, H-5b), 2.577 (2H, d, J = 6.2 Hz, H-1 0), 1.492

(1H, s, 7-Me), and 1.254 (3H, d, J = 6.18 Hz, H-3 0).

3.5. Bioassays

3.5.1. Cytotoxicity

The cytotoxic assay employed the colorimetric meth-

od reported by Skehan et al. (1990). KB (human epi-

dermoid carcinoma of cavity, ATCC CCL-17) and

BC (breast cancer cell line) were determined by colori-

metric cytotoxicity assay that measured cell growth
from cellular protein content according to Skehan

et al. (1990). Elliptine was used as positive control.

DMSO (10%) was used as negative control. Briefly,

cells at a logarithimic growth phase were harvested

and diluted to 105 cells/mL with fresh medium and gen-

tly mixed. Testing compound was dissolved in DMSO

(concentration at 20 mg/mL), and this solution was

then diluted with distilled water to obtain a stock solu-
tion at 0.4 mg/mL (with 10% DMSO). The stock solu-

tion (10 lL) and cell suspension (190 lL) were

transferred into microtiter plates (concentration at 20

lg/mL with 0.05% DMSO). If the compound is active

at 20 lg/mL, a series of solutions were prepared by

twofold dilution of the stock solution (diluted with

10% DMSO solution), and exposed to cells as men-

tioned above, in order to obtain IC50 value. Plates were
incubated at 37�C under 5% CO2 atmosphere for 72 h.

After incubation period, cells were fixed by 50% trichlo-

roacetic acid. The plates were incubated at 4�C for 30

min, washed with water, and air-dried at room temper-

ature. The plates were stained with 0.05% sulforhodam-

ine B (SRB) dissolved in 1% acetic for 30 min. After

staining period, SRB was removed with 1% acetic acid.

Plated were air-dried before bound dye was solubilized
with 10 mM Tris base for 5 min on shaker. Optical

density was read in a microtiter plate reader at wave-

length 510 nm. Ellipticine, the reference substance,

exhibited activity toward BC and KB cell lines, both

with the IC50 of 0.3 lg/mL.

3.5.2. Antimalarial activity

The parasite P. falciparum (K1, multidrug resistant
strain) was cultured continuously according to the

method of Trager and Jensen (1976). Quantitative

assessment of antimalarial activity in vitro was deter-

mined by means of the microculture radioisotope tech-

nique based upon the method described by Desjardins

et al. (1979). Briefly, a mixture of 200 lL of 1.5% of

erythrocytes with 1% parasitemia at the early ring stage

was pre-exposed to 25 lL of the medium containing a
test sample dissolved in DMSO (0.1% final concentra-

tion) for 24 h employing the incubation conditions
described above. Subsequently, 25 lL of [3H]hypoxan-

thine (Amersham, USA) in culture medium (10 lCi)
was added to each well and plates were incubated for

an additional 24 h. Levels of incorporated radioactively

labeled hypoxanthine indicating parasite growth were

determined using the TopCount microplate scintillation
counter (Packard, USA). An IC50 value of 1.2 ± 0.02 lg/
mL (n = 3) was observed for the standard compound,

dihydroartemisinin.

3.5.3. Antifungal activity

The antifungal activity was assessed against a clinical

isolate of C. albicans, employing a colorimetric method

(Hawser et al., 1998). Briefly, 100 lL of 2 · 106 CFU/
mL of C. albicans in RPMI 1640 medium, containing

34.53 g/mL of 3-[N-morpholino]propanesulfonic acid

was added to each well of 96-well microculture plates

containing 100 lL of test compound diluted in 10%

DMSO. Plates were incubated at 37�C for 4 h before

adding 50 lL of a solution containing 1 mg/mL of

2,3-bis-[2-methoxy-4-nitro-5-sulfonylphenyl]-5-[(phenyl-

amino)carbonyl]-2H-tetrazolium hydroxide (XTT tetra-
zolium) and 0.025 mM of N-methylphenazonium methyl

sulfate. After additional 4 h incubation at 37�C, the

number of living cells was determined by measuring

the absorbance of XTT formazan at 450 nm. Amphoter-

icin B and 10% DMSO were used as a positive and a

negative control, respectively. In our system, the IC50

value of the standard drug, amphotericin B, was

0.04 ± 0.01 lg/mL (n = 3).

3.5.4. Antitubercular activity

The antitubercular activity was assessed against M.

tuberculosis H37Ra using the Microplate Alamar Blue

Assay (MABA) (Collins and Franzblau, 1997). M.

tuberculosis H37Ra was grown in 100 mL of 7H9GC

containing 0.005% Tween 80. Cultures were incubated

in a 500-mL plastic flask on a rotary shaker at 200
rpm and 37 �C until they reached an optical density of

0.4–0.5 at 550 nm. Bacteria were washed and suspended

in 20 mL of phosphate-buffered saline and passed

through an 8-lm pore-size filter to eliminate clumps.

The filtrates were aliquoted and stored at �80 �C. Anti-

microbial susceptibility testing was performed in 96-well

microplates. Outer perimeter wells were filled with sterile

water to prevent dehydration. Initial screened-sample
dilutions were prepared in either DMSO or distilled

deionized water. The dissolved-screened samples were

then diluted by Middlebrook 7H9 media containing

0.2% v/v glycerol and 1.0 g/L casitone (7H9GC), and

subsequent twofold dilutions were performed in 0.1

mL of 7H9GC in the microplates. Frozen inocula were

diluted 1:100 in 7H9GC. Addition of 0.1 mL to the well

resulted in final bacteral titers of about 5 · 104 CFU/
mL. Wells containing sample only were used to deter-

mine whether the test-samples themselves could reduce
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the dye or not. Additional control wells consisting of

bacteria (B) or medium (M) were included. Plates were

incubated at 37 �C. Starting at day six of incubation,

20 lL of Alamar Blue solution and 12.5 lL of 20%

Tween 80 were added to B and M wells, and plates were

re-incubated at 37 �C. Wells were observed at 24 h for a
colour change from blue to pink. If the B wells became

pink by 24 h, Alamar Blue solution was added to all

testing plates. However, if a colour (blue) of M and B

wells did not change, both wells were tested daily until

a colour of B wells change from blue to pink. After

the change of B well colour, Alamar Blue solution was

subsequently added to all remaining wells. Plates were

then incubated at 37 �C for 24 h, and the results were re-
corded with a fluorescence multi-well reader (Cyto-

Fluor, Series 4000) at the excitation and emission

wavelengths of 530 and 590 nm, respectively. The

standard drugs, isoniazid and kanamycin sulfate,

showed respective MIC values of 0.040–0.090 and 2.0–

5.0 lg/mL.
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