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Effects of ice creams supplemented with soy isoflavones on diabetic
biomarkers in type II model mice
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Abstract

The aim of this study was to determine whether the addition of soy isoflavones to dairy ice cream modifies diabetic
biomarkers in the type 2 diabetic model mice. Forty male C57BL/6J-ob/ob mice were randomly divided into 4 groups
and fed control diet (basal, 7% fat), MS diet (milk ice cream with sugar, 20% fat), MS-SI diet (MS ice cream with
0.01% soy isoflavones, 20% fat), or MF-SI diet (milk ice cream with 0.01% soy isoflavones, 5% fructooligosaccharide,
20% fat) for 12 weeks. Blood response area by glucose tolerance test, plasma levels of glucose, insulin, C-peptide,
leptin, and blood HbA. were not significantly different among all the groups. Concentrations of interleukin-6 and
tumor necrosis factor-o secreted from splenocytes induced by Concanavalin A were not significantly different among
all the groups. In conclusion, soy isoflavones supplemented to ice cream did not alter diabetic biomarkers in diabetic
type 2 model mice.
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(Statistics Korea, 2013)0.2 =t} A28 o] ¢
ANes A 7o = sk 2lo] I A AF

< % =t w9 T34, o5 flslix= AW oA
& X% ‘EHO]= dl=2(Korean Dietetic Association,

2008), Bxzghkate] 739 A5 ey} A A3 Al
gho] Atk ofo|2a g FSkatol A A A &= 4
=0 ?_SH%@]"/}(Kim, 2005), olo|~=HEe Al Al
o] B AFEEC] Ve 7I3AFoR FY #ed Hot
25}t AlFo] JEThA FdiaEe] 25F Mg 7]
o Stk

ofo] 2T e FARE] 7HTIE B ARl 248t
o FAMRE 6% o, L@ 16% ol d= Fhralok g
. ojolxzidle] AmE AMSEE
cream) Y- EE= S8FoA] Hast
HHE 30% o]/g—o]tr:]’ GA RS FATER= AHRAke. 2/3 )
o] IspAPtoltt, ofolxad e AT HRE FAR
2A A=) v 3ot d '§7~lz‘ ZAdof| nghzjst
A ¥t} aHo)w olo| AT HS AHET AL A ks
7] o A= t)4lel xylitol, sorbltol = egar
o AANEES o835 AlEREC] A ]5]7]E
(Koo & Lee, 2000). —%E]i%—& 7154 JdReA] g
% /343 cholesterol B! 22| W #| “‘W‘@r Eag
A7\ Wels) 24)0) gl Ba BRE I &
= Yehdtk B EATHDelzenne et al., 1993; Kim
et al., 2001; Kim ef al., 2003). L ]ol|= #Q] olo]x~3
H(Kim ef al., 1999), Zrhta ofo]~a (Ko & Kim,
2000), 9117} AL ofo] T (Hwang ef al., 2012) 5
Tkt £7e¢) ofolazg ko] HuEL,

ofolxzyl  AEY GARERE T (soy
protein isolate) 2 thA|ste] Ha|t) Tk X7} olo)A=
d4e sl Al it Akesowan, 2009,
Dervisoglu et al., 2005; Friedeck et al., 2003). I o}o]X
29le) F9ER) S, FTI, FALE Bedhri
5= tiFslar A" tizlel xylitols AR83FAYHKoo
& Lee, 2000), €317k A7k Z4r0] J8HEl 3 ofolx
g /M Bart JoiKim & Lee 2003). Her et
al (20052) #-2 F7HFE ARgSte] gejard A7t 3 of
o]~ Y-S A|Z3}FH o™, Park ef al.(2008)2 F71FE vt

=" (whipping
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(Her et al., 2005a; Her et al., 2005b), 20th o35S thd

08 AT WS A} S ofol2age vis) ¥ S

7} o34 ake eItk Park ef al., 2008).

Y& 7154 AE Z Fo okzlo] AEA] Tl 2
o2 Aol Beln, F19 B9 S
2524 o ~E=Z(phytoestrogens), E3| 9]
(isoflavones) 59| theFet Ael&dE 7kl 7
S 3k AtHAnderson et al., 1999). 1 =M F

o|AaZetEL jn vitroolX o-glucosidase 43S AA|SH
o 2X Y% 5SS YeERHtHLee & Lee, 2001). F o]
ZZalRe] dhel genisteine 2ol HE A, S
7} A, AE 7 392 Holn, =4S AT
o ZM leptin FAI EHH] oA 5& 53 leptin
resistance s 7XIsHE 71 28| vt B X F
ga3-olg} HaEtk(Behloul & Wu, 2013). A28 3
LE 7 #H7 S gitez g RaFE 0N E 125
b 8= o]AZEHE(132 mg/day)dt F wHHE(30
g/day)yS i AFHAZ A lad A e, E9
Z4 &4, LDL-cholesterol 4~ 5-0] 2 tH(Jayagopal
et al., 2002). 5HHo]| F o|AZ g} o] HDL-cholesterol,
a9, HbA, B JIF= St Ha
(Hermansen et al., 2001)% Qlo] & o]AZalio] g
Ak oy shasA ok

B Ao Zgsknd she B
27 9 A B g,
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T olaZEefRe AW 2:0|Z2kAlE(Shindongbang
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Korea), th5f+= CJAIZ(Incheon, Korea), whipping
creamS  HoFF-39A41%(Cheonan, Korea)s ARE-3}Ic}
ARl Aepel2 Ahn|4k4d(Ansan, Korea), F34A121
SP+= ZEH|3F=(Yangsan, Korea)#|#-g ©|-&3}5t}. o}o]
23] A ZHHL Her ef al.(2005a)2] ¥ 7} ut o}
olx=g Azl FakeH, ZlEAR A
<Table 1>3} 2t}

2. deiMolet SEAS

Control 2]o]= 7%(XHHollLA] Bl 16%) A4, ofo]
223 2]o|(MS, MS-SI, MF-SI)E <k 20% =]k
YA ulg oF 40%)8 EIFEE 24T} ofola
HHol= B4 A3 ofo]2AY-E AIN-93G 71 4
o|(Reeves et al, 1993)] 30% FFo & 7}l
pellet e =2 wHE T FAAZ 314t} <Table 2>.

A 2lol] epslE, AW, thild k) whrslE,
Aoy, Ao x| vlE&-2 A5 BT AF

B (National Academy of Agricultural Science,

(Table 1) Ingredients of ice cream

2011) #kzol] 2A3 ] F2kstSlet. ofo]~= 79 sugar
Stako MS 14.0%, MS-SI 13.94%, MF-SI:= sugarZ}
6.36%, THE2Z|1Fo] 7.7%=E T3 14.06%= -
AFgE spEo|th. MF-SI ofo]2=a g2 o] oAU E ALt
o ZHEZE|uFL gF 2.27 kcal(Molis et al., 1996)
& A&3k3lt

55% ¥ C57BL/6J-ob/ob 71 40m}2](Central Lab
Inc., Seoul, Korea)E TUste] 15547t 13 AL= (Samyang
Feed Co., Gangwon, Korea)= 2-2-A]71 & 3o whz}
T 100t2E widsketh AEEES EekE cageol
gk mel vrro] ARl AdAele) B2 AEAl
1257 R0, A8 exE 22+ 20, FEE
55+5%= FrARkcE AdEE AR A e diTd
gl FEANSE Y] F1S wol st

=
R

3. o o & A2

AQFLS FA A 14K DA T, stepule
[e)

Eol Bolg Aeta, ve THHoz A&k 5

(%0)
Ice cream”
Ingredients

MS MS-SI MF-SI
Milk 42.0 42.0 42.0
Sugar 14.0 13.94 -
FOS? - - 18.7(7.7)
Water 9.8 9.8 5.1
Whipping cream” 333 333 333
Soy isoflavones” - 0.057 0.057
Gelatin 0.6 0.6 0.6
Emulsifier 0.3 0.3 03
Total 100.0 100.0 100.0

Y MS: Milk ice cream with sugar

MS-SI: Milk ice cream with sugar and soy isoflavones

MF-SI: Milk ice cream with fructooligosaccharide and soy isoflavones

& Fructooligosaccharide syrup composed of fructooligosaccharide 41%, water 25%, and the rest of it, glucose and sucrose.

Actual amount of fructooligosaccharide is in parenthesis.

? Liquid composed of milk fat 40.0%, water 54.5%, and protein 2%

“ The amount of soy isoflavones product (20.23% content based on aglycones) added to each diet
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(Table 2) Composition of experimental diets

(g/kg diet)
Diet”
Ingredients Control MS MS-SI MEF-SI
Casein 200 140 140 140
Corn starch 529.5 340.85 340.87 340.67
Sucrose 100 70 70 70
Soybean oil 70 49 49 49
Lard - 29.8 29.78 29.98
AIN mineral mix 35 24.5 24.5 24.5
AIN vitamin mix 10 7 7 7
Fiber 50 35 35 35
L-Cystine 3 2.1 2.1 2.1
Choline bitartrate 2.5 1.75 1.75 1.75
Ice(f:;::zdried)z) i 300 300 300
Carbohydrate 629.5 549.2 549.1 549.5Y
Fat 70 205.1Y 205.1Y 205.1Y
Protein 200 155.8 155.8 155.8
Eg:;ff;y eali® 3.948 4.666 4.666 4.556
CHO:Fat:Protein
nexgy zatio 63.8:16.0:20.3 47.8:39.6:13.4 47.8:39.6:13.4 45.8:40.5:13.7

" Control: Basal diet
MS: Milk ice cream with sugar

MS-SI: Milk ice cream with sugar and soy isoflavones

MF-SI: Milk ice cream with fructooligosaccharide and soy isoflavones

? Each experimental diet contained the corresponding ice cream except the control diet

* The amount of fructooligosaccharide is 67.05 g, and its energy value is assumed 2.27 keal/g.

¥ The amount of fat from milk and whipping cream is 126.3 g.

g3t g F I EIENHBAL) T S 8
3 50 pLE Alefshal, 94 2t 70T We =
A3 F EAM o] ARg3HIT)

AFAo] Fo] 4R o] 124 AAAI F melAeol
A Bl sl BEA B 1S AT F 0%

glucose 89S &t YE(Oral Zonde Needle, Daejong

Instrument Industry Co., Seoul, Korea)& ARES}e] 1g
glucose’kg BW.& 7 Fofskal 304, 602, 90& H
12080 3] Awo 2nEl AYste] Yol WY F
Wels dg="7|(Superglucocare II, Akaray, Japan)=
=43kdey. g3 A= (blood glucose response area)
AXRE Wolever & Jenkins(1986)] HP-g 2-8:310] 213
ol 42 F Z7hE ARgUAL AN,

2) Wole] Wyt B A 2o

o] = F% glucose oxidaseo] WHS-S o]
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3t @ Aok kit(Asan Pharm Co., Seoul, Korea)S A&
3led 500 nmolA] EFFEAR v A, T35}
RIFEY v 7243 g2nlE 23y (BioSystem, Spain)
£ o]g3te] B33 415 nmoll FRFE 2 §)
of HbA 2} Hbrorad] S35 =43 & Jals|n=a
QX A&ttt @7l Qled %+ mouse insulin
ELISA (TMB) kit(Shibayagi Co., Ltd. Gunma, Japan),
oladldd 754 A2l C-peptidei= mouse C-peptide
ELISA(U-type) kit(Shibayagi Co., Ltd. Gunma, Japan)
£ o]g3le] 450 nmolA] ELISA reader(VICTOR’,
Perkin Elmer Life and Analytical Science, Inc., Finland)
= 2439t

J
=

3) 2% R A

js

% ¥ E%E mouse leptin ELISA kit(R&D
Systems, Minneapolis, USA)S A}&3ste] =433}
Antibody-coated 96 well plateol] 50 uL assay diluent=
7Kg 3 50 pLe] AE9} standardE ¥aL 22°CeA 2
AZF ¢k vke-A1 7T} PlateZ wash buffer 400 pLE 5
H FFo] Wl 5 ZF wellol] 100 uL2] conjugates ¥l
22TC oA 2A)7F ZoF vk A1} ThA] wash buffer 400
puLE 59 37 & substrate solutions 100 plL H7}3}ked]
22°C oA 3087F kg A]71 & 100 uL<] stop solution
S Y31 1AI7F o]Wfol] ELISA readerS o]|-83}¢ 450
nmol|4 S8ttt @ A Aol og &
A 548 A9k kit(Asan Pharm Co.)& o]-&3te] =
g qirt.

4) VIZME F2%5F cytokine E3

vAS A S A A% o2 EMEM(Eagle's minimum
essential media, Gibco, New York, USA)ujR]ef| ¥
cell dissociation sieveZ ©]-83}] 50 mesh screencl] %
FAIA debrisE A A3} single cell dispensiong WHs
ot L T =] Eit tubedl] &7 1,500 rpmollA] 158
7t dAlREste] AEE 2Ed v, 4875 AASH]
Q& 0.2% NaCl2 1 mLe} EMEM 9 mLE H7}sky]
2~33] AlFgt § AEEste] vAAEE Bkt 10%
fetal bovine serum(Sigma, Saint Louis, USA)S $H-3+
EMEMof| #2FA17 0.4% trypan blue(Gibco, New York,
USA)Z ME AEES EAAL, o] o =52 96%

olido) it HIAMEE 5x10° cells/mL FE2 A5 ]

96-well microtiter plate(Nunc, Roskilde, Denmark)el] &+
well 2 100 pLA ¥t} Mitogens ¥4 -2 EMEM
3} ConA(Concanavalin A, Sigma, Saint Louis, USA, 10
ng/mL)yE FH6-ak EMEMS 7t welld 100 uL# 317}3
o] 37C, 5%9] CO»2t 95%2] air AEj= 72417} wjoka}
k. ool Bk 3 1,500 rpmollA] 15837 YAlEe)s
& A%54E Felo] oytokine Z4& 913 -70C ol
QERBHA Holgls AEFE MTT(3-(4,5-
dimetylthizol-2-yl)-2,5-diphenyl tetrazolium bromide)™H
(Manthorpe et al, 1986)°.2 ZA3s}3]om, vlAAE2
Ao mitogens F7IeHA] @2 AlE] Fguol| thgk
mitogen= 3718k Al §4= 4|, = stimulation index2
nw3Idck BIAAES] Interleukin-6 (IL-6)9] #H]5S
mouse IL-6 ELISA Ready-SET-Go! kit(eBioscience,
San Diego, USA), tumor necrosis factor-o(TNF-o)=
mouse TNF-o ELISA kit(Shibayagi Co., Ltd. Gunma,
Japan)S ARg-8ke] 450 nmollA B4 AeFskQict.

5. Az

SPSS program package(Ver 18.0)2 o|-&3}e] Hta}
EFAE F351le™, one way ANOVA(Analysis of
variance)oll &J3l] p<0.0594 §-Jx}7} Y= 3o il
]+ Duncan's multiple range test® p<0.05 =04

2 frolAE A

m |+Z23

g/ ZHEL a1 7} olo|~a Y (MF-SI)wo]
vl foletA =kor $f ool
MS)Te =2 HES Bk 2o FHFe ofol=ad
2lo]Tto] fFelsA wekow, 1 & MF-SIZ¥) MS-SI
o] MSwol| HI3|| E94th Ao 8&-L ofo] =T 2] olo]
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(Table 3) Body weight gain, food intake, and food efficiency ratio of C57BL/6J- ob/ob mice fed ice cream

supplemented with soy isoflavones

Initial body Final body Weight gain Food intake
Group . . FER
weight (g) weight (g) (g/day) (g/day)
Control 19.82+0.31" 24.58+0.53") 0.05+0.005" 2.67+0.03" 0.02:0.002°
MS 20.02+0.23 26.20+0.50° 0.07+0.006" 2.29+0.03° 0.03+0.002°
MS-SI 20.34+0.17 28.70+0.65 0.09+0.008" 2.45+0.04° 0.04+0.003"
MF-SI 20.25+0.27 27.88+1.51° 0.09+0.015° 2.50+0.09° 0.03+0.004"
Y Values are meantSEM for n=10.
? Values in the same column not sharing common superscript letters are significantly different at p<0.05.
2. et X|E BTRe] 308 Fol BE PEo| 7bY ¥e YIHE
Hout w3 folgh 2kol= glinh. 902 tholx] MF-SI

ol g ws)

2lo] Fof 4R o 14A7F H2] & (1 g/kg
B.W.) &5 A7 Folete] distE
<Figure 1>3} 2t}

Blood glucose
300
—+—Control

--MS
—A=MS-51
--MF-SI

200

mg/dl

100 4 *

0 30 60 20 120
Time (min)

(Figure 1) Effect of ice cream supplemented with soy
isoflavones on blood glucose levels by glucose
tolerance test in C57BL/6J-ob/ob mice

Each Point is the mean of 10 mice.

Mean and standard error of blood glucose response area: Control;
697142430 mg'min/dL, MS;7043+£992 mg-min/dL, MS-SI;
6707+558 mg:min/dL, and MF-SI; 6004+675 mg-min/dL
(not significant among groups).

*The level of MF-SI group was significantly lower as compared
to MS group

Eol MSol| B3| FefstA v d8AE vERIth
FHRSHA LS AR A 0= MST(7043+£992 mg-min/dL)
] 7P =4 JEREAL, 1 oheo R o 3a(6971+2430
mgmin/dL), MS-SI(6707+558 mg'min/dL), MF-SIZ*
(6004675 mgmin/dL) <=o|R o oIk 2poli= 1tk

mEL‘

[

2) 9% x=, Feleaey, Jdad %
T

C-peptide

B Uy 2eg
C-peptide &
t}<Table 4 7}} >,

Some sl g 3 olaBe e

A7} ololz=m@AolE(ME-SDo] the 2o ulsﬂ
3RS H Yot C-peptide= olo| A~z - Alo]Fo| EH_/EE'
o Bl vk Ae o

3) % R SAY T

3 e <Figure 2>o4 Rz wie} o] w2
10.12+1.93 ng/mL, MS<* 12.46+2.20 ng/mL, MS-SI=*
14.02+2.35 ng/mL, MF-SI-2- 14.63+5.85 ng/mLZ
Frolat Aolg BolA eigkort vzl vls) ofols
3%1/_\11 |l HE Trr) o AF3S HYon, =4
Aure. F o|aAZgE/ZHE 2|1y Hy) ofo|AaE

[e] A= R LI
(MF-SDeld w2 Agks 2ok

O
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(Table 4) Effect of ice cream supplemented with soy isoflavones on diabetic biomarkers in C57BL/6J-ob/ob

mice
Control MS-SI MEF-SI
Glucose (mg/dL) 108.38+5.86" 106.054=£4.68 111.67+7.70 96.8644.01
HbA. (%) 4.90+0.24 5.45+0.48 5.10+0.41 4.78+0.31
Insulin (ng/mL) 4.16+0.31 4.15+0.33 4.32+0.21 4.32+0.07
C-peptide (ng/mL) 1.37+0.229 0.97+0.180 1.1740.265 1.04+0.156

Y Values are mean+SEM for n=10.

(Table 5) Proliferation of splenocytes of C57BL/6J-ob/ob mice and secreted levels of IL-6 and TNF-a secreted

from splenocytes

Stimulation index IL-6 TNF-a
Group
by Con A (ng/mL)
Control 1.097+0.098" 0.802:0.182 1.2140.22
MS 1.049+0.066 0.923+0.209 1.59+0.38
MS-SI 1.13840.077 0.966+0.205 1.4040.27
ME-SI 1.076+0.059 0.918+0.242 1.2140.27
Y Values are mean+SEM for n=10.
4) A
T celle] 2418 A=81= ConAol) gk MIHE 52
% Aohe 24 folH2) ol Holx) eisih. ConAS
et F2e Fxdt vEAMEeA EujE IL-67) Triglyceride
o

TNF-0] 45:& <Table 5>9} @om] 27- f2)2el 4}
o1& mol4| eigich

Leptin

15

ngfmL

10+

Control MS S-Sl MEF-S
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(Figure 2) Plasma concentrations of leptin and
triglycerides in C57BL/6J-ob/ob mice fed ice cream
supplemented with soy isoflavones

Values are means with SEM bar (n=10).
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V. 1%
ofo]=I e Afr, fF7lEES ABE sto ol th&

4% wE AFWHE 5Lk ¥ 9F A8 Aow
FAETE FAE 6% o1, FaldE ol %
= TF3lof st (SA=e] 7Tl 9 AErA)
Aios Ad, E9, IEY o] ARHER d9E =
o] % AELET BelA Tk T 1008 SlEow
Jo] 243 kregular) ololxZee]  glycemic
index(GIy= 872 G/} Atjzoz o 2o 2Ed &
slcH(Foster-Powell et al., 2002). ulebx] g zHo] uj
$ F23 Aol ofolzaze Aol & HF
o FEREth

1998 w|= FDACA tiFchiide] 3 =) 7)M
Aol B3 PAFZEA(FDA, 2013)E 5913 o,
FE2|)Fehl(soy protein isolate: SPI) E-g-of T3l 4
o] olzlen), ofolsagelE Felurale Hrlael
= 80| K Akesowan, 2009; Dervisoglu et al.,
2005; Friedeck et al., 2003). AFAEL o}lo] x|
e pelgrelel ekl Srlees Shololaz
Hell vlsf s}, Eel4, JJ:*"* 57de] ‘/H“Wt e
sk Ao g2 gAlRfo 50% H=E T

off

Feho 2 thA|g 7A-9(Akesowan, 2009), L]l o}o]
239 formulad] 15~3% FFoz FH7g As

(Dervisoglu et al., 2005)°l] F&EA F2l3t dako] ¢l
ol Buskeley. e et 7} ofol 2=
o] A9 FeldhFeo] H7FEIS 1, Uyl ofo] =T

o Hlgl -, FAY T thE AEEe Felle & Aol

7} ik
wa}7) Slaide )

29 AN, s Fo gAY e
ohla oieRE didlsle Aol wigbHsith. Koot
Lee(2000)= 9 thalell & B4 Aste

3}7] o gt
A7 B2 wigd AAT B olgst T
olo]~A ) (Her et al., 2005a) & )i whEw o]~

0|83l F olo]xT Y (Park er al., 2008y 7Ndate] g

= 7)AE Al 2 A1 dardF o $f of
o]z o) Hjs] dd #F 7 &so] Ao v(Her
et al., 2005a), A Frolst Al A9 Ast ey s 7F

FIE AESITHHer ef al., 2005b). o|xH F ofo]
2=go] ¥y A2 s a2 Holvt 1 3Pl
o] 7kl vket RS HAQ mdtel] ok ZAIA]
& O]'O]iﬂ‘j/lol 7HE Bs 5Ado] O]'

Al olaEeEe] F Fadel AT kg DL06 3.8 g,]
olaBelEg ST ow, U olaZeirel
FL genistein, daidzeind} glycitein® 24 F&= H]&
1:1:0.2 s#5=0o|tK(Behloul & Wu, 2013). & ¢7-ol|A] 0]—
olzTglol] A7k F olaZeEL Ho] Eo2 ke B
100 me($-eltet ARkEe] 2o] o aZae AlFiee] 90
B oS0 | Fali= oFe] 28] 45)(Lee et al., 2000)°]]
ddshe <ol Abde] AFwkl Bl o] £
T 9 FAEE e R AFehe Aol gt
AAE2 o] AFTQ] ol s LALelE A
Fgh ofo|xaY oL BN AlTT7IET 2olagol
FrofsHAl Eqkovt OFO]J%@‘O]E Zrolle frefgh zfke]
£ HolX] ok} McClain et al.(2006)2] AtollA+= 3
# ol genistein 0, 5, 50 =& 500 mg/kg B.W./dayS 13
F T 52 o T3S Wl 500 mg/kg B.W./day
FRLE Tl Ho] AAYE BEAL vz ¥
3 AA 3] Aashintar Hasigletl, & Aol ARgg
|2Zeh2 o] 822 9.8 mgkg B.W./day 5502 nk$-
el A33740k Aol A 2L Holael e vl
2 %% ﬁ&a A} Seo et al (2011)2 A28 &
ule-2of A kg 2lo] T 37.5 mg genisteino] G ‘;%—’r—
ATHAL 3Edek AE FrF ol kg AS F 80 mg/day
|A~ZetE(Hamden et al, 2011)3 600 mg/day
genistein(Lee, 2006)0] &9 #s}, A& 7h4 55 et
wom, Zﬂz?—ﬂ E"““H’*ioﬂ/ﬂ 2]o] kg & 250 mgo]
o)’
#i}i S5 vjashd B Aol
A AREE o]laZERie] &Fe Wi v ol
genistein 7|52 2lo] kg 2 10.9 mgel g3t
Wagner et al.(2008)8] Folx AwolE thdes 11
SRR Bl 19 150 mg A 55)9) ol

O

T ©°

genisteino] 1%

Aol A *P%% 1
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Fehe 3h dTE o] QeuARES Foln 8%

olaZehEe] AAHE o
o

e

= tirbel] 23818 8l 7hsAdel dvkal ®askglct
5+, Gonzalez et al.(2007)2 A28 F=HIAS i
o2 AlEEAES ARl g FAAE AFelA 1Y
olaFehE 132 mge] BWFENI) girkn wusteich
AR} WA ZE U AL s olEF]
old, tAAIet WA= A2E 24dsit). A28 D=
v DA e dFA dgte s Hrf wv|vk
78-9- TNF-a, IL-6, leptin©] 575kl o]E2 Sl&dA]
S A AR gol Y HAH FE F
Yelog  Zg3ciWellen & Hotamisligil,
2005). A2 el F8 AHAE Ae] SHe A%
A Qlawitn] Fefjolrt. A2¥ Tirge] A
el ZAA] A5 vhgo] WA dojuh IL-62 &
He] A19e ST B4 Bl gae Sk
TNF-o= 9573 W) 5242 vha) oja

s
o2 4#A It (Spranger ef al., 2003). Fi=

1k rlo

ot

=] -
Hhah=

oz

RO

R

&
H5kx}o)
IL-6, TNF-a F5=7} A<l vl o, A2% Fxsh
Z}2] dol-S mitogen?] lipopolysaccharide] =}= 3}ol
wlre A3} 169 TNF-o 557} 57151 28 whatel
SATHPickup ef al., 2000). T} B AP 125:71e]
Ag2o] & FEA] @ x5, Qled, C-peptide, 3
T TR 5, BE U AxE oA
oFQl ztol7k gAdet. wEgE v T A|Eolxe] ¢
L-63 TNF-o 289 7+ §rojeh Ao]& mo]

ol

A=)

3 ol $4 ojolaTgel B olaZTehLe A7)
afo] solaagls Azaens Ho| % thiol FH
| o, Aolid, ¥UE, phytic acid(Kim, 2006), &
2 (Kim et al., 2003)7 22 b2 @A =22
oA ¥t} Zimmermann ef al.(2012)2 T X
2 db/db wh-2ollM the] v A A B AIE
S JAlstaL e Fatol whe QlEY #HE S7H

Ao}, o|gst S F o|aZuiE = Ao §ltt

(ot

B

et}

olof ofs)| HwkA A28 Fro] FEEE %]
T Axo vk, 1¥8gSY aleEddFTS e &
=] o] LA o]o] 7]F0] 60 kcal% fat dieto]™ T
Z2]0]7} 10 kcal% fat dieto]cH(The Jackson Laboratory,
2014). o]gk oM A B9 165 Bt AEA
o] & mAA ol 7ol s FEEFo| 46.6%
Z7)sFIcHSurwit ef al., 1988). £ ATolA] H83t 11
Aol AU A] 40%, thz2ol: 15% FFos
= o A7l 2o] 2o AttEL, o] Ho| AAF
50| @Rl fE el ol2A] KM & ¥de=
2z 3l

L3 Aw G AESe] Agelel WA

I
=
b
>

¢

-

¢

dol W5 9 FA 54 Fols PO /154 of
ol mRe Aushe Ao o nherastiha AlErh o

AP ATl B 5

V. 89F

TAE2o]of o BE Ao vk Gt ity
= A28 dasE 2dol C57BL/6J-ob/ob HRe-2ofl4
T o|aEetE o T F olAaEeEd SEaes H
71k - ofel=T- o] Bz wX= FFS A
oM F olaEetE 7t ofolxade] FHk B
<zt 553 @ C57BL/6J-ob/ob 427 wk-
A7F AGAIZl & dizad A" 3H7E ofe]
(MS), F o]aEehd 7} ofo] 2= -(MS-S), F ©]
tH/ZHE S|y 7} ofo]2AHMF-SDE o
olofl 30% kst 127 &t AEAl AFHAAZH. 8
A F B AR Sdels AT B ke, o5

g, l&d, Cpeptide, HbA Bl &l FI=of T/d~

h
ot

B

>‘
5ol
2> id o ot ofr

A
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W, AL vPAIE 2 BRI oA R EE A
o|&7}21¢] IL-62} TNF-aoll X a9= =43 A}
3 frolgk ApolE Holx| skt ARA o A2Y T
=g vhe-2oflX] 9 ofo]lxA g HrtE F olAE

2ho] B Aol 3AAS] aE ehA] et

FAof: F olnZdhE, ofolxad, THESTIY,
=
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