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Effects of Soy Isoflavone Intake on Nitrite Content and Antioxidant Enzyme
Activities in Male Rats Fed High-Fat Diet"
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Department of Food & Nutrition, Research Institute of Human Ecology, Seoul National University, Seoul 151-742, Korea

ABSTRACT

This study was performed to investigate the effect of soy isoflavone on plasma nitrite concentration and the antioxidant
enzyme activities of erythrocyte and the liver using adult male rats fed high fat diet. Seven-week old male Sprague
Dawley rats were divided into three groups and fed high fat diet (15% beef tallow, 1% cholesterol; control: IF0) or
high fat diets containing isoflavone 80 ppm (IF80) or 320 ppm (IF320) for 10 weeks. Plasma nitrite concentration as a
vasodilator, and antioxidant enzyme activities in erythrocytes and the liver were measured. Plasma nitrite concentration
was increased by 45% and 35%, respectively, in IF80 and IF320 than in IFO group. Erythrocyte catalase, glutathione
peroxidase (GPx) and glutathione reductase (GR) activities increased by 31%, 30% and 40% in IF320 compared to
IFO group. Especially, erythrocyte GR activity increased by 61% in IF80 group. However, catalase activity in the liver
was decreased in IF80 group. GPx and GR activities in the liver were not differ among groups. The results suggest that
soy isoflavone have the protective effect against risk factors related with cardiovascular disease by improving vasodilator
factor, nitrite, and antioxidant enzyme activities in blood. (Korean J Nutrition 38(2): 89~95, 2005)
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o] NEAA A& ¥ o ol FOTE, s A
Agat 2 WA AE Y3S FEFFE AFeE ¢
24 gon, B A7t SdstA RPH 3 A
olAZ NS diFel oF EiE HE 9% IER
F2 A 71219 o]aZEeREe] &A%}, & unconjugated
aglycone B E]Z genistein, daidzein, glycitein®] 129,

o

conjugated glucoside E}E genistin, daidzin, glycitin
#} 29) acetyl glucoside, malonylglucoside, 4° —methyl
derivatives FE)7} EAFI) o] AZEE-S A v Eo)
& 7lrEalE 1 EE 3= o] free aglycone™ deme-
thyl product® A=A o dKiisHo] F5EHE Aoz
A Aok 7R3 & tiFels 1.2~4.2 mg/g dry
wt.g] o]AEehEo]| FfEo] gk
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7] B-gof w2 Faof oist Bus} A4 3=E oA
Qo B AF FTEE LR e} TEE giF 2
o} 3o tijke 24 o]aEElEel tigt Aol IEHSY
o AAZ o AFefM JAEZ ] AFPEHE #H7HY)
Qo YA FEES doR %o, AE &
o] #1737 BAEFNM 8 F A g s
3 olA FgA R 283k nitrite (NO) 755 &
o); T SFAE WA H¥HAE B33
£ 48E Rl

3 oAERA AP HER FEEHE gAY HE
A AT 5220 e 7|Qleh=s AoZ By
E|QARE PO o)A FeNEe] gl disiMe A A7t
o]Fo{ )2 ksket.

2 £ FE D S e 3 A7EC Y3y,
oj2ZeNE2 AW Aol2 f X% JAY 1XEF Y
AL A2 HAAY aAEFoA s} v E 3
o] FHAI &4 TAaAFIE a3 vk =
3 FR AHE dPdo 3 AFAE ojhFeHo] o
T das dygF oz L3k blood platelet sensi-
tivityE 250l 488 A8 RS 5dE JERd F
ottn BEch

olAZeh 2l At3l Etel ML in vitroolA] AlE
U ARE AEg A digh Wolads Rysiglon e
in vivoolME 8% NAHN3E Aste} AT ca-
talase 4 7+ BIOFGCEM Y gy o)A e e
gaksl Zgol st dAUFTS ofd A FHEA &
ooy el AFEC] in viro AYEE FEEY] in
vivooll A1 8] A& vlu|gh AAo|r}.

ueha] 2 AFes 1A o] g e 1AE
5 L FR AFA 2o] F o]AETHRY FE 2
jo] oladeht ARV AEBA T 246 v|XE o
b AR A sigich 53] 7 U9 3% & 94
NO 33, HEy 9 7+ 229 A8t a4 84 5
£3& B3 olaZeEREe Pt aHE Frstazt
Foict.
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1. 48 38 R 49

B AF <F 210 g 778 @ AR FF (Sprague-—
Dawley male rats) & A&3tu APFE Aol
T8 9nfEld ekl foupa|t 3 A Ao] (beef
tallow 15 wt.%, cholesterol 1 wt.%)¢l o]AZeH g

< 98 #riste] 1053 ARt A8 olaEet
£ A7} 8 wg o)laFekE TR/ (F0), ol&F
2 80 ppm 7k (IF80), °ol4ZeH 320 ppm A7}
T (IF320) 2.2 i) o)AEehke e Arlead A3
AT AP'E FIE Aotk A ol VEHeR
AIN—-93M & wgkou) uxju Aoo] x|ul Fog
E 4 15%% ZHAHE 1%E, olaZzhEd Ays
ElQ) (genistein) & 90%°A} 33+ 72 (Bl F213]
A& ARE3IITH (Table 1), A3 F5& Aedidtn
AYEE A5 [R5 22 + 2T, Ad 5 65 £ 5%,
et 12X7F 7] (light: 06 : 00~18 : 00)] ¢llA A58}
gtk A Ao)9) A5E gd-libim S 2 FoldiF o, A
g 717 Bt AFT Ho] AT dFU F H 4F

Azl ZAsHACE,
2. NZ M

A3 HFYol 4¥ FES ok 122 END F 4
AFER (Aleke), fads) o7 olsle] Bo FeliA
g AFAT BY F IF= It FRo HF 8o
800 x golA 10%3 d4Ee ¥ Y& Ion, yn
A& EDTA FEe] AFst] 800 x golx 20%3F 44
e ¥ 3% AE7E Lsiich @35 buffy coatF
& AAT ALTE 0.9% YHALFS H7lsto] 800 x
golx 1087 94 #ashs AF 348 Al 18 wHgst
Rk AR AZTE 0.9% BB HBFE Fre A3
T dgdo] HEE HYsigrt. T AL A AH F
FA] &3t Al Agse] AR E718 AAE o
& 9 5% A AEE S FEAANRTE ¢ 2

Table 1. Composition of experimental diets (g/kg diet)
IF0* IF80 IF320
Cornstarch 539.5 539.42 539.18
Casein 200.0 200.0 200.0
Beef tallow 150.0 150.0 150.0
Cholesterol 10.0 10.0 10.0
Cellulose 50.0 50.0 50.0
Min. Mix.” 35.0 350 350
Vit. Mix.? 10.0 10.0 10.0
Choline bitartrate 25 25 2.5
Methionine 3.0 3.0 3.0
isoflavone® - 0.08 0.32
1) AIN-93M-MX
2) AIN-93-VX

3) Isoflavone: Genistein >90%

4) IF0: High fat diet (15% beeftallow and 1% cholesterol)
IF80: High fat diet containing isofiavone 80 ppm
IF320: High fat diet containing isoflavone 320 ppm



oM 2] FAa3l 4 B4 L AFdASE SHES A8
ok 5 g9 7t A& A v F 20 mlY] APk 73 ¢
% £ (154 mM KCl, 50 mM Tris—HCl, 1 mM EDTA
buffer, pH 7.4) 3} g7 Y1 &35 vh5 4C, 600 X
gl 1087 AR AUES AAY F05
& #3lo] 984 (cytoplasm) £EE Fdlolon AR
2 Basta UHRE AE3 (cytosol) 233 %A
(microsome) #3& A7] g3 oA Y4 w8kt
A 47T, 12,000 x gellA 2082 94 Eelst] 5%
A F, o 234 44 Fj7ielM 47, 38,000 X g
oA 6087 94 st AEA 8 (TN T &¥
A 28 (pellet) 02 FE3ch 234 £3YL &4F &
A (73 2= 2N glycerol = 80 : 20, viw) & 2ol #
Aot BE Al A £48 A -85Tq
3F 2a@sich

3. Nz 24

1) 8¢ NO 83 &4

3o NO g3 Griess™d W& |83 Griess
Reagent System (Promega #G2930, USA) & AR5}
Microplate reader (Bio—Rad Model 680, USA) £ nitrite
£ v AFste] 3ok

2) Hg A 1t TN Yot 24 BY £

(1) Catalase 8A% &

AYFe 7+ A9 catalase BHEE Aebi? 9] 9
& o]g3te] &Asieict 10812 10 mM Tris—1 mM
EDTA bufferg #H7}ste] £8A17 A8} 719) 434
#31& phosphate ¢ £ (50 mM, pH 7.0) 2.2 HA|
2 mlo] A4 #X38}x 30 mM H0, 0.5 m& #71s ¥
Ak} AlojA] 20°C, 240 nmolA 3027 FHE BAAE S

A&}t (spectrophotometer, Beckman DU—-650, USA).

Catalase A EE H,0,9 ¥4 &% AlF 43.6 M'em™
S olg3le] AAREIIT

(2) Glutathione Peroxidase (GPx) A% &4

HEF9} 7 239 GPx B Ex Tappel”d] WS
o] &3l 333t 10809 10 mM Tris—1 mM EDTA
buffer& 71sto] £8A17) AT} 7] AER FEol
0.25 mM GSH, 0.12 mM NADPH, 1 unit/ml GR& ¥
% 50 mM Tris—0.1 mM EDTA buffer (pH 7.6) & 90}
AA 1.65 mi7} Al £ o5 37 TollA 583t incub-
ation3}t}h. o710l 50 ¢1¢] cumene hydroperoxide®

RESES e 38(2) 8995, 2005/91
Yy Enk2 340 nmolA 183 F3% A4S S
t} (spectrophotometer, Beckman Du—650, USA). GPx
G5+ NADPHS] 22 &3 A 6.22 mM 'cm™' & ©]
31 Aaksisich

(3) Glutathione Reductase (GR) 8% &%

Y79 3+ 239 GR @Y &€ Carlberg & Manner-
vik?? o] W E o8t £33tk 2 mM EDTAS &
3%t 0.2 mM potassium phosphate buffer (pH 7.0) ]
50 #120 mM GSSG €9, 50 ¢#1 2 mM NADPH £94&
Yi FHTE 2o A4 1 mlo] §A 3Gk 71e 10
2] 10 mM Tris—1 mM EDTA bufferE #7}sle] £8
AlZl AETFe} 210 NEA £8& g4l 50 plE A
7kt 2xk2 30T, 340 nmolld ERE 724 s
At} (spectrophotometer, Beckman Du—650, USA).
GR 84% 9] NADPHS ¥4 &% A5 6.22 mM™
cm' & o] &3] A

7 FAENEE HETY BT, dRIEY mg T2
2 Yehdlz, 7 AR ¢ diE mg BoE YR
pei=d

4, 4 =M

A3 A= SAS program (SAS 6.12 version) S )&
slo] B4 AesiRen, 2 i Y BF 2%
(Mean * SE)& Jehligich H¥F 19 #9488 AN-
OVA test & p <0.05 $Zoll Duncan’ s multiple range
test®2 HF3I3dch

0 A 0%

1. 5513 H AoRHT

olaZ e e AF ol ulet AFR} L AT 7
2AQl Apoj7t gilon, AojdFHFH Ao|dHAEE A
°15 RolA| 9Sit} (Table 2). & TAIYA A= A%
IAEF #f¢ DA 80 ppm E 320 ppme °|AFE
ZHE BF Aol Ho] 4H g AF 7l ¥FE vIAA
A3ttt A, GAaAA e uAH Hol2 {Egt HAAd 1
A8F 29 HAF A o]AZEHE 80 ppm FH7lell <3l
A 7133 Ho)AFE gl FARdy Hud Jang”
9] AFske o A Jebdllh a8y 3R B o]
83519 olAEEH 1 FHAHES F99% Yamakoshi
509 AT & A7 AR rRAIZ o)A Ee)
£ 4371 Aol 2 AF Skl ¥8E nXA g

Aog et
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Table 2. Body weight, weight gain, food intake and FER (Food Efficiency Ratio) of rats fed high fat diets containing 0, 80 or 320 ppm

isoflavone

Group Initial Wt. (@) Final Wt. () Weight gain (g/d) Food intake (g/d) FER

IFO 2050 + 3.1"% 400.4 = 9.1% 29 02" 159 + 0.3% 0.19 = 0.01™
IF80 2101 £ 3.8 4034 = 8.7 28 £ 0.1 163 £ 0.3 0.18 = 0.01
IF320 2069 + 4.5 4188+ 115 3.1+02 159 + 05 0.19 £ 0.01

1) Valuesaremeans = SE.n=9

2) NS: not significant

IFQ: High fat diet containing isoflavone 0 ppm
{F80: High fat diet containing isoflavone 80 ppm
IF320: High fat diet containing isoflavone 320 ppm

o«
T
HHQ
a

H4 T

Plasma nitrite
concentration (UM/L)

HF-IFO HF-IF80 HF-F320

Fig. 1. The concentration of plasma nifrite in rats fed high fat diets
containing 0, 80, or 320 ppm isoflavone. Values are means = SE,
n = 9. Bars with different letters are significantly different at p<
0.05 by Duncan’s multiple range fest. IF0: High fat diet containing
isoflavone G ppm, IF80: High fat diet containing isoflavone 80
ppm, IF320: High fat diet containing isoflavone 320 ppm.

gepd B AT7AY 2AWFE S DA ol AZeE
o] A Ao] AHo] vlAE ET= A, AR A @
43 7109 2L A5 QN teA BAEe AA
sk,

2. &7 Nitrite 5%

3 NOERe tigt ol a~Eehte] a7 Fig. 1) Al
A&t

olAZeRE-g AFF IFR0T T IF32079 83 NO&F
St IFOTel vl fejdez EA ekttt (p < 0.05).
I AHE Qg 3AEF FLDANA 80 ppm F
320 ppm8 olATTE HI= AT 45%, 35% A
NO 35 F7M71= 228 Yebsth

NO+ @& AHlZ9 endothelial oxide synthase oxide
(eNOS)°ll 23} BA=e] Eo) Fox FH|=, A
A g A= vasodilator2 ZE3cha A
o}, et ope} dawe] B4 S AP da
WM Eef leukocyte’} F&EE AE ZaAIITE B
TEHAG® HZ HAH7] A& AR & Squadrito
79 AFolME uiF @A 4 671 Y 54
mg®] genisteing A3 ol 32 NO o] {-¢]
Aoz Zutshs AFE BT, FANA NOsH

28-S k= endothelin—19] #3& {oJFo ZHhs}
= A73E 29} endothelin—12 d#A9lA vasocon-
strictor2 AA83h= A2 4EA 2129, monocyte?)
#&& Z7MA711, macrophages BAIAI7IH
smooth muscle cell®] 547 o]F& FAAT|= ZAoR
BaEe] gitk® HA7] 58 ZdS o] 88 Jang® 2 4
TFAMZ pAL AFH 9 T ojAT=E 7t Aol B
2] NO ##& 57713, 599 eNOS 758 571
AMFlE ReZ UERstth o)dellx] AAe viel o] o)A
EeH2] ¥ 7% M 29 d8E NO 789 57t
of dair] AES AT I HAUFE oFF #HEs) w
A A] gkgtom olaFEeEe] TR T AU diAl
7} At ASHA A7 BeE o7 HAlth

3. Moo gMet 2o Yk

g7 gk} 49 Catalase, GPx @ GRS &4&
Fig. 2o AA3I%T

YT  catalase 847 GPx 848 IFOZH IF80
T APl FaAQl o7t gdent, IF3207A &
Aoz ZIEIRT (p < 0.05). 3 GR S == IF80
T IF320F B5F IFOTl vls] #o3 oz F718ige
o, o]AEERE A ¥ el #2FQ Ao)7t YehA|
&3t olzist AL AT kst djgt o]
ALY Gt Foie] met Aol Boln, 3=
ol FdFE o (320 ppm) BolA F & Bt

A el 259} e 2=l g3 Bdglel A4
& hydroxyl radical (OH'), superoxide anion (0;),
hydrogen peroxide (H,0,) & 72 ROSel| wol3l7] ¢
g sl a4 AAVE SAE) olzig FAst a4 AlA
o= catalase (CAT), glutathione peroxidase (GPx), glu-
tathione reductase (GR), superoxide dismutase (SOD)
9 & fAEol xgdrt ol it a4E0 4
2 33 72 A AES] BEE FAskL AR Atske}

2 A8 A QA& AASH: ol BFFolt) Ca-
talaset= M EUold BAE H0,8 H,0E AgAo=z
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Fig. 2. The antfioxidant enzymes activities in erythrocytes in rats fed high fat diets containing 0. 80, or 320 ppm isoflavone. Values are
means * SE, n = 9. Bars with different letters are significantly different at p<0.05 by Duncan’s multiple range test.
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Fig. 3. The antioxidant enzymes activities in fiver of rats fed high fat diets containing 0, 80, or 320 ppm isoflavone. Values are means +
SE. n = 9. Bars with different lefters are significantly different at p<0.05 by Duncan’s multiple range test.

A AbsHE AEYAE AAATIE G4 HYF9} 7t
F2 Wo] EA3}. Glutathione peroxidaset catalase
¢ "REHAIZ H0.E H0Z ABAAFE 7158 ke
ZA}9} lipid hydroperoxide & Th& organic hydropero-
xideoll A= AHAIZQ Woj28-& 3= I3 FAb
3} &4 F9 she|tr® GPxY 7)%S glutathione re-
ductase? 7153 A #x]o} o]Fo|X =4 GRS GPx
7} 71AE AMESte] ARAIZ) GSSGE A GSHE 39
AlA AEXY GSHE 3838 F+ 7152 3h= 540t

£ A7 2AY Aol e 3XEF L dAlel
A2 olxFehE 320 ppme HFH+= AHET W9 catalase
9} GPx9] BAEE 42 31.2%, 30.1% Fo)AeE 7t
AAed, ol olaEEhEo] sty AEYAE AAsH=
dghg Bl Aoz Nt FPT U9 GR 4=
£ olAEeHE 80 ppm AHMME FeJFoz (60.5%)
Z7¥slolt). olAEERE ool ogt AP ) 3ilst &
29 84 S7H= 89 W) ROSel tis o 28-& F
ANA Y 7 Wi A% A4S AN F F
NS FoF Bl

4, )t TR B3 B BYT

rzA o] 33l E A catalase, GPx ¥ GRY 4L
Fig. 3ol AAIsksich

7] catalase BA X o)aZEHE 80 ppm 7] &
gFoz ZAsT, GPx ¥ GR BAEE A¥TI

AR 2]zt ATk F, olAEERE ke APl
Aol g 2t 23X st a4 @4E ST
A ¥}, Human umbilical cord®] ™ Wjs] HEE o]
B3t in vitro ABNA o) AT AFY) GSHS 2
A EA S F7A R, ol catalase, GPx, GR%}
2L st B2 848 TP wWEelEn 49
v} o} 721} rat hepatoma celld ©]-831] daidzein
o] ksl F2A v 93E A9 E Rohrdanz'® 9]
AT M= daidzein® 7P} catalase$] mRNAS] &
& SR oY AAateERQ] MDAS] A4 =3 S}
AlA olglst FAtsl 540 84 71 daidzein®] it
3} Z+go] ohd Akg} 2Hel o Aolgt A HIU &
AT e DA AF 9 8 olaZeRE A7 @99
A3 A AEYAE ZHAAF oW 7 A2 Ay o
71%6& YeRtA] gk, ol AW FAtsiAlel vlA]E
olaZENte Ay}t FEY Aud 2y 2F| wet
T olAFEREY TR AHT wet dEA Jehd
T S-S AARE Flojo), olAZeRE ] it aE
Hah] A o] 55 Z2elA genistein 2l dai-
dzeinol} glycitein R ©l& WZAE o83l ZHE =3
of W2 AAAQ A7 o Ao Algdrt
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A2 H&d £3 BFHE o]kl F +#F (80 ppm¥}
320 ppm) 9] o|AFeHEe] AV FHFd B 94 ¢
AP} 7+ a3} FaAlel vXle FEE AR R
TR AFPao] HH77He 10572E EF NO &
5, AY 79 7k A9 catalase, GPx W GR &4EE &
Asigch 1 A9E Qokhd v 2ok

1) AAFHE QF IXEF {2 DAl olAEe}
£ 80 ppm¥ 320 ppm H7h= AF F71e Ao) A &
&l 9EFE XA it

2) 84 nitrite FE+E o]aZeHE 80 ppm¥ 320 ppm
7l & fo)F o2 Fr18glh

3) AT catalase ¥ glutathione peroxidase 841
S olaZel 320 ppm 7ol g3 fejF g FU1st
9 o0 glutathione reductase BPEE o]AEZEEH 80 ppm
7} 320 ppm 7l A8 BT foH oz T8It

4) 7+9) catalase FAEE o]AEEHE 80 ppm 7l
A go)A oz 75l o U glutathione peroxidase £}
glutathione reductase AEE AYT ol ze|7} €l
Ak
o)t A olAT e ATIAIES] AE el
s AN B3 dAERZ {AF FHgolgdE FEY
NOAA = Rz 9] gAglatgel oJaix dojig ¥
BstA Bk AT dAksl antE 7] M e 4
ol o)AZ e ko) 320 ppmo] Hojok && HEH,
ol o)aFente] Al wet 1 F3vt 2 BN
F 0SS AARRIE o)aEeEe] PAast ave 1AE
Z Bt opa} AlstA el AE A} AEE w3 W 4 A
2ol QoiME FAAER] £3E BT & UES AWIRTh
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