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The Effect of Rice with Aspergillus terreus on Lipid Metabolism in Rats
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Abstract The aim of this study was to investigate the effects of rice contatining Aspergillus terreus (Hwangkuk, HK) on
lipid metabolism in male Sprague-Dawley (SD) rats fed a high-cholesterol diet (HCD) for 8 weeks. SD rats were divided
into five groups: Normal, [Negative Control (HCD), Positive Control (lovastatin)], [HK 0.5 g/kg and HK 2 g/kg]. Hepatic
total lipids significantly decreased following treatment with rice contatining Asp. ferreus. Furthermore, this treatment led
to higher expression levels of HMG-CoA reductase, LDL receptor and SREBP2 mRNA in the liver compared with the
HCD group. In addition, histopathologic evaluation showed that feeding rats with rice containing Asp. ferreus suppressed
hepatic steatosis. These results suggest that rice containing Asp. ferreus may be able to regulate of cholesterol synthesis

and prevent hyperlipidemia.
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LDL) EZ=HEe] S7PF FHUQ0R e sH 1 A
HH T AkslE LDL FE|2H o] A F335
< Ho7|3 A7 HEFTH o] LASHTHE).

TS A8EA HE F
ke A U ZW FellA 7
HAA Atk AF7HEA] WKl 98 A}
sclerosis)’} 238 98 AAl=Z 2FE3lL
M2 = XSS, 18 F4, 2
A o] 53] LDLo] 2% A A (high density lipoprotein,
HDL)ol| H]3] x|kl 2 8 (hyperlipoproteinemia)oll & 45
WA 9 S4FUAsEe] ST Addo] vl ) mEkA,

At

o)1=
AT

12 =20

HOO
TNASE qWEtAY 83 Qs EF SHZHES A
33 LDL A& 257] g A77F @ol F=I ATHT).
ZHZEEY] AP 250 ol &V AEae BF
HPo= FHHE ATE AR &5 M F 27 &5
AolA} HMG-CoA (3-hydroxy-3-glutaryl-coenzyme A)ZE ]
E4Hmevalonate)2 3HA7]= T4 HMG-CoA T AE
H28E AFAE FGoll T8l FHeshe &dolth 2+ Wd
HMG-CoA @49 o] JAIE™ LDL receptore] EAJo
ZF7tEe] 8% Fd2HE 5 UAAZITY BIyEYT
(8-9). ¥4 HMG-CoA da s JAAZ 2eldlA AFEES A}

TR A

FEES
43taL 9o 75719l FRol wel 47EX] (lovastatin, mevastatin,
simvastatin, pravastatin)’t €44 U} ZERRIA] o] o &
J= LDL-Z28&HE 58 AaA7]a ASitks, A8l St
A 5% xdsle= 2IE JUepiZ|E git) o] S EukiErdl
(lovastatinye] 7P 7et S¥2HE Atads 7L lor I
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HEHEES Ao X5 HEF JTk10-11).
IAEZ ABAQY lovastatin® HMG-CoA reductaseel] vil-$- &
221l competitive inhibitorZ 2H8-3FCH(12-13). Lovastatin®] -3
HMG-CoA%} A HMG-CoA ™4l HMG-CoA reductase
n2] ZAgste] mevalonate®] H9S Aoz FHHE
HE S=E ASele % S ZHE FAE AN
LDL-receptorg 57H A ZH2HER H$E + U= LDL
S 9 FHZHEY ¥ Y 7 A dEHA ATk(14).
ol 2T -2 (Uspergillus terreus)= A B =5
o2 ZAHY FHNE st FAAS ww Gojet ofdd] A
W e sl 7)geA g EAEY 32 A Eg]4Kcitrinin),
2] 252 (gliotoxin), &% (patulin), BlZ| ] (terrein) 5 TFFSH 2
b QAR 8% FH2HE $XE BE )T AEs 229
lovastating A4tshs Akdoa F2 ALEETh(15-17).
AR QSPH, Asp. terreust = AlEA HMG-CoA
HEAE GAIEI, TEAA SYZHE AFES AAISHA
O~

oo &

o

o rot

iy o

P2 &S 23t deA Avk(18). H2ell= Asp. terreustt
TE olgsted wEst miel o] itst B8-S IS A,
DPPH ]2 A7 24 2 polypenole] S-S Z7MAA, 4t
3} AF AR o]8E F IS AXBAIL(19) A o=
Fr3t FERd FE5FFo|(Uspergillus) 4 PIAEZ FaAzl
HEgHXE HFHet gy g3= B A3 AFo] taEs
SRISFATH20).

weh B AN Asp. terreusS FHESF] A3 =
AL o] g3t XAurte) HHE 2ERAA 2D A HE 3
HAE &5 ERIFgo=H, IXPF N PRl F=3F
o a5 AFsaA s

22

Mz U

E=SA M=33

Wul S FA] T 04 3A17F Bt IA A s A"
Ae 3087 & wi71E AASIh & wz|zE gsE HA &
of EhA¥(glucose) ! Y (yeast extract)S FUYUo = H7F &
el & 75747 (autoclave) S E-&-31e] 121°C, 10827+ 7F
& st F FF0] 7FeEES 35°C7HA] WAhe A9E &
u]2] AZE Asp. terreus MKDS01 -2 02-2% W2 S
ol HE3IAT. Asp. terreus MKDS01 €] HZA U=
2743°C, 2 F2FoA wldS AABIAT w717 ZuEd
Abegol] wet 4-10d 5t AL Hige] duE =3
7] HEG B Y SHE A FREE 82% TFol &
52 AXE A & ¥ Baste] ARE ST

AEHSEC A ¥ Ao
AHYFEL 5533 © SD F(a)yS Ao oA EY3le]
AHgSITE 137k o] ARS71He AR R 2F A B

AFol oF 200250 go] HE=E 7} 5 6ntElY i FOE F
o] ZH|12]A7} Alo]A|(stainless steel bottomed cage)el] 3vIE]H
2lsle] ARSIt AEEE A4 2k 2242°C, Al
e 50+5%=2 Ao B2 12417 F71(7:00-19:000=

2 AYFEE A ZAEEAATA A5H/ME AddF5E4
FEAF 829 93]9] 3 7HGBRIIACUC-14004)S ol A3}
ATk

Aol AHE F=mAbe Folel o] 1.5myg B lovas-

tatin FFOE AN OH, F=5Ate] Fofwte] wet 0.75-3.0
mg 52| crude lovastatin® 2 AFH = =2 | 25T}
AL G Z(Normal chow diet: normal), 2 2~E|E
)2 (high-cholesterol diet: CTL), 9tz (high-cholesterol diet
+lovastatin 10 mg/kg: POSI), =32 0.5g FJE(high-choles-
terol diet+3=-A}F 0.5 glkg: HK 0.5 g), =341 2 g Tl (high-
cholesterol diet+3=+332} 2.0 g/kg: HK 2 )22 UL, 7} 6vle]
A 8T AFFAE SIHTE Aol A8 lovastatin statinl
o] FEZ HMG-CoA Uit ts] x4zl A4z &
git}. o]i= LDL receptors F7MIC2A FHZvHER Hgke
T = LDLE dAlste] A dF el X5l A= it
ALRE A2 )(AIN 76: 71AI ¢ (casein), pL-FIAHO] @ (DL-
methionine), <=4 (cornstarch), 1+3.Z2=(sucrose), AEZ Q2
(cellulose), S5 D (corn oil))Z AHE3lL, ZZHE| =S &
=317] 18k 1% cholesterol®} 0.5% Z4k(cholic acidyE 3 7Fs)
At X FH2EEo| FHE XPAES) IE 9 A&
2 o3} A AATE AREA AFHES Skt 877 2
ol¢} && AHTEA HE & IA &AL, F 13] 74 259 2ol

85 AP, A5 ST

M Y =Eo|
877 Aol & A A 12A7F "AANZ oW 7t AlFTe]
AR & olElZ(ether) mH sl NES & ERdEHo g e
it AP AES EDTA FHell Do} 3,000 rpmel A 15
st Aeds Eeete BHOE I3 (serum)S
A8 T A8 AN FERAS HESIAT A
A ] ARE 10% 48 T2 IA st Wz
248 AR SrtEA S} o 9.4 (hematoxylin & eosin) 4
zAe] A A2 AeE RIS, A 232 -80°C

WE BaAsg ot B0 ALEskT)

2 o X e Er 2 o

35 Ul & ZY=EE, SAXY, HDL-Zd2HE, LDL-Z3)
2B 29| s Asst 247]7](FUIT DRI-CHEM 4000, Fujifilm,
Tokyo, Japan)E ©]-&-3te] w4 3513]Tt.

&E CETP (cholesterol ester transfer protein) activity &

g3 W CETP &4 CETP ¥4 £24 7]E(Abcam, Cam-
bridge, UK)E AM&3t1 0™ GH 3 A9k o] 37°CAlA 1A1ZE
F<F kst 3 Excitation 465 nm, Emission 535 nmell~] ELISA
= 7] (Synergy HT, Bio-Tek, Winooski, VT, USA)E ©]-&3}¢]
=4 sielnt.

U=E Zo| XE =M 24
x4 F % XA Foleh ¥R o3 FE3Ich. k=4

20 mg3} E 2 23 (chloroform):o}e] 4~ 3 & 3= (isopropranol):NP-40
(7:11:0.1, viv) 891E 200 ulLE F 3t 7|2 vigt & &
2712 BYAIZ XAEES AAvks sl 1Az & A5s)
St & 82 S (Cholesterol/cholesterol ester quantitation Kit,
BioVision, Mountain View, CA, USAY2 =74 ELISA kitZ %
S A=

CHHOIM SHAHIE viE 53 X
7 28R 3U F e B Sstel AxAYIR 2
At A2 a233 5 2AsY SYAHSY F Fe
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Y 2HE A F 7)E(Cholesterol/cholesterol ester quantitation ki,
BioVision)& AME-sllth. AR} Aok 4l0] Bl& A F 37°C]
A 1AZE &< wieFste] 530/590 nm ELISA reader (Synergy HT,
Bio-Tek)S °]-&3to] S48ttt

RNA £2]

kx| 02 HE RNAE 2317 flsted A¥s=<] 7+ 20 mg
S tri reagent (RNAiso PLUS, TAKARA, Otsu, Japan) 1 mLol
Yy A= 233 o 5E Bt A2 s s
S2ZZE 200 uLE 9o 20%7F vortexingsFaL 15,000 rppm &2
102 Bt daliest & J4EAe A2 FE A4 5
N3} FFoZ olhxZulrg Hrieh & 108 F3F WISt
o]& THA] 15,000 rpmellA] 108 F<t A4lEe]sle] RNA IHE
< 539t RNA AHES 0.1% Thold g 27tR o] E
(diethyl pyrocarbonate, DEPC)e} &3t 70% lgha-S Ho] AlF
gk & 15,000 rpmollA] 5 Feob A RS deES AA
3 & R 7F JHAES AZXAIA 0.1% DEPC waterel] 9T
RNA ¥%(1 OD=40 ug/mL)E DUR730 #3333 %7 (Beckman,
Fullerton, CA, USA)E ©]-8-3t% 260 nmellX Sttt

HAIZE ATAL BEtEL QMHES(real-time RT-PCR quanti-
fication)

First strand ¢cDNAE 50 mM Tris-HCl (pH 8.3), 75mM KClI,
3mM MgCl,, 10mM DTT (Invitrogen, Carlsbad, CA, USA), 1
U/uL RNasin (Invitrogen), 1 mM each dNTP, oligo (dT),, 100
ngZ}t MMLV SZALE Ax(reverse transcriptase) (Invitrogen) 200U7F
Sk3E 20 uLe] Mol F RNA 2 ugl23HE A8t Real-
time PCR-> Fast Start DNA Master SYBR Green kit (Roche,
Mannheim, Germany)2 ©]-&3}] Light Cycler 2.004 %319
o} AR2-3E primere} PCR 72 Table 13+ o f3zke] A
22 Light Cycler Software 4.0 (RocheyS ©]-&-3ith.

578 EETY 2Asa, HEl2A ] HAE 4
A1 WS ARESte] AEtEo R A

e Eefol= AlEel & URFAQL hematoxylin &
eosin FAS AASL Nikon Eclipse E200 (Nikon Eclipse
E2000, Nikon, Tokyo, Japan) @"]7d< ©]-83}] NASH (nonalco-
holic steatohepatitis) scoreS 274 31 TE NASHZH H|E=EE4 A
WEe R Avgry AE, X S £ dF
e 34 ®WRlo] FE 379, F4 &
O = ghth. NASH score 5782 H&E
SEu|g oz 2Alste] AW, FAUAY

g &, 4um
1

Table 1. Sequence of primers for real-time PCR

TE ksle] 53 olAto]H NASHE, 24 o|sto|® NASH7} o}
d Aow FAEIT 2 NASH score= 2008104 ZA =)ot

SH X2

BE B4 A5e R a1s FHE Jepilen, A3
I}= SPSS (SPSS Inc., version 12.0, Chocago, IL, USA)E ©]
st 5742 Duncan’s multiple range testoll 2]3 p<0.05
TAA AFEA L AASHATH

|
&
o
2

NSS71E, sTudzE

557% SD ratdll 857k A3 2o|& FoIg Fo AT Wl
2 Table 201 YERAQUTE Table 2014 BEE AXY 8F & HE
oA AFo] F1sT. LEH A EF0) BATEES vl
Al 7Feke AEE HYou, BAHLRE Fol zolE YEL
WA ettt B8t =izl AFH e IZY 2 EF v A
FAASE o8 Aol T T2 LS 77 T
gt AgoA Ah7t Aol dF s AFol Ao fHd Aol
7b gtk Rard b glow(21) TS 1457 AEEE
Folgt Asgpo| etz zlo|7t gl o2 Ry Avd
7t UTh?22).

S H ) Aol dF % FH(Table 2), Qv+
2 IFY2EELS AR H8] 4ol S5 AF o)
ZaEE AoZ duiA ot 2 AFolr AojdFHHEe
A Zolg HolA] kot FAF R E AdlZeol H
3 RS T+ 200M W AFES Yednh B A
I e AT AAZ Aspergillus®. a3 HIRE HFH 3 v
7b Aol wjsl LTEMAES QAT A LA Fol

e A JEIATE R2TH0).

ol
1=
o
Ix
ﬁ
oM

EY

(o3
do

[e]
)
re
i

& XE sz #st
Fig. 19] @3je] 28 &, S, Ade Fe2HE,
T ZYAEEY] S UErTh HA T FEsEE §
Fe AUz vs] 2FEZEHELAA FolH R Fst
R, FdUEEH 3= 05g 2D F 2g2 IFHHER
vlsl 22}k 30, 10, 5% 7Haatleh. @ Fo SRS S|
S FNA F SU2HES STTMTE AeE 4
A Stk dF AL = I Azl s 22
o] 35% SUts e iR FFAtlA AL
B2t 22t 34, 21, 1% 4S9k AspergillusZ. 2
o 2 FEE0 A4S 9% TEHzEES $EAEe &
S AAAA AN a5 F7MIZITAL BAEe] 0w (23)
Aspergillus=. LEE VAVIFE 5 W F SUZEHES $4

Dy
o)
f

H

o, folr

Gene Nucleotide sequences Length of PCR products
S GAGTACACCAGCCTCATCC
LDL receptor AS GCTGATGACGGTGTCATAG 188 bp
S AGACTTGGTCATGGGGACAG
SREBP2 AS GGGGAGACATCAGAAGGACA 239bp
S TACCATGTCAGGGGTACGTC
HMG-CoA reductase AS GAAGCCTAGAGACATAATCATC 195 bp
. S GGAAATCGTGCGTGACATTA
B-actin 152 bp

AS ATCGGAACCGCTCATTG
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Table 2. Effects of rice with Asp. ferreus supplementation on body weight gain, water intake and food intake in SD rat fed a HCD for 8

weeks
G .. . . . Body weight gain . .
roup Initial body weight (g) Final body weight (g) (/56 days) Water intake (g) Food intake (g)
Normal 229.87+9.56 422.90+38.82 193.03+32.72 21.33+0.31° 39.15+1.45%
CTL 230.89+7.20 434.48+26.64 203.59+28.73 20.98+0.35% 40.58+0.92°
POSI 225.48+10.16 432.12422.73 206.64+21.60 20.62+0.36° 39.58+0.91°
HKO0.5 g 222.01£12.87 453.19+£36.07 220.22420.75 21.23+0.46° 39.18+1.93%
HK2 g 217.61£7.20 434.82+28.25 217.214£27.13 20.61+£0.46° 37.91£1.36"

Values are expressed as mean+SD (»n=6). Different superscripts in the same column indicate significant differences among groups at p<0.05 by
Duncan’s multiple comparison test. Normal: normal group, CTL: high cholesterol diet, HK 0.5 g: high cholesterol diet+rice with Asp. ferreus 0.5
g/kg, HK 2 g: high cholesterol diet+rice with Asp. ferreus 2 g/kg, POSI: high cholesterol diet+positive control (lovastatin 10 mg/kg).
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Fig. 1. Effects of rice with Asp. terreus supplementation on plasma lipid profiles in SD rat fed a HCD for 8 weeks (n=6). Values are
expressed as mean+SD. Different superscripts in the same column indicate significant differences among groups at p<0.05 by Duncan’s multiple

comparison test.

Aol e WA Punr 2 AdAMe] ke ATt By
H v} AThQ0). T3 Asp. terreus S TS TF AHFH Al
9 FU2HE FNE BEE TIE BRAATEY. 129
zelgEst MasRS o, B Fojze) ol ) 3 2o
/\Eﬂi ZAA o] 74519 AUE ZYAHEL I 2H

S0l Vsl FIET F= 05g2 A7 35, 25% FrolH e
2 gasiint v FYsHEe PEgse) Axs B
Aote AYAIA e WFo s FYrUes swstel Wy
d APFAgel ik Wo] 28-S AU vt TEE F2H
22 AUz yFE2HESS vaEs W 51% A
g3z 059 20ge X2 EIEEH

H w3 w foAdQl 2ozt gt &=+ sk A9
Ae IEE FYZHEC] ARE FAS FollA FAA Aol
7F ks A77F Barg wp dok(25) &= 0.03, 0.1, 0.3%
A7t 2olg IS AT EAA 5 F Z92HE, LDL F

gl 2HE, HDL F¥&EE 25 Ade 2l fo4d Aols
L}-E]—H—]Z] EUTHL Basom21), YRt 2lojol] =4 2, 4%
£ 27t JAKsle] 3 @ ot B3 SR 85 & U2
£, 44, LDL, HDL Z¥ 28| 20] 34 “Hi k=
7ATE Bout Fo3Q Afol= UERFA] dTh26). & HY
AME = 2004 et AT BHQo 238 e 3
= 05g wolA 8F AE st NAdsEle AHE BHe ke
THolA & AAE HeEh ole 525 02, 1, 5% ’I‘é

71t IFYZEE 2olE FF ] TS W 1%} 5%
ThEA] AR oy 0318 TR W 02% oA 94
QA X AA Frr) AAEE AFQNE Ve ZoE Hol

S M= A JhA a3t EAl tEiME o W

19 oA g9ls] & FaMo] e AeRE AlsHnh

Apolipoprotein Al (ApoAl)S HDLS| 2 YUAZE ApoAl<]
T 8% HDL-ZY2HE 45l w} SojubAl =tk ApoB
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Fig. 2. Effects of rice with Asp. terreus supplementation on
ApoB/ApoAl ratio in SD rats fed a HCD for 8 weeks (n=6).

Z=v| 38 LDLY FQ obEgE &
g AES s Aol TR AU AT A
A e o] Ay FS G ETE. ApoBet ApoAl] H&
(ApoB/ApoAl ratio)e] QN&EAA I Adtirtel S 78k
AEY F Jom AEAA A BAS dFater] o] F
HEHERUE F&3ttte AFA7E ATh2). A8 S
AAEE o Sst=t] F28 AR ApoB/ApoAl ratios Fig. 2
of Yepldth ZEFH2H S-S ARl sl 40% 7t
stem Y2 Ew vt AERES 30% 914

WAz A el

o7 7+ ]_oi—/ 3= .59} 2g1‘ Z}z} 32, 40% SFe=w 7t
28k AL sty wEbs] 8=3x171 ApoB/ApoAl ratio
£d 161 AaA7le e Hop Ae] Al dde F
= Zlo® AgH

CETP activity assay

CETPell 2lal LDL9| cholesteryl ester’} A3 A1 %=} whe™,
AHEE] &ael gk SR #al7F dojubal, LDL YAk
A77} A4 o)y WEE LDLS 47 AtslE . A5uke-
I A8 Agte] P aiw 2g3pA ®rh29). CETP] 2§
o 9all =AUE AW A (very low density lipoprotein, VLDL)
Y 4R HDL cholesteryl esterAlo]ol = w3ho] dojif,
olggt TR AL Ede] o3 wEA EsiEw 2 4
7} 22 A7]9] HDLS A Al =le], HDL FdZ8 &9 74
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Fig. 3. Effects of rice with Asp. terreus supplementation on CETP
levels in SD rats fed a HCD for 8 weeks (n=6).

£ 7kt wEhA, CETP &40] 715k =W HDLe] Z4:
31TH30). @5 CETP AL Fig. 39 VERAITh =2 A3, A4+
U2y AFH 2SR 7] Zfolrh YEhA] gkoken wE
YE ST vwste] PPWRES Fodoz aEon
= 059 2g TN E zolE HolA] Sttt Chadli 52
Azt AZE 2E 277 CETPY E4do] FA Zpol7h
UR ekoitie A AxE Rusio3l). webs Seasis
CETP Aol 93e A e Aoz Jrtwc)

xé =

7t AEFES] 223 | A4, FFE~EE TS Fig 4
o} gt} 2423 F FXH] g IZY HELAA HA
el 8] feldos 22 FXE Yepfiglth 2ev 2FE
ZHE24 015 Bl IFE oA IURTES FoFd Aol
% UrEMM ‘3—‘9}1 FLIAE 059 2g FEE T8 aFS
@i% Bk &3, k22 ] FEd

H] 3] E%HI*Eﬂi?LOW oo

ZH2EHE v
g 044011*1 7¥2; 22, 17% %+
ANk 2ojof] T RS 2, 4, 8, 12%
A5 12% H7RENA izl v =
%ﬂliﬁﬂiﬂr %-*MHJOI 7Yl 242k 38%9} 25% ZAEATAL
Hslth22). FEZHES] HHE 7FRA A AZUAR] o]

NFU
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12 | ¢ be
1.0 |
0.8 |-
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Fig. 4. Effects of rice with Asp. terreus supplementation on hepatic total lipid and total cholesterol in SD rats fed a HCD for 8 weeks

(1=6).
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Fig. 5. Effects of rice with Asp. terreus supplementation on
cholesterol excretion in SD rats fed a HCD for 8 weeks (7#=6).

ol zEjEo] A do] AR 2= Q&) FAZF Flete] 7+
o] ZHZHE Fgol FUHITh=(32) Bavt oW Asp. rerreus
o ol wEE F==Ate] A kA AHe| FrE o
ABAY AAANA AZYAF Aol 23S Aoz =)

CHHOIAM SAEIE HiE S22t el
ol FHoR wiEHe SHSHE TS gls
(Fig. 5). AZYZENELESE Ask7] Slsl A W= +
A tARE o] Fo A= (33) AW EHSEHE S s
e FHzEEe] FEite s vyl Mos ujdso] 3
T TUZHES dFS AT Gzl vs =
ZEH|Ewo] FHUZHE viEo] 6 ol BIAY, AEHHE

38

émﬁlﬂ_\;_@

HMG-CoA reductase

140

Practin(% of

(1

HMG-CoA reducta:

] Aol HolA| Atk ole F3
ZA7F 2 2HE Sl TR ge Ao gFTh

ZExE Lf LDL ¥ HDL 23
557 SD rato]] 3=t} Rzl

il
oL :l 0
ra
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