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Abstract

Red yeast rice (RYR) is a fermented product that has been widely used to enhance the color and
flavor of food, as well as a traditional Chinese medicine for digestive and vascular functions. Recent
studies have demonstrated that RYR can be used to reduce cholesterol through the active component,
monacolin K (lovastatin). Lovastatin is an inhibitor of 3-hydroxy-3-methylglutaryl coenzyme A
reductase (HMG-CoA) and is mainly metabolized by CYP3A4. Lovastatin also interacts with
P-glycoprotein. Yet, the components, including lovastatin, of RYR may differ among products due to
different sources of ingredients and manufacturing processes. Given that RYR has been associated with
several adverse reactions, including rhabdomyolysis and hepatotoxicity, the objective of the present
study is to investigate potential interactions between RYR and drugs that are concomitantly used.

Six RYR products (LipoCol Forte, Xuezhikang, Cholestin, WeiChuan, TSC and SCPC O’choli)
that have been approved by Food and Drug Administration, Department of Health of Taiwan or U.S.
Food and Drug Administration were included for investigation. The percentage of lovastatin in each
RYR product was firstly determined. Inhibitory potencies of RYR extract with metabolic enzymes and
P-glycoprotein were then measured. Clinical pharmacokinetic studies of RYR products, including single
dose-escalation,multiple dosing and drug-drug interaction were performed. The results showed that the
percentage of lovastatin in LipoCol Forte, XuezZhiKang, WeiChuan and TSC were consistent with the
labelings. However, lovastatin contents in Cholestin and in SCPC O’choli were significantly lower and
higher than the labelings, respectively. RYR Extracts and lovastatin standard inhibited *H-digoxin
uptake in MDCK-MDR1 cells. Most RYR extracts exhibited similar inhibitory effects as lovastatin
standard at equivalent molarity, whereas LipoCol Forte, XueZhiKang, and Cholestin showed higher
inhibitory activities than others. The lovastatin in LipoCol Forte, XueZhiKang, and Cholestin extracts
showed significant higher apical-to-basolateral flux and cellular accumulation than others in Caco-2
cells. For metabolic assay, lovastatin standard and RYR extracts inhibited the metabolism of
testosterone (a CYP3A4 substrate), S-mephenytoin (a CYP2C19 substrate), bupropion (a CYP2B6
substrate), tolbutamide (a CYP2C9 substrate), dextromethorphan (a CYP2D6 substrate) and phenacetin
(a CYP1A2 substrate) in human liver microsomes. However, RYR extracts had higher inhibitory
potency than that of lovastatin at equivalent molarity. LipoCol Forte and XuezZhiKang showed that
highest potencies on CYP3A4 inhibition. In clinical pharmacokinetic studies, the dose-escalation study
showed linear pharmacokinetic properties following single oral one, two and four capsules of
LiplColForte in healthy volunteers. No accumulation was observed following multiple dosing.
Concomitant use of gemfibrozil significantly increased plasma concentration and AUC of lovastatin
acid without changing the concentrations and pharmacokinetic parameters of lovastatin. The
concentrations of creatine kinase and coenzyme Q10 were not significantly changed after
coadministration of gemfibrozil.

Keywords:__red yeast rice, lovastatin, CYP enzymes, P-glycoprotein
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Table 1 The contents of monacolin K in different red yeast rice products

NWBMC WPU Nuskin ] SCPC
] ) ) WeiChuan TSC )
LipoCol Forte ~ XueZhiKang Cholestin ) O'choli
Products’ names _ A 2 v W o
PRARHE A A 4o RT fi W 2EFYUE
xR H i 4
E2E%n-8 L hBEYE o iy il e B %
Monacolin K
(lovastatin)
o 5.35+0.19 2.36£0.21 0.96 £ 0.05 4.56 £ 0.36 7.54+£0.12 6.38£0.34
guantitatived
results (mg)
Monacolin K
5.76 25 24 4.8 75+1.1 4.0
labeled (mg)
% of error
-7.07 -5.64 -60.10 -5.04 0.58 59.40

by labeled

The data were given by content per capsule as mean + SE from six separate preparations.

Table 2. Inhibitory potencies of RYR extracts on CYP450 activities in human liver microsomes

NWBMC Nuskin SCPC
WeiChuan
Lovastatin  LipoCol Forte Xuezhikang  Cholestin TSC O'choli Postive
2
standard 759 4 HEEF LB 43T cHEEl AEEWE  control
X AREK
EE -8 G by il M B fig
IC50 to CYP
1404121 313+018 1.72+0.13 8.26+044 851+125 10.25+0.68 16.20+0.55 0.062 +0.002
3A4 (uM)
IC50 to CYP
985+120 152+048 267+082 162+009 222+025 623+063 443+044 249x101
2C19 (uM)
IC50 to CYP
1496+1.11 249+040 348+038 545+053 443+060 6.21+040 4.44+047 0.48=x0.07
2B6 (uM)
IC50 to CYP
16.87+£325 185017 249+0.10 3.93+x0.35 381+0.30 555+0.08 7.58x051 0.152+0.001
2C9 (uM)
IC50 to CYP
> 50 uM 397+133 552+098 7.26+471 239+042 1520+287 6.19+3.76 0.44+0.19
2D6 (uM)
IC50 to CYP
> 100 uM 521+015 245+032 7.26+0.39 2454+333 1837+9.40 11.21+3.64 3.11+0.36
1A2 (M)

The data were given as mean + SE from three to four separate preparations.
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Table 3. Pharmacokinetic parameters of lovastatin and lovastatin acid in healthy subjects after
administration of single dose of one to four 600 mg LipoCol Forte capsules and multiple doses of one
600 mg LipoCol Forte capsule twice daily for 5 days under fed state. The data were given as mean = SD
of 14 healthy volunteers.

Single dose

Single dose

Single dose

Multiple doses

One capsule

Two capsules

Four capsules

One capsule

Lovastatin

AUC, (ng*hour/mL) 6.74 (3.27) 13.38 (6.07) 24.95 (14.25) 5.22 (2.60)

AUC,.- (ng*hour/mL) 7.47 (3.44) 14.36 (6.30) 26.78 (15.36) 5.71 (2.68)
Cmax (ng/mL)  1.611 (0.797) 3.362 (1.809) 5.695 (3.424) 1.407 (0.691)
AUC,/Dose  1.183 (0.574) 1.174 (0.532) 1.094 (0.625) 0.915 (0.456)
AUC,.. / Dose  1.310 (0.603) 1.260 (0.552) 1.174 (0.674) 1.002 (0.470)
Cmax/ Dose  0.283 (0.140) 0.295 (0.159) 0.250 (0.150) 0.247 (0.121)

Tmax (hour) 3.46 (1.28) 3.29 (1.35) 3.25(0.78) 3.39(1.38)

MRT (hour) 5.55(1.98) 5.27 (1.42) 5.51 (1.11) 4.81 (1.24)

Ty (hour) 2.36 (0.66) 2.36 (0.68) 2.42 (0.45) 1.93 (0.43)
CL/F (L/hour)  941.7 (453.5) 994.5 (548.8) 1128.8 (624.4) 1339.5 (763.3)

Vy4/F (L) 3078.4 (1327.7) 3380.7 (2049.5) 3862.9 (1956.5) 3569.5 (1801.1)
Lovastatin acid

AUC, (ng*hour/mL) 33.0 (13.1) 79.1 (27.6) 158.3 (60.2) 32.4(9.7)

AUC;.- (ng*hour/mL) 38.3(16.2) 85.4 (27.8) 169.1 (62.9) 33.7(9.7)
Cmax (ng/mL)  7.782 (4.116) 17.800 (9.209) 36.240 (17.117) 8.037 (3.239)
AUC,./Dose  5.749 (2.304) 6.940 (2.417) 6.943 (2.640) 5.689 (1.698)
AUC,.- / Dose  6.722 (2.847) 7.495 (2.437) 7.417 (2.758) 5.915 (1.698)
Cmax/ Dose  1.365 (0.722) 1.561 (0.808) 1.589 (0.751) 1.410 (0.568)

Tmax (hour) 5.07 (1.59) 5.14 (1.70) 5.00 (1.52) 4.36 (0.93)

MRT (hour) 7.15 (3.30) 6.43 (1.77) 6.39 (1.43) 5.59 (1.15)

Tas2 (hour) 2.57 (1.74) 2.07 (0.68) 2.04 (0.68) 1.92 (0.34)
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Table 4. Pharmacokinetic parameters of lovastatin and lovastatin acid in healthy subjects after
administration of single dose of 600 mg LipoCol Forte capsule and after a 3-day treatment with 600 mg
gemfibrozil twice daily under fed state. The data were given as mean + SD of 10 healthy volunteers.

LipoCol Forte LipoCol Forte
LipoCol Forte with gemfibrozil LipoCol Forte with gemfibrozil
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Lovastatin Lovastatin acid
AUC,. (ng*hour/mL) 4.92 (3.30) 4.38 (2.32) 37.3(16.0) 74.6 (28.2)
AUC,.- (ng*hour/mL) 5.43 (3.56) 5.19 (2.25) 39.8 (17.7) 79.2 (28.2)
Cmax (nN@/mL)  1.256 (0.895) 1.315 (0.817) 7.804 (3.223) 16.336 (7.365)
Tmax (hour) 3.45 (1.19) 3.10 (1.56) 455 (1.34) 3.85(1.33)
MRT (hour) 4.82 (1.47) 5.78 (2.09) 6.20 (1.20) 5.84 (1.69)
Ty (hour) 1.81 (0.58) 2.72 (1.05) 1.89 (0.44) 1.91 (0.60)

CL/F (L/hour) 1636.3 (1367.3) 1344.8 (708.8)
Vy/F (L) 3709.7 (2618.0)  4924.6 (2174.1)
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Figure 1 Effects of RYR product on ®H-digoxin uptake in MDCK-MDR1 cells. (The data were given as
mean + SE from three to six separate preparations. * represents significant statistical different compared
to lovastatin group (p<0.05); ** represents significant statistical different compared to lovastatin group
(p<0.005).)
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Figure 2 Apical-to-basolateral flux and cellular accumulation of lovastatin in RYR product in Caco-2
cells. The data were given as mean + SE. * represents significant statistical different compared to
lovastatin group (p<0.05).
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Figure 3 Plasma concentrations of lovastatin (A) and lovastatin acid (B) in 14 healthy subjects after
single administration of one to four LipoCol Forte capsules and multiple administrations of one LipoCol
Forte capsule twice daily under fed state. The data were given as mean + SE.
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Figure 4 Plasma concentrations of lovastatin (A) and lovastatin acid (B) in 10 healthy subjects after
single administration of one LipoCol Forte capsule with or without coadministration of gemfibrozil. The
data were given as mean + SE.
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Figure 5 Plasma concentrations of creatine kinase (A) and coenzyme Q10 (B) in healthy subjects after
single administration of one LipoCol Forte capsule with or without coadministration of gemfibrozil. The
data were given as mean + SE.
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