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Effects of Red-Yeast-Rrice Supplementation on Blood Lipids and
Relations among Cholesterol, Bone Markers, and Hormones in Overiectomized Rats

Mi-Ja Choi' and Tae-Shick Yu'
'Dept. of Food and Nutrition, ZDept. of Microbiology, Keimyung University, Daegu 704-701, Korea

Abstract

This study was performed to evaluate the effect of red-yeast-rice on blood lipids and also to investigated the relation of
blood lipids, bone related hormones, and bone mineral density in overiectomized rats. Forty female rats (body weight 21045
g) were divided into two groups. The rats in the first group were ovariectomized which the others received sham operation
(SHAM). And then each rat group was further divided into control diet (casein 20%) and red-yeast-rice powder supplemented
(0.1%) diet group. All rats were fed on experimental diet and deionized water ad libitum for 9 weeks. Bone mineral density
(BMD) and bone mineral content (BMC) were measured using PIXImus in spine and femmur. Bone formation and bone
resorption were measured by serum osteocalcin and urinary deoxypyridinoline (DPD) crosslinks value. Serum growth
hormone, IGF-1 and calcitonin were analyzed using radioimmunoassay kits. The red-yeast-rice group had significantly lower
the blood triglyceride concentration and had lower the blood total cholesterol concentration than casein group did in
ovariectomized rats. And the red-yeast-rice group than casein group in ovariectomized rats. The red-yeast-rice group had
significantly lower the atherogenic index than control group within the ovariectomized groups. In the experimental rats, serum
total cholesterol concentration was negatively comelated with femmr BMC and crosslink value. Crosslink value was negatively
conelated with spine BMC and IGF-1. Osteocalcin concentration was negatively comrelated with crosslink value. Growth
hormone was negatively comelated with crosslink value and positively comrelated with spine BMC. The findings of this study
suggest that red-yeastrices are beneficial for blood lipid in ovariectomized rats. And when considering a population-based
public health approach to lowering cholesterol and bone loss, and preventing coronary heart disease and osteoporosis, the
red-yeast-rice dietary supplement could provide a new approach for the maintenance of healthier cholesterol and bone.
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Sprague-Dawley &2 HAE T dTFE

FEH B Tol 15U Hg RSt 5’_53/‘}5 (rat
chow, “"’V\})E AR &
(Ovariec-tomized rats: OVX), tZ2 7+ 28 £&9 ~EQ
2% F7)950 da AAE A g A%
(Sham operated rats: Sham) &8 sl FIHE o]
2} 2 Dokl 4o m Uire] 977 413 Aol
Aot AAFE-L 957) stainless steel wire cageol| 4] 3t vl
# 2E ARSI en, ARgde) 2EE 23827, FEE 6045
%z fAekn Al B, o F18 124700] HES 2
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Table 1. Composition of experimental diets (g/kg of diet)

Red-yeast-rice

Ingredients Casein supplementation
Casein" 200 200
Corn starch 520 519
Sucrose 100 100
Soybean oil 70 70
Cellulose 50 50
Min-mix” 35 35
Vit-mix” 10 10
L-cystine 3 3
Choline 25 25
Tert-butyl hydroquinone 0.014 0.014
Cholesterol 10.0 10.0
Redrice power - 1.0

Y Casein high protein(total protein 85%), Teklad Test Diets,
Medison, Wisconsin, USA.

3 AIN-93G-MX, Teklad Test Diets, Medison, Wisconsin, USA.

3 AIN-93G-VM, Teklad Test Diets, Medison, Wisconsin, USA.
#Calorie % of diet - CHO : protein : fat = 64 : 19 : 17.
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(1) xI™ 24

A =2 EAe odga|te] Triglyceride kit, Total
cholesterol kit, HDL-cholesterol kit& ]85} G4 o=
u] A #5l9dth. LDL-cholesterol $%& <=3+5l= VLDLZ
80%7F Z/dA o] a1 20%7t Fdl2H Eolea 7Hg st vt
Friedewald F-2]ol|(Rhyu MR et al 2003) 2]3}e] AlAbels
. Atherogenic indext T4 3}1e] &S =8 4 U
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Atherogenic index = {(Total cholesterol-HDL cholesterol)/
HDL cholesterol}

(2) SCHALS] MslstA X7 X 222 &4

ZYA 23S 9sle] A alkaline phosphatase(ALP)<]
22 © TECHNICON CHEN™ tem2- ©]-23}e] automatic chemi-
cal analyzer2 233} al, osteocalcin®] =732 one-step
solid phaseZ ©]-&3} competitive radioimﬁ1uno-assay°ﬂ -
3+ OSTEOCALCIN MYRIA kit (Techno genetics, Italia)© 2
radioimmuno-assayS 3§+ %, gamma-counterE o|-&3}a] 3¢
PA A3 A=E SR FFF ARXE & F deoxy-
pyridinoline, creatinine, crosslinks value2] 72 collagen
crosslinks™ Kit (Metra Biosytems Inc. U.S.A.)S o] &3}
ELISA (enzyme-linked immuno sorvent assay)#ol] 2]l &4
gt F diAlel #AHE 3229 230 calcitonin,
parathyroid hormone (PTH), growth hormone (GH) - £2-2 A]
A F2E A9} 125102 FNE FAE A ALE

RopAlo} RAGBEE

alo] 3kl3 A7t 'sandwich'E EAJ3}A| 31 noncom-
petitive radioimmuno-assay-& ©|-&%} DSL-7700 ACTIVETM
Calcitonin IRMA kit, DSL-8000 ACTIVETM Intact PTH
IRMA kit (Diagnostic System Laboratories Inc., USA), hGH
IRMA CT kit (Radim, Roma, Italia) © % radioimmuno-assay
£ 3t ¥, gamma-counterE ©]-8-8td Y A A F=E

SR

4¥ SEL A29 uHIe IUEES GE, LUNAR
(Madison, WI, USA) A}e] aFoljufx] ¥aAbd SUE 237
(dual energy x-ray absorptiometry, DEXA)?] small animal 7
£ 9% 24719 PIXImusE ©]-&3ted 2= (bone mine-
ral density, BMD)$¢} Z%-7|2 $&F (bone mineral content,
BMC)& 73t

3. 84l &4

A% Ae SASE o] &3] 7} AdTe] HWREF T &
A5 AR 3, AdET 749 HliE One way ANOVA F-
A& ©]-23}% 21, Duncan's multiple range test o] €3] Z+
AT e FE AFEAT A o] FudAe

Pearson’s correlation coefficient®2 3] 2] 3} th.
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1. AESzh Alo| MF=t

A 717 95 B3 Ao] HH L IAh HAlHA] &2 &
(Sham) 27} FAHAF (OVX)Z Tl §-22¢) zpe] 7} ¢l
Aot AFe Fvhe OVXitel 9oz Zvlsiatt
(Table 2, 3). o]ZL tA4 AA SF A AFo] Z7FsIATH
£ A8 A7HKim KH ef al 1996)9} X813 OVXT ol A]
T A7 A% AT Aole gigitHTable 3).

Table 2. Body weight changes of experimental rats

1)a2) a

it Control 210,50+ 7.40 210,40+ 7.20

weight(e)  Redrice 21178+ 640°  210.1241045°

b a

Final Control 285.67+19.61 321.30+26.52

weigh(®)  Redrice  280.00£13.00°  332.83+7.52°
" Mean+SD.

? Values with different superscripts within the row and column
are significantly different at p < 0.05 by Duncan's multiple
range test.
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Table 3. Mean food intake, weight gain and FER in
Sham and Ovariectomized rats.

Sham Ovx
Mean Control 1571+ 12072 16.62+1.27°
intake(¢/d)  Redrice 1573+ 1.26" 17.11+0.78°
a b
Weight Control 75.17+16.67 110.90:23.90
gain(g) Redrice  68.21+13.47° 11833+ 6.78°
Control 0.082+0.015° 0.118+0.022°
FER?

Redrice 0.076+0.011° 0.12120.008"

Y MeantSD.

? Values with different superscripts within the row and column
are significantly different at p < 0.05 by Duncan's multiple
range test.

? FER = weight gain(g) / food intake(g).

2. 29| MIPI & = x|Zlo| DI?’EIE A

T "t EF AAd vAle 93 Table 4, 590
YERIRITE OVXF-2 Shamof] H] 0}04 g AHo] &
AEE EFoy BAFCE foFHolA] ¥tk a2jn
Sham™# OVXE BFo|A 2] 7t A 8% 259~
H 29 7 4L & 5 Ut 2 #A4 H|E& Shamat
oA 13.0%, OVXZol|A 19.0%=2 OVXTlA B2 #xjs}
Atk E7o| "7 FHHES HFE B Ui dFE
E7]9A] 0.04%%} 0.08%2] T 28 3027 43 7] 2
7 2 ZY2EHEL o2 g3 (11~32%), quail
NME 0.01%9 0.02% = BLS HHAZ] B$- 5
AL 2320} (12~19%)= 438 AT9HZhu Y er al 1998)
x| slgth 239 2 XA iAE FE £=2] monacolin
K AL dqEoz ¢43A gl=d 2 monacolin K e
02% (22 5 mg/g) A=olth 1 9] XA s Fabof] Q3
< 3 ok AlREHE Ee) A E-E Total HMG-CoA
reductase inhibitors 2 8}&Fo] 0.4%<]|tHHeber D er al 1999).
ada 8 2 AL OVXEY Shamt 7ho] -§o]A Q1
2ol 7k YA F=9] A7 Al OVXZo| A dA T s
Bk LDL-cholesterol- & OVXZellA of7t =& 7AakS
R F T BFOA T Ao WolRe AEE
a=d BAAR felde itk @ F HDL-cholesterol 5
EE 717} OVX#® Shamw9] vi&w& vlwatsle o &
oAl o7} glRey, S5 HI/IStE S w Sham#}
OVX oA @3 HDL-cholesterol %= =7}3l9lon 1
Z7Ve OVX 7oA B2 A&l Athrogenic indexs
Sham2#} OVX WellA] Z=9] A7} Al 85 st 4
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7 A3 ool foJsitta ALSEH o] A #F A 4
ol9] 2% FFEoZE TS AFHMZ AF EF FHaHEH
FAAA 24 ZAFHE BYTia &t A8 IH(Yu TS e al
2003)¢} A3} Tt

3. 83 XHsret 2 ¥ SUHAL X[ E, SCHAL 2
H ZE20o| ket

g Aol A da AT A 0.1%2] F=& H7HE 4
olE A An 3 AEY EF ALPE A7} /1

9131, ¥ osteocalcin EEE Yolrl= AL HY1, TF
R %21 crosslinks value7} f-9]2] 0 g Wolx 2 ZF
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Table 4. Blood total cholesterol, triglyceride, HDL-~chole-
sterol and LDL-cholesterol in sham and OVX animals

Sham Ovx
Total- Control 217.1£14.6"2  228.049.3°
cholesterol
(mg/dl) Redrice 192.4+17.2° 191.8+9.9*
Trlglycerlde Control 8746:E9.6a 950i96a
(mg/dl) Redrice 89.4+9.5° 73.147.6".
HDL- Control 60.8+10.1° 60.4:8.0°
cholesterol )
(mg/d) Redrice 66.8+7.0 71.0£7.2°
LDL- Control 138.3421.7° 148.2+12.7°
cholesterol
(mg/dl) Redrice 110.3+15.9" 99.5+11.8°
Y Mean+SD.

2 Values with different superscripts within the row and column
are significantly different at p < 0.05 by Duncan's multiple
range test.

Table 5. Total-cholesterol to HDL-cholesterol ratio and
athrogenic index in sham and OVX animals

Sham OvVX
5540732 70+0.49°
Tomlchoy Rl 3.5540.73 3.700.49
HDL-chol ~ p drice 2.94+0.30° 2.44£0.28°
. Control 2.55+0.73" 2.70+0.49°
Atherogenic
index Redsice 1.90+0.30° 1.44+0.28°
Y Mean+SD.

? Values with different superscripts within the row and column
are significantly different at p < 0.05 by Duncan's multiple
range test.
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Ars BQl HF  iE R I, Ui B s2E
% IGF-1, PTH, growth hormone, &3 AJX]F 2l osteocalcin,
ZEFA FEQ crosslink value?} = S AHE 259 A
HHAE EA 8 THTable 6). L 23 & Z ZH2HEL
e Zgaks r = —045 (p<0.05), &4 A EQ) crosslink
value9} r = —0.51 (p<0.05)9] F9AQ Lo AAAAEZE )
Rt} = A Z=0] Fgako AMArs =yl ool ADTA =
e A # = 0.26 (p<0.05), crosslink value®} » = —-0.45
(p<0.05) foA42A 29 ATAAZE JehiY. 5
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ol IGF-19] 557} & o 55 A&7} vol 374 A
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Table 6. Corelation coefficient among variables in rats

Frep 2] Folrlo} RAiEAEH

W 3ol gom g pAPFEAA A He] i
AAASY] it FAlo E74 Al ul¢ Fesit)
I AEET ¥F YU 2EHE TR e FEA A
TUE A0 AGEY T Bk Aol o) AT Axe
ufg- A gt m Alm Tt wheba] A dAFH ] YukEd
542 8% Adert s At FH5Ee A
2 Ea=ded S99 AHE dd AR d5 AA
TEE W1 FEE AAE AAA7IEY W fElsitt
I AlEET aEl3 o] ZE FERE] ¢t g% e~
HE v5¢ 28 &V SUx ¢ Fg3e 44 st
o QA ettt aEla A2 5,608 9] WAdTt 997
9] o2 Ul R 3 oA lovastatin 414 2 gke] 9]
S 33 &d(Dawns JR ef al 1998) lovastating] 19 =&
H]-8 187 § ©] ]UP AR Z=ol| A 12E red-yeast-riceE T+
et =e B 82 20~30 § St Au]8-2] Bare] o] &
o] @R AA|Aolag}ln sl rHPearson TA 1998).

d
o
W

1 Z39] A3e da A Aol & F Y 2HSS
_‘|

whe 2% Bgod A4 felde gl
2 F39) HAE Bk BAAIA @ F THaH B
FE A% Bgout $A4 folde 9l $47
e felHom wEsinh
3. 279 4% Ui AR SURHASE
Moz Bk

Femur BMC Spine BMC  T-Chol IFG-1 Growth hormoneH Osteocalcin  Calcitonin ~ PTH
Spine BMC 0.20
T-Chol —045" 0.02
IFG-1 0.17 0.25 -0.06
Growth hormone 0.17 0.26" -0.03 -0.01
Osteocalcin -0.28 -0.27 0.15 -0.35 -0.29
Calcitonin 0.20 -0.20 -0.27 -0.39 0.38 -0.19
PTH -0.17 0.18 0.37 -0.26 -0.20 -0.20 0.18
Crosslink -0.51" -0.45 -0.19 -0.46" -0.20 0.70" 0.20 0.02

* . Significantly correlated at P<0.05 by Pearson correlation.
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