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Abstract: The filamentous fungus ‘Monascus’ has been used as a natural food coloring and folk medicine in East Asia for centuries. 

Several bioactive substances produced by Monascus species have been isolated and identified. Recent studies demonstrated their mode of 

action in vitro and effectiveness in vivo, and their utilization for health foods and medicine has advanced. This mini review will introduce 

the physiological functions and safety of bioorganic chemicals produced by Monascus species. 
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1. INTRODUCTION 

Monascus is a filamentous fungus belonging to the family 

Monascaceae, order Eurotiales, and is used in the making of 

fermented rice, ‘Monascus-rice’ (also called red yeast rice, red 

mold rice, and red-koji or beni-koji in Japanese). More than 30 

strains have been isolated and identified from food stuff or soil, and 

they have been classified into nine species: M. ruber, M. pilosus, M. 
purpureus, M. barkeri, M. bisporus, M. kaoliang, M. floridanus, M. 
sanguineus, and M. lunisporas. Monascus-rice has been used to 

make traditional fermented foods such as red-rice wine and 

fermented soybean curd (tofu-ru, furu in China; tofuyo in Okinawa, 

Japan) in East Asia, since Monascus species produce various useful 

enzymes like proteinases [1-6], peptidases [7-9], amylases [10, 11], 

and ribonucleases [12]. Another important characteristic of 

Monascus species is the production of vivid orange, red, and yellow 

pigments. Although these pigments have weak point of de-

coloration by long-term exposure to light, they are stable at high 

temperatures and a wide range of pH, and good for dye against 

protein. Therefore, they are utilized as natural food colorings in 

products protected from light, such as ham, sausage, fish paste, and 

sweets. 

Monascus-rice has been used not only in food processing but 

also in folk medicine for centuries. Records exist in the Chinese 

compendium of remedies (‘Ben Cao Gang Mu’ written by Li Shi-

Zhen in 1578) using Monascus-rice to improve blood circulation, 

spleen and stomach health. These health-promoting effects of 

Monascus-rice have been scientifically verified, and multifunctional 

compounds have been isolated and identified, such as angiotensin-

converting enzyme (ACE)-inhibitory peptides, -aminobutyric acid 

(GABA), monacolins, citrinin, pigments, and dimerumic acid. The 

present review will introduce the physiological functions and safety 

of bioorganic chemicals produced by Monascus species. 

2. PROTEINASES AND ACE-INHIBITORY PEPTIDES 

As for proteinases produced by Monascus species, an aspartic 

proteinase with a molecular mass of approximately 40 kDa 

(optimum pH, 3; optimum temperature, 55 °C) was homogeneously 

purified from M. anka (synonym for M. purpureus) [1, 2], and two 

extracellular acid proteinases approximately 43 and 58 kDa 

(optimum pH, 2.5-3.0; optimum temperature, 55 °C) were also 

homogeneously isolated from M. pilosus [3]. It has considered that 

these proteinases greatly contribute to food fermentation and  
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maturation. For example, in making fermented soybean curd 

(tofuyo), proteinases hydrolyze soybean protein to soluble peptides 

and amino acids, producing a favorable smooth cream cheese-like 

texture and umami taste [9, 13, 14]. 

Proteinases are also able to produce bioactive compounds such 

as angiotensin I-converting enzyme (ACE, EC3.4.15.1) -inhibitory 

peptides. ACE is a dipeptidyl carboxy peptidase that plays an 

important role in the regulation of blood pressure. It converts 

angiotensin I into a powerful vasoconstrictor, angiotensin II, and 

also inactivates the vasodilator bradykinin. In this section, we will 

describe our previous investigation of ACE-inhibitory peptides in 

Monascus-rice and tofuyo (fermented soybean curd from Okinawa, 

Japan) and production of ACE-inhibitory peptides from soybean 

proteins, -conglycinin and glycinin, using purified acid proteinase 

from M. purpureus [15-17]. 

Screening of ACE-inhibitory activities in Monascus-rice 

prepared by 24 strains of Monascus fungus was carried out, and we 

selected M. purpureus IFO4489 which was the most effective strain 

for ACE inhibition (Table 1) [15]. Four ACE-inhibitory peptides 

were isolated from the extract by several column chromatographies 

and identified as IY, VVY, VF, and VW by protein sequencing 

(Table 2). A computer sequence search of the SWISS-PROT 

protein sequence database showed that all peptide fragments exist 

in the primary structure of prolamin, a major rice protein, and VF 

and VVW also exist in glutelin. And thus, ACE-inhibitory peptides 

in Monascus-rice were considered to be produced from rice protein 

by the action of proteinases produced by the Monascus strain. 

Table 1.  ACE-Inhibitory Activity in Monascus-Rice Extracts Made 

with Various Strains of the Genus Monascus 

 

 IC50 (mg/ml) 

M. purpureus IFO 4478 1.64 

M. purpureus IFO 4489 0.71 

M. sp. C-1-1 1.66 

M. sp. C-3 1.22 

M. sp. C-4 1.68 

Cited from Table 1 in Kuba et al. [15] with permission from Elsevier. 

Proteinases such as pepsin, chymotrypsin and trypsin are 

frequently used in hydrolysis to obtain ACE-inhibitory peptides. 

Bacterial alkaline serine proteinases are also utilized in the 

production of ACE inhibitors from food protein. However, there are 

a small number of reports on the use of microbial acid proteinase in 

the production of ACE inhibitor. We investigated production of 

ACE-inhibitory peptides from soybean protein using Monascus-
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acid proteinase. Four ACE-inhibitory peptides (LAIPVNKP, LPHF, 

SPYP, and WL) were obtained from -conglycinin and glycinin, 

which were directly hydrolyzed by purified acid proteinase from M. 
purpureus (Table 2) [16]. WL has also been purified from tofuyo as 

mentioned below. 

Table 2.  ACE-Inhibitory Peptides Isolated from Monascus-Rice 

Related Materials and their Digestive Stability in vitro 

 

 
Amino acid 

sequence 

Yield 

(%) 

IC50 

(μM) 

IC50 after 

digestion 

(μM)
3)

 

IY 7.0 10
-2

 4.0 3.7 

VVY 2.5 10
-2

 22.0 19.3 

VF 3.4 10
-2

 49.7 51.2 

Monascus-rice
1)

 

VW 8.0 10
-3

 3.1 4.5 

IFL 2.4 10
-2

 44.8 120.0 

Tofuyo
1)

 

WL 3.0 10
-4

 29.9 110.3 

LAIPVNKP 1.5 10
-3

 70 376 

LPHF 6.4 10
-4

 670 610 

SPYP 2.7 10
-3

 850 60 

Major soybean 

protein cleaved 

by an acid 

proteinase from 

M. purpureus2)
 

WL 1.5 10
-3

 65 77 

1)
 ACE-inhibitory activity was measured by ACE obtained from rabbit lung [15, 17]. 

2)
 ACE-inhibitory activity was measured by ACE obtained from porcine lung [16]. 

3) 
Each inhibitor solution was successively treated with pepsin (0.05%, w/v), 

chymotrypsin and trypsin (0.25%, w/v for each concentration) followed by incubation 

for 6 h at 37
o
C as previously described [15-17]. The digests were used for 

measurement of ACE inhibition. 

Modified from Tables from Kuba et al. [15-17] with permission from Elsevier and 

Japan Society for Bioscience, Biotechnology, and Agrochemistry. 

The value of ACE-inhibitory activity in tofuyo was shown to be 

relatively similar to the other Japanese traditional fermented 

soybean foods (Table 3) [17]. Two ACE inhibitors were isolated to 

homogeneity from tofuyo extract and identified as IFL and WL 

(Table 2). IFL sequence is found in the - and -subunits of -

conglycinin, while WL sequence is in the B-, B1A-, and BX-

subunits of glycinin from soybean. Since the ’-, -, and -subunits 

in -conglycinin and the acidic subunit in glycinin are degraded to 

low-molecular-weight elements during tofuyo fermentation [18], it 

is likely that IFL was liberated from -conglycinin by proteinases 

that were produced by M. purpureus and/or Aspergillus oryzae used 

in the fermentation process. Although the basic subunit in glycinin 

cannot be easily degraded by these enzymes [18] as compared with 

each subunit in -conglycinin or the acidic subunit in glycinin, WL 

might have been liberated from the subunit during long-term 

fermentation (3 months). 

Table 3 .  IC50 of Typical Fermented Soybean Foods Toward ACE 

 

Fermented soybean food IC50 (mg/ml) 

Soy sauce 3.44 

Miso paste 1.27 

Natto 0.16 

Tofuyo 1.77 

Cited from Table 1 in Kuba et al. [17] with permission from Japan Society for 

Bioscience, Biotechnology, and Agrochemistry. 

Cheung et al. [19] studied the structural relationships between 

ACE and its inhibitors, and concluded that ACE binding is highly 

specific for the terminal dipeptide residues of the inhibitors, with 

the C-terminal amino acid being the most important to overall 

binding to the active site of ACE. The most favorable C-terminal 

residues were W, Y, P, or F. Consistent with this report, 

LAIPVNKP that has P at the C-terminal residue showed strong 

inhibitory activities. Kobayashi et al. [20] pointed out that not only 

hydrophobicity but also the molecular size of aromatic amino acids 

is important for blocking the active site of ACE. Consistent with 

this point of view, VW, which included the largest aromatic amino 

acid at the C-terminus, had the highest inhibitory activity. 

Regarding the N-terminal amino acid residue, branched-chain 

aliphatic amino acids have been considered suitable for ACE 

inhibition (Fig. 1). Six peptides isolated in our study had I or V at 

the N-terminus and exhibited relatively high inhibitory activity. 

Moreover, positively charged amino acids, R or K, between 

branched-chain aliphatic amino acids and aromatic amino acids 

have been reported to contribute to strong ACE inhibition. 

Although VVY had favorable amino acids at both ends, the ACE-

inhibitory activity of the peptide was lower than that of the other 

tripeptides consisting of I or L + positively charged amino acids + 

aromatic amino acids because of the lack of positively charged 

residue. 

The digestive stability of ACE inhibitors against 

gastrointestinal proteinases in vitro was examined in order to 
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Fig. (1). Proposed binding of substrate and inhibitors to the active site of angiotensin I-converting enzyme. 
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predict their anti-hypertensive effect in vivo (Table 2). Six peptides 

isolated from Monascus-rice and major soybean proteins showed 

almost completely preserved ACE-inhibitory activities. 

Interestingly, the IC50 value of LAIPVNKP increased significantly 

after digestion. The N- and C-terminal amino acid residues of this 

peptide (L and P, respectively) might be cleaved by pepsin and 

trypsin according to already known cleavage sites of these 

proteinases. In contrast, the IC50 value of SPYP decreased 

significantly after digestion. This peptide may be split into SPY, 

which was expected to have strong activity, and P by trypsin. 

According to study on absorption and transport system of 

peptides, di- and tripeptides are more rapidly absorbed and reach a 

higher concentration in the blood than single amino acids [21]. In 

addition, short peptides (average residue length of 3.2) in a soybean 

hydrolysate were more rapidly absorbed than the long ones 

(average residue length of 5.2) when using a rat intestinal everted 

sac [22]. Matsui [23] found that 18 di- and tripeptides derived from 

-conglycinin, including WL, were absorbed intact through the 

small intestine membrane of rats. Moreover, IY significantly 

decreased blood pressure in spontaneously hypertensive rats (SHR) 

by a single oral administration at a dose of 0.1 mg/kg [24]. These 

findings support the notion that ACE-inhibitory peptides, except 

LAIPVNKP, are expected to be easily absorbed and contribute to 

the anti-hypertensive effect in vivo. 

Monascus-rice and proteinases from Monascus species are 

useful for the generation of ACE-inhibitory peptides derived from a 

variety of proteins. Recently, several physiological functions, such 

as antioxidation, nerve stimulation, and immunostimulation, are 

revealed in peptides, and it is anticipated that Monascus-rice and 

proteinases can be applied to the production of these functional 

peptides. For the practical use of physiological peptides as a health 

food, optimization of the orally effective dose would be required. 

3. PHYSIOLOGICAL FUNCTION OF TOFUYO 

Although ACE-inhibitory activity was confirmed in tofuyo or 

bioactive peptides prepared by Monascus-acid proteinase in vitro, 

the anti-hypertensive activity and other physiological function of 

tofuyo in vivo remain to be clarified. We examined the anti-

hypertensive effect of tofuyo in SHR (male, 8 weeks of age) [25]. 

At 11 and 12 weeks of age, the systolic blood pressure (SBP) of rats 

fed experimental diets containing lyophilized tofuyo (17%, w/w) 

tended to be lower than controls, and at 13 weeks of age, the SBP in 

the tofuyo group was significantly lower than in the control group 

(Fig. 2). Tofuyo would suppress a mild hypertension in the early 

stage. Because of the limited availability to prepare experimental 

diet containing tofuyo, we were unable to evaluate the effects of 

long term administration. For utilization of tofuyo as a health food, 

examination of the long term administration would be required. At 

the end of the experimental period, the ACE activities in tissues and 

serum were measured (Table 4). Lung exhibited higher ACE 

activity than serum and other tissues, because vascular bed is 

abundant in lung. Although the ACE activity of lung tended to be 

higher in the tofuyo group than that in the control group, there were 

no significant differences. On the other hand, the ACE activity of 

kidney was significantly lower in the tofuyo group than that in the 

control group. ACE inhibition in peripheral tissues, especially 

vascular wall and kidney, is thought to be important for controlling 

blood pressure [26]. The ACE inhibition of kidney might contribute 

to reduction of blood pressure in tofuyo group. However, the ACE 

activities in this study were measured after a decline in SBP has 

been disappeared. Further study is necessary to elucidate the 

relationship between antihypertensive effect and ACE inhibition of 

tissues by tofuyo. Among the serum lipids, the total cholesterol and 

HDL cholesterol in the tofuyo group was significantly decreased, 

whereas the ratio of HDL to total cholesterol in the tofuyo group 

tended to be higher than that in the control group (Table 5). These  

 

results indicate that tofuyo had serum hypocholesterolemic activity. 

Iwami et al. [27] reported the hypocholesterolemic effect of 

soybean protein digested by pepsin. Tofuyo is abundant in peptides 

and amino acids that are liberated from soybean protein by 

Monascus species during fermentation, which might contribute to 

the cholesterol reduction in serum. 

 
Fig. (2). Changes in body weight (A) and systolic blood pressure (B) during 

feeding the experimental diets in spontaneously hypertensive rats [25]. 

The data were expressed as mean ± S.D. (n=8). The experimental diets 

contained 1% sodium chloride to induce hypertension and 22% protein. 

Lyophilized tofuyo (17%, w/w) was added to the diet of the tofuyo group; 

that is, approximately 5% of total protein was supplied by tofuyo instead of 

by casein. *Asterisk indicates significant difference from control (p<0.05). 

, control group; , tofuyo group. Cited from Fig. 1 in Kuba et al. [25] with 

permission from the Pharmaceutical Society of Japan. 

Table 4 .  ACE Activities in Serum and Tissues of SHR at 14 Weeks 

of Age 

 

ACE activity (mU/mg protein) 
 

Control Tofuyo 

Serum 1.4 ± 0.1 1.5 ± 0.1 

Aorta 155.1 ± 51.0 144.9 ± 45.3 

Lung 311.4 ± 132.0 442.9 ± 62.7 

Kidney 4.9 ± 1.8 2.6 ± 0.8* 

*Significant difference from the control group (t-test, p<0.05). 

Cited from Table 3 in Kuba et al. [25] with permission from the Pharmaceutical 

Society of Japan. 
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Table 5.  General Composition of Serum from SHR Fed the 

Experimental Diets for 6 Weeks 

 

 Control Tofuyo 

Glucose (mg/dl) 114.8 ± 22.9 114.8 ± 15.9 

Total protein (g/dl) 6.8 ± 0.3 6.6 ± 0.2 

Albumin (g/dl) 2.7 ± 0.1 2.7 ± 0.1 

AST (U/L) 212.8 ± 27.0 179.9 ± 31.2* 

ALT (U/L) 67.5 ± 10.9 56.3 ± 13.0 

Total-cholesterol (mg/dl) 53.8 ± 6.0 46.8 ± 5.0* 

HDL-cholesterol (mg/dl) 18.9 ± 1.8 17.0 ± 1.6* 

Triacylglycerol (mg/dl) 17.5 ± 11.2 13.6 ± 10.2 

Phospholipid (mg/dl) 91.5 ± 11.4 82.6 ± 8.8 

*Significant difference from the control group (t-test, p<0.05). 

Cited from Table 4 in Kuba et al. [25] with permission from the Pharmaceutical 

Society of Japan. 

4. -AMINOBUTYRIC ACID (GABA) 

-Aminobutyric acid (4-aminobutanoic acid; GABA) is the 

chief inhibitory neurotransmitter in the mammalian central nerve 

system. It is produced by removing of the carboxylic acid at -

position of L-glutamic acid catalyzed by a glutamate decarboxylase 

(GAD). There are some reports on Monascus species has GAD, and 

Monascus-rice contains GABA at approximately 30-300 mg/kg [28, 

29]. When GABA is exogenously derived, it cannot cross the 

blood-brain barrier and does not act as neurotransmitter. However, 

GABA is able to block peripheral autonomic ganglia and decrease 

blood pressure [30]. In animal experiments, high blood pressure in 

SHR was significantly decreased by feeding a chow containing 

Monascus-rice powder, and GABA was identified as the active 

substance [28, 29]. A small addition of Monascus-rice powder to 

the chow (0.03%; GABA content is 0.09 mg/100 g chow) was 

effective against hypertension. Moreover, a large addition of 

Monascus-rice powder (5%) also moderately lowered the blood 

pressure [31, 32]. 

In clinical study, mild and borderline hypertension patients 

drank Monascus-rice aqueous extract prepared with M. pilosus 

IFO4520 in two patterns: (i) at a dose equivalent to 27 g of 

Monascus-rice/day for 2 weeks; or (ii) at a dose equivalent to 9 g of 

Monascus-rice/day for 6 months [33]. It was observed that both 

patterns resulted in improved hypertension. In another study, the 

blood pressure of 91 mild hypertension patients was significantly 

decreased by Monascus-rice extract-drink for 12 weeks [34]. 

In order to increase GABA yield, optimal culture conditions for 

Monascus species have been investigated. Addition of sodium 

nitrate, dipotassium hydrophosphate, and 0.5% ethanol to the 

culture medium improved GABA yield to 1267.6 mg/kg, 1493.6 

mg/kg, and 7453 mg/kg, respectively [35, 36]. Attempts to employ 

these conditions in the production of supplements and health foods 

have been made. 

5. POLYKETIDE METABOLITES 

5.1. Monacolin K (Mevinolin or Lovastatin, Mevacor) and 

Related Compounds 

Endo [37] isolated and identified a cholesterol-lowering 

compound from M. ruber, and named it monacolin K. Monacolin K 

is identical to lovastatin (also known as mevinolin and mevacor) 

and is a potent competitive inhibitor of 3-hydroxy-3-methylglutaryl 

coenzyme A (HMG-CoA) reductase, the rate-limiting enzyme in 

cholesterol biosynthesis (IC50 = 5 nM and Ki = 0.49 nM) [38]. 

Monacolin analogs (monacolin J, L, M, X, and dihydromonacolin 

L) that also have cholesterol-lowering activities have been 

identified from Monascus species (Fig. 3) [39-41]. Compactin 

produced by Penicillium citrinum is also a monacolin-analog, and 

structural features of those molecules are (i) the lactone or the 

hydroxylic 3’,5’-dihydroxyacid, (ii) the moiety bridging the lactone 

and the lipophilic groups, (iii) the decarine ring, and (iv) the side 

chain ester [42]. 3’- or 5’-Hydroxyl group in 3’, 5’-dihydroxyacid 

portion is thought to play a crucial role for HMG-CoA reductase 

inhibition [42]. Although monacolin analogs are decomposed under 

the conditions of high humidity at high temperature and sunlight 

[43], the synthetic pathway in the fungus [44, 45] and several 

methods to increase the yield have been investigated [35, 36, 46-

49]. Temperature is one of the important conditions for monacolin 

K production. In the case of M. purpureus NTU601, the highest 

production was observed at 30
o
C (530 mg/kg), while at lower 

temperature (25
o
C) gave less productivity [36]. In contrast, M. 

pilosus NBRC4520 produced much monacolin K (225 μg/g) and 

less citrinin with temperature-shift cultivation; i.e., the optimum 

temperature was shift from growth phase at 30
o
C to monacolin K 

production phase at 23
o
C [49]. 

Sviridov et al. [50] studied cholesterol-lowering effects of 

monacolin-related compounds in vitro using five kinds of human 

cells: umbilical vein endothelial cells, small intestine epithelial 

cells, hepatoma cell line HEP G2, normal skin fibroblasts, and skin 

fibroblasts from a patient with familial homozygous 

hypercholesterolemia. The most effective compounds were 

monacolin K and compactin, and their potencies were dose-

dependent and tissue selective; IC50 values were 1.0-30 pg/ml for 

endothelial and epithelial cells, 0.01-66 ng/ml for HEP G2 cells, 

and 0.1-200 ng/ml for fibroblasts. 

In in vivo experiments, anticholesterolemic and anti-

arteriosclerotic effects of monacolin K were investigated in various 

animals [51-55]. Tang et al. [54] reported that monacolin K did not 

affect plasma and hepatic cholesterol levels in normal mice; 

however, it significantly reduced both plasma and hepatic 

cholesterol levels in transgenic mice overexpressing the ATP-

binding cassette (ABC) transporter G5/G8 gene (G5G8
Tg

 mice), 

which is related to cholesterol biosynthesis and excretion. 

Individuals with higher baseline cholesterol synthesis rates are 

more sensitive to monacolin K, suggesting the reason for the 

interdividual variation of response to statin-drug treatment. Some 

experiments have investigated cholesterol-lowering mechanisms by 

monacolins. In the early study using rabbits and hamsters, it was 

reported that inhibition of cholesterol synthesis by monacolin K led 

to a compensatory increase in the amount of mRNA for HMG-CoA 

reductase [51]. This feedback regulation simultaneously caused an 

increase in mRNA for LDL receptors in liver, thereby decreasing in 

plasma cholesterol level [51]. The recent studies suggest another 

cholesterol-lowering mechanism which is not attributed to LDL 

receptors in liver. The protein levels of LDL and HDL receptors in 

G5G8
Tg

 mice, mentioned above, were unchanged by monacolin K 

treatment. Meanwhile, hepatic mRNA levels of ABC transporter 

G5/G8 and Niemann-Pick C1 Like1 (NPC1L1) were significantly 

increased. These two molecules are thought to modulate biliary 

cholesterol secretion, thus the upregulation of cholesterol excretion 

would result in reduction in plasma cholesterol level [54]. As for 

anti-arteriosclerotic effects, monacolin K showed an effect with the 

suppression of oxidative stress and down-regulation of apoptosis-

related genes (Fas-ligand, caspase 8, and caspase 9) that deteriorate 

arteriosclerosis in rabbits [55]. 

Additionally, HMG-CoA reductase inhibitors including 

monacolin K suppressed smooth muscle cell migration and 

proliferation and cholesterol phagocytosis of macrophages, 

indicating that they exert a direct anti-atherosclerotic effect in the 

arterial wall, independent of their lipid-lowering properties [56]. 

These beneficial effects were not only detected in pure monacolin 

K but also in crude Monascus-rice powder [57-60], and the 
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minimum effective dose was reported as 0.5 mg/kg/day (content of 

monacolin K is 4.75 mg/kg) in rabbits [58]. 

In clinical data, statins including monacolin K are 

therapeutically equivalent in reducing LDL-cholesterol at 

comparable doses [61]. While there are some reports on the 

cholesterol-lowering effect of Monascus-rice supplements to 

hypercholesterolemic patients, discussions of clinical efficacy and 

safety are ongoing [62, 63]. Problems encountered with Monascus-
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Fig. (3). Structures of bioactive compounds in Monascus-rice. 
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rice supplements are the variable content of monacolin K, 

contamination with citrinin, and side effects like rhabdomyolysis 

[64] and nephropathy; thus, these risks must be taken into 

consideration when using these supplements. 

Recently, in addition to the cholesterol-lowering effect, other 

effects such as neuroprotection [65], dementia prevention [66], 

anticancer effect [67-69], and osteogenesis promotion [70] in statins 

and Monascus-rice have been reported, and further studies are 

necessary to maximize health-promoting applications. 

5.2. Pigments (Azaphilones) 

The major Monascus pigments (Fig. 3) are six azaphilones 

classified into the following three groups: (i) orange pigments, 

rubropunctatin and monascorubrin (they have different aliphatic 

side chains); (ii) red pigments, rubropunctamine and 

monascorubramine (the pyronoid oxygen atom of orange pigments 

is replaced by a NH group at high pH); and (iii) yellow pigments, 

monascin and ankaflavin (reduced forms of orange pigments). 

Orange pigments are biosynthesized first, and red and yellow 

pigments are considered to be derived from orange pigments 

depending on culture conditions [71]. Monascus pigments are stable 

at a wide range of pH and high temperatures and are used as natural 

food colorants [72]. 

Martinkova et al. [73] reported that M. purpureus cultured with 

ammonium chloride mainly produced orange pigments, which 

exhibited antibiotic effects not only against bacteria but also against 

yeasts and certain filamentous fungi (Myrothecium and some 

Monascus strains). In an embryotoxicity test, ED50 values of the 

orange pigments were around 10 μg, comparable with mycotoxins 

such as penicillic acid, cyclopiazonic acid, tenuazonic acid or 

citrinin. 

Recently, the anticancer effects of Monascus pigments have 

been investigated. Zheng et al. [74, 75] studied cytotoxic activities 

of rubropunctatin against human cancer cells in vitro and tumor-

bearing nude mice in vivo. This pigment inhibited the proliferation 

of human gastric adenocarcinoma BGC-823 cells with IC50 of 12.57 

μM, while it exhibited no significant toxicity to normal gastric 

epithelial GES-1 cells at the same concentration [74]. Tumor 

weight in BGC-823-bearing nude mice was reduced 23.5% and 

37.7% after five-time intravenous injection of rubropunctatin at a 

dose of 8 mg/kg and 32 mg/kg, respectively. Moreover, the 

expression of 30 genes related to the induction of apoptosis, 

especially tumor necrosis factor (TNF) and DNA-damage inducible 

transcript 3, were found to be up-regulated significantly in vitro, 

and these factors contribute to the anticancer activities [74]. By the 

analysis of the relationship between pharmaceutical activity and the 

chemical structure of rubropunctatin, it is concluded that 6-internal 

ether, 4-carbonyl, and conjugated double bonds in the tricyclic 

structure is necessary for the anticancer effect [74]. 

Six Monascus pigments also exhibited anti-inflammatory 

activities on 12-O-tetradecanoylphorbol-13-acetate (TPA)-induced 

ear edema in mice by topical administration (ID50 = 0.11-0.4 

mg/ear) [76]. Yasukawa et al. [77, 78] reported that oral 

administration of monascorubrin suppressed the tumor promotion in 

two-stage carcinogenesis, i.e., initiation by 7, 12-dimethylbenz 

anthracene (DBA) and promotion by TPA, in mice. Four Monascus 

pigments (rubropunctatin, monascorubrin, rubropunctamine, and 

monascin) inhibited Epstein-Barr virus early antigen (EBV-EA) 

activation, which was almost equivalent to what is observed with -

carotene, except without its cytotoxic activity in Raji cells [76]. 

Similar to those results, Su et al. [79] reported that ankaflavin 

inhibited the proliferation of human hepatocellular carcinoma Hep 

G2 and human lung epithelial carcinoma A549 with both IC50 

values of 15 μg/ml, while it exhibited no significant toxicity to 

normal cells (MRC-5 and WI-38). By cell cycle analysis, it was 

found that ankaflavin induced a distinct sub-G1 peak. Apoptosis 

was therefore suggested as the possible mechanism of cell death. 

Both ankaflavin and monascin contain the same basic 

chromophoric structure and differ from each other only in the 

length of the saturated side chain (C7 in ankaflavin and C5 in 

monascin). However, monascin did not have anticancer activity, 

indicating that the length of the saturated side chain on the ketonic 

carbonyl group of ankaflavin is an important factor in its anticancer 

activity. 

5.3. Citrinin 

Citrinin (also known as monascidin, Fig. 3) was originally 

identified as a yellow pigment produced by Penicillium citrinum 

[80], and was subsequently isolated from Monascus and Aspergillus 

fungi [81, 82]. The biosynthesis pathways of citrinin and other 

pigments differ; the former is produced from tetraketide and the 

later is produced from hexaketide. Although it has antibiotic 

activities against several bacteria, including Staphylococcus aureus, 

it is regarded as a mycotoxin because of its nephro- and hepato-

toxicity [83, 84]. Citrinin-induced renal dysfunction has been 

recognized in various animals, and the dose-dependent 

ultrastructural lesions were accompanied by proteinuria and 

glucosuria [83, 84]. Cellular analysis suggested that citrinin 

accumulated in mitochondria and induced an increase in 

superoxides and inhibition of the electron transport system [85]. 

Macromolecule biosynthesis (protein, RNA, and DNA) was also 

inhibited [86, 87], and these multiple effects of citrinin led to cell 

death. The LD50 value for intraperitoneal administration in mice 

and rats was 35-67 mg/kg body weight [88]. 

The mutagenicity of citrinin remains controversial. Citrinin did 

not show mutagenicity in the Ames test with or without S9-mix in 

Salmonella typhimurium (TA-98, TA-100, TA-1535, TA-1538, TA-

97, and TA-102) [89-91]. However, citrinin pretreated with primary 

hepatocyte culture induced mutagenicity in TA-98 and TA-100 

strains [92], indicating that citrinin requires a complex cellular 

biotransformation to become mutagenic. 

There are some reports on the genotoxicity of citrinin in vitro 

and in vivo. In a study of Chinese hamster ovary cells and HEK293, 

citrinin did not affect the frequency of sister chromatide exchange 

(SCE) and DNA gaps and breaks [92]. On the other hand, at high 

concentration of 5  10
-4

 M of citrinin induced a significant increase 

in complex translocation and chromosomal coiling disorder in V79-

E cells originally from Chinese hamster [93]. Aneuploidic potential 

of citrinin was also observed in the same cell line. In a study of 

mice, citrinin induced chromosome abnormalities and breaks in 

bone marrow cells both of young weanling and adult mice [94, 95]. 

In addition, citrinin caused a significant concentration-dependent 

increase in micronucleus frequency in human lymphocytes [96]. 

The genotoxicity is related to tumorigenicity; oral administration of 

citrinin to Fischer 344 rats for 80 weeks caused renal adenomas 

[97]. 

Sabater-Vilar et al. [91] reported that citrinin content in 

commercial Monascus-rice varied between 0.2 to 17.1 μg/g. Blanc 

et al. [82] also reported citrinin production by M. purpureus and M. 
ruber, where the concentrations of citrinin were 270 and 340 mg/L 

in submerged culture and 100 and 300 mg/kg in solid state culture. 

In rat repetitive dosing toxicity test for 90 days, no abnormalities 

were detected in biochemical and pathological indexes of kidney 

and liver. Safe dosage for daily consumption in human is estimated 

to be 2 g of Monascus-rice (citrinin content is less than 4 ppm) [98]. 

Culture conditions of Monascus species have been studied to 

reduce citrinin content for its use in food colorants or supplements 

[36]. Carbon and nitrogen sources are considered to be the most 

important factors, and other conditions such as oxygen, metal ions, 

and temperature influence polyketide production including citrinin 

[99]. UV light and chemical mediators were used to obtain low 

citrinin-producing mutants [100]. Genes responsible for citrinin and 

other polyketide biosynthesis (pksCT, ctnA, and Mga1, etc.) have 
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been identified [101-103], thereby employing genetic engineering 

in the inhibition of citrinin expression [104, 105]. 

6. DIMERUMIC ACID 

Dimerumic acid (Fig. 3) is one of the siderophores secreted by 

microorganisms, and has high-affinity for iron (III) ions and 

contributes to the microbial iron transport system [106]. Recently, 

the antioxidant and hepatoprotective actions of dimerumic acid 

have been elucidated [107-111]. Dimerumic acid is considered to 

scavenge radicals by one electron donation of hydroxamic acid 

group in its molecule toward oxidants such as 1,1-dipheny-2-

picrylhydrazyl (DPPH), hydroxyl radical, superoxide anion, 

ferrylmyoglobin, and peroxyl radical, resulting in inhibition of lipid 

peroxidation [109, 110]. 

When rats were pretreated with Monascus-rice or pure 

dimerumic acid, liver injuries induced by chemical mediators like 

acetaminophen (AAP), galactosamine, lipopolysaccharide, or 

carbon tetrachrolide were significantly depressed by the radical 

scavenging effect of dimerumic acid. Some reports suggested 

possible mechanisms for the hepatoprotective action [107-110]. 

Aniya et al. [107] reported that both of the antioxidative and 

cytochrome P450 inhibitory effects disturbed the generation of N-

acetyl-p-benzoqunone imine, hepatotoxin, from APP in hepatic 

metabolism. Meanwhile, Yamashiro et al. [111] suggested that the 

hepatoprotective effect of dimerumic acid was mainly caused by 

suppressing oxidative stress without affecting the cytochrome P450 

enzyme system. 

7. PHYSIOLOGICAL FUNCTIONS OF MONASCUS-RICE-
PRODUCTS 

In addition to the bioactive compounds mentioned above, 

Monascus-rice contains many useful ingredients, such as 

phytosterol ( -sitosterol, campesterol, and stigmasterol), saponin 

and sapogenin, isoflavones and isoflavone glycoside, selenium, and 

zinc [112]. In this section, we will introduce some findings on the 

physiological functions of Monascus-rice and processed foods 

where the active substances have not yet been identified. 

With respect to anti-diabetic effects, Chen et al. [113] 

demonstrated that a single oral administration of Monascus-rice to 

Wistar rats (the upper limit is 150 mg/kg) caused a significant 

decrease in blood glucose level and increases in blood insulin and 

C-peptide. They suggested that Monascus-rice would have the 

ability to raise the release of acetylcholine from nerve terminals, 

which in turn stimulates muscarinic M3 receptors in pancreatic cells 

and augments insulin release, resulting in a plasma glucose 

lowering action. Shi et al. [114] also found that blood glucose, 

urine sugar, and urine protein in streptozotocin-induced diabetic 

rats were decreased by feeding of Monascus-rice, Monascus-

fermented dioscorea, and Monascus-fermented adlay at 200 mg/kg 

for 8 weeks. Among these three Monascus-fermented products, 

dioscorea had the highest anti-diabetic activity and larger amounts 

of secondary metabolites such as monascin, ankaflavin, and GABA, 

than rice and adlay. Specifically, GABA acts as a blood glucose-

lowering factor by repressing glucagon release [115], thereby 

contributing to the anti-diabetic effect of the products. 

As for anti-obesity effects, Jeon et al. [116] reported that 

Monascus-rice had an inhibitory effect on adipocyte differentiation, 

as indicated by a decrease in GPDH activity and TG content. This 

might be mediated through the down-regulated expression of 

adipogenic transcription factors (C/EBP  and PPAR ), adipocyte 

fatty acid binding protein (aP2), and leptin. Recently, inhibitory 

effects of statin analogs on adipocyte differentiation have been 

elucidated [117, 118]; however, monacolin K obtained from 

Monascus-rice showed no effect [116]. Further study is necessary 

to identify the active substance. 

In addition to its actions related to energy metabolism, 

Monascus-rice exhibits macrophage-stimulating activity [119], 

improvement of erythrocyte deformability [120], anti-osteoporosis 

activity [121], and amelioration of memory and learning ability by 

repressing amyloid  accumulation [122]. It is anticipated that 

elucidation of the bioactive substances and mechanisms will lead to 

future advances. 

CONCLUSIONS 

In this review, we described that bioorganic chemicals 

produced by Monascus species are very useful for health foods and 

medicine. Recent studies demonstrated their mode of action and in 
vivo effectiveness in detail. In continued application of these 

bioactive compounds and Monascus-rice-products for health 

promotion in the future, it is important to pay attention to (i) any 

side effects and interactions between the bioactive compounds and 

therapeutic drugs, (ii) risk factors such as citrinin and, (iii) the latest 

reports on bioactive mechanisms and effective intake, as the 

medicinal functions of these compounds, except for monacolin K, 

require further elucidation. 

REFERENCES 

[1] Yasuda, M.; Soeishi, K.; Miyahira, M. Purification and properties of acid 

protease from Monascus sp. No. 3403. Agric. Biol. Chem., 1984, 48, 1637-

1639. 

[2] Yasuda, M.; Shimabukuro, M.; Kikuchi, S. Production, purification and 

properties of acid proteinase from genus Monascus. Nippon Shokuhin Kogyo 

Gakkaishi, 1991, 38, 954-961. 

[3] Lakshman, P. L. N.; Toyokawa, Y.; Toyama, H.; Taira, T.; Yasuda, M. 

Purification and characterisation of two extracellular acid proteinases from 

Monascus pilosus. Food Chem., 2010, 121, 1216-1224. 

[4] Hwang, J.; Hseu, T. H. Specificity of the acid protease from Monascus 

kaoliang towards the B-chain of oxidized insulin. Biochim. Biophys. Acta, 

1980, 614, 607-612. 

[5] Liang, T. W.; Lin, J. J.; Yen, Y. H.; Wang, C. L.; Wang, S. L. Purification 

and characterization of a protease extracellularly produced by Monascus 

purpureus CCRC31499 in shrimp and crab shell powder medium. Enzyme 

Microb. Technol., 2006, 38, 74-80. 

[6] Tsai, M. S.; Hseu, T. H.; Shen, Y. S. Purification and characterization of an 

acid protease from Monascus kaoliang. Int. J. Pept. Protein Res., 1978, 12, 

293-302. 

[7] Liu, F.; Tachibana, S.; Taira, T.; Ishihara, M.; Yasuda, M. Purification and 

characterization of a new type of serine carboxypeptidase from Monascus 

purpureus. J. Ind. Microbiol. Biotechnol., 2004, 31, 23-28. 

[8] Liu, F.; Tachibana, S.; Taira, T.; Ishihara, M.; Kato, F.; Yasuda, M. 

Purification and characterization of a high molecular mass serine 

carboxypeptidase from Monascus pilosus. J. Ind. Microbiol. Biotechnol., 

2004, 31, 572-580. 

[9] Liu, F.; Yasuda, M. Debittering effect of Monascus carboxypeptidase during 

the hydrolysis of soybean protein. J. Ind. Miocrobiol. Biotechnol., 2005, 32, 

487-489. 

[10] Yasuda, M.; Kuwae, M.; Matsushita, H. Purification and properties of two 

forms of glucoamylase from Monascus sp. No. 3403. Agric. Biol. Chem., 

1989, 53, 247-249. 

[11] Tachibana, S; Yasuda, M. Purification and characterization of heterogeneous 

glucoamylases from Monascus purpureus. Biosci. Biotechnol. Biochem., 

2007, 71, 2573-2576. 

[12] Yasuda, M.; Ikehara, K.; Tawata, S.; Kobamoto, N.; Toyama, S. Purification 

and properties of a ribonuclease from a species of the genus Monascus. 

Biosci. Biotechnol. Biochem., 1995, 59, 327-328. 

[13] Yasuda, M.; Sakaguchi, M. Degradation of soybean protein by an acid 

proteinase from Monascus anka. Food Sci. Technol. Int. Tokyo, 1998, 4, 6-8. 

[14] Yasuda, M.; Morikawa, S.; Sakaguchi, M.; Yasuda, S. A novel fermented 

food product prepared from soybean protein-calcium-gel with Monascus 

fungus: changes in protein and nitrogen compounds during fermentation. 

Food Sci. Technol. Res., 2009, 15, 325-330. 

[15] Kuba, M.; Tanaka, K.; Sesoko, M.; Inoue, F.; Yasuda, M. Angiotensin I-

converting enzyme inhibitory peptides in red-mold rice made by Monascus 

purpureus. Process Biochem., 2009, 44, 1139-1143. 

[16] Kuba, M.; Tana, C.; Tawata, S; Yasuda, M. Production of angiotensin I-

converting enzyme inhibitory peptides from soybean protein with Monascus 

purpureus acid proteinase. Process Biochem., 2005, 40, 2191-2196. 

[17] Kuba, M.; Tanaka, K.; Tawata, S.; Takeda, Y.; Yasuda, M. Angiotensin I-

converting enzyme inhibitory peptides from tofuyo fermented soybean food. 

Biosci. Biotechnol. Biochem., 2003, 67, 1278-1283. 

[18] Yasuda, M. Chapter: Fermented tofu, tofuyo. In: Soybean / Book 2; Tzi-Bun 

Ng, Ed.; Intech Open Access Publisher: Rijeka, April 2011, Available from: 

http://www.intechopen.com/articles/show/title/fermented-tofu-tofuyo. 



18    Mini-Reviews in Organic Chemistry, 2012, Vol. 9, No. 1 Kuba-Miyara and Yasuda 

[19] Cheung, H. S.; Wang, F. L.; Ondetti, M. A.; Sabo, E. F; Cushman, D. W. 

Binding of peptide substrates and inhibitors of angiotensin-converting 

enzyme. J. Biol. Chem., 1980, 255, 401-407. 

[20] Kobayashi, Y.; Yamauchi, T; Katsuda, T.; Yamaji, H.; Katoh, S. 

Angiotensin-I converting enzyme (ACE) inhibitory mechanism of tripeptides 

containing aromatic residues. J. Biosci. Bioeng., 2008, 106, 310-312. 

[21] Craft, I. L.; Geddes, D.; Hyde, C. W.; Wise, I. J.; Matthews, D. M. 

Absorption and malabsorption of glycine and glycine peptides in man. Gut, 

1968, 9, 425-437. 

[22] Chun, H.; Sasaki, M.; Fujiyama, Y.; Bamba, T. Effect of peptide chain length 

on absorption and intact transport of hydrolyzed soybean peptide in rat 

intestinal everted sac. J. Clin. Biochem. Nutr., 1996, 21, 131-140. 

[23] Matsui, T. Production of hypotensive peptide, SVY, from 7S globulin of 

soybean protein and its physiological functions. Soy Protein Res., 2003, 6, 

73-77. 

[24] Sato, M.; Hosokawa, T.; Yamaguchi, T.; Nakano, T.; Muramoto, K.; Kahara, 

T.; Funayama, K.; Kobayashi, A.; Nakano, T. Angiotensin I-converting 

enzyme inhibitory peptides derived from wakame (Undaria pinnatifida) and 

their antihypertensive effect in spontaneously hypertensive rats. J. Agric. 

Food Chem., 2002, 50, 6245-6252. 

[25] Kuba, M.; Shinjo, S.; Yasuda, M. Antihypertensive and hypocholesterolemic 

effects of tofuyo in spontaneously hypertensive rats. J. Health Sci., 2004, 50, 

670-673. 

[26] Unger, T.; Ganten, D.; Lang, R. E.; Sch lkens, B. A. Persistent tissue 

converting enzyme inhibition following chronic treatment with Hoe498 and 

MK421 in spontaneously hypertensive rats. J. Cardiovasc. Pharmacol., 

1985, 7, 36-41. 

[27] Iwami, K.; Sakakibara, K.; and Ibuki, F. Involvement of post-digestion 

‘hydrophobic’ peptides in plasma cholesterol-lowering effect of dietary plant 

proteins. Agric. Biol. Chem., 1986, 50, 1217-1222. 

[28] Tsuji, K.; Ichikawa, T.; Tanabe, N.; Abe, S.; Tarui, S.; Nakagawa, Y. 

Antihypertensive activities of beni-koji extracts and -aminobutyric acid in 

spontaneously hypertensive rats. Eiyougakuzasshi, 1992, 50, 285-291 (in 

Japanese). 

[29] Kohama, Y.; Matsumoto, S.; Mimura, T.; Tanabe, N.; Inada, A.; Nakanishi, 

T. Isolation and identification of hypotensive principles in red-mold rice. 

Chem. Pharm. Bull., 1987, 35, 2484-2489. 

[30] Santon, H.C. Mode of action of gamma amino butyric acid on the 

cardiovascular system. Arch. Int. Pharmacodyn., 1963, 143, 195-204. 

[31] Tsuji, K.; Ichikawa, T.; Tanabe, N.; Abe, S.; Tarui, S.; Nakagawa, Y. Effects 

of two kinds of koji on blood pressure in spontaneously hypertensive rats. 

Nippon Nogeikagaku Kaishi, 1992, 66, 1241-1246 (in Japanese). 

[32] Tsuji, K.; Ichikawa, T.; Tanabe, N.; Obata, H.; Abe, S.; Tarui, S.; Nakagawa, 

Y. Effect of mycelia weight on hypotensive activity of beni-koji in 

spontaneously hypertensive rats. Nippon Shokuhin Kogyo Gakkaishi, 1992, 

39, 790-795 (in Japanese). 

[33] Inoue, K.; Mukaiyama, Y.; Tsuji, K.; Tanabe, N.; Tarui, S.; Abe, S.; 

Takahashi, M. Effect of beni-koji extracts on blood pressure in primary 

hypertensive volunteers. Jpn. J. Nutr., 1995, 53, 263-271 (in Japanese). 

[34] Fujiwara, S.; Muraki, T.; Ishikawa, J.; Sinoda, S.; Abe, Y.; Simoi, N.; 

Tanabe, N.; Murata, M.; Ohkawa, J.; Chiba, Y.; Yano, H. Influences of drink 

contained beni-koji extract on mild and moderate hypertensive subjects. 

Igaku to Yakugaku, 2004, 52, 807-817 (in Japanese). 

[35] Su, Y. C.; Wang, J. J.; Lin, T. T.; Pan, T. M. Production of the secondary 

metabolites -aminobutyric acid and monacolin K by Monascus. J. Ind. 

Microbiol. Biotechnol., 2003, 30, 41-46. 

[36] Wang, J. J.; Lee, C. L.; Pan, T. M. Improvement of monacolin K, -

aminobutyric acid and citrinin production ratio as a function of 

environmental conditions of Monascus purpureus NTU 601. J. Ind. 

Microbiol. Biotechnol., 2003, 30, 669-676. 

[37] Endo, A. Monacolin K, a new hypocholesterolemic agent produced by a 

Monascus species. J. Antibiot. (Tokyo), 1979, 32, 852-854. 

[38] Endo, A. Monacolin K, a new hypocholesterolemic agent that specifically 

inhibits 3-hydroxy-3-methylglutaryl coenzyme A reductase. J. Antibiot. 

(Tokyo), 1980, 33, 334-336. 

[39] Endo, A.; Hasumi, K.; Nakamura, T.; Kunishima, M.; Masuda, M. 

Dihydromonacolin L and monacolin X, new metabolites those inhibit 

cholesterol biosynthesis. J. Antibiot. (Tokyo), 1985, 38, 321-327. 

[40] Endo, A.; Hasumi, K.; Negishi, S. Monacolins J and L, new inhibitors of 

cholesterol biosynthesis produced by Monascus ruber. J. Antibiot. (Tokyo), 

1985, 38, 420-422. 

[41] Endo, A.; Komagata, D.; Shimada, H. Monacolin M, a new inhibitor of 

cholesterol biosynthesis. J. Antibiot. (Tokyo), 1986, 39, 1670-1673. 

[42] Endo, A.; Hasumi, K. Biochemical aspect of HMG CoA reductase inhibitors. 

Adv. Enzyme Regul., 1989, 28, 53-64. 

[43] Li, Y. G.; Liu, H.; Wang, Z. T. A validated stability-indicating HPLC with 

photodiode array detector (PDA) method for the stress tests of Monascus 

purpureus-fermented rice, red yeast rice. J. Pharmaceut. Biomed. Anal., 

2005, 39, 82-90. 

[44] Campbell, C. D.; Vederas, J. C. Biosynthesis of lovastatin and related 

metabolites formed by fungal iterative PKS enzymes. Biopolymers, 2010, 93, 

755-763. 

[45] Barrios-Gonzalez, J.; Miranda, R. U. Biotechnological production and 

applications of statins. Appl. Microbiol. Biotechnol., 2010, 85, 869-883. 

[46] Kennedy, J.; Auclair, K.; Kendrew, S. G.; Park, C.; Vederas, J. C.; 

Hutchinson, C. R. Modulation of polyketide synthase activity by accessory 

proteins during lovastatin biosynthesis. Science, 1999, 284, 1368-1372. 

[47] Suh, S. H.; Rheem, S.; Mah, J. H.; Lee, W.; Byun, M. W.; Hwang, H. J. 

Optimization of production of monacolin K from gamma-irradiated 

Monascus mutant by use of response surface methodology. J. Med. Food, 

2007, 10, 408-415. 

[48] Lee, C. L.; Chen, W. P.; Wang, J. J.; Pan, T. M. A simple and rapid approach 

for removing citrinin while retaining monacolin K in red mold rice. J. Agric. 

Food Chem., 2007, 55, 11101-11108. 

[49] Tsukahara, M.; Shinzato, N.; Tamaki, Y.; Namihira, T.; Matsui, T. Red yeast 

rice fermentation by selected Monascus sp. with deep-red color, lovastatin 

production but no citrinin, and effect of temperature-shift cultivation on 

lovastatin production. Appl. Biochem. Biotechnol., 2009, 158, 476-482. 

[50] Sviridov, D. D.; Endo, A.; Pavlov, M. Y.; Repin, V. S.; Smirnov, V. N. 

Comparison of the effect of six compactin-related compounds on cholesterol 

synthesis in five human cell types. Lipids, 1990, 25, 685-690. 

[51] Ma, P. T. S.; Gil, G.; Südhof, T. C.; Bilheimer, D. W.; Goldstein, J. L.; 

Brown, M. S. Mevinolin, an inhibitor of cholesterol synthesis, induces 

mRNA for low density lipoprotein receptor in livers of hamsters and rabbits. 

Proc. Natl. Acad. Sci. USA, 1986, 83, 8370-8374. 

[52] Zhu, B. Q.; Sievers, R. E.; Sun, Y. P.; Isenberg, W. M.; Parmley, W. W. 

Effect of lovastatin on suppression and regression of atherosclerosis in lipid-

fed rabbits. J. Cardiovasc. Pharmacol., 1992, 19, 246-255. 

[53] Otto, J.; Ordovas, J. M.; Smith, D.; van Dongen, D.; Nicolosi, R. J.; 

Schaefer, E. J. Lovastatin inhibits diet induced atherosclerosis in F1B golden 

Syrian hamsters. Atherosclerosis, 1995, 114, 19-28. 

[54] Tang, W.; Ma, Y.; Yu, L. Plasma cholesterol is hyperresponsive to statin in 

ABCG5/ABCG8 transgenic mice. Hepatology, 2006, 44, 1259-1266. 

[55] Chang, W. C.; Yu, Y. M.; Hsu, Y. M.; Wu, C. H.; Yin, P. L.; Chian, S. Y.; 

Hung, J. S. Inhibitory effect of Magnolia officinalis and lovastatin on aortic 

oxidative stress and apoptosis in hyperlipidemic rabbits. J. Cardiovasc. 

Pharmacol., 2006, 47, 463-468. 

[56] Bellosta, S.; Bernini, F.; Ferri, N.; Quarato, P.; Canavesi, M.; Arnaboldi, L.; 

Fumagalli, R.; Paoletti, R.; Corsini, A. Direct vascular effects of HMG-CoA 

reductase inhibitors. Atherosclerosis, 1998, Suppl. 137, S101-S109. 

[57] Li, C.; Zhu, Y.; Wang, Y.; Zhu, J. S.; Chang, J.; Kritchevsky, D. Monascus 

purpureus-fermented rice (red yeast rice): a natural food product that lowers 

blood cholesterol in animal models of hypercholesterolemia. Nutr. Res., 

1998, 18, 71-81. 

[58] Wei, W.; Li, C.; Wang, Y.; Su, H.; Zhu, J.; Kritchevsky, D. Hypolipidemic 

and anti-atherogenic effects of long-term cholestin (Monascus purpureus-

fermented rice, red yeast rice) in cholesterol fed rabbits. J. Nutr. Biochem., 

2003, 14, 314-318. 

[59] Lee, C. L.; Tsai, T. Y.; Wang, J. J.; Pan, T. M. In vivo hypolipidemic effects 

and safety of low dosage Monascus powder in a hamster model of 

hyperlipidemia. Appl. Microbiol. Biotechnol., 2006, 70, 533-540. 

[60] Wei, W.; Li, C.; Wang, Y.; Kritchevsky, D. Effect of Monascus purpureus-

fermented rice on lipidemia and fatty liver in quail. Molecular Pathol. 

Pharmacol., 2006, 119, 67-75. 

[61] Weng, T. C.; Yang, Y. H. K; Lin, S. J.; Tai, S. H. A systematic review and 

meta-analysis on the therapeutic equivalence of statins. J. Clin. Pharm. 

Therap., 2010, 35, 139-151. 

[62] Journoud, M.; Jones, P. J. H. Red yeast rice: a new hypolipidemic drug. Life 

Sci., 2004, 74, 2675-2683. 

[63] Klimek, M.; Wang, S.; Ogukanmi, A. Safety and efficacy of red yeast rice 

(Monascus purpureus) as an alternative therapy for hyperlipidemia. P T., 

2009, 34, 313-327. 

[64] Prasad, G. V. R.; Wong, T.; Meliton, G.; Bhaloo, S. Rhabdomyolysis due to 

red yeast rice (Monascus purpureus) in a renal transplant recipient. 

Transplantation, 2002, 74, 1200-1201. 

[65] Sierra, S.; Ramons, M. C.; Molina, P.; Esteo, C.; Vázquez, J. A.; Burgos, J. 

S. Statins as neuroprotectants: a comparative in vitro study of lipophilicity, 

blood-brain-barrier penetration, lowering of brain cholesterol, and decrease 

of neuron cell death. J. Alzheimers Dis., 2011, 23, 307-318. 

[66] McGuinness, B.; O’Hare, J.; Craig, D.; Bullock, R.; Malouf, R.; Passmore, P. 

Statins for the treatment of dementia. Cochrane Database Syst. Rev., 2010, 

Aug 4 (8), CD007514. Reference: Available from: http://onlinelibrary.wiley. 

com/o/cochrane/clsysrev/articles/CD007514/frame.html. 

[67] Hong, M. Y.; Seeram, N. P.; Zhang, Y.; Heber, D. Anticancer effects of 

Chinese red yeast rice versus monacolin K alone on colon cancer cells. J. 

Nutr. Biochem., 2008, 19, 448-458.  

[68] Calvert, R. J.; Tepper, S.; Kammouni, W.; Anderson, L. M.; Kritchevsky, D. 

Elevated K-ras activity with cholestyramine and lovastatin, but not konjac 

mannan or niacin in lung – importance of mouse strain. Biochem. 

Pharmacol., 2006, 72, 1749-1755. 

[69] Ho, B. Y.; Pan, T. M. The Monascus metabolite monacolin K reduces tumor 

progression and metastasis of Lewis lung carcinoma cells. J. Agric. Food 

Chem., 2009, 57, 8258-8265. 

[70] Cho, Y. E.; Alcantara, E.; Kumaran, S.; Son, K. H.; Sohn, H. Y.; Lee, J. H.; 

Choi, C. S.; Ha, T. Y.; Kwun, I. S. Red yeast rice stimulates osteoblast 

proliferation and increases alkaline phosphatase activity in MC3T3-E1 cells. 

Nutr. Res., 2010, 30, 501-510. 

[71] Carels, M.; Shepherd, D. The effect of different nitrogen sources on pigment 

production and sporulation of Monascus species in submerged, shaken 

culture. Can. J. Microbiol., 1977, 23, 1360-1372. 



Fungus Monascus and their Use in Health Sciences and Medicine Mini-Reviews in Organic Chemistry, 2012, Vol. 9, No. 1     19 

[72] Francis, F. J. Lesser-known food colorants. Food Technol., 1987, 41, 62-68. 

[73] Martínková, L.; J zlová, P.; Vesel , D. Biological activity of polyketide 

pigments produced by the fungus Monascus. J. Appl. Bacteriol., 1995, 79, 

609-616. 

[74] Zheng, Y.; Xin, Y.; Shi, X.; Guo, Y. Anti-cancer effect of rubropunctatin 

against human gastric carcinoma cells BGC-823. Appl. Microbiol. 

Biotechnol., 2010, 88, 1169-1177. 

[75] Zheng, Y.; Xin, Y.; Shi, X.; Guo, Y. Cytotoxicity of Monascus pigments and 

their derivatives to human cancer cells. J. Agric. Food Chem., 2010, 58, 

9523-9528. 

[76] Akihisa, T.; Tokuda, H.; Yasukawa, K.; Ukiya, M.; Kiyota, A.; Sakamoto, 

N.; Suzuki, T.; Tanabe, N.; Nishino, H. Azaphilones, furanoisophthalides, 

and amino acids from the extracts of Monascus pilosus-fermented rice (red-

mold rice) and their chemopreventive effects. J. Agric. Food Chem., 2005, 

53, 562-565. 

[77] Yasukawa, K.; Takahashi, M.; Natori, S.; Kawai, K.; Yamazaki, M.; 

Takeuchi, M.; Takido, M. Azaphilones inhibit tumor promotion by 12-O-

tetradecanoylphorbol-13-acetate in two-stage carcinogenesis in mice. 

Oncology, 1994, 51, 108-112. 

[78] Yasukawa, K.; Takahashi, M.; Yamanouchi, S.; Takido, M. Inhibitory effect 

of oral administration of Monascus pigment on tumor promotion in two-stage 

carcinogenesis in mouse skin. Oncology, 1996, 53, 247-249. 

[79] Su, N. W.; Lin, Y. L.; Lee, M. H.; Ho, C. Y. Ankaflavin from Monascus-

fermented red rice exhibits selective cytotoxic effect and induces cell death 

on Hep G2 cells. J. Agric. Food Chem., 2005, 53, 1949-1954. 

[80] Hetherington, A. C.; Raistrick, H. On the production and chemical 

constitution of a new yellow colouring matter, citrinin, produced from 

glucose by Penicillium citrinum Thom. Philos. Trans. R. Soc. Lond. Ser. B, 

1931, 220, 269-295. 

[81] Wong, H. C.; Koehler, P. E. Production and isolation of an antibiotic from 

Monascus purpureus and its relationship to pigment production. J. Food Sci., 

1981, 46, 589-592. 

[82] Blanc, P. J.; Laussac, J. P.; Bars, J. L.; Bars, P. L.; Loret, M. O.; Pareilleux, 

A.; Prome, D.; Prome, J. C.; Santerre, A. L.; Goma, G. Characterization of 

monascidin A from Monascus as citrinin. Int. J. Food Microbiol., 1995, 27, 

201-213. 

[83] Hanika, C.; Carlton, W. W. Citrinin mycotoxicosis in the rabbit. Food Chem. 

Toxic., 1983, 21, 487-493. 

[84] Krejci, M. E.; Bretz, N. S.; Koechel, D. A. Citrinin produces acute adverse 

changes in renal function and ultrastructure in pentobarbital-anesthetized 

dogs without concomitant reductions in [potassium]plasma. Toxicology, 1996, 

106, 167-177. 

[85] Ribeiro, S. M. R.; Chagas, G. M.; Campello, A. P.; Klüppel, M. L. W. 

Mechanism of citrinin-induced dysfunction of mitochondria. V. Effect on the 

homeostasis of the reactive oxygen species. Cell Biochem. Func., 1997, 15, 

203-209. 

[86] Wasternack, C.; Weisser, J. Inhibition of RNA- and DNA-synthesis by 

citrinin and its effects on DNA precursor-metabolism in V79-E cells. Comp. 

Biochem. Physiol. B, 1992, 101, 225-230. 

[87] Braunberg, R. C.; Gantt, O.; Barton, C.; Friedman, L. In vitro effects of the 

nephrotoxins ochratoxin A and citrinin upon biochemical function of porcine 

kidney. Arch. Environ. Contam. Toxicol., 1992, 22, 464-470. 

[88] Windholz, M. Ed. In: The Merck Index., 10
th
 ed.; MERCK & Co., Inc.: New 

Jersey, 1983; p. 331. 

[89] Kuczuk, M. H.; Benson, P. M.; Heath, H.; Hayes, A. W. Evaluation of the 

mutagenic potential of mycotoxins using Salmonella typhimurium and 

Saccheromyces cerevisiae. Mutal Res., 1978, 53, 11-20. 

[90] Wuergler, F. E.; Friedrich, U.; Schlatter, J. Lack of mutagenicity of 

ochratoxin A and B, citrinin, patulin and cnestine in Salmonella typhimurium 

TA-102. Mutat. Res., 1991, 261, 209-216. 

[91] Sabater-Vilar, M.; Maas, R. F. M.; Fink-Gremmels, J. Mutagenicity of 

commercial Monascus fermentation products and the role of citrinin 

contamination. Mutal Res., 1999, 444, 7-16. 

[92] Liu, B. H.; Yu, F. Y.; Wu, T. S.; Li, S. Y.; Su, M. C.; Wang, M. C.; Shih, S. 

M. Evaluation of genotoxic risk on oxidative DNA damage in mammalian 

cells exposed to mycotoxins, patulin and citrinin. Toxicol. Appl. Pharmacol., 

2003, 191, 255-263. 

[93] Thust, R.; Kneist, S. Activity of citrinin metabolized by rat and human 

microsome fractions in clastogenicity and SCE assays on Chinese hamster 

V79-E cells. Mutat. Res., 1979, 67, 321-330. 

[94] Jeswal, P. Citrinin-induced chromosomal abnormalities in the bone marrow 

cells of Mus musculus. Cytobios, 1996, 86, 29-33. 

[95] Bouslimi, A.; Bouaziz, C.; Ayed-Boussema, I.; Hassen, W.; Bacha, H. 

Individual and combined effects of ochratoxin A and citrinin on viability and 

DNA fragmentation in cultured Vero cells and on chromosome aberrations in 

mice bone marrow cells. Toxicology, 2008, 251, 1-7. 

[96] Dönmez-Altuntas, H.; Dumlupinar, G.; Imamoglu, N.; Hamurcu, Z.; Liman 

B. C. Effects of the mycotoxin citrinin on micronucleus formation in a 

cytokinesis-block genotoxicity assay in cultured human lymphocytes. J. 

Appl. Toxicol., 2007, 27, 337-341. 

[97] Arai, M.; Hibino, T. Tumorigenicity of citrinin in male F344 rats. Cancer 

Lett., 1983, 17, 281-287. 

[98] Lee, C. H.; Lee, C. L.; Pan, T. M. A 90-d toxicity study of Monascus-

fermented products including high citrinin level. J. Food Sci., 2010, 75, T91-

T97. 

[99] Wang T. H.; Lin, T. F. Monascus rice products. Adv. Food Nutr. Res., 2007, 

53, 123-159. 

[100] Wang, J. J.; Lee, C. L.; Pan, T. M. Modified mutation method for screening 

low citrinin-producing strains of Monascus purpureus on rice culture. J. 

Agric. Food Chem., 2004, 52, 6977-6982. 

[101] Shimizu, T.; Kinoshita, H.; Ishihara, S.; Sakai, K.; Nagai, S.; Nihira, T. 

Polyketide synthase gene responsible for citrinin biosynthesis in Monascus 

purpureus. Appl. Environ. Microbiol., 2005, 71, 3453-3457. 

[102] Shimizu, T.; Kinoshita, H.; Nihira, T. Identification and in vivo functional 

analysis by gene disruption of ctnA, an activator gene involved in citrinin 

biosynthesis in Monascus purpureus. Appl. Environ. Microbiol., 2007, 73, 

5097-5103. 

[103] Li, L.; Shao, Y.; Li, Q.; Yang, S.; Chen, F. Identification of Mga1, a G-

protein -subunit gene involved in regulating citrinin and pigment 

production in Monascus ruber M7. FEMS Microbiol. Lett., 2010, 308, 108-

114. 

[104] Fu, G.; Xu, Y.; Li, Y.; Tan, W. Construction of a replacement vector to 

disrupt pksCT gene for the mycotoxin citrinin biosynthesis in Monascus 

aurantiacus and maintain food red pigment production. Asia Pac. J. Clin. 

Nutr., 2007, 16 (Suppl. 1), 137-142. 

[105] Xu, M. J.; Yang, Z. L.; Liang, Z. Z.; Zhou, S. N. Construction of a Monascus 

purpureus mutant showing lower citrinin and higher pigment production by 

replacement of ctnA with pks1 without using vector and resistance gene. J. 

Agric. Food Chem., 2009, 57, 9764-9768. 

[106] Burt, W. R. Identification of coprogen B and its breakdown products from 

Histoplasma capsulatum. Infect. Immun., 1982, 35, 990-996. 

[107] Aniya, Y.; Yokomakura, T.; Yonamine, M.; Nagamine, T.; Nakanishi, H. 

Protective effect of the mold Monascus anka against acetaminophen-induced 

liver toxicity in rats. Jpn. J. Pharmacol., 1998, 78, 79-82. 

[108] Aniya, Y.; Yokomakura, T.; Yonamine, M.; Shimada, K.; Nagamine, T.; 

Shimabukuro, M.; Gibo, H. Screening of antioxidant action of various molds 

and protection of Monascus anka against experimentally induced liver 

injuries of rats. Gen. Pharmacol., 1999, 32, 225-231. 

[109] Aniya, Y.; Ohtani I. I.; Higa, T.; Miyagi, C.; Gibo, H.; Shimabukuro, M.; 

Nakanishi, H.; Taira, J. Dimerumic acid as an antioxidant of the mold, 

Monascus anka. Free Radic. Biol. Med., 2000, 28, 999-1004. 

[110] Taira, J.; Miyagi, C.; Aniya, Y. Dimerumic acid as an antioxidant from the 

mold, Monascus anka: the inhibition mechanisms against lipid peroxidation. 

Biochem. Pharmacol., 2002, 63, 1019-1026. 

[111] Yamashiro, J.; Shiraishi, S.; Fuwa, T.; Horie, T. Dimerumic acid protected 

oxidative stress-induced cytotoxicity in isolated rat hepatocytes. Cell Biol. 

Toxicol., 2008, 24, 283-290. 

[112] Ma, J.; Li, Y.; Ye, Q.; Li, J.; Hua, Y.; Ju, D.; Zhang, D.; Cooper, R.; Chang, 

M. Constituents on red yeast rice, a traditional Chinese food and medicine. J. 

Agric. Food Chem., 2000, 48, 5220-5225. 

[113] Chen, C. C.; Liu, I. M. Release of acetylcholine by Hon-Chi to raise insulin 

secretion in Wistar rats. Neurosci. Lett. 2006, 404, 117-121. 

[114] Shi, Y. C.; Pan, T. M. Anti-diabetic effects of Monascus purpureus NTU 568 

fermented products on streptozotocin-induced diabetic rats. J. Agric. Food 

Chem., 2010, 58, 7634-7640. 

[115] Wendt, A.; Birnir, B.; Buschard, K.; Gromada, J.; Salehi, A.; Sewing, S.; 

Rorsman, P.; Braun, M. Glucose inhibition of glucagon secretion from rat -

cells is mediated by GABA released from neighboring -cells. Diabetes, 

2004, 53, 1038-1045. 

[116] Jeon, T.; Hwang, S. G.; Hirai, S.; Matsui, T.; Yano, H.; Kawada, T.; Lim, B. 

O.; Park, D. K. Red yeast rice extracts suppress adipogenesis by down-

regulating adipogenic transcription factors and gene expression in 3T3-L1 

cells. Life Sci., 2004, 75, 3195-3203. 

[117] Tomiyama, K.; Nishio, E.; Watanabe, Y. Both wortmannin and simvastatin 

inhibit the adipogenesis in 3T3-L1 cells during the late phase of 

differentiation. Jpn. J. Pharmacol., 1999, 80, 375-378. 

[118] Bey, L.; Maigret, P.; Laouenan, H.; Hamilton, M. T. Induction of lipoprotein 

lipase gene expression in 3T3-L1 preadipocytes by atorvastatin, a 

cholesterol- and triglyceride-lowering drug. Pharmacology, 2002, 66, 51-56. 

[119] Yu, K. W.; Kim, Y. S.; Shin, K. S.; Kim, J. M.; Suh, H. J. Macrophage-

stimulating activity of exo-biopolymer from cultured rice bran with 

Monascus pilosus. J. Appl. Biochem. Biotechnol., 2005, 126, 35-48. 

[120] Inoue, F.; Ueda, T.; Yasuda, M.; Matsuyama, R. The influence of beni-koji 

on erythrocyte deformability in high fat diet fed mice. Med. Biol., 2006, 149, 

449-452 (in Japanese). 

[121] Cho, Y. E.; Alcantara, E.; Kumaran, S.; Son, K. H.; Sohn, H. Y.; Lee, J. H.; 

Choi, C. S.; Ha, T. Y.; Kwun, I. S. Red yeast rice stimuates osteoblast 

proliferation and increases alkaline phosphatase activity in MC3T3-E1 cells. 

Nutr. Res., 2010, 30, 501-510. 

[122] Lee, C. L.; Kuo, T. F.; Wang, J. J.; Pan, T. M. Red mold rice ameliorates 

impairment of memory and learning ability in intracerebroventricular 

amyloid -infused rat by repressing amyloid  accumulation. J. Neurosci. 

Res., 2007, 85, 3171-3182. 

 

Received: February 28, 2011 Revised: April 26, 2011 Accepted: May 01, 2011 




