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Effects of Isoflavones Supplemented Diet on Lipid Concentrations and
Hepatic LDL Receptor mRNA Level in Growing Female Rats

Choi, Mi-Ja™"* - Jo, Hyun-Ju™"*"*
Department of Food and Nutrition,” Keimyung University, Taegu 704-701, Korea
Department of Health and Medicinal Food,”™ World Cyber College, Kwangjoo 464-895, Korea

ABSTRACT

The purpose of this study was to examine the impact of isoflavones on lipid concentrations and hepatic LDL receptor
mRNA level in growing female rats. Twenty four rats (body weight 75 & 5 g) were randomly assigned to one of two
groups, consuming control diet or isoflavones supplemented diet (57 mg isoflavones/100 g diet). All rats has been fed
on experimental diet and deionized water ad libitum for 9 weeks. The concentration of triglyceride and total cholesterol
were measured in serum and liver. Serum HDL cholesterol was measured. Hepatic LDL receptor mRNA level was
tested by RT-PCR. Supplementation of isoflavones did not affect weight gain, mean food intake and food efficiency
ratio. Serum total cholesterol and non-HDL cholesterol of isoflavones supplemented rats were significantly lower than
those of control rats (p < 0.05). But hepatic cholseterol level was not influenced by supplementation of isoflavones.
Hepatic LDL receptor mRNA level not significantly different between control group and isoflavones supplemented
group. Therefore, isoflavones may be beneficial on serum cholesterol and non-HDL cholesterol lowering in growing

female rats. (Korean J Nutrition 38(5): 344 ~351, 2005)
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73 & 44N 8F Ze2sHEY LDL-FHAHE 55
g 2o 31,0 A8 Age] g3 JFES T2AA
FE= AR e AoE dYRAA JAERA FoQ
HE g oix etz ofg] Zizel A77) §3] o]
o211 ot T o]AFEERES |7 oA Byt oy}
7 A 4V F0NNE 85 FHAHE N &
7} Q= Aeg ¥ ¥ ul gich

AH in vitro ABoA e olAEe}o] o AEZAC A
9] &3 ¥ 7 o} ForERACZAY FHE I
vebd 4= Q18-S AQHe vl Itk Dwyer 592 o4&
ZeHo] #H7E § Aol ANAEZA ST 2E31t ¥
77] o)A el E F8AS ATF-9lel thste] Ui
ANArEZAF AAsloz ot FoArEZAO 2A ARgsh
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Sprague—Dawley &2 # (60 = 5 g0 & i3l 224
A ZRE Fofbo}l 17Uz 38717 Tt TPAE
(rat chow, D Z AHEE & Gy & o831 2t 3
12vfld 2702 uro] 957t AdAolg FF3ISIth
AHFEL 957} stainless steel wire cage®l|A4] $F vfel
A B ARgElon, AR 25E 25 + 2T, 8k
63 + 5%= RSN WY FF719 45715 1241300]
HEE A5tk AF 712 w1t Aol E& AHEA
AFHA seH EL BT 23 o|2udrE AN

APFE diZ (controD) +F o]&FEeRE A7} (isofla-
vones) T2 & E-H3IGTE =72 Af4ol= AIN-93G
o] 71838t ZABIGITE? o]AaZERE 1] Aol o
Z7 2o|gl FUg A thFolA &) A 2 o
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Table 1. Composition of experimental diets (g/kg of diet)

Ingredients Control Isoflavones

Casein” 200 200
Corn starch 530 528.2
Sucrose 100 100
Soybean oil 70 70
Cellulose 50 50
Min-mix® 35 35
Vit-mix” 10 10
L-cystine” 3 3
Choline 2.5 2.5
Tert-butyl hydroquinone 0.014 0.014
Isoflavones” - 1.8

" Casein high protein (fotal protein 85%), Teklad Test Diets, Ma-
dison, Wisconsin, USA

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

¥ AIN-93G-VM, Teklad Test Diets, Medison, Wisconsin, USA

?Isoflavones compound: Isovon (totfal isoflavones 32%), Pacific
Chemical, Korea
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9FTH ARS-F 12212 B¢ ZAAR F oHZ vl 8
o] 552 sl dizdeln as slFsIse, i+ &
@S F31 AR A9 20 miE BFA F 7 23
& AEUch AFF AL 3083+ WXF F 3000 rpm
oA 2023 44 EeEldl E3S #E$ F 70Tl
WE RA3IA). &% 7 2212 1% diethyl procarbo-
nate (DEPC). 402 28 7 ¥ AAALE 34 3%
AFRon, B4 Al7kR] ~70TCAA 3% 2a3ck 3
Y F Aol AMEE BE 7]7E RNAse 29 7]
8l FFA2 £ 1% DEPC §902 3o A3t
ok
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1) RARH

g3 F4RA BHL TG kit (BC118, GF5AP & o8&
slgon, 8y F FYAHSS ZH2HE E kit (BC108—
E, 4%5A49h & o431, HDL-Z8 A3 HDL-
ZH2HZ kit (BC 308—HDL, QEA|H & o]&dl] =
3%t Non-HDL-ZHAHEY 5= & ZdAH
£ ¥5ol4 HDL Fel2HE F58 Al ¢to=2 73l
o} ¥ Fa2EHE g disk HDL-Z#2H 9 v&
(HDL cholesterol/total cholesterol ratio, HTR) & 738}
Stk Atherogenic index® FH7Z3e] A &S 45T
T e Ho R AL ey P}

Atherogenic index = {(total cholesterol-HDL cho-
lesterol)/ HDL cholesterol}

7 229 F9AEH FH2HES FEL Folchy™
& ARgEIRleH, AAS &3 F 7 239 XA
F Fu2HE B4 2 S ol8s YAt ¥4 & kit
o Polojxsh 2 WO ulagF sk

(2) RT-PCRE ©]4% 2t LDL-4-84] mRNA #4

7t LDL-944 mRNA¥ RT-PCR (reverse trans-
cription—polymerase chain reaction) HPi& o]g3l] £
A3AcE? 1dAZ 7k A 02 RE F RNAE FE313
th A&S 2 23 20 mgE 7A3AT] ¥ RNeasy Mini
Kit (Cat. No. 74104, QIAGEN, USA)& ©183}] & RNA
& &3t 29412 transcriptase (Cat. No. 205211,
QIAGEN, USA)7} 37F8 master mixe & F Z4z+9]
tubeoll 18 gl Uro] B2 F FE3 RNA £95 2 pl
A H7ksle] 37TColA 6083t reverse transcriptione
Al F 93TellA 583 X231 reverse transcriptase
£ 5843} Ntk 39AE, THE97 (DNAE template
2 polymerase chain reaction (PCR)& %3] DNAS &
ZA7 F 27195 53l expressionS R1EKIth LDL-
FEA9] PCR 92 94TColM 15%, 60°CelA 15%, 72TC
oA 1623t 353 WM 3y, WS HFEE 22 94T
3%-7} pre—denaturation® 72C 5¥-Z} post—extention
< AN} tiE (control) 2 ARESF GAPDH (glyce-
raldehyde— 3—phosphate dehydrogenases)+ 95TCell
A 30%, 56Tl 30%, 74°ColA 45%3F 253 W2
5131, ¥ AFE 42t 95°C 283F pre—denaturation
¥} 72°C 72 post—extentionS IS8t Taq. DNA
polymerase (5U/u]) & Neurotics Inc. A& (Korea)&
ARSI o PCR cyclers Primus Thermal Cycler
(MWG Biotech AG, Germany)Z °]&3l%t} Oligonu-
cleotides® SD% #79] ztolA] HH=E LDL—84)
mRNA 9714¥3} GAPDH mRNA G7M9E g 3
o] Az 319 00, Table 29 oligonucleotides?] sequence
§ EABKGTE PCR Hhso] ¢ AHE 10 pl1E 5o
dye 1.5 p19} 331 1.2% agarose geldl] A719% 3}
g}t A79%E 3 gel& 0.5 pg/ml? ethidium bromide
(EtBr) &-efl =8l @Ag the UV transilluminator
$#1oI-] DNA bandE #R18t ¥ polaroid2 AR #49& 3}
o AES BEIQYE FAPEE 29 3 DNA band
9] imageE image analyzer (NIH image 1.61) 2 2415}
o™ GAPDHS] #d%Ee] dig LDL 8419 ¢a%



Table 2. List of oligonucieotides
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Name Direction Sequence Base number GC% Tm (T)
LDL receptor Sense 5'-CAA-GAC-GTC-CTC-CCT-GGA-TGA -GTI-CC-3’ 26mer 58 66.5
Anti-sense 5'-CCA-GTC-TIC-GTC-ACA-CAC-AAA-CTG-3' 24mer 50 63.6
GAPDH Sense 5-ATC-AAATGG-GGT-GAT-GCT-GGT -GCT-G-3° 25mer 48 66.4
Anti-sense 5'-CAG-GTT-TCT-CCA-GGC-GGC-ATG -TCA-G-3' 25mer 60 68.2

Table 3. Effects of isoflavones on weight gains, mean food
intake and food intake efficiency ratio (FER) in growing femaile
rats

Table 4. Effects of isoflavones on serum triglyceride, total cho-
testerol, HDL cholesterol, non-HDL cholesterol, HDL-/fotal choles-
terol (HTR) and atherogenic index in growing female rats

Group Control Isoflavones p Group Control Isoflavones P
Weight gains (@) 160.8 12317 1594 1800 N§” TG (mg/d)) 5311 £ 1060 3483692 N§”
Mean food intake 1375+ 0.82 1362+ 1.19 NS Total cholesterol 112.10 £ 2840  73.66 + 9.81 <0.05”

(g/day) (mg/dD

FER® 0.17 + 001 018« 001 NS HDL cholesterol 86.77 £ 1508 60.66 + 731 <0.05

™V ) L — (mg/dD

» Nﬁle?signiﬁconﬂy different af p<0.05 Non-HDL cholesterol  25.33 + 512 13.00 = 2.84 <0.05

¥ Food intake efficiency ratio (FER) = weight gains (g) /total food (Tg/ b

intake (g) : HTR® 068+ 019 073+013 NS
Atherogenic index 028+ 0.14 021 +£0.10 NS
7 Mean = SD.

=2 JeERITh
3. AlmME X BN
B A3ox g2 Aol A B4 SAS packageE
olgslgich. 7z wiolvjt} zH AY E Ay FFHAE T
slgon, & F 749 FoAd HEL Student’'s t—testE:
o]g3t] ¥4Itk
Hilt

L,

p 1=

1. 43 313, Aol M3 R Aolzd

9F7+e] AF F71E, Hd do] AFHAF ¢ Holadd
Table 3¢l YERASITE 953k A5 F7F32 169.4 g3
160.8 g0 & T T ol #-4Q o} et B A
o] AHFE F T ol FAA Ael7F ARk HolE
E5 F T 7l foldd Aolrt (it

APAT F o]AFehte] WPt AF T Aof AF
o n]XE Q9L Avrd, H73 24 U e
= 0] AZaHEQl genisting ¥3% Arjmandi §7¢ A
oA FAAATH shamT EF genistin®] F5° T
AZE ol vt By, HEEE AF A 65
7+ U5 o)AZeE g H71E Kime A@PeME o|AF
ghe] A7t 58 29 s5e 9 Aol dH gl £
Ql zlo)7} gigitkn Bwlgich AAVE R 3 2
ERANE HaidTe) go] diF ojaFeHEe Hrpt A
ZZ7 s} Aol AdFH ol FFE vIAA Y HoE YEi
t} H74Y) ALolle AF T4l A olAEEEY &
o] 3l Tk A= Q) Picherit V2 YA 8

2 o

? NS: Not significantly different af p<0.05
¥ Significantly different at p <0.05
* HTR: HDL cholesterol/total cholesterol ratio

oA o)laZEEe Hrleo] BEFE AFF7Hol B
o}A o|AZE Hrlgo] ¥ T AFS7IEe]l fFe
2 Jold #AE2Z7HE0] shamTEH AR T L B 03t
t}, o] o]AaZaio] UAEA FHolN el H33F
ANEZ7} BAL wolF3lS-S Yu)divtn BaEigich

2. @ ANEE

g3 F4A4, F Z92HE, HDL—Zd28E, non—
HDL ZHAHE, £ ZyAeEdeke] gk HDL-Z3
2E1E9] Hl& (HTR) U atherogenic indexl| tist A=}
Z Table 40 At A F9AEY 5= F T
74l f93Q &ol7) Itk A F ZTHAHE FEE
o)AZ e g H71E o] T Bt foFH R Wikth
g3 HDL-ZHAHE 5=  FU2HE 271 84
3] B thzTol olaZeNEg AR’ T Bt fFo
2 =9ty F ZY2uE gl dig HDL-ZH
AHE H]& (HTR) & BY, o]laZEe 7kt ol
0.73, tixTo] 0.68Z FH2 Aol AUtk B4 non—
HDL ZHAHE &: =7 2y o)aZehdd 37t
3 FoA §-2lF o7 yaltl Atherogenic indexs 2
Q1 Aje]7} YTk

o|AZENEE AERAF FRIF fAlI A7 olX
EZAo gAY AEE sl H3 A EF AEE A
A7\ 1,2 FWAREE dugitts B * PR 3
MY 7F o)AETHE 132 meo] T UiF 9BAS WY
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T2 N E v 85 ¥ FYAHES LDL-S9~
HE =71 WIth? 873 3 o4e oz & Ha9
E OE A7 E o)aEE o] e giF gula
(65, 132 mg isoflavones/day) AFA] 27| v& o]
AETRES WS SR O A AHE oA
8% LDL-ZdAHE7 ¥% LDL/HDL TH2HE n)
&0) ZAaslglon oAl do) 71 B2 7o 8%
LDL-ZHAHE F57t 7FF U thF o) aZehe
< 973 A4 B oflE) w7 A oA FAF O o)A
L 8% Fd2HE M a9l 9 Ao By
w73 A AAelA 400 mle) FHE WY HHA & A, 2
NE 2] Ff AHE 83 ¥ FUAHE 5571 11 my
di7b 243153 LDL-E82HE 55 17 mg/dvt 2
2SRk H7 A 94E vidos ¢ E ok AF0
Mz olaEehio] ¥ ZelAHEN LDL-ZyAHES
Wil AANHE FAo 2 AR 1Y AHEY
T3 Y FHAEHE 7 HE g 20~504) 02
g Wong 599 AFelE 5577 729 2ateA o)
S FEAY dUdS FFE 29 3 AA 43w
Qo) F B B tiFE dwEe ZeAHE As)
2IE UehYEd), olaZeRto] 53 gt gz e
LDL-Z84HE 473 LDLY} HDL ZyAHZ9 v)&
HaAF Bustel aZPAHEEE By ohlel A
4 ZULHE & AROME FHAHE 732 537}
AT AZHXEHEET S e = e A
TPANE A FEI 712 et giE gwde) =)

-

ZHE g2 237 d2A4 vebd £ 280] AlAE

34 FAEE oz & FEAFPINE OIF u
Aoyt i gilge] dE 522 Iy £ FyAHEn
LDL ZHAHES 25t 297 Qo A3 958
oz 28 T o]AZTETS Frle B dAToMx
ARAT SN 2 8F FuAdS Fravs 2
& 5 IStk

S T Fe2EHE 571 AR89 79 980
3 3t HZoe 85 FUAHIES $9s= HDLY LDL
9] vlgo| o= Y7 Ak 7)Fo] Pk we)x ok ot
HA dY F Zd2HE 50 Yt HDL-Z28 A 29
sxH]Y, HDL-Z8AHE FXo tish LDL—Z8|AH)
29 FxulVl HER A8 B2 odE § Y= T2
A®7} kP a2 4% FYAHE $F0] Aol
32t LDL-ZdAHE £50] 58 29 WA=
o] 9e] F7HETH? 8% ¥ ZYAHE 7AE LDL-2

Table 5. Effects of isoflavones on hepadtic triglyceride and total
cholesterol in growing female rats

Group Control Isoflavones P
TG (mg/g liven 38.63 + 665" 3942 + 1092 Ns?
Total cholesterol 37.75 + 244 3982 + 159 NS
(mg /g liver)
" Mean % SD

2 NS: Not significantly different at p <0.05

HAEHE ZAE FHIE™ o)g)3t wAoX giF o]AZ
2] H3e 8% LDL-ZYAH S $59 HDL-24d|
AEIE] gt LDL-ZHAHE 9] ul&-g A 7oz 4
oA Aol dist ALamy) JE ReE g1 9
o T3 A2 BuE T8 Aol s He S
359 AZE 100 |o] A selo)] o8 A4 9 4
Rom? ol57] Fte] % FHAHE AL A7) A
A A o] 223 AHJAAE o]8d F geP
o] AR ATt ol2i3t AsfolA B o), o)ATelio]
7] @A AFNAN 8F F 22 ZF non—HDL-Z¥|
ZHES FIH0E ANA FoE g 123 giF A
9 AHE 4737] o439 ASAE 4ol FAL wo
AEHA g e FFHA AT 2HLe 5 e A
o2 Algdr)

3. M A

2 34745 & BUAE S50 0)g 29E Table
5o AN 3 & FHNLH F FelawE pRe
5 2 2l £922 Aol} Atk 82 Aol of
AT Qo] A TAXHE D& B} Lhehto
U e & ZereEsEel 93 ujxA ok
dAEA 292 o Bo) Yf ojaZetes st
Kim9) APHE & =RolNg 2o 8% 2o oE
PaETe vebdou 7 AABES) Wehs Yehix o
otk wuslel B Ao Azsh skt olaEe
2o| F4 UF wude] TarnlE Zaas 4H 5
Z3 712 408 D AR A A=) 8F A2 1
of FHE WEThT HIEAJLY AR 2 el
o WSk} AP A EE TAES Peee ©
e A g 45 98 RoE Alger,

4, )t LDL £84 mRNA

RT-PCRZ #R1% 7t LDL-+8x18F GAHDHS #7)
FE AR1E Fig. 1 YeRISIT) Fig. 20 A9 2k& GA-
HDH 2873 xel digh LDL-849) $¥ATE image
analyzerZ FA4{3lo] Jebd glolok # |74 RT-PCR
£ o]§3lo] EAT olaZeht ¥y} o) 7 LDL-4-4
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Isoflavones P

Control »

GAPDH

Fig. 1. Expression of GAPDH (gly-
ceraldehyde -3-phosphate dehy-
drogenases) and LDL receptor in
the liver by RT-PCR. Arrows indicate
PCR bands of GAPDH or LDL re-
cepfor.

A
LDL receptor

LDL receptor mRNA

0.8

0.6

0.4

LDL/GAPDH

0.2

Control Isofiavones

Fig. 2. Effects of isofiavones on hepatic LDL receptor mRNA level
in growing female rafs.

A mRNAS) $5& 0.8570]90H, &2 o|BT} 5%
3 0.817%2 JERtoH, o]aZet HVE A 794
¢l ol YIS

LDL—8419] 371 = it 902 FA} (rans-
cription) ©A41¢] W3le)| 93 22 =+ 4 (translation)
DA 2] #slel] oJsf 28E 4 Q) £ AelMe 3t
LDL-444 mRNA #&& A4 43t £ 23, e
W zjo|7} ulekagl o o] aBehto] A @A EFH 9
ZF LDL—%€A AA} (transcription) #3el 9&S& o)
7FsAe] ok Alg€ith. & LDL¥ LDL-F847t 2
Falo] zt NE R Soprlx B3HE £57) ol wErkd
318tz A (down regulation) o] 9% 7FsAS WiAE 4
Ut

o|AZelo] TR OIF dhily ] FHXHE ALa}
o gt NAoE WA EEA S FTMItE A9
7ol FUAEE TS THse 49 HMG CoA
reductase? BAEE S7MMA F FUAHES LDL-
ZH2HE 22 E doth= Age] Ik 1 9] diF
izl o] % LDL-ZUAHE AdtsS LDL-841¢)
Z712 Q1% FdoA 2] LDL-ZE2EE AA g 3
ojgh= a7t itk o9} BAS HuESE, EF LDL-
ZYAHE 53 7849 mRNA 2P 2JEH o]
o2 o AEZAL LDL-ZYAHE $£49 2 F
2% zEAAZ 24310 2EZA X 8A] LDL T84
mRNA] wglo] Z7}bEuh ™ o|aFepe] & F7<l

genistein® LDL—&4 FAxF 23 & S7M ke B
17} ARE® Carroll#} Kurowska:=" Z#AslEo] &
F3A] & T Aol MEAA S LDL-841E 3t
87278 (down regulation) &g B138l oM, Lovati 5
2 A 28 aAGARIZ sAjolA oA T d]ol=
24 ghildolo] H|a LDL-58AE 53 Zd2HE
2 ZRoE & SU2HETH LDL-SHAHES
AA AT Basigith Sirtori 57 2049 F<F 1000
oS uptor tiF @] anE A7e A, o
gzl e LDL-+4A1E 4¥¢2E (up regulation) g
thx A2Ac 23U AAZ A7) QA olAE
ZH2o] LDL—<84 mRNA o) wx& Jo] @3
AT A9 =Et) 38, Baum $& 7 ¥ o4 o
Aoz 6714 E¢ olaZEHEe o] b T did
(isoflavones 56 mg/day# isoflavones 90 mg/day)<
FFalick 1 A, OiF @idS A% 7 IS R
Bt} 8Z non—-HDL-ZAAHE 5571 24s9oH &
Z 9 E (mononuclear cell) ] LDL—584 mRNA
g A Z7E) Ty o) aEeHE 56 mg AFHTH
90 mg AHT Aol #9FQl Aol Athn Hirstod
LDL—4~&# mRNA %72 Q% LDL-Zd2 g9 7t
AE olAZEHE g9 gyel| Hrke diFaude o
2 golo] oJgt B3alQl Zgo) o3 UL Ak
FHAIQ) Alolo] o|AZeHEE Ayt # AP A, o)
Zapio] FRE OIF Wil AH3INE o vepd EF
Z ZYAHE 559 ZAast 84 non—HDL FH2HE
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