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Effect of Red Yeast (Monascus purpureus) Rice Supplemented Diet on Lipid
Profiles and Antioxidant Activity in Hypercholesterolemic Rats

Chong Suk Kwon
Dept. of Food Science and Nutrition, Andong National University, Gyeongbuk 760-749, Korea

ABSTRACT Red yeast rice (RYR) has been known to exhibit various biological effects, including anti-hyperlipidemia,
antioxidant, anti-tumor, and anti-inflammtory activities. Oxidative stress is a main risk factor in the development of
cardiovascular disease, such as atherosclerosis. Therefore, the aim of this study was to investigate the possible hypolipi-
demic and antioxidant effect of RYR on rats fed a high-cholesterol diet supplemented with either 0.2%, 1%, or 5%
RYR for 4 weeks. We measured lipid profiles in the plasma and liver, antioxidant enzyme activities in plasma and
erythrocyte, gene expression of antioxidant enzymes in the liver, and oxidative DNA damage in lymphocytes. The
group supplemented with 0.2% RYR had total cholesterol level in plasma decreased by 24%, while the group supple-
mented with 5% RYR had high-density cholesterol increased by 20% compared to the control. The antioxidant enzyme
activities were also affected by RYR supplementation. Total superoxide dismutase activities in plasma significantly
decreased by 11% in the 1% RYR group, while these activities in the liver significantly decreased by 16% and 21%
in the 1% and 5% supplemented group compared to the control, respectively. Glutathione peroxidase activities in
plasma and erythrocytes increased 13% and 48% in the 1% RYR group, respectively. Catalase (CAT) activity in
erythrocytes significantly increased by 49% and 68% in the 1% and 5% RYR group compared to the control,
respectively. The gene expression of CAT was up-regulated 7.9 fold compared to the control in the 5% RYR supple-
mented group. These results suggest that RYR can control hyperlipidemia by improving the lipid profile and modulating

oxidative stress.
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Q2] F7kek 7ol digh Ao FolAWA 75/ AR shal, A5 e A H 3 A histopaque 10775 AHE-3}
A Fwe] dig A= 3 FotskaL e Sl &t HITE 283 F comet assayE Al sl oH, 1t
A RE Fage] FeE2~EE N aded dis] ¢ A A gAle AR (3,000 rpm, 20%) dto] I3 H -
Hl3)], 2ZH 2EHEE TN e kst 2EH 2 o) £ g § -70°Col Bualqitt. 7hs A&t A9
gt S50 -840 gk AR = F53 308 AlnF FE T T FES AL FAE SAEN M, cyto-
old] & AFeAE AFHLHE Holdf T4 LS H sol& #2lsle] ditsl a4 84 S48 ANEE ALEEA
7hek 2lolg AAG sEolA T A4 Ji mdket o} A FA 3 kel A2 RNA/ater @ 3ke] -70°Col| B
A st 295 A ko] ksl a4 &4, atst shal JAkst a4 A BE AL AR ARSI
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st g 2 29 XE s&E
gxpo] SR, F Fe2eHE 2 HDL(high-density
M2 L i lipoprotein) Z#| ~HE =5 548 kit(o2HAl¢F, A&,
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SSAFE 3 40| wald A& AR&3te] AlLtekitt. 7he] B A AL 1 24 &
Sprague-DawleyZl 87 (170+10g) 2 & T4Ad s Folch Moz &3 & AZalon, 53 1+ A 45
E=(F)(Seoul, Korea)25H FYste] 159+ A% NEE 0}04 e TAANY F FALHEFS SAHE kit
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AIN-76 dietE 7|£o2 ZAFF o BE A3t -4
10%°t ZHl2=HE 1%E T3 AolE T8ttt &= %t transaminase B4 X
2o Flanlo] © () AE ok, ) REE AF ol uf &4 aspartate aminotransferase(AST)$} alanine ami-
ekl 100 mesh AL g AS A5 0.2%(0.2% notransferase(ALT) &4 kit(e}bAleh = =435t}
RYR), 1%(1% RYR) % 5%(5% RYR)Z 77} 7}8}aL
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Table 1. Composition of the experimental diets (wiw, %)
Group
Ingredients c | 0.2% 1% 5%
onrol " RYR  RYR  RYR
Corn starch 39 38.8 38 34
Sucrose 15 15 15 15
Casein 20 20 20 20
Beef tallow 10 10 10 10
Corn oil 5 5 5 5
Cellulose 5 5 5 5
Mineral mixture” 3.5 3.5 35 35
Vitamin mixture” 1 1 1 1
Choline bitartrate 0.2 0.2 0.2 0.2
Methionine 0.3 0.3 0.3 0.3
Cholesterol 1 1 1 1
Red yeast rice 0 0.2 1 5
Total 100.0 100.0 100.0 100.0

YAIN-76 mineral mixture (g/100 g diet).
PAIN-76 vitamin mixture (g/100 g diet).

Al

g4 AT D 719 glutathione peroxidase(GPx) &
d& Paglia®} Valentine(16)2] Wi el wWe}, superoxide
dismutase(SOD) &4 2 Flohe%} Otting(17)2] ®wol w
2}, catalase(CAT) &AL Aebi(18)9] Wi wha}, 7+ %=
2 o] TBARSE Ohkawa (19)2] Wil ulg} 24z} =343
=A(Hitachi U-3010, Tokyo, Japan)® =% 3}3it}.

Comet assay

DNA &4 A=5 54317] $18ke] Singh 5(20)9] W
of we} YZ 12 A5 2 do] comet assay = 83;}"5‘3}
Z#}o] =9l 1% high melting point agarose(100 pL), HX
T(&gel= 9 ¢F 10,0007D)9F 1% low melting point
agarose?] dEN 12]31 1% low melting point agarose
o] Fo & EXS F 4°Col| 103 WA HEFI =
39 &80l =E phosphate-buffered saline(unstressed
lymphocytes) =& 50 uM H027} % phosphate—
buffered saline(stressed lymphocytes)oll 537t 2+z} 1)
%] (4°C)3tt}. &Eo] = £ lysis buffer(pH 10)ol] 1A17F ¥
2](4°C)& F unwinding buffer(pH 13)o] 3083+ FAth
7} A bAoA A 719525 V/300 mA, 20%)3t} 3
A7l ¥ ethidium bromide® @43} 333w 4 (Leica
DM IL, Bensheim, Germany)¥ ‘Komet 5.0" software
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Table 2. Nucleotide sequences of PCR Primers used for semi-
quantitative RT-PCR of the antioxidant enzymes

Target gene Primer sequence (5'—3')

bacin  F CTA TGA GCT GCC TGA CCG TC

¢ R: AGT TTC ATG GAT GCC ACA GG
F: GTC GTC TCC TTG CTT TTT GC

Zn/Cu SOD ' TCT GCT CGA AGT GAA TGA CG

vn sop  F: CGT CAC CGA GGA GAA GTA CC

R: CAG CCT GAA CCT TGG ACT CC

GPx F: GTC CAC CGT GTA TGC CTT CT

R: ATT CTC GAT GAG CAG CAC CT

CAT F: AAG CTG GTT AAT GCG AAT GG

R: CAA GTT TTT GAT GCC CTG GT

(Kinetic Imaging, Liverpool, UK)Z imageZ& 43},
DNA &4 A% %E tail extent moment(TEM=tail lengthx
% tail DNA)Z YeRH AT 2F A 2]l 2714 ¢] Sefol=
ol & 50 MA 9 HEE = HAs)
o] DNA imageE w4 3}3it).
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St 49| KX} L

T Ao|7) Aksl aae] FHA wd A= J
< semi-quantitative real time PCR(RT-PCR)Z =74 3}
St} 7+ 22 © 2 5E RNAE F%(Quiagen, Santa Clara,
CA, USA)3}aL SuperScript II reverse transcriptase(Life
Technologies, Paisley, UK)E A}&-3lo] ¢cDNAE 343
t}2 mRNA W& HEE Exicycler(Bioneer Co., Dae-
jeon, Korea)®2 #4135}l t}. 34ks &4 primer: Bio-
neer Co.oll % A28} 2 W, primer sequence+= Table
2¢} 23 internal control® B-acting AF&-3+ o). 2=}
e A= £33 Ctthreshold cycle) 7S AFE-31] the
comparative CT(272%T) method(21)& AA}3te] o=
of g oA AW Z e

SAX2

Zg F2448 SPSS 18.0(statistical package for the so-
cial science, Chicago, IL, USA) PC pakageE ©]&3}%)
th A7E FERsAXRE Ueidigle, ZF W gs)
A Au) X B2 (one-way ANOVA)S A s AL

AA © 2= Duncan's multiple range testE 48315 0.

2=
=

0=0.05 F#IA Felge ARk

Ao|MFE, MBS L 2 2

TR Bako 7}7) 0.2%, 1% 2 5% H7Fe Ao)E Fo
Shal 47 $-o] AT WS} AoldHE, Aol &8 4 1 A
7% A3}E Table 3ol YeHATE 2 o]4dF <} AlF
T/ a3 3 FAC QoA dz2ard S5 Al
1 o)Al zele flve Ao & yERstth Rhyu &
S 0.3%7H4) 2Jolol H7fste] 853 4
Ao A AT 7ol Aol HH AF
o golAl fre] Al Apol 7t glivkal Bargk v 9low, Yu
5(23)0] T 2% 4% H7Fg 2ol E Fol g FE oA
T ogiza g AF, Aol dHF E i FAl oA 214
A 2ol 7F A eS Rastinh Faae] bHAd S Ate)
7] §18 F= Bds 2lolell 2%, 4%, 8% 2 12% 718t
o 1457 23] T8 FoIgt Ao A= A5 2o]4dF
g2 T2 Ao FA oA tixatdt xfolrt fle A

o7 yelgtta Bardk up vk(24).

Exnt 7he] XE s
LZY2EHE Holo] TR 0.2%, 1% E+= 5% H7)3
2ol 2 457 2153 FE9] I3 AF FEE Table 4]

el 943 & ZY2HES 1Y aHE Aouks
T3 Hx79 81.9 mg/dLel Hl&] 0.2% FH7k 62.0
mg/dL, 1% 7+ 71.3 mg/dL 2 5% A7} 72.1 mg/dL
2 TR 0.2% 7kl A izt vls) frej Ao R Fha
stelem™, 1%% 5% H7HAAE Fo82 Aot gz
TR FHAskE s Bt HDL Ful=H =9 4§
5% HA7baol A 28.6 mg/dLE tZ7-9] 22.9 mg/dLel H]
& fo)H oz FU13 Ao yelgow DL Fd2HE
o] A% xT9 42.2 mg/dLel W3] 0.2% 7ol A
24.4 mg/dLE ol o g HAsT. S4ANY F9-=
AR 7holl o281 2ol 7} gle Ao & Uekth. 719
74-9-(Table 5) & A& &%, FAAALTH L T FU2HE
ol AdolA A 7he) fodo] YERA ekt S
= Zd=HE 4 dA

statin)7} ¥ o] oA A3

EZ 2 monacolin K(lova-

T 7Y FEdA F =

Table 3. Weight gain, food intake, food efficiency ratio and relative liver weight of rats fed red yeast rice (RYR) with hyper-

cholesterolemic diet for 4 weeks

Group Weight gain (g) Food intake (g) FER (%) Liver (g/100 g bw)
Control 217.6£20.7° 639.1+13.4™ 34.043.5" 4.72+0.58™
0.2% RYR 217.2452.5 630.8+78.0 34.1+4.5 4.82+0.66

1% RYR 216.8+18.7 609.8+64.7 35.6+1.5 4.70+0.34

5% RYR 228.5+17.7 629.0+9.30 36.342.7 4.96+0.29

Values are mean+SD (n=6).
NS: not significant.

FER (food efficiency ratio)=[body weight gain (g)/ food intake (g)] > 100.
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Table 4. Plasma lipid profiles of rats fed red yeast rice (RYR) with hypercholesterolemic diet for 4 weeks (mg/dL)
Group Total cholesterol HDL cholesterol LDL cholesterol Triglyceride
Control 81.9+14.8" 22.9+6.8" 42.2+12.6" 83.5+28.9™°
0.2% RYR 62.0+9.8" 21.4£5.5° 24.4£15.3° 102.2+30.8
1% RYR 71.346.5% 22.0+3.9* 32.58+9.4" 84.1+£16.3
5% RYR 72.148.5% 28.6+5.7° 36.5+12.9° 71.5+27.3

Values are mean+SD (n=6). Different letters within a column indicate significant differences from one another (P<0.05).

NS: not significant.

Table S. Liver lipid profiles of rats fed red yeast rice (RYR)
with hypercholesterolemic diet for 4 weeks (mg/g liver)

Table 6. AST and ALT activities of rats fed red yeast rice (RYR)
with hypercholesterolemic diet for 4 weeks (Karmen Unit)

Group Total lipid  Triglyceride Total cholesterol
Control 266.2420.8"  87.0£11.2"  73.746.8"
0.2% RYR  283.5434.9 87.549.6 81.9£13.2
1% RYR 277.6£26.7 93.2+11.9 80.0=14.1
5% RYR 268.6+58.1 80.7+20.4 74.4£11.2

Values are mean+SD (n=6).
NS: not significant.
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Group Control 0.2% RYR 1% RYR 5% RYR

AST 120.5+27.1% 113.3£24.6 121.8+16.0 106.7+16.8
ALT 29.6+13.9  233+5.6 29.8+16.0  29.2+26.5

Values are mean+SD (n=6).
NS: not significant.

3= Table 6 YERARATE ALTS} AST 4 25 S04
A7 R Qg 4% JErA] 8%t Mohan Kumari 5
24)2 T8 AHAZE Algstr] Y3l duk Aol 5
2 S 12%7HA A7kske] SF 6l 14573 FoskiA Rt
ALT, AST, lactate dehydrogenase % alkaline phospha-
tase W thzol wla foHel Ak wanA skt
3w asgleh ol de] ARER Y TR JAR A

B x2A EE (e Ae® ARdY

P

unit/min/mLell B3] 1% % 7}401]/‘1 7.14 unlt/mln/mL
fFold oz Wtor}t 5% A7kl A+ 7.75 unit/min/mL
2 23y X FEoR FolAe A4S Bla, AET
M= LF 7l oAl Abel7t fllem, A= ¥
A 7kte] SOD &4 o] thx2+2] 28.3 unit/min/mg pro—
tein®th o5 02 ol 0.2%, 1% 2 5% F 7Htoll Al
Z+7} 25.5, 23.8 ¥ 22.4 unit/min/mg protein®. & YEF
ot GPx &4 Af dFdAE 1% H7H(15.9 unit/
min/mL)o A &7 (14.1 unit/min/mL)ol B3] f<9] 5o
2 =9k, Aol T thZF(16.8 unit/min/mL)°l B] 3|
1%} 5% H7bol A 242y 24.87F 24.1 unit/min/mL=E
oA o T Eom, hA o AL 17 Tl froF <l
zto] 7} VFERLFRA] @Skt A - A9} Tl A CAT 248 5
45 A3 Aol A= 5% H7HE(2.19 k/mg Hb)ellA] o
Z(1.30 k/mg Hb)ell vl &l o2 o 2 #8kat, ghol A 9
CAT &4 L& 7toll f<4do] fisith. ko] TBARS A4
ZFS 4% A7 5% H71(323.9 nmol/g liver)dl Al tlx
T-(398.2 nmol/g liver)ol H]8l 19% Aoz A% A
o2 YEtgt A EF Fejel A Atst ~EHAE A H T
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Table 7. Antioxidant status in blood and liver of rats fed red yeast rice (RYR) with hypercholesterolemic diet for 4 weeks

Antioxidant enzymes Control 0.2% RY 1% RY 5% RY
Plasma

SOD (unit/min/mL) 7.98+0.73" 7.30+0.55% 7.14£0.31° 7.7540.58%

GPx (umole/min/mL) 14.1%0.6" 15.4+1.0° 15.942.1° 14.6+1.2%
Erythrocyte

SOD (unit/min/mg Hb) 10.5+2.36™ 10.6+2.18 10.7+1.20 11.2+1.46

GPx (umole/min/mg Hb) 16.843.7° 22.349.2% 24.8+5.0° 24.143.3°

CAT (k/mg Hb) 1.30£0.23" 1.61+0.59® 1.9440.60° 2.19+0.78°
Liver

SOD (unit/min/mg protein) 28.3+2.31° 25.5+1.50° 23.8+0.87" 22.442.70°

GPx (umol/min/mg protein) 47.3+5.98" 47.1+£8.69 49.8+10.9 47.5+7.51

CAT (k/mg protein) 0.41+0.08"° 0.44+0.17 0.43+0.06 0.40+0.09

TBARS (nmol/g liver) 398.2+70.5° 397.4+63.1° 359.7491.7" 323.9+45.3°

Values are mean+SD (n=6).

Different letters within a row indicate significant differences from one another (P<0.05).

NS: not significant.
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Fig. 1. Relative mRNA expression of the hepatic antioxidant
enzymes in rats fed red yeast rice (RYR) with hypercholesterolemic
diet for 4 weeks. Different letters indicate significant differences
from one another (P<0.05). NS: not significant.
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Fig. 2. Lymphocyte DNA damage by comet assay in rats fed
red yeast rice (RYR) with hypercholesterolemic diet for 4 weeks.
Different letters indicate significant differences from one another
(P<0.05).
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