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Strategies for Development of Anti-diabetic Functional Foods
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v} 3ol MRl o vehs Foltt (1). &
2ZAAM Y Qled 2G| Fhhs o] T4 Al
FollX 2L o]go] Agtety, F3] X g
o] T2l x E8lal 22EA S YL Aask &
AT E B3 X=Y P VA S T
AeAZle 9EE ). 2HHCoE el 14
7t F838] F7181 el AAS BAAE 4 gle
H o2 AR AN Qled Byt S5
o g XNHHEL S, Ad e
Z3}7] feiAlE e AT Jded BHlsol &
38 o] Fofokslt], AR P I Zst 7o
e o s ok

ded AP S vES vvl, IA8S,
73, Alzheimer disease( X[ A ZEZ o8 1}
e SAIE olaist AHE L] Ui 552
(metabolic syndrome)°olg}al 3t} (2). tigt Zjoly
2 ol oA A&d Aol FEEUL, I &
Zlo] Ao wh} Qe A3dE S5 4 s 7]
Ho] & o]AE FEA £ o 54 o =T
A 2 2HA 9] o]qg tAM) Ao F
o] 7)< inulin/insulin like growth factor (IGF-
1) A edge] Hofjolrh &, hypothalamusef] A4 of A1
S AollE 283 7oA RS 57T
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AA BTk S U F ke BRaEe]
24Tt (3-5). Hippoccampusoll Ao} Aol Aujj <} 2
ol glom, o Pt FASAAA Aufe] &
Ho] Frhy B HY glom, FHdAMe] e
GF-1 A549 gole A8 oA Ae= fdAd o
Aok oA ok £, ol § ZFelMElE <)
&9 Aol Y tE 2o HolE ks
o] wotA] oA TSl FeE Herd 7 AL
AgAARE, IXNET, 1R ol Rtk
BTk Qled A3Pgo] F7IRE ulE A2Y B
=19 $ AAelARE el Aol St
B Qed BT $E3] Sk drioeR 3
AR etk GirE o HTRIE degd #H)7}
L, o]F 3) Bl Algo] 5 Fuew 3
A=A gerk 23u ded B 22 29
#3¥Z (hyperinsulinemia)o)g} A|ghE, oA
o] AdEd AIAE FEHA Rt A2 T
o2 JAHAL} TBEZ Fig. 1o B4 dFl A
TR ed AgAde] T/ o Feer I
= £27b “in Wi Bjapiel ofrjo} A}
oAl 2Eg AU ThE ol R R ded Aol &
7t of dgd Bu7t 383 S7ekA] REM 2
3 FaH o R wiE risAdel k. & wme

»

Yy B TIEVVFL UehiA) 4, ¥

€8 BxE Faoh 1 ofstelth o]Fe] A
obrlo} Aol A LFERYE A28 el B
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Fig. 1. Relationship of diabetes, insulin action and insulin secretion.

whsl . olEdE S-S VehEA 1@ Yol vt
o) ofxjotele] P ninjRholY ¥ &
k'S A ¢FoTA yEFo|th AU ook
oloflAe] FiH E4de] 2fojof thek UA-L o}F &
AstA dEix YA A9t thrifty gene theory 9}
o] glom, ojAo] T 20 @ oJUjo) ofAle}ql

e fEo) 58 Zojgiy By
Bl olrolth (6,7). o) o2& el dF HH
HEsly S5are g A QU B3 E5%
o] A& AENE wHEsITiZE 2ol wAg AA A

o]

o

FEHE AEH R {FAISHA HTA] “thrifty gene”
9 cycleo] T =S A2 FHE HET HAM
Age) wao] 5T o]t} (6,7).

Q&T /IGF-1 HTWE

1985 5-E] ¢l< /insulin like growth factor
(IGF)-1 Az gl th3t A77t AR, 1985
o] Mol = MENA ol AT ALY 7)ol tia)
A A8 g3 A vzt sk 20073 all= Fig. 20
A B e AAE o 71de] weiRch e
3 AERE, olgdo IGF-10] M3E2e) receptor
9} A%}s)H receptore]] autophosphorylation©] Yo
1}77 ©d7]9] insulin receptor substrate (IRS)<] PH
E PTB domain®] Zgslsl=nl], ol8ish Ae
IRS vl tyrosine phosphorylationg Yo 7ict.
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Fig. 2. Insulin Signaling Cascade in 3T3-L1 Adipocytes.
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o]&A phosphorylation® IRS a2 phospho-
tidylinositol 3,4,5 triphosphate (PI3kinse) & 43}
AlA AktE AABAA A% AeS 37T Akt
9] Ql4ksl= 1) glucose transpoter-4 (GLUT4) 2] A
Zuko 29 translocation S7FA1A EEF9] uptake
£ Z7MA]7]12L 2) glycogen synthase kinase (GSK)-
3pE MBIA 84S JAAITIZL ol glycogen
synthase &/3-& FJAIA glycogen®] F4& Z714
Zt}. T8k Akt 3) apoptosis S FHA)F]E= FOXO
£ Qi8lE X414 FOXO Ea)E Z7171, ©]
+= Al Z2] apoptosis & A ghc) o]@]ol = PI3kinase
+ 4) mammalian target of rapamycin (mTOR)&-
Q14kSkA| A Sekinase o] A4S F7HAIA @] §
de 7RI &, dedoly IGF-12 okt =
oA ol AlSAGS Bsle = e e
A EF 2, i A, AlE A T e &
it} (3.4). ©]2lgt AEH/IGF-1 A eHAGL HE
ol Hdshs 3HA TAIZHIRS thildo) ¢l
/IGF-1 receptorel] A3t JA4IsIE = AojH, of
AT Aol vepg o] tiAM] Aol fiiky
e B2 2ot sich

o] IRS PHjFol= 4 FF7} lEd 53] IRS13
2% 11 7x8 ZHgo] fAREANE Al EAlskE
organdl e} zjol7t Qlom E53 AEH 7)15S y
ERATE (4,10). IRS1S &2 2= sensitive Z7]Q
L5 A E EAE Q&Y AT T
slo] &I} A A E A TeFe] AEWZS] 4
% o]-&d Fa3 AL @Ieich(4,9). WA IRS2
+ insulin insensitive tissues®) F2 ZA)&h=1)] =,
HHAE, FA7%e] HEHE, i, e 5ol F2 &
AL, A F/IGF-1 25 Ao #ojsle] hypo-
thalamus )| 4] &Jo] 3 24, epithelial tissues, pan-
creatic B-cells, WA 18] Yol A M o] A& 2
apoptosis & ZAsk= 9 stk T3k IRS2 215
Aol okskd o FAAAS, A il BUS
22]3 A1ZF el g vERdT (8,10,11). S £ o)
IRS19}IRS2E F3F QAAEVIGF-1 A 52g9] ol
+ M S529 e -3¢ B3] v A

o] P
2 % gk
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_k:_]
e

1 68T (2007)

Y I ME R el

AollA dast AAE TS disiAY X853t
7] M Y] d9E 2EA SR FAAT)E
o) Ao ER i 7154 AES 1) <lsd
A% P (A6 WHAAY), 2) ZET ATl o
3 ol&d #4] 27 (insulinotropic action), 3) H|E}
Ao MESFE £33 %ol =7} (insulinotropic
action), 4) ZrollA ZT=F AWIE AT (Y
=Y WA 5498 7E Aol (Fig. 3). &
gk AT 39 A8 verstEe] At Faek 39
o] ler T AT Foe] Y oS WHE]
e g3Ee] 48 F4E2 AAAIE AR
=¥ Agshe WY FY shdeloh T8 €3
29| 48 FE AAAIE ARte2E Pl s
A7 Aol viaaaoltt. o]2{g 57EA] W e
3 gAY A5 AEL o AjuE
U AEe] At e LS W= ded
A3 oF (insulin sensitizer) ¢l peroxisome prolif-
erator activated receptor (PPAR)-y agonist S & o]
Zol= rosiglitazone, pioglitazone o] Yt} (12).
A EHIE FXAF)E ool sulfonylurea 1S
9] ¢k} glucagon like peptide-1(GLP-1)2] agonist
T 7EA7F Atk sulfonylurea AlZ-2] <koll= theolo}
w2, LU, EEviA, tloloplEl, vlo]az
A, SelAZY 2, FFEEE, ol Fo] e
tl olE2 el ARl WEM XA Aded B

Rl oft e B off

Insulin resistance B-cell growth and survival

: Insulin signaling cascade : proliferation and apoptosis

in muscles, adipose tissues via insulinfIGF-1 signaling

and liver cascade through IRS2 induction
: PPAR-y agoinst (exendin-4)

(rosiglitazone,
pioglitazone) \

Type 2 diabetes

~ N

Insulin secretion

: glucose sensing, Kamp channel,
interceliular Ca*,
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a-glucoamylase
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depolarization
{sulfonylurea, exendin-4)

Fig. 3. Strategies for developing anti-diabetic functional foods.
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HE SXINA AEGE {32710 A7 E83 o
HEHW ZE A7t SR Qo (13,14). vHA
o #Zo ul= FDA 591& ¥& GLP-1 agonist3]
exenatide = TG ded S FHAT|L, A%
o] HiEM| E S5 3PFAIA 7075t WEtkl £ &
T Z7}A7]= insulinotropic 8-S sl eFoltt
(15). ZHollM 2= ATFAS AR ell= vl
Folu}o]E(biguanides) AEel °ko® FFF A,
JFH, FFId Fol A vk (13,14). o]
S 7L 02 A F it 2§t AE(acidosis), A7
FHHZS FUAA APEE doZ Atk mEREe
Z gglEe] 48t §55 JAlske oFHE A acar-
bose) AlE2] okll= FFIM|o), Zalto]Z27t thE
HQH o)5L A Bl A3 ETS Yo
Aoz BR gl FE T FAREo] gt} (13,14).
ol B lst o FollA 53] Hl ik
PPAR-y agonist?} GLP-1 agonist:= 2-47]%lo] &
3k Ao AJERRE £E3 dd SRR
Falst ekoltk. A= 715 21E ok AV B
st} A= 7154 AF0E ARkt of2fdt AF &
= AAEZ ghRrEo] s ARl disliA ZA A+
sle] T EFE 28 7|zl g8ty I B
ol uff 4leke 2 sigo] hsehlty Ie R gt
ke AES LS i ] HUS AT F 3
£ 713S AEEt o] 73S A F Ue 7]
A 218 gasle AFZo R sidslE Aol &3t
o Zlo|th

i

A o o

J

2 ooff

YFu TN 4B e @

i
v
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154 AF0 R 750l Ade AEFS
T3 HAEY 2/ Rl BoUZ o551
7¥ak A3t e AL S¥ske A
2 A7k} 7u)7h B asity o] k8-S g0l
T Eol7] fisliMe AAIZQ] B4 dhde] B3ttt
O8RS 3y 7)5A AlEe] ek Aok sk
LAV 3 DAQl in vitro (EAA o) A EAEH),
in vivo (BE4%) d8]1 QALPLCE o] A
a3h= Ao] X3t 7HdstAl AY3HE, in vitro

>,\I
rlo
B o5d o2

o

B % 9l o) ek B} gl 4
, 2EAllL} eFE-2 Good Laboratory Practice (GLP)
z7|MIN FEAEO R SIS WS &
A EA ARE A oF @t (16,17). FA4ol gl=
AES AR e BE BUS Sl B S

=
E37h Qs A oo} 1 71e ZAith 2004
1=}

R QALY EPATNES A6
18). JHEE 7154 4B Ak hgel B §
AR, 2 A 3ol Es} e 7o) 8l
£ URBL WEA FY3L, olF0) AR tar-
get S B3] W3 I /IS AR 2AV o)
A &, 7SARS T B9 FeE Relso]
FEE W83 Aok 0 P SR, B Holrt of
5o PEE A A PHOZ BS At
o P2E WANA AR A0 et T2
7154 AEINE E) ot v B ()
A L, 1 TR 4B FHYL EA
She Rlo] B4Ae AL btk BE /154%E 7

S, Aol WHe ool EPSHE S A
Rl ol pHol A, 7154 4
2 A WMET 1 W BN B

=

gitk ol 7154 AEe] 22325 HsiM 7]
KeX
=

Ry
AL
NN
=2

Ax AR 92 7A-97F tiERoink e &

7t s 7154 o &

T hEET Qo] 715dES vd EEE 2EsA

= 2HEkE 715AARe 2 TTRIIIAY 7158

FL& ZFZ (crude extract) 3} 7)|EA

MEe= AEE Atk ol F& AR AL 7
U813 1 Al Eel 7158 EEH 11 oFs BAIskE

Z O s g3 7154 AFY g 2AE
AH B (Table 1), in vitro GAOIA S ol|A] A
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Table 1. Development of anti-diabetic functional foods

« Invitro study
activity
- Ceﬂ based study: {p: p ; pathway}
- Efficacy of indicative compounds
— Hdentification of the p
» invivo study
— Toxiclty test : esp Ily for liver or reproduction/develop system
~ Animal study : appropriate animal model
+  Human study
— Trlail: To estimate pharmacologlcal action and safety in heaithy volunteers
— Trallt: To peutic effects in
— Trial il : To estimate dosage, effects, efficacy and safety in patients
— Approval from FDA
- Trial IV : To investigate slde effects in post-marketing surveiliance

to have phy Ical activity

& JeIGF-1 Azga) AHshz T4 sub-
strate 2] ZA-E in vitrodlx] A5 updo] glth in
vitro WPHeIA G237} Qle AL AdddAY A+

Q AFFE AFE AAsk adef O 71AE A
31, 8 AFIAME a3 2 A AAEFS

APk (18). £ A7Ake] Asiz= o3 d#e)
71573 AF WL el in vitro *‘ﬁOM ke
AT Ao 2 Aol fiARh A
PNL 7157 AF el leiA Afol7t 9,1
& IR QIR A S 4TAI R Vo] 1A oA
73st ARl A] okl 2he3) ok Al S S8, ;q]
AdMe AAslaAlshs 2Ws 71l @Al A8
EIE AL, AB3DAIE FRPIA o] B8
% 53, 393 S SA ol 3 14741011
A ZH7} Qe A2 E Aol | ok AEFRM
oM TS Wof g Ao s Aig A
T ATk I AR F ASHoR 55 ARIE §
Sl AlzZksE Hzk8o] 9l X ofHE FARER= 7o)
AdHAITE A 48 W7RE 715 HELR ©
Q7] A QA RS HEEA] Asfolsie 2
ofRiTt et 11 3 715 AEE Al A
f‘ﬁ%HOF T 71 AELE AL eRFYA AN o
< T2 g UES HAG ok APNEAE 4dA
€ 5F sPle fuEke 7154 AEeE sl
7] S Al A ARGAE Eds]oF Sk

—Yl rlo

=
rﬂ AL o

In vitro &%

oleal M7HA) SR in vitro YL B3l ZAlEH
= 1PHL 3T3-L1 fibroblast-2 WA X2 B3lA]|7]

A MY 6HT (2007)

£ A9 dexamethasone, IBMX 3} insulin® 2 -
Y B =Ed 3 Qled 28-S PN 7t
0l U= 7154 AF oA FEES AT 9 A
W EE FitEE AEE é"‘q Sl Wk A Al
2 E3} Tox 1 nMY| <l A FE2E55 A
23l & Aute] 272 =A o},oq 3} Z PPAR-y ago-
nist2 248 750l e FE FEES A9 gt
(19). 2 Ae] 532 F7MIZITL 25 PPAR-
y agonist= &% WA A4S }—‘E AL op
3T3-L1 AP M EoA Ao 91&d (0.2 nM)F
T FEEE A o ¥53 6*7}02 M <l

sUTE A2t Rl vlsf A E=TF S5
Z7HA71EA 7‘] W 58S 77 A PPAR-y
agonist 24 Ql&d WA 288 T 7F5Ade] T
HiHol 1 nM ?l H3 3 FEEZ AHEg W =
53 555 T/PIPIEE AR 252 23]
oAskE AEE St o122 PPAR-yo= thE 7)
Feg ded A2 IIAIIE ALE AMP
kinase (AMPK)1} PPAR-q 2] &A4j2] wslel Ho]|
S 7Fso) 5 (20). A% FHel BAgle] | M

=87 T FEES AT o) 50 M9 Qe

s xaaﬂ U TR F47 ZRR 4SS 9%
Y AES PPVIE QEA W TEZ A8

g 7ksAdol &k (19-21).

3T3-L1 adipocytesol| =43 42 2] XAD-1
column & E-50.59F5 ug/mL = Z 8A|7H ;‘qﬂ
3} Zof 1 nM ¢I=HS 308 = ,_Pz%qa} T ol
2} AEPLﬂf—’Tié— 131992 o) 0%, 20, 40
3} 60% HErE A=A & £HE (5 ug/mL)o] o
oy (DMSO) o vlal £ 575 S7HRIAY
(Fig. 4). ©] Z7K= 50 nM Q&L jqa];}oa_o_ )
of Eg F40) 3710} frArsiich wEle] 52 3

=i
& Tt %A A3 g ﬂﬂ T4 27}

7} Yt 603 100% HERS: FEBoAq iRt
o vls] £x F571 —7}-5}031:} (19). Ao =

A= FEE0] FFE=l bl e 9IS 3
I7le A3t 3l oledt A=) S35 pep-
tides 2} isoflavone aglycan®] S7}9} &#o] 171, 2t
zke] BYAA Q1T Ao o3 T} Fo] A




L10% MeOH
o 60% MeOH

520% MeOH
80% MeQH

1340% MeOH
100% MeOH

50nté
insulin

dpmiug protein

1nM
insulin

Soybeans TRy
0.5 ug/mtb
In basal state, both of insulin and fractions were not treated in ali groups.

y fromno tr group in 0.5 or 5 ug/mL treatment
group at P<).05. " at P<0.01, *** at P<0.001.

Soybeans CKJ
Sug/mi

Fig. 4. Insulin-stimulated glucose uptake with 1 nM insulin
and the freactions in 3T3-L1.

[ Daidzein

60 50nM
insulin

] Genistein

ni
insulin

dpm/ug protein

20 uM 5uM 200uM  s50uMm

in basal state, both of insulin and extracts were not treated in all groups.
igni y di 1t from no tr group in 0.5 or 5 ug/mL treatment
group at P<0.05. ** at P<0.01. *** at P<0.001.

Fig. 5. Insulin-stimulated glucose uptake with 1nM insulin
and genistein and diadzein in 3T3-L1 adipocytes.

IP:IRS1 ,
1B:py20 e Ol e
(P:IRS1

1B:IRSA s G e By ~}

iB: pAstemn

1B: Akt

IB: GLUT4 o - _\
Insufin (ng/mi) 1 50 1 1 1
60% MeQOH

CKJ (ug/imL) 0 0 0 5 50

Fig. 6. Insulin signaling in 3T3-L1 adipocytes.

o) ¥-8 9] ZA0) w2} peptides ¢} isoflavone agly-
cans®] BX zjol} o] & ALFE AlFEHL
g A2 FH AHF =] U= isoflavone
aglycan¢l daidzein3} genistein®] Sl&¢ 2}=] 2
& T E5E 489 daidzeine 200uM &)
FEToA] ¥hHe) genisteind 5 uM ] AE o)A
N 282 AR &, el I
22 e AEFE Al Jdsde] EATE o e
2l PIAA T5ee] Cedy 72k 28-S
BHEE s|a=TF (Fig. 5). 3T3-L1 A E) 1 nM ¢l
239 ¢ et Aol AT X=F FTE 7Y
B340 2 Z7MA7) 60% wieke-o) H=7 88 A
3t s W Jded M3ALE FPAHTE gt
Jed oG] B2 immunablotting 2] Ao
Al Bod Ut} 3T3-L1 APEAIEe| InM Q&4
7 60% WEkEe] A=A £82 A2Ee o &
&2 ded FEs FHAIA IRS1E tyrosine
phosphorylation& Z7}A7]11 o] A& Akt<] serine
phosphorylation2- SHAIZTH (Fig. 6). ©]213 2l&
YA oHGY S FH 0 X o] Fpo]
ool METS] GLUT4S] ok STINZAL, ol
S7hE 50 nM JIEH-E X3 A fAkstich &
60% "Wl e 2 3FE.2 Py20 IRS2->pAKt-—>
GLUT4 translocation®] 7128 AT} (19).
3T3-L1 fibroblastd] &3} #= =27 g7 T4
A58 FEES AP AP ER 321712 A
&3 FEES A8l AE AAZHS o 40%
WehE A5 B8535} daidzeintto) A 288 =
7N WA 2 BEEL 60%, 80% <} 100% v
e T FEES AN F3E AT Fig. D. &,
A=7d7 Fol Adwd A5l o3 T EFE S
TR7IE 71 MR bE Aol g HoEd &
AR 40% HEE =7 FEES PPAR-y ago-
nist2 2R3 Aol AolHal ALRH AT} (19). ©]
o] PPAR-y9] 285 sk A GRE Ak ¢
314 293 cello] PPRE, PPAR-y, RXR plasmid 2
transfection A171 & BFZE 427 5 A2et 5
lunimometer 2 luciferase&] EAlS A3 S o
40% ver2-3} daidzein PPAR-ye] 8438 3HIA)

51

“Food Science and Industry {Vol.40 No.2)



[]Soybeans FCKJ g Genistein Diadzein Glycitein

% changes frorn basal

0% 20% 40% 60% 80% 100% Gen Dia Gly
MeOH MeOH MeOH MeOH MeOH MoOH

*Significantly different from DMSO treated group (basal) at P<0.05,

Fig. 7. Triglyceride accumulation in 3T3-L1 adipocytes.

~—g— B0%MeOHOfCKJ - -8 — Daidzein —- A— - Rosiglitazone

i
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: w4
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32
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51

3

o«

0 L 1 1
60% MeOH 0 0.5 5 50 (ug/mL)
Daidzein [+ 1 10 100 (uM)
Rosiglitazone [} 0.02 0.2 2 (uM)

Fig. 8. The activity of PPAR-y.

O Soybeans CKJ

Insulin (ng/mL)
D A~ N WA o~

DMsoO 0% 20% 40% 60% 80% 100%
MsOH MeCH MeOH MeOH MeOH MeOH

Fig. 9. Glucose-stimutated insulin secretion at 20 mM glucose.

Atk A5 AXY 40% ek LA B3E
daidzein PPAR-y agonistZ 212513t} (Fig. 8).
s aHE HAE F = T dHF uRyie
insulin £H)& S‘V‘W 71 Aotk el dEd A
g A9 olEd BHlE =2A)71= oF (insulin
secretagogues)< <l&d Fulo Hodsl= 7)&2l K+
channel & ¥|HA o7 ddle] channel2 &3, o]
Aol 2yl FHlE ZAA el ARl Uds
Z7A AEG HeZd] AEd

. ]‘é‘
7 S Yoke 22482 etk 1822 insulin

3N Y 64T (2007

secretagogues= Fol F2 wint BH|E FXlslor
ok (13,22). g9o] & wint Ql&ad FHjE &3
317] #1841 Ktchannel & o] Z7kahe] M3
EeF Sk HFEE-E B3 ATPE S7HIZE 9
K* channelS @7 o] Qled #07F S7RIEE
o} ght}. olnf JAEA FH|E EHEOE FAT)
7] $J8jA+= Cat channel & GolF= AHo] g340l
d] 9] 5ol & oko) exenatide= Ca?* channel
& dojo] o] Hold of MeloT dxdl 2
BlE ZIMIZITE G o] Sk WEME Q1%
AGF-1 A3AgZ PIAIA HeZe] 447 (pro-
liferation)—~ 7712, AR (apoptosis)% 7
AAA BAES FIAA Hep Y] e ST
2 sulfonylurea 2] —‘?—Z}%E AAFATE (22). o]2A
2L A= el ded FH1E SAAIFAL )
B2 A3 AES FTIE oo ]‘4 AEE
insulinotropic Z+8-% 7]-2137_ J= Zlo g AT
W EbA L o] A5 *E—"‘——% FRA 7= ]ﬁ%
insulin/IGF-1 S Ye] gl 93l ol 1, o)A
o IRS27} 83 H&8& O]** ZoE HIHT
Exenatide+= glucagon like peptide-1 agonistZ Al
I cAMP FEE FTIAF1AL o)A IRS29]
S 3RIA]A IRS2 9] tyrosine phosphorylationg: =
7WA7 Py20 IRS2-->pAkt—>pFKHR S BERH| E2]
W& ol] #od3)= transcription factor¢l PDX-19] Wt
e S7MIA e A4S SRIAZITH(23,24).
£3}, IRS2-->pAkt-->pFKHR 342 FKHR <1413}
Fas-L-& 341715, pAkt= BAD Q151 8y
A ANE ARHES Ak A3 g
Y& Z 80%9} 100% EYE-L T}l &g
¢ EH]E Z7IA]AA] insulinotropic 2H2-S SF
° 2 AFHAT (Fig. 9). 2AH0 T JTA o=
=¥ 91744 23} insulinotropic 288 &= A
[o]

BE R ke RS 2 5 Ak

> o w

LA o4

[11e3

In vivo 4¥
in vitro AP Eaf 2= ol&d wA
Jed BHE THIE o] FiH e A



Table 2. Type 2 Diabetic Animal Model

* Obl/Ob mouse — monogenic model of obesity (leptin deficiency)
« db/db mouse - monogenic modetl of obesity {leptin resistance)
« Zuker (fa/fa) rats ~ monogenic mode! of obesity (leptin resi )
« Goto Kakizaki rat
*«  KKmouse
« NSY mouse
¢+ OLETFrat
< Israeli sand rats
« CBA/CA mouse
Diabetic Torri rat
New Zealand obese mouse
«  90% Pancreatectomized rats
* Multiple injection of low dose stretozotocin

O 2 AIRHY FEAPAAE olg Z3rt e A
ARE ZARINATE AP SBL O in vitro A
dE e WA A A FES Adshs Ao
ottt GaH AP SEZE Table 29 HoFS)
t}. ob/ob/ mice, db/db mice, zucker rats, OLEFT
rat 5 T 2d A¥5E] LS vk 5
37 TS UREE Uehidth 25). Teht Salvet
MM ek Al e YoM AFe ZA
g BE|Tho] I IRIEFUESE YERNA] =T} O
B2 B A7k 358 ARY e S40]
AR BlE|THO|HA Qe BHIE X k2 A2Y o
=HE UERE 90% 73 AW A2} Israeli AP
(Psammomys obesus gerbi) & WX FUF AR
3}2 itk Goto-Kakizaki (GK) ratsT: v]8]2ksld
A Web Z 2] replication?] 7749} $H4) oledl &
HiFo] ke WMAME =3 AR PG 2
2 7Fsstthal AR €Tt (25). 90% 7 AANAM =
ZEHGS ok §0-120 mg/dL AEE JeE T 4%
FFE 150-200 mg/dLE Ve E mild3F G
UeRith olgfdt A= ded BHl7 Ak e
oFS0%2l A& Bl BET} W QD AP e
SHRITE 7157 AFS] ¥ ZAE Ak 9
M= ed RS F7IAI717] SaiA A 4
oo} Al ZARIEARIE AFolvt skl FEES
ok 2 /Y oPdE FAZITE UukH o g wiae] o
ARgo] AFEETH 7] wZel] H-8-82 Alge] 2-5)
2 Ash= Zlo] uigty sttt

71573 HEFY Fe EAE AR HsiA AF

< phlorizin 2 & o] A17e] MlimelA] TEFe]
AFTE WAE g F7MAN7IA g A
0tk (26). o|FA BFE A7 RS
[I7F AT 317) oY 233 FAE-E doF)
7] AFEE HAHE Ao stk 822 kg
k AW} e 714 AES delA AFsiRel
D) ™ 2HE 3, 2) ol 22T 23S o
AT Qled 924438 B4, 3) 223 A=
o o3t led £H) FX13 4) WeEe] HEZFE
=31 ¢ke] £} (insulinotropic action)2] EA412
Sl B7HA ol Lhepolor gt

ANFEQ) A 5 ol AEE ZAJa7] e
APYRZALE sk o) BRsie) AFUL FARe
I6X07KE 9 AR F AS T 2g EEDS AT 5
oSt EE 108 Mo 2 1208 5 E4E A
FHek & g A} oluf Qled ¥H|E 43

7] $18141 0, 20, 40, 60, 90, 1202 EH-g )3}

([T

HHQ) A X o83} e Y] ARE Yt
WERE AAHG A 2% 7|54 A% €97
3t AE teH o= WS 4= §It}(23,24). insulin
tolerance test+ ¢1&¥ &AL ZAlsH= Aow
E oA o AT 1 kg T 1 UL B =]
T WSS 0, 20, 60, 903} 1204l 23l Sled
o] X ol& JE=F S A& APAe 2
Aot J2u o] e e XIS X5
7)ol 18] RIZE7T R specificity 7 @oi Rt &,
&

T
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3t AN ZAALe} insulin tolerance test 3-4¢
22E F3 sk 7o) B £ A7 374
o) Y 71sHE ZAP] SlsiA A By
21 90% #7E AA WAelA AT 2e] (40 ol
A% Z|v 2lo)yol] T F4& 7RIl Al 7451‘7}
01‘4 To = tAIEk 270 B FEIREA TR &

of] A7 ZALe} insulin tolerance testE AA]8}
Rt (27). H=74d3 T2 B ol vjsiA 2
S HAE Y ksl URET olRe Telze E4)
8l & 7723 o)) A (area under the curve of glu-
cose)& AIRE W F7gA Fol thxzol HI
s ke (Fig. 10). 4 olm) AT A4} 5
£9 ¥E8 248 Q49 BUl5S ZARIS Lﬂi
Wo) AR A1712] 2004 6087Ae) B
SR I ARDE 3ol o 3. 0% ol

= Atoldl] x}o) 7t 2i)T). ©) A area under the

urve of insulin®] Ft= A=4E HF 3 Yajo A o}
| Blsh =Tk (Fig. 11). 185 E gzl Hl
3 A=gE BT YoM 53”01 A5e o <l
e =718y, olsdl 2Re-
T AJTk HhHA FE HHS 73%011 My
61:)\1-Q;("| ol O]g-a] Z_]—_Q.U]— tﬂ'JJ—Qo-] 2—1—2-7(1-0]
o B3y 5&%‘}1 2t H ?% e g
insulin tolerance test A= Q&
8}‘:— Zog Qg Byl =
= Fog ‘fﬂWﬂW a‘°ﬂ ot
a3} gzl vlsh xr_/\/l'q" &, A3 Fol B
7 ded AE-S RN RS ARk 1
2 4 HNF7HAARS) insulin tolerance test RO 2
— BREAY Qlad Aot #7he) WERM Ea
A4 A HYeS ZEeH detsl) ojEe A
o] Qlrh

BEEAA Y Aed APYS JF3 Fg3)
7] S8 A = carotid artery 9} jugular veinol & At
U3tal 15Y9] 3)& 7)7F Fof} euglycemic hyper-
insulinemic clampE 38l 1&EH A YA S =3
g 4 9ok 7hd3] AEA jugular vein® 2 Q%
9L 1 mUkg AZ/2e) 949 S22 798 9 A
fAlsled FaoRlE %
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*The Casein group was significantly different from the other groups at P<0.05.
tThe Sham group was significantly different from the casein group at P<0.05.

Fig. 10. Serum glucose during OGTT.

[CsB [CKJ [ERGZ+casein W Sham

[ Casein

IR S N . TRV )
T T

Area under the curve (AU)

Glucose Insulin

b Values on the same column with different superscripts (a, b) were

significantly different at P<0.05.
The Sham group was significantly different from the Casein group at P<0.05.

Fig. 11. Area under the curve of serum glucose and insulin
during OGTT.
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F7ge] Wb 29] 7158 Vel Jded B4 A
& AgstA F4st= W2 hyperglycemic
clamp®} pancreatic perfusion®] 21t (29,30).
hyperglycemic clamp+ carotid artery$} jugular
veinoll #-5 AUSIL 1YY 3|5 7|7 Fol] A
A F8ole T8 WAl Ftitt EEFS
Hi A eljugular vein 0 2 Fo3k] FFE FE P
w1 100 mg/dL 27102 o 83 d&ds 24s)
o Qdgd BHled Y YA e E5HE
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9} second phase ¢l&# HB]E L} HojR|E=H 0|59
7} st 84 ded w50 22 d e
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Table 3. The modulation of islet morphometry

A M) A 25 TGS W 3SR
< TS YA F3 TS TG Wajof H]s)
first phase ¢} second phase 91&d 5o ZF =
ASISiTt (Fig. 12). oleiet &2 ¥r1e) Z71e 4
7] wEbA ] ot WS o] AUk #F w
] o] STk W 2] o] F7IR <13
hyperplasia®} 7]¢] =72 <13} hypertrophyel] 2]
3t Zlo] 9t} (Table 3). hyperplasial W E2)
proliferation 3} regeneration2] =7}2} apoptosis 2]
ol ofgt Aoly, oA F7HoZ e EY
%= S7HIA e BusS I Sl
F3}4 o)t} (30,31). wHHo hypertrophyel] €]3F )
BRI o] F7h= WEMES] F719] Sl ¢
T A0E Qled A3Pgo] T o ol& FEY)
A AAARL Qe Fulge) 7o) E3F o).
I8y o] A2 A7 TUFHA] Kkl FEAE o R Q)
£ AAE FEA Fatr o JHdnh
1822 §gne 335 AE&H 02 ehyr] ¢35
AME HIERIE 9] S0l 25k HER| Y] o) =
7V} BFA ok HleR ] A AES AT
=8 Bz AL AP ZH Y] cAMP T 3T
o ¢]3k IRS2¢| ] F7tet o] YTk A7
Fol| A IRS2¢] mRNA 9] induction< IRS2 whgzl

Control CSB CKJ RGZ Sham rats
(n=9) (n=10) (n=9) (n=9) (n=9)
B-cell area (%) 6.71+0.8 74409 7.6+09 71£09 58+0.7*
. . 2234+ 2056+ 1814+ 2106+ 1785+
Individual B-cell size (an?)
29.12 26.22b 24.5b 25 8ab* 2721
Absolute S-cell mass (mg) 20.2+3.6° 2214350 3094452 21443.1%% | 345+4.711
. 085+ 095+ 1.09+ 0.88+ 071+
BrdU+ cells (% BrdU™ cells of islets)
0.10b 0.11 0.13= 0.11b* 0.10f
. . . . 0.68+ 0.63+ 0.60 % 061+ 0.61+%
Apoptosis (% apoptotic bodies of islets)
0.08 0.07 0.08 0.07 0.09
Ratio of B:a cells 4.8 +0.6> 5.5%0.62 5.8%0.7 5.240.7ab* 52408

Mean+SD. The control group was fed a casein diet, CSB group a cooked soybean diet, CKJ group a Chungkookjang diet, and the RGZ

group a casein diet plus rosiglitazone (20mg/kg bw/day).
*Significantly different among Px groups at P<0.05.

*bValues on the same row with different superscripts (a, b) were significantly different at P<0.05 by Tukey test.

t Significantly different from Px control at P<0.05. 't at P<0.01.
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8105, b L ezl apoptosis & paaslied) elgnty. 22
c | Fy e R A . - -

ERr i [T ARRE L A Atk (4,32). A T 2 vEH R

E : f?\% — 4 s cAMP <& Z7121A CREB-S QA3 7|2 o|5i0]

Tol o . . RS2 mRNA %2 Z7MZT (Fig. 13). £ IRS2

0 10 20 30 40 50 60 70 80 % R . N _

Time (min) Tl de] Z7h= insulin/IGF-1 A5HEE 3PFAIA

aeasame ooy o Sgnteamty eron o e coersoupe o P s a =gl el 3ol wisl WekEe] &= <

f;:(;OS. i 1 group was signi from the control group 7} }\]Z_l 7}1% IRS29’] terSine PhOSPhOI'ylatiOIl">

at P<0.05.

Akt 9] serine phosphorylation2] 84S E-3F 2|7 W
ERM| 2 9] XA ol #]s)= transcription factorl
PDX-19] 2&S Z7HAIZ A= 2g o] ot
(Fig. 14). ¥ A77e] A7o1M 90% 37 F
Ao =S TSRS of Foluk FHAILE F
3l wixjo)) 3] HWIEM| 2] proliferation-g Z7MA]7)
Casein CSB CKJ Rosiglitazone 1. apoptosis S 71AaA|A WE 2] k& S7HA]7)4,
ojZl0] Qled F¥)sS WIUTE s Bl
AR 02 A3} T 2] TR vl B
T olad AS FIAAT M=) FHOHE)
i BT 93 AL A WegM Rz 8 5
TIAA el Brle= A Aot (27).

Fig. 12. Serum insulin during hyperglycemia.
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. . - 2 %
Fig. 13. IRS2 expression and CREB phosphorylation in islets.
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