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SUMMARY

I. Title : Study to examine the effects and mechanism of chungkookjang on
metabolic disease (diabetes and Alzheimer diseases)

II. The purpose of this research
0 We investigated whether both chungkookjang have the protective action in
diabetes in diabetic rats and cognitive dysfunction in B-amyloid-infused
diabetic rats

M. The contents of the study

O Partial pancreatectomized diabetic rats or rats with type 2 diabetes and
Alzheimer’s disease induced by partial pancreatectomy and B-amyloid (25-35)
infusion into CAl were fed either control diet, 10% cooked soybeans (CSB),
109% traditionally made chungkookjang fermented for 48 h (TFC), or
standardized chungkookjang (SFC) fermented by inoculating Bacillus
lichemifornis for 48 h in a high fat diet for 8 weeks. Px rats infused B
—amyloid (35-25) as a normal-control group.

- To measure cognitive function and glucose metabolism

IV. The results

o TFC and SFC made with B. lichemiformis had equivalent anti—diabetic
activity in partial pancreatectomized diabetic male rats

- In vitro studies showed that TCFEF and SFC made with B. [licheniformis had

insulin-stimulated glucose uptake with increased 3<-y activity and
expression and also they had insulinotropic activity.

- In vivo study revealed that TCEF and SFC improved insulin sensitivity in
whole body and the liver and they also potentiated glucose-stimulated insulin
secretion and increased B-cell mass.

0 SFC made with B. lichemiformis had the biggest protective effect on
Alzheimer’s disease in diabetic rats infused B-amyloid (25-35) into CAl
region.

- SFC greatly improved cognitive function measured by water maze and
passive avoidance tests by decreasing [B-amyloid deposition in the
hippocampus and TFC and CSB also improved but not as much as SFC.

- Rats in the control group increased whole body glucose infusion rates and
decreased hepatic glucose output at hyperinsulinemic state during euglycemic
hyperinsulinemic clamp and SFC restored it.

- Insulin secretion, especially at the second phase during hyperglycemic clamp
was potentiated in control rats in comparison to the normal control group
and CSB, TFC and SFC lowered it.

O B-cell mass was recovered by SFC in B-amyloid-infused rats that reduced
B-cell mass by increased B-cell apoptosis.

V. Future plan
0 To contribute the improvement of life quality of elderly generation through
making functional foods and to publish in SCI journal.
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o H=Ael wE Ik LFIUAAE 50% ethanol® FE3I HTH FEES

LC/MSE o] &3t9 43y 4% LC/MS datal= PCA® PLS-DAS] vt &
i

LC/MS, GC/MS
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(4) BA tHALA 4
- A= Aol sEAY F oy FxAdA AAE 453
o AX’E e metabolite, ZEAFEIS]  metabolite, FAEH-S A2 Sl
metabolites®] W3Z LC-MS %= GC-MSE o] &3lo] nlwiA 3 3 ojw g
AR WS ol&ste] LE3He] XpolE A AEAAFH oH metabolites©]
2 1 olo] BelFEAE BAFAS
o U FE A (Multivariate data analysis)S £3F Holg 4 @ LC-MS X+
GC-MSE o] &3dlo] 9& MAAE metabolome datag Principal Component
Analysis (PCA), Partial Least Squares—Discriminant Analysis (PLS-DA) %9
g B4 79SS o]&dle] EAT o T AAANEEZDS AAEAS
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3 & d7ME Z

178, A1AF2A)

1. in vitro A¥ol A F+ HAFHE Id9dw a3

(D) £F 374 Az
o ABHHAE NAL o] §F ABWWOR 48 E: 24 B LR A
z3h9 e

o HFAZE HIFAL FTFHHE 94 BacillusttF¢ B, subtillus (BS), B.
lichemiformis (BL), B. amylofenices (BA)E Z}7} @& o0 2 ALg3lo] ¢AAF
AgA LEAA 48 B= T2AERE T E s A A BE Hwas Ax3)
As (Fig. 5.

- ¥ ¥ ~
Le TN T 55
‘4 L

R et
ot red SRS SV

48 or 72 hr fermentation
With rice straw (TFC

48 or 72 hr fermentation with
three different Bacilus :

B. Subtillus (BS),

B. Lichemiformis (BL),

Methanol Water Methanol Water
extract extract extract extract

Fig. 5. =4 Ax & F=&

9] isoflavonoid contents

L
=
HeE FEES ALE3 AL isoflavonoidE FH sk §3F4]7)

o 2 AFx 7]
A AolA&. HAY dAFelA dE A= Fdmo] g A5 F4
FEaZ 3 AeolE ¥k BAVE lojA WEEely A4 FEE Abold 2
o= glg Ao R AIREY FF AFE v Faste] A7 HEFSE N
el g

o WEAT|IA &2 &2 F (CSB), 4813t &< A& =74 (TFC), BS, BL, BA

le]
< HPLCZ E43%9& o Z47bo] 3hf¥ isoflavonoid &2

1o
=
)
o
e
e
o T

Table 19] F9&

0 % isoflavonoid ShaFe g 5o #A Gl WaA 7l HoAo] HEIFH &
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& F<9l CSBo| v °F 30% #Aastgd o, CSBelx F=Z  isoflavonoidol
glycationo] ¥ He|= £A]3}9 3L, isoflavonoid aglyconed A% &3 =4),
Wg = A)7)9 isoflavonoid glyconed 743}l isoflavonoid aglycone®| < 7}3}
A5 (Table 1)

o HAEAA TFC% isoflavonoid profile & &3] isoflavonoid aglycones®] &+
Zol 71 A AL BLOl A+

O A ¥ AHFOSZ genistein?} daidzeine AFE3 R o]l o] Fo gt A=
T Bl thE Agtw HA e 2 ARkl osiA A EH A

o w3k Aol HAAHE<Q poly-r-glutamate™ B. lichemiformis® W& A7l
Aol Bol drHel SlojA o] A&l g A5 F5 st I

o 3 HFAo ‘ﬂ‘Ei’eré % A %= soyasaponin®] $F=Fo] B. lichemiformis

ShrE el = ofol e A7k HojA o] i

olt
o=

Table 1. A=+32] &7l W isoflavonoid &%
(pg/g dry matter)

CSB TFC BS BL BA
Daidzin 489%17.44 151%20.0¢ 85.9+5.3b 61.8%5.12 104%5.10
Glycitin 157+18.69 75.2£11.4¢ 48.2£2 .30 32.6£0.52 55.3%3.5b
Genistin 844122 24 254+37.1¢ 118%7.720 105%11.32 146+8.80
Daidzein 25+6.52 170£49.9¢ 78.7t5.0b 138+9.2¢ 72.912.6b
Glycitein 13%3.92 66.3%9.0¢ 41.3%£3.30 74.3£5.4¢ 37.4%1.2b
Genistein 26+4.82 122.5%17.84 48.9%+2.0b 85.0%5.0¢ 39.3+0.90
3) A= = FE4 F2 peptide profiles

o WHAIA ¥ 4 F (CSB), 48417 &k dEH =% (TFC), BS, BL, BA

E F%ES HPLCE #435159S w Z7to] &9 peptide profile Fig. 6

FA3 Z+7 FERo]l = peakE o] 71A] peptide EFEHZ A S

o #MElo]= profiled TFC, BS, BL, BA7} §A}8t7]& sty TFC7F 713 th&
profiles WE S, BS, BL, BAE | Eo]= =7]o] Zo|7} Qi o4& A
o7} AR+ (Fig. 6)
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v 320
|3 25
i
|
=] ‘\
3.81
e 285 | | §
LT
143 Y Py JWa 25t saa
0 i S e M~ adaansns v o
\ 0.6 0. 1 L 1. \
BS 1: TOF MS ES+
321 BPI
100+ 1.67e4
1.74
s i [ 407
i ]
3.83 ;
132‘57||\1f9 ]"\ | J“ldw 4.94 jfdﬁggs':?
o gy S | 271 | '\ N WA_ 224 A\ hfsas
0.3 0.6 0.9 1.2 1.5 1.8 2.1KD
BL 1: TOF MS ES+
322 BRI
1001 9.27e3
=
543 %
1.91 4063
& 17 642
o T i N MJ\
o - P - -
! J 2.1KD
BA 1: TOF MS ES+
316 BRI
1005 h 3 25 4.57 2.78e3
= 1.76
4.54
P\lflm &! /40?nﬂ 595 15
1 1
g - 284 _{\ f\m f\ 5.67 Jnk A8 -
0- an , T T Time
21 KD

Fig. 6. Peptlde proflles 1n dlfferent chungkookJ angs

4) A= FEE9 invitrodl A Fdx= T

o A=A FZHES 3T3-L1 fibrobaste]l Heldt 3 AubAE=z WHIAZ o
.
O

peroxisome proliferator-activated receptor-gamma (PPAR-Y)2] agnoist®= 2}

3= A& x£A}eY =Y, PPAR-Y agonist® 2H838E A2 AWM Xz Wy
& FAANTII 2% d&d (02nM)o] EA4E w A& 8-S P
3T3-L1 AWM XA &S 10 nM H2d A wF ¥=d F55 S
7= AE 2AE S (Fig. 7)

o A= FEEY I 2% (02 nM) eSS XNYsIS W ded A
o 93 ¥EY FFE HQGFEAE 2AEUS d fAder EF5EFE0] Y
BE FEEHET o fFoR HXAZ oW 48X 7F HEAZ Aol 72A1%E
1=

o AT FolAE AE A A BLE TEAZ FF Aol M 53
Aoz Qlad A= o3 X=d F4E FXAHLH ojAL Qleds 10
nM A3 A Ko 5.9}%]% PPAR—YagonistE Aol & 31 = rosiglitazone
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(_3T3-L1 fibroblasts )
: !

Proliferation

TFC or other SFC fractions— - —» _l o — Check differentiation

+ differentiation inducers (PPAR-y agonist)
@TS L1Ad|pocytes> Check adipogenesis

TFC or other SFC fractions || < 77 or adiolypolysis

+ 0.2nM insulin Y i Check insulin sensitivity

by insulin-stimulated
Glucose uptake

Candidates for insulin sensitizing
and PPAR-r agonist

Fig. 7. Insulin sensitizing and PPAR-Y agonistic effects

2) A:EA FEE9  peroxisome proliferator-activated receptor (PPAR)-y

activity

0 PPAR-y7} &43 fibroblast7} AWM E= A== AS S 7|20 2
T MEX 558 #ﬁ/\lﬂt TFEAR ol5E eAFNTE =4S dFE
wrE qds e Aol dexlong, A A=Ay 2 A des
I B FF=0] PPAR-y &4 EE A7= AE A&

o AWM Q& Aol o3 xEY FF A} FAEe] 484 3HE <t
1 E A7l TFCY BL WEE F&E9] PPAR-y &4-5 7 #H =, BL W&
= FEE 9 =4 F7HAH S (Fig. 9)

o Basal mCSB @ TCF-48 mBA-48 mBS-48 mBL-48
B TCF-72 OBA-T2 EBS-72 EBL-72 mRGZ
Treating 10 pg/mL extracts

= 70 - ¥ f

& T T 10nM

E 60 | a a i insulin

Z 50 |

e

2 40 1 i

2 30 - b

£ 20 5 c

g b ~ 0.2nM
10 1~ TF insulin

0
ater
Extracting solvent

Fig 8. Insulin-stimulated glucose uptake in 3T3-L1 adipocytes

o Iy 72X B HE A7 AE 42417 U HEAZ AT FAEE S
et Sl ot 48417 HEAZ] dEd =43 BL 5 d=%o] o 23408l
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S (Fig. 9)

Basal CcsB uTCF-48 mBA-48 mBS-48 uBL-48
mTCF-72 BA-72 uBs-72 mBL-72 ERGZ
B Treating 10 ng/mL extracts
4.5 +

Relative luciferase activity
N
(&}
1

Methanol Water
Extracting solvent

Fig. 9. PPAR-Y activity

O PPAR-y9] W&o WsE XAsl7] @184l 3T3-L1 A A EZe 78 3
3l ZFo] mRNA%S Z=A3 =t 48417+ W E A7l Aol 7247F WEaAZ] A
of H]3] PPAR-YY mRNASQ] ko] Eetow £33 AEH =y BLE HaA7l

FE=o Wes FEE 18 FUEe] =ke (Fig. 10)

O Basal ODCsSB-M OTCF-Mm @BA-M mBS-M BEBEL-M
mCsSB-W O TCF-wWw O BA-W OoBsS-wW mBL-W BRGZ

Relative intensity

48 72
Fermentation periods

Fig. 10. mRNA levels of PPAR-Y

-

3) AA FEE| insulin secretiono] VA= G
=S

13 A E<] mouse insulinoma cell$]l MING cellsell =3 F=
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& AYsds W =3 A= 9d led FHlE FA}AES W TFC,
BL, BA9 HWgs FEEES XEY A= Y3k ¢led #9895 /AU
EFEHEL o AR ey Eujo A4S A &S (Fig. 11)

u 7l BLS 712 aapdon Y59 o] o3k <led 2

o, oA glucagon-like peptide-1 (GLP-1) receptor agonist
2 487 exendin-43 A9 FAFEA =2 A= 93k e Eu|E =3

ARoH, o] gld e ey EnE F7HATIA Fot HlEAEe] BE
BaE A=
Basal CSB TCF-48 mBA-48 mBS-48 wmBL-48
BTCF-72 BA-72 mBS-72 mBL-72 EEx-4
14 Treating 10 pg/mL extracts
12 - : =

Insulin {(ng*ml-1)

Methanol Water
Extracting solvent
Fig. 11. Glucose-stimulated insulin secretion in MIN6 cells

4) 4= FEF 50| GLP-1 secretion®l ®] A& 33k

o GLP-1& WetA Eo] &A38tE 159 receptord] 283l EExdo] =8 o
gk Ca®e] AZY F49 FUME FAA7 9EW BHE £X47)= Aololx
GLP-1 receptor agonist™ W EMA|Z o] I Eglo] ¢&ad HulE =32 A4

M = target D}-Hﬂ =l o]

OGLP-1% A ofor AREsVlel= &sokshe wAsel =t oA
GLP-12 whujzojojx] A+ Fol7t &7hesis] FALR Fasiokt ke 9]
stel et W77 Fel g ARbe] oAl Zojok 1-2A17HE kR ofE It A

45 =d 21 o] dipeptidyl peptidase-4 (DPP-IV)9} #Z& whuld H g g s
of &fajA &3l o =<
O GLP-12 ZAMER] L-celldl A #1]% & A o]ojA] enteroendocrine cellel] % =
F FE=s AYskds W GLP-1 #4vl& 573

e HE A7 BLY H g

FRA AL AEd=7e] 48 h &<k A v
=€

=

=4 #%ks (Fig. 12)

i
N

=
Ue FEEE 05 RUE &
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=mCSB TCF-48 =BA-48 mBsS-48
BA-72 mBL-72

Basal
uBL-48

BS-72

B TCF-72

Treating 10 pg/mL extracts

100 -+

80

d) 1-d19

Water

Methanol

Extracting solvent

Fig. 12. GLP-1 secretion in enteroendocrine cells

A=A in vitro A+ AT}

5)

o}

73 8

- -
£ g

—-Y activity

=43 BL 4249 Mes F2%
FAAAA o

vl 9} GLP-19]

=
=

#

-

ofp

3 2] Nutrition Researchl]

-
1.

o o AT Az

4 T4

1)

B. lichemiformis =

Ece)
o o

L

5}

] o]

43

In vitro

O

4 ez, A
47}

obu7] §18

ok
=

RDE=AE

i3

=
=

Z3Fo] 10%

)
=

=
=

=4 B. lichemiformis

o

K

o

(Fig. 13)
=% (TFC)°lY} Bacillus

=7 (SFC)& 8F

g

b

E

10%6¢]

A o A

Fol Az

3
5

k<)

Al A

lichemiformis® 7%

#de

%+

o 90%

el

ojy
LSl
o

_
H

Ho

o

g

b

37 =
AL

)

1 CSB, TFC%

3|

ol W

o =

o}

9

B

il
Ho

%
iz

TFC® SFCx: x| ¥

U5 s
(Fig. 14)

2
=

thz 3 2] 7) gl

—_—

[e]

o
I

-
1.

1 s=9kov}t CSB

3|
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Weeks

10 11 12 12
0 1 3 14 15 16 16
Al Mo 2Z: o= T= x| 22  ZEWal EU clamp xZ,
=g HE gl sz 90%HEH A Aol g# 2 ZSUWO| HGclamp TOoH,
=1y & A%} (H2d Sx9) ===F ZHe L.
(SD rats) - / .k
** EU clamp: euglycemic hyperglycemic clamp _’F_f_,"_&'é ';-_;,_40_|II*2§ 1
HG clamp: hyperglycemic clamp dstsry A9 CHARH 3

Fig. 13. Experimental design

mControl mCSB =TFC = SFC =Nommal-control

O=2 NWArUOUO~N®©OO

Overnight-fasted serum glucose Overnight-fasted serum insulin

(m) (ng/mL)
Fig. 14. Overnight fasted serum glucose and insulin levels.

5
o] Abpo]l kil 7FA & peakol = Fof 7HAdE A

CSBell & TFCeF SFC7F A7Wdes FeA7= Aes & & A+ (Fig.

o olgd Y W= A ced T BHo 9PS £ gonz HA o
g s SAYEY ¥ 29SS AT FoJd & CSBY HF TFCS SFC
0-40% H¢to] & oedl Fr7F 28 AL & F JAX W 40-1208 F<to
A oed ¥r= o7t ggonz Axddoz Fug Wi olgdl BH:
o] A Aol e AL S £ Adde (Fig. 15)

_26_



—+—Control -=-CSB ——TFC —==8SFC -—+—Normal-control

Serum glucose (mM)

0 T T T T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100 110 120
Time (min)
mControl mCSB = TFC = SFC = Nomal-control

350

5 300
=

g 250
3

- 200
E=

s 150
=
c

= 100
o
Lt

< 50

0

Glucose First-phase insulin (0-40 Second-phase insulin
min) (40-120 min)

Fig. 15. Changes of serum glucose levels (A) and area under the curve of

serum glucose and insulin levels (B) during oral glucose tolerance test

4) =9 Eile

o Ao A Q&Y HH]F-S hyperglycemic clamp WH o= ZA3A S u
TFCS SFCE A3 wWA9] first phase S1&d HH]Fo] AASA TR
o Wg3lx k& CSBol| WEIA % first phase ¢l&d #n]5o] 453

Adad FuloAE tixaoA 1208 A& | 7F Fas)

a1, second phase
=
) Y

Ae WAE = 3s (Tig. 16)

—e—Control -=-CSB ——TFC —=SFC

6 -
i
£
(=]
i=
=
% *
2 % s
£
£ —
=
-1
w

0 T T T T T T T T T T T T T

0 10 20 30 40 50 60 70 80 90 100 110 120
Time (min)

Fig. 16. Changes of serum insulin levels during hyperglycemic clamp
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5) islet morphometry

o FHA wEetAEZe] % TFCe SFCE A oAl x4 CSBel Hl3)] F7}
st o oA Z Qled Wv)so] A WEtAZe] gy vjg A BdATE Ak
T AE ¢ 5 A= (Table 2)

o F A wletA ¥ e W3lE proliferation® apoptosisebe] & oA A=
g el v)s] TFC® SFC proliferations 71X 7] 3L apoptosiss A A
7S (Table 2)

o durA oz Wi ro| A LupaEe ko] Z=rtEtEE B-cell®t a-cell®] v]7} of
Zo A sl o] AL x| HlE CSB, TFCS SFCi o] Hl7} F7138)
A< (Table 2)

o TFCe SFC7} thizxwre] vl&] Tt SAE d4SA7|e ALS ded #4150
Z71eta EAEe F FA7E A% Bele] 9l

Table 2. Islet morphometry

Control CSB TFC SFC Sham

B-cell area (%) 6.6£0.7° 7.0£0.8° 7.9%0.82 8.2+0.92 5.5%0.7t

Individual - 239.4+28.42 198.3+24.2® 188.5+26.8¢ 185.4£27.5® 185.6%23.2t

cell size (um?)

Absolute p-cell 21.8%2.7° 23.1%3.00 26.0%3.02 27.1%3.32 34.8+4.411

mass (mg)

BrdU* cells 0.84%0.10° 0.89£0.09® 1.07%0.112 1.11%£0.102 0.72%0.10t

(% Brdu+ cells

of islets)

Ratio of B:a 4.7%0.6% 5.4%0.62 5.7+0.82 5.9%0.72 5.8%0.7t

cells

6) = A3

O euglycemic hyperinsulinemic clamp WHoZ lad AYAAS FHIIES d
SFC TFC 4 olyg} CSBE Jled AYAAS ARE vels 84 &9
FTEE 1100 ppmlE FIRE W L5 FUHEE S7HAA AW ded A™
AE FaAZITgE AS & F AdS (Fig. 17A). E3H oA 9] led A3
S UelE ndasdZoAe £59 Aol CSB, TFC,$ SFColA] =% 74



Glucose uptake
HGO at a hyperinsulinemic state

infusion rates and hepatic glucose output at basal and

= Control =CSB = TFC =SFC =Sham
= Control mCSB = TFC m=mSFC = Sham

Glucose disposal rates
Basal HGO

hyperinsulinemic states

25 -
Fig. 17. Glucose

3kl o m 2 (Fig. 17B) B WAl A F7}
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Control CSB TFC SFC

18:pAkt73 P* - -ﬂ--q
1B:Akt ‘--.. -”q

IB: PEPCK

IB: p-actin

IB:pAMPK!r172

IB:AMPK

Fig. 18. Hepatic insulin signaling

ClALELE Z7A] 7] Al o] A o] IRS protein® &S F7[AlA insulin signaling 2
FRA7IBZE e 294E e Aoletes AS HoFUE

Components in

IGF1R Chungkookjang such as
genistein R

| PI345P3

mTOR / B PI_sK\ H
4 / N\

p703¢eK BAD;‘BcIZ
PDX-1 «— F KHR

pBAD
14-3-3
Fas L

Islet |F—— Apoptosm

Formation T Caspase3 Cleaved

Cyto-C release

DNA damage  « Cleaved PARP
Fig. 19. Modulation of insulin signaling through chungkookjang

o o] d7 ZA3}+= Journal of Clinical Nutritional Biochemistry (SCIs A1)l 7l
A A= A=
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o HrM¥Y, The prevention of type 2 diabetes mellitus and foods. 2012
International Symposium & Annual Meeting 3r=rv] A& - AW 2 35H3] (The Korean
Society for Microbiology and Biotechnology; KMB) F-4F #¥Wl~5 627-29. 29

T 9k

2. ¥% ASA (Bacilus lichemiformis® J%3to] Ax3 AEA)o 3HA| )

(1) 28 vAgl

o Wkl Xwj FA7L etstdtiE o] dExlonz REHoR S A
St Fx s& Edo| B-amyloidE sfvtel] Fste] AHE FAlel fEAlzl
AE T8 RUZ AMEEA S

o A& A=A (TFOC Z+ A= (SFOY AAWaHAE A8 YA
stereotectic adiFatus®= CAl A 9o B-amyloid (25-32)& FU3to] A v L&

Wgo] AT, AANETE Y WA WA Bramyloid (35-25)% A1)
of AME FUAIA FLE (Fig. 20)

o A & EdA dEH} ZFHTFE 10%E H7Mg XA ol 65 FF
Fogt § 914 FH-S water maze?} passive avoidance WHOZ ZA3A S
(Fig. 20)

Weeks
0 1 3 14 15 16 16

Al Alo] 232 =8 T OuEXl &2 AWl EU clamp =X,
=0 HE ol Jy 90%F|EHAH (FF) Alo|dF=F ZSUMO| HG clamp T,
29 = 3%} B-amyloid (25-32) ZE 2 ZHE| b
(SD rats) ICcV £ (X]oh) x| £5F ¢ EVES|

(water maze)
** EU clamp: euglycemic hyperglycemic clamp 1
HG clamp: hyperglycemic clamp =% o waSE
= ARt CHARM 17

F1g 20. EXpenmental design
(2) @l¥} (hippocampus)ol B-amyloide] &4

o  CAle®  B-amyloidE FY3F T Sujo] ool Rol= A&



immunohistochemisty ' ©

=
o]

& sele

1

4

o7 AMEAE v B-amyloid”} green &4
© Fig. 214 BLolRke] w2 greenS 2 ¥ B-amyloid 4o
% HHA (SFOE 593 ol A= B-amyloid?] 4 @ol A4

™

[Eod

] o
]_

32

Xl

R g

o
lj

Control

Normal-control

Fig. 21. B-amyloid deposition in the hlppocampus (green: B-amyloid staining)

(3 9A 5 =4
O passive avoidance test® ©7| 7|9 FH&
7 AT EH S FEAIFH o F (CSB)Y dA&ed=%4

=Hle =39S
1} Z
vl A= A o SFCH U= wH9ke (Fig. 22)

S FH
T

Retention time
250 -

200 a I
150 - b
100 -

50 -

Retention time (sec)

o0 water maze® QA THE FAH}AE W 3Y T FTHE Az F 5

zone 50 Y= platformS A A3 2] zone 59l 2

50 7he=dl A= AZbe]l controle] 7HE Al CSB$ TFCE £ o SFC7)

7 #&e A 7F Wel zone 5ol =EEa - }

HEHA platformE ZHEd] A= Al7bo] 235
al

Bhar 1 FEol A AdAdd platforme &od
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Latencyto 5 zone Duration atzone 5

80 5
a
t
60 - 4 .
b
b 3
i 4 I 8 i b
w 2 B
2 i T : Al
' l 1 j
0 - T T T T 0 T T T T
< > < <
& LK &£ & & &L« £
& \!-Po < &£
{e'b éé\‘b
& &

Fig. 23. Latency to zone 5 and duration to stay at zone 5 at day 5 during water

maze test

[e]
o Au7}t YebGS u AlF ko] yElyton AlFAEe CSB, TFCS SFCHl
A B 23EHE AL Hgoy EAZOR f95AE ke (Fig. 24A)
o Iy A zatel Hld] X vl 2

%=
ARAT 23 Fe AT vhehy

|

Body weight Epididymal fat
400 - . Y.
sl 7 a a
| i
300 I 1 5
5. |
m 200 =]
2 4
100 -
1 4 |
0 - ; = ; . 0 - : . ; ;
&(& 0,90 ,30 %‘5‘ o“O\ &@\ c?e «Qo ‘_g‘o &@\
i 'b\‘oo e \‘Oo
& &
Fig. 24. Body weight and epididymal fat pads
(5) 37N A4
o ATZ lgkg AFTS FA3 T AERE dFS FAHIAS u Ao g2
A zel vl Gl ozt Z4s= AFE wolt EAG0R Ho5A
EoagAw, SFCE AnATlF Aol 13 wel pastel Av dzTel 1)
sl e AL eni9e (Fig 254)
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FEE 2A3AS W 0-408 E<oto first F-io] EulE dAH oed wro W
Ao T Aok AT 40-120% Feke]l FA dew vEe) WAL fET
o] AAt tlFxte] vlE EHgkoewn CSB, TFC SFCE R TR %94 (Fig. 25B)
—+—Control -=-CSB -+—TFC --SFC —=—Normal-control
500
Ty
)
o 400
E
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3 300
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(]
3
E 200
f=1]
£
2 100
@
w
0 10 20 30 40 50 60 70 80 90 100 110 120
Time (min)
600 = Control mCSB ®wTFC m®=mSFC m=mNormal-control
500
400 -
300
200 -
100
0 -

AUC ofglucoseat AUC ofglucoseat AUCofinsulinat AUC ofinsulinat
the 1stpart the 2nd part the 1st part the 2nd part

Fig. 25. Changes of serum glucose levels and area under the curve of serum

glucose and insulin levels during OGTT
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of =AZE EASE ASE oA ol g HFE sAH I
-5 euglycemic hyperglycemic clamp® =4 3}%

et = A EEA laeds dAste] FY38 % =
23 523 %9 glucose infusion rateo] AAZEtol] Hls] X w o) ol A
olxlorm g Awjrt yetud ad Aol FUtEthE As & F OAAS
(Fig. 26A)

o ¥hAo] glucose infusion rate SFCE Fo3l3 S w F7slE AS Ho F9

WO mo ox R
5
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He.

SFC& A& Qg e AJHY S/l BAd & dvs As
= (Fig. 26A)

o AR x99 FFE YERNE glucose uptaket= 4 zko]7F 1S (Fig.
26A)

o glucose uptake’} zFo]7} §l&=t glucose infusion ratesel] =}o] 7}
Al 29 AAFAEH dHo] A= adedd Aol 3t
dol Aol A F7Fstalal o] AL &3] SKFCel| oJsiA HZastes A&

| AL Arl= 2l A Qlad AFS F7HA17]aL SFCE ©

-

fass

>
il » r

2
o
o, al
LI

ol

<]
ol rlo

2 032 o Y

o

o.
- Py
4

10 Ae BT s (Fig. 26B)

EControl ®ECSB ®TFC ®SFC ®Normal-control

30 4

25

20

15 4

mg/kg bw/day

10

Glucose infusion rates Glucose uptake

mControl mCSB =TFC m=mSFC = Normal-control

mg/kg bwiday

Basal state Hyperinsulinemic state

Fig. 26. Glucose infusion rates and hepatic glucose output at basal and

hyperinsulinemic states

o AW ol AN Wxare Bl ded AFAHo] Zaolk skl AW
T AAbelA Aol AASA A @S AL ded #Evso] TS T
dol Jormg Qeud #¥ss AsI T AdEd AXF Trds F98t
o d9& T EEYEY 100 meg/dl =39S W Aol s d4 <ded 5%
7F Azt nls dASA wks (Fig. 27A)

O TFC$ SFC+= first phase 9led Y% =AAWE second phase e +
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e A mf izt vla] @A sHA stopA A A Zao] Xw thilol H]s|
TAFAAES & F Qo whHe| SCBE first phaseE S35 (Fig. 27A)
e

5529 W3lE area under the curve® A AH3}
e wx At aol A &= first phase®t second phaseol| A =5 WA o] B3O
U SFCe TFC+ second phase®] W22 ZHastolA Qled A A= <l
8 BEnj5o] 24" AL & & UL (Fig. 27B)

——Control -=CSB —+—TFC -#+-SFC -—Normal-control

i :
E *T*r f
=
= *.
2
B f I
= :
=
w
£
E
=
@D
w

0 T T T T T T T T T T T T

0 10 20 30 40 50 60 70 80 90 100 110 120
Time (min)
m Control mCSB EmTFC mSFC = Normal-control

200

150

100

50

0

First phase (0-10min) Second phase (60-90 min)
Fig. 27. Changes of serum insulin levels and area under the curve of serum

insulin levels during hyperglycemic clamp

(8) Islet morphometry

o 7i7He] B-cell sizex= Azl A 3 =
o3k Apol= YA o B-celld] F9 F7t=E <
of AAA R HEA XY &2 HATSAL o
o2 fostA F7tstA S (Fig. 28)

e A%e ngoy A4 §
g o] vl wjztelA] A s)
7] 8.
N T

TFCS SFCell 9j&]A 574
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EControl ECSB =TFC mESFC m=mNormal-control
350 -

300 -
250 -
200 -
150 -
100
50 -

0

Individual B-cell size (um2) Absolute g-cellmass (mgX10)
Fig. 28. Individual B-cell size and B-cell mass

0 B-cell®] %L B-cell® proliferation® apoptosis®] T+ o] o) eja] ZZo] Hru=z
Z42bs S48 S W B-cell proliferation< A7 thzwt b Az Abolel =}
ol7} §i%lar, CSB, SFCe TFC7} B-cell9) proliferations tF kol w8 F71A]
71 st oy EAA SR FYg Aol ofYdS (Fig. 29A)

o HbHO| B-cell apoptosisy™ A H| thFErelA] AAfZEol] w8 F71se e
SFC+ Awdzo Hl8] SAIACZ /2314 apoptosisE FAaAAE (Fig.

o ApHR oz AU ETAA B-cell ¥ FAai= B-cell?] apoptosis?] F7F= <l
o]

@ Rola olAL SFCY Feld] a4 AL
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Fig. 28. B-cell proliferation and apoptosis
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9 2= 9 A¥
o ARAoR HEAHAIFAWCYE Bacillus lichemiformis® WE T3 340 A wj
o] fg AAstE Bt gEdtol A DA TG EYT B, lichemiformis®= Y
ool v ®Wol gd AS g5t A HAE Mdste AR ou7E 9
S AoE AR

24, A2AMFHA

1. A7 A5 Ax 2 AT
- W el AbgE AR ABE SRPRATRIN AL WFETL £ F A
oA 1247 AA F120C, 3 NKEA714 247 $4 W2 & Bacillus

licheniformis (A& AHA 2l d7)E& T 529 05 % (turbidity 0.15 - 0.16
Abs.) 7|02 HET Y 0CE, 5% 90%Y% = Ao dgados daAzon A
EQRAO WEZT S A N oo 1247 AA| B Age

TR AATE
- =243 F

2. A=) dg gAA &4

- TAAFAS 2NN FHEAL A $FEaFR] B licheniformis 67 itFE ©|&
ste] Axg TEAx A (CKY HE o2 Axd ded=4d (TCK)S &
& F(ZAE, control) ¥ v E S

- PGA A7d59o] 7€ dAe A=7e] 25vy & Aoz OLEﬂxﬂ SHA HF
A FARSE uhs Zha Qe ReAlE e 50% WEesR FEI $
UPLC-Q-TOF MSE o|§3lo] La] }xﬂe -Er—i:} 43t 1% R e

=
E profilesS HoFoy &L 9

o =
- mE AT o] F 9] AT WEe 9T xm—t« Aol gl Aoz Ty

9] &
A=
- 6012 HAMAIE AN olF A= YR AT wet Aagh v

]_
oA A2 Be S Aol 2aAns
- o5 Aol A3
SRR
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¥4 o] daAd da gAY profiles2 LC-MSZE #4931

| S7tEFE ofn| ik, AFA HEtol=, Wo| Ao IYA &%
o] F7tste Ao®E FAH A (Fig. 29)

R project® o] &3l T TH LaAIE dAAe WEE heat

mapl. 2 A3 Ay BEAZE 12A13F o] i 244]3F o] F 2 thARA] Z =

o] ZH3HA U FEojA= A Fedd o o] PLS-DA scores plot Aol A=

=250l RERA e S B Fass A

S A E9 VIP (variable importance in the
projection)gto] 1.00]4 o2 F=Z WaA7HE AR5 xfolo] #Ho3tE Aoz I
A A&
meEla ols B WUt TEAX e 4 9 Ve Wl 2 o
TFs vE e AoeE ARE
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Fig. 30. £FA=x

loading plots, cross validation
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Table 3. EEA £ AF=7de] LaAT BE Fo thitade] 54 3 g

67 CK (Normalized intensity)

dentification [ Oh 12h 24h 36h 48h 60h
Arginine 49.76b 43.73b 0.002 0.002 0.002 0.152
Valine 2.300 18.65 47.59¢ 68.724 70.35d 83.73¢
Proline 0.242 1.212 14.07° 15.87b¢ 21.96¢ 25.85¢
Methionine 1.712 2.832 20.58 38.33¢ 44.08¢ 48.80¢
Tyrosine 56.41® 58.40% 73.22% 79.26> 102.49¢ 52.952
Leucine 28.722 98.082 142.68 273.81b¢ 298.46° 385.15¢
Phenylalanine 231.00 174.752 1032.15% 1611.17¢ 1796.01¢ 1877.30¢
Threonine 190.702 168.84 333.49 356.37° 438.65> 699.18¢
Tryptophane 0.012 0.002 0.002 139.74v 154.48> 273.09¢
Leu-Glu 0.00 0.00 0.00 0.00 0.00 0.00
Glu-Tyr 114.08 120.57° 5.81b 3.560 0.082 0.362
Ser-Pro 0.002 0.002 2.972 79.110 58.68> 127.26°
Val-Glu 0.002 0.002 1.672 49.88b 62.920 54.21b
Val-Leu 0.002 0.672 78.73b 125.40¢ 134.49¢ 152.964
Val-Thr 0.002 0.192 14.22 16.48> 27.12b 0.002
Glu-Phe 1793.514 1218.64¢ 324.53b 310.67 244.05%® 123.372
Adenine 36.282 57.172 83.02° 145.24¢ 150.09¢ 157.84¢
L-proline betaine 0.002 0.472 141.200 190.55b 272.11¢ 411.014
Daidzin 463.65¢ 376.92¢ 111.29 110.19° 109.18 79.872
Glycitin 275.624 194.46¢ 24.972 46.86° 59.38b 33.45%
Genistin 310.734 244.14¢ 143.41b 116.12® 113.042 96.922
Dihydrogenistin 15.59¢ 6.020 0.002 0.002 0.002 0.002
Malonyldaidzin 648.674 548.45¢ 204.59 105.672 58.30° 80.902
Malonylgenistin 904.61¢ 863.22¢ 374.00 206.082 149.622 164.28
Acetyldaidzin 287.214 255.65¢ 31.220 3.732 1.692 3.750
Acetylglystin 107.304 87.69¢ 11.210 1.762 1.012 0.672
Acetylgenistin 21.48b 20.16° 0.352 0.002 0.002 0.002
Glycitein 0.002 0.002 0.002 0.342 29.35b 35.77¢
Daidzein 78.712 81.432 501.42b 642.06¢ 1081.41¢ 987.364
Genistein 0.082 5.06° 12.43¢ 14.92¢ 24.454 27.66°
B soyasaponin Bb 4135.98> 3810.75% 3801.16% 3613.292 3629.60 3650.27
B soyasaponin Bc 692.93 689.012 684.322 726.64° 713.96° 737.88
B soyasaponin Bb' 21.34 39.73 40.51 33.64 47.27 40.02
B soyasaponin Bc' 351.00¢ 314.72b¢ 332.36b¢ 186.85b¢ 60.982 102.75
B soyasaponin Ba 1531.40 1489.02 1474.64 1444.50 1335.56 1492.45
E soyasaponin Bd 226.32® 228.06 216.05® 181.924® 156.12 150.232
E soyasaponin Be 17.402 50.922 97.012 361.750 321.710 633.39¢
DDMP soyasaponinag 942.18¢ 818.83¢ 546.88 79.532 18.392 30.732
DDMP soyasaponin Ba 562.56 679.254 427.82¢ 158.91b 38.98 26.412
DDMP soyasaponin g 3176.214 2838.58<« 2549.21¢ 1221.03° 292.812 208.65°
DDMP soyasaponin ?a 51.84« 78.574 40.34bc 20.29% 7.732 3.542
DDMP soyasaponin ?g 154.644 154.704 100.09¢ 45.80b 11.64%® 6.092
LPC(16:1) 0.392 75.89¢ 53.334 17.82b 81.88¢ 35.07¢
LPC(18:0) 1.642 5.392 12.73b 5.612 4.272 17.97¢
LPC(18:2) 713.432 5172.65% 4986.78> 1167.982 5234.83¢ 3641.05%
LPC(18:3) 123.89 1988.42¢ 1792.69% 479.132 2508.48b 1223.25¢
LPC(20:4) 10.382 47.34¢ 32.42b¢ 16.27%® 16.70% 9.512
PCs 465.76 63.26° 78.45° 42.342 52.29 96.042
> . hy T L
(Fa w7 s/MEAA Y AaaEel awst Vs g B/ Ve e AA 9
o] H

- Auf#dE FEAR ARRE FAF (S F, control), ETAEAH T (ALE
CK), d&d=73(3A, TCK)Q g AL S LC-MS2 #2438 Al Zzd
PLS-DAel ¢JsfiA #43}%+ (Table 3)
- PLS-DA ZdEo] & *é%ﬂ‘}i—‘ﬁﬂ% $Hel3}l7] 913 parameters
goodness of fitness?] J&}v]E <l R2Xe}F R2Y Fty o=
gtol 0.950] 02 Wl ¥ ZoR Hol UAMAEA S %’48& PLS-DA ZEES
2 AHE Aoz FAHAL
- W3 200 permutation testE ©| 83 cross validations 3+ A3 %7
I HF kol zol7b Bol "V‘ Ao Hol over-fit ¥A ¥3kil p-value #%=
6.87e-15% wi-¢ olA BEAst=td $A4 £AVF gle AoRE el
- A 7He ZFLS PLS-DA scores plot Aol A 8184 725 = 7o)
B R projectE ©o]&3lo] olE IAFY UAMAAOlE

=
¢}
=t
é
I
ht!
£
o,
o
ih)
oo



SATH F Aol FelEA 7FEEHE Aol #AdHAE (Fig. 3D
o5 1w Aolo] #oldt= tAEAES FAEY] #1389 loading plots A A

o

i EE HAEZEES ANOVAS Duncang o] &3fo #4310t} &8 54

= HEo] &A3A W B Ao = 20702 A=A (proline, adenine,
tyrosine, leucine, phenylalanine, dipeptides, 1soflavones, SOYaSaponins,
lysoposphatidylcholines)ol F= Al 1579 ol #ojsls Ao= IAHE (Fig. 32,
Table 4)

3] ol EHE & g=stolv AW IAHR HE Zti e AoE UHI
soyasaponins @ §aFo|l A%} SAF N BEAlR FAo] o ol SolgdE A
o FAAAL
150 0.3
100 0.2
50 0.1
< g 10
= O 2 00
w7 MEREA0R-3
-0 oMENTS 0.1
100 ®#67-60h-2
CK67 027
150 - o
03 03
200 -100 0 100 200
t[1]
SIMC AP+ 12,001 - 2012-12-02 23:47:17 (UTC+3) 1.0
og
|
o6t &
04r ®
R2X=0.911; Q2X=0.987; ool
Q2=0.975;P=6.87e-15 e J '
! i
0.2 ]
0.4 !
oo 04 02 032 04 05 06 0F 02 08 1.0
Fig. 32. PLS-DAE o] &3t A%, ¥Ax Ao, A% 0429 Ak £4
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Table 4. T4, REAZE F=4, A= Aoldl Bojshz Fa a2 4 &

g

p!

Identification Formula(MtH) VIP Nomlizoinensity

Control X T
Proline GHNO, 127 140 5 (0
Aderive GHN 245 67% %@ 470
“Bresire GHoNO 259 713a 664a Wb
Lewcinefisdlercine CohaNOy kie) 1219 2% 1833
Pherylalanine GHiNG 427 27lla 21272 14995
SerPro GHoNG 145 0a 187 0
ViGiu CoFbdNOs 102 0a 7506 0
ilLeu CioFENOs 13 (a 1675 21b
GuPte CiaHhNOs 664 1793 3653 R
Duiczin GG 408 4560 Pla 10022
Genistin CubbiOn 44 401c 1061a 1P.1b
Acetylgeristin CotbOn 331 388 B 34a
Duiczein GistiQy 128 1916 107466 18370
Genistein GisHidOs 664 18122 L 1635
Bsoyesporin By CalleOu 146 375%b %% B
Esoyasaponin Be GO 376 5l4a a2 1B
DDMPsoyaspanin fig G On 183 1.3 1847 2104a
LRQ(183) GeHsNOP 718 204% 2927 3%
LRQ(182) CosHNOP 729 1612b s 2la
LRQ(I80) GHsNOP 105 561 2% 0

3. A fE FERL DA dAA £

(1) A 7= Aol A=ZE Fold 3 AA dAkAl 24

- AME FEY Ao T4, EAE A, dAR ST e FAR § o, ¥

=z
- H3h 3= methanol, chlorofrom, DWE 944 H&=2 &8s & 584 53 H|584

>
o Ryd & £8A4 & LC/MSE B4, LO/MS-MassLynxE o] -&3te] B3
MS profiles& MarkerLynxZ ©]-&3F9] alignment®} normalization 3+ 3 UhH = E A EA

S 93l Simca-P+9] PLS-DAE o] &3t EA4319¢ (Fig. 34)
- wd BAEo U2 dataE e A ANOVAS Duncan ¥ o2 BARA3519 1, &
ARl A BE Aol A ofgdlk 21490 Aol FQIN X GFolA ©] o]ite] H4]o]

p
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PLS-DA

1T F M ED

(355

BFI
138

135
1T F M E

UPLC-QTOFMS 12y i
u\,ﬂ(ﬁ'nlklu'm ‘.M A—Ijol;—/‘l‘

wbo e

“Whole brzin s ¢ S mmes
*Extraction: DW+CANw/' IS i Lk
TCK
I'Lk i il Lo L .
=5 o2 iR aaanr handgia o et S s e e

Fig. 34. LC-MS9} PLS-DAE o]-&3F A djAbA] &4 W]

EH’\W]% BAS Ay Ao {r”ﬂr XJ’E}‘ELO] EF 1814 PLS-DA scores plotoll Al Al
2139+ (Fig. 35)

= Zi:% srelsk 4= ldth PLS-DA scores plots

Aol Al A2 FEEHEY #oshe SH4EE FA A9 m/z 212, 230, 137, 2825 2t &

A5l RoZ FoHYA| gt o}4 EAFIR = Has

- m/z 212, 230, 13721 3¢ Awllel] o3 FUHEATE =g Folddl sl a4
ow wHHE m/z 24290 A% AWl ofal AT =g Fofdl s St

T% ksl (Fig. 36)
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2]

Normalized intensity

R2X=0.569, R2Y=0.873. Q2=0.653, P=0.0062

B2X=0.605, R2Y=0.763,Q2=0.578, P=0.0003
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v wus N
5 5 % K e
_ ¥
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Fig. 35. PLS-DA scores plots& ©]-&3F & thAlA] #4
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2) = A 24

- 5 YA E BAE7) 98] hypothalamus®t hippocampus® H#38le] A&t +

9 2AA eH GRS BU® FLOMSE olgste] 4% A% PLS-DA

scores plotsel| Al

parameters 5 P

#7h 9Ae

Brain-Hypothalamus

R2X=0.316;Q2X=0.767; Q2=0.042:P=1.00

Tazkell ZpolE Bole AAF Ho|Xwk F %4 th PLS-DA model
—value #tol 1003 0.662% wi-¢ FolA oWl o ASl AolE =<l &

Brain-Hippocampus

R2X=0.430; Q2X=0.442;Q2=0.143:P=0.662

40 4
= %3
. ’arain-D‘\u’\l’-1 5
20 ot ain-Dini-1 2 =112 wgﬂvz
erin-Dwi-1 Qrain o2 4
e g K| ojf " = g ir-CAl, arain-Dii-2
£ 150 : £ duta - = e T
-1.0 Lt -arairp.D?f:.ra-;n—M_ | o o sin-Di-2 rein-Dini-2
. Worain-C-1 -2 [ —
20 v sin-DhA-1 = — in-Di-p
-3n control 5 -
e e Kk e O
4 3 2 1 0 1 2 3 4 J 6854321012 3450867

1]

(2) Avl % F ol theanine, quercetin, luteoline, 2 V|AZ Fol3t T AA A4 &

Al
-

- 2jE §53F FHol theanine, quercetin, luteoline, 2. 7]AFE Fodt 3 Tl Eoid= of

AAE LOMSE ol §3to] 241591 &

- AE e

[e}

Hell Al Aeh st LA Aasklrh @Akt luteoline Fof<t <]

4% PLS-DA model parameters % P-value’} 1.003} 0.85% wj-$- =3 4= 7153k 3]
Q2 kol wi- ol o o4ty 4ol IPHA EIA+
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