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SUMMARY

(FEQFF)
I. Subject
:Development of Functional Soybean Food Modulating Obesity and Enhancing
Neurogenesis
II. Purpose

. The purpose of this study is to search the soybean fermented food that has
effect of anti—obesity and neurogenesis. The bioactive components of soybean
fermented food is purifited and characterized for health functional food. After
all, the proposed study will contribute to increase the income of former, rural

economy and export industry.

II. Contents

1. Isolation of soybean fermented food and investigation of manufactured goods
— Purification and verification of anti—obesity effects of soybean fermented food
— Exploration of anti—obesity effects of soybean fermented food

— Manufacture of superior soybean fermented food against obesity

2. Investigation of anti—obesity effects and the action mechanism

-Exploration of anti—obesity effects in adipocyte (in vitro) : evaluation of
expressions of obesity related genes (TNF—a, leptin, resistin, adiponectin)
—Evaluation of anti—obesity action mechanism of soybean fermented food in
obesity animal models and examination of bioactive compound contents
—Exploration of active components contributive to increase of activity of soybean

components

3. Evaluation of the neuroprotective and neurogenesis mechanism of soybean
fermented food

—Identification of bioactive components for neuroprotective and neurogenesis

—Study on neuroprotective and neurogenesis mechanism of soybean fermented

food in animal models

—Verification of effects for neurogenesis from improved soybean fermented food.



IV. Result and Expected contribution

O Result

1. Isolation of soybean fermented food and investigation of manufactured goods

DAmong the treatment group (a normal diet, a high fat diet, and the 10% diet of
Chungkukjang, Doenjang, soybean, Kochujang and Samjang), the reduction of
weight was occurred with 10% Doenjang diet close to that of the normal diet.

@Various types of Doenjang, among the treatment group (a normal diet, a high fat
diet and the 5% diet of soybean, traditional Doenjang, commercial Doenjang, and
the traditional Doenjang fermented for long period), the traditional Doenjang
fermented for long period effectively reduced the weight whereas the soybean had
no effect.

@ The traditional Doenjang fermented for long period significantly lowed the serum
triglyceride and the cholesterol content.

@In a restricted diet (25g/rat/day) and 16% high fat diet, the traditional
Chungkukjang had the highest antiobesity activity both in vivo and in vitro.

(®Bacterial strains for Chungkukjang: B. subtilis was demonstrated to show the
highest level in amino—type nitrogen, isoflavone content and sensory test, but
lowest in the ammonia—type nitrogen.

®To develope the recipe of the functional Chungkukjang to improve antiobisty
effects, green tea was selected because it showed the best sensory in various
types of teas tested in this study.

(Dthe soybean showed the highest level in total isoflavone content and Doenjang had

the highest genistein level.

2. Investigation of anti—obesity effects and the action mechanism

(DDoenjang, Chungkukjang and traditional Doenjang showed increased PPARa
activity and decreased NF—«B activity.

@Doenjang, Chungkukjang and traditional Doenjang decreased NF—«kB dependent
genes as well as upstream kinases.

(@Nonanoic acid and undecanoic acid activates PPARa concerning fatty acid
oxidation and adiponectin.

@Nonanoic acid and undecanoic acid decreased NF—«B activity and expression of
NF—«xB dependent genes

(®Genistein known as one of Isoflavone modulated PPARa activity and NF—«B

action mechanism in age—related obesity rat models.



®Ferulate, bioactive components of soybean fermented food modulated PPARy
and NF—xB activity.

(MSoybean Deanjang and Black soybean Deanjang showed obvious anti—obesity
effect in obesity mice models

®Soybean Deanjang and Black soybean inhibit oxidative stress and SREBP—1
activity associated with lipid accumulation

©®Zingerone as active increase components modulated PPAR and NF—«B activity

concerning lipid oxidation and inflammation

3.Evaluation of the neuroprotective and neurogenesis mechanism of soybean

fermented food

(DEstablish of /n vitro models for the effects of bioactive components from
soybean fermented food : neural stem cells and primary cultured neuron

@None of bioactive components we have tested, were effective in enhancing the
proliferation of neural stem cells, and protecting neurons.

@HFD—mediated obesity decreased levels of BDNF and soybean fermented food
modulated BDNF in HFD—rats.

@Long—term HFD (7 weeks) decreased the numbers of newly generated cells in the
dentate gyrus of adult mice, and short—term HFD (2 weeks) was enough to affect
the survival of newly—generated neurons from adult hippocampus, indicating that
HFD adversely affect the hippocampal neurogenesis in adult mice.

(®Bioactive components of soybean fermented food and soybean fermented food

supplements were failed to reverse the decreased neurogenesis mediated by HFD

O Expected contribution

—Provide the basis for the development of novel therapeutic drugs for the
anti—obesity and neurogenesis

—Examine the anti—obesity and neurogenesis mechanism of soybean fermented
food

—Therapuetical application of disease (adult disease, young obesity and
neuro—related disease) induced by obesity

—Provide the possibility for high—quality life through intervention of obesity
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P en, 10 AHe4% A1, 9o PAess Fo Aew e
4 A7kl 3FF S6e B smel)sh vz}
t

aste), T34

A B, 9ol AMESS FEE FaAl FAse
44 Aoz ;2 FANE A0E BANAL, v4H A7 oY A
AFUR He T o ;2 AAHE Ao® Frlsgov, Age UE
Agste] 2~38 e =t Yo AER WAk olw agtel} HAR
e we Hol dehbt T4E Swe AR, 2%e Y wadl o) ve

X
o] AZEHL o EX(311)2 FZHE(SFDSM12L, SAMWON Freezing
Engineering Co.)® Al®  1g& w8z, 0.IN HCl (2ml) ¥
acetonitrile(HPLC Grade, 99.9%, TEDIA Company, Inc. USA) 10mlE A 7}s}
Aok Aol A 2A17F wwkgk 9 of HA(NO 42)8 o Fstqlrt. 30°C o] shol A
H&55AZ(EYELA, Tokyo Rikakikai Co.)A]713L, 80% methanol(HPLC
Grade, 99.9%, TEDIA Company, Inc. USA) 10mlo] -&3iAIFH T} 0.45um
membrane filter® o] HA|AA HPLCO FYAA EAEAT. = A8 F 12
7}A] isoflavone isomer & @ FA o] A& HPLC (LC—10AD, Liquid
Chromatograph) & AM&3k3l o, Z5l& YMC-pack ODS—AM~-303 HPLCZ
7 (5m, 25cmx4.6mn 1.d)<S ©]-&38F3aL, UV—VIS Detector (SPD—10A), fr&-2
solvent 1ml/mine. & 3}t 3% 254nmolA 32 =FFY 0.1% glacial
acetic acid (99.5%, °Fg] & $=23]A} Tokyo, Japan)E €02 3}o] 0.1%
glacial acetic acid/acetonitrile linears ©]&A o % 3}o] linear gradient™
{15%—(50%)—35%(10%)—35%) 2 ®A33r} o]aZehite RFES 9
. FAZFA A A FYsilon, O ke vl =X AYZA'(99%),
ZEol ARl thel=ARl, AU zEAR FEto] ARI(95%), ZH7Fe]  acetyl
group® malonyl group(90%) <] ich.

A4 94 Az
A 5

ART FLvF Az T2 T Ao I AEPAAM AFHF oF
(FeF dd3)e =72 s3la, 443 ddT (e da3)3 =
HEFwola-tdd, ez o9 AATAFTHAA ATl Aoz
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5 %

h AR AL

Yate] Abgetth BgAERE] AT Hdd, dFaF, 59, KC 13 F
T HUSE AR, VA FUHIEEAE S4B Aol FEE, 157t
Fof vpEs £3st A8 5 ARSI}

ART LT Axgo T 2 g

W dgol AMESE Asp. oryzae: (T)%—Dr‘%lﬁ.(g OZ‘T")OH’H A| g RFo}
AHEERR AL, FAIETE B, subtilis(KCCM 11315) 2 &k n| A& 1= AE of A
woFutol ALgstgl o Sl A ®2]d Bacillus lichenifomis CN—15
S AF7FE el Egutol AREEiTh 2 glucose 0.5%E H7ME

NB #j%](Difco, nutrient broth : beef extract 0.3%, peptone .0.5%)°| #<& Zt
7y AEsto] 37TCAAA 24412 w3 A w25 24 (FFE 600nm

.
0.8)8t] FFNOE AR

W AARPY, FARAL 44T T A%

Ny AATADE)S B ol G L] 20 392 53 FHARE 64
R 12AROR 77k 2ol FAAS 458, 60RO o] FAMFE A
Z5h3 pHe A, Fi, obvlwr] Aish gmuolh A4 BAY FF Eel
4 54 Avngr)

# =72 gasle] 423 7&@%" Gl I
&

25 ARF A HEH) S A, A5l 40C= Yzhste] #o /5 Ged
At Sdds A8 F ”71]4 0.2%(v/w) = JFste] FLv|FE Alxst

R}, AVEE FAS Asp. oryvzae, B. subtilis, B. licheniformis, Asp. oryzae +
B. subtilis, Asp. oryzae + B. licheniformisS A}-&3t{9 ¢, A ZF & pHeF A%
opm| Bl HAo} R Uole] HA A F T oY FE SAH4ES AHHER E1r

A=) @89 Ax
AFe] B Axe oY ﬂﬂ"ﬂ e AR TdvTFE 4 Ax
+ 2 B8 HUtete] £33 & 32C incubatoroll A 609 wa ! <&
HA Fd 545 ’\awﬂi?}‘:}.
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sto] oA 9] 16%°] AAWAolE 65 HAst B EE stalth. 18] al,
TFEY 2ol mE "] ATHF W AA NHEHE LolrRV] f15te 4
A sEAG = A WA ol AFS sAAXSIY] vhE 2ES AR S
ALHTE 5% VAT AbRe WA ol WA dRkAES e 5% ¥
g+ AFR(ND-D), Z18]al, HAF AFdF AFRE vheo] Aolsigit

Al 52F =AM E 5% BT A A o] Abmet 1o FHrEo] =
Aas e A o] AARE whEo] Aoldolth. A 7]7HE <t Aol
5 A gkl o AFStES vl 13 SAs AL, Aol dH =S b
d AlsEATE AolE 9o AHAIREY NS EAS A WY o
HEAd R =8 2.59+40.15, A& 17.5940.26, T2 33.96+0.05, 3]& 26.29+0.01
ojom, AfFA7t 6.31£1.420]1 vk A ¥ I SutE]E AFS R cage
oAl 6577 AFSF oAl FFAZE FeAl ERE v 87 F A
o} C57BL/6 wF9-22 EEle] wp-Aas HEMOZ to]lE Hojfte] wpE AHE
A HA7s Astrr Ao, AAdRAAFge] AA dAstE 5AHES 7HA A dh
HAAsEY] AFTS 27 A SAHsto AT S7HE delsda I8
o HF FAE SAsAnt AR 7 A7) @ 2He FAE AE A&
2 Z743%}al 15ml conical centrifuge tube®] 2o} FAA|7FA] —70Col| H3#3}
Aot

TAA FF 54

Zh A A 3t kA 9= FolchW (316)& AH&-sHSlT. J\]E"E— 7t 2 g
A3t CHCls : MeOH(2:1) solution 40 mlE ¥ 443 3 & tpA] 7|+
3 CHCl3 : MeOH(2:1) solution 10 ml = t}A] 33k t}2 filter paper® A 7
715 A8HAt oAl 0.88% KCl 10 mlE 3 7}3F 5 separate funnelof A
shaking & AXAZth o5& FHal nHloj7 e wHi AN Wk
CHCl3 : MeOH : H:0 = 8:4:3 €98 15~20 ml FH7}8}aL shaking & A XA
7)aL o} =& FH 3ol 45Col 4] evapration A1Z] & CHCl:E A 7}ske] 25 ml
2 AL39tt. WA aluminium weighing dishE 80°C dry ovenolA] 2087+
2 desicatorell A 1023 W 5 FAE SASIL(A) 25 ml= LA
=l sampled 5 mlA dishoﬂ Y3 3t oo A hot plate ¥9 1 CHCl;E
ZW A 71ty CHCly7F 25 59 dishE thA] 80T dry ovenollA 2087
= 5 Aol dec1cator°ﬂ/‘1 107F Bygakal dishel FAE 543 #(B) ofF
g Al oal F AES AL 6‘}0 =
Total lipids of feces(g) = (B—A) X 25 ml /5 ml X 100

Total lipids of liver(g) = [(B—A) X 500] /liver weight
/Hx]u]— 6]—3]: ZXJ



Zh)

o)

Zy AT A Ao A AEs NS 44 +2](3,000 rpm, 4C, 10 min)
st 4 S v‘f‘ﬂﬂ‘ﬂ ABE2 AFESTE AR 0.02 mlE FHolo E=AAE =
A8 AM(AM 157S—K, ofrbAl ek, A7 %2)& AREste] S5t (317). %

0.02 mlel] ZA3 vr-Ajek 3 mAS H7}sle] vortex mixer® &£38sla 37C
9] water bathollA 5E7F WA 550 nmollA SF=E SAIGTH. 44X
W R8N E o83ty 99 WHY sdsA MAAA FHEE SAHT &
AR FFE s o Ad st @4 F 5

AA Y FH=

U 2HE A 54
7y At A3 A A A A A (3,000 rpm, 4T, 10 min)
sto] A& Zelste] ARR ARSI AR 0.02 mlE FHet] ZeXHE
BAHBC 108-E, o4k Aok, 7] %)< Abg-stel S4sHAH(318). A9 ¥
M SAAY SAAGL gdsta FUAHE FFE0S o] &ste] 99 Wy
I Al HAAA 500 nmellA FAEE SAD F AR FAE WS
O Aell digste] @4 FuU2HE v= s T
A9 F3=
| 2~ 8 & (me/dl) X 300

HDL-Zd2HE g% 54

HDL-Z#H2HE s aadd o3 A28 HDL-Z#=HE kit(HDL-
Zd2~EE AM 203-K, oPitA|oF, A7E) 2 SASGTE AEUHe 84 0.2
mlel FEAl 0.2 mE Yol & EFste] 10w7F A=l HAg §F, 4Tl A
3,000 rpmo.Z 107+ U4 #Ed 7 ASAS 0.1 nl¥ FHehe] A% ukg
Aok 3 mAS HUtete] eI BFEAe SAAYY TUI WHORE wHEo
vortex mixer® &3} 37 C9 water batholl A 587F WHA]A 608 o]l
74 500 nmelA &% getal, Alse FFE s s Aol gidst

A E%
2

HDL -4
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)

TR
HEFH S 1056 CE 2417 A% & desicatorol] %7 308-37F W23k & A &3
Bt dFS otk A8 2~3 g& AgeA W™sta 1056CE =449
AZx7)0 A 1~3A1%F AX3 3 desicatord] A 3087 Wiste] 3bako] =
W7AA] Axg § TFR dxde] FF 2polE ek tH(319,320)

W W3

FEIE = —— * 100
W Wi
W, @ e &

W WEY FF o+ AHN R FF

Wit WoE X3 59 %

REES

rﬂ
l'U
o
jai)
N
)
ol
2
—
N}
L
r\l
FJ
mlo
ﬂ {‘
(=
f
=
o ‘101'

= =
(EYELA, Tokyo Rikakikai Co. Japan)i =31
5 F%ES DMSO(Dimethyl sufoxide
Primary preadipocyte®| vj%d3} E3}
2 9] Sprague—Dawley FEQ 32 FEE AWS ANFHEe] 1% albumin
buffer(0.135M NaCl, 4.7 mM KCI, 2.5 mM CaCly, 1.25 mM MgSO4, 10 mM
HEPES, 1.25 mM NaH;PO4, 1.25 mM Na:HPO,, 1%(W/V) bovine serum
albumin)® washingdt ¥ F=& HE2E S FA FIT ol
collagenase buffer (collagenase type II 1 mg/ml; Sigma, 3.5%(W/V) bovine
serum albumin, 5 mg/ ml glucose) oA 1A EQF WHEA|A XA o 2 RE
AEE 4& S 250 mm nylon mesh@ EafE# e xS Ayl %
1000 rpm o2 1087 YA 722 8lo] mature fat cell?} stromal vascular cell&
HEg FJ Edas ATHS AASEI T Serumeo] E3EHA %S Med 199
£M 10 ml 2 A ¥ZE suspensiondt % THA] 250 mm mesh® ZT WA, oA
1000 rpmell A 103+ A4 23 v 45 A4S Wil vA] serumo] E3HE]
Al e medium 199.5 mlS ¥t} MEE
nE Yol Ad7E A7, AT =4S 93] 10X PBSE Yil thA
1000 rpmell A 10&3F 94l #sk3drh. 4F NS WA v 5 nl Med 1992
A Z suspensiond ¥ cellS A3t 12 well plated] 2.5%10%/welle] Al
IE BF3l3 10% FCS, 100 Unit/ml penicillin, 100 ng/ml streptomycin, 2.5

S
lo
ik
ol
ol
£
il
D U
=
>~
Rl
op
ol
ol
38
O

suspension?t U 32 SHS 18



wg/ml fungizone(Sigma Co., U.S.A.)o] ¥3% Med 1992 w3ttt o] &
T AEZE g3 T 10 pg/ml Insulin, 0.25 uM dexamethasone (Sigma Co.,
U.S.A.), 0.5 mM IBMX(Sigma Co., U.S.A.)), 10% FCS, 100 Unit/ml
penicillin, 0.1 ug/ml streptomycin, 2.5 pg/ml fungizone®] ¥3%FE Med 199%
235 F=3dT. B3 A & 2dAF-HE= 10 pg/ml Insulin, 10% FCS,
0.1 Unit/ml penicillin, 0.1 gg/ml streptomycin, 2.5 pg/ml fungizoneo] Z &+
Med 199% viFstodar, 35 A7 - 7~1490] Aaste] Ax7F Aoz &
StE QS wl 13 #HE AEES 1 mg/mle FE2 AHEstal 24A17F &
of WAl E collect 3}t
o) Y e 54
AGAHEA A FHlE s1'e] ke collectdt ®jAE AE38t] ELISA(R&D
systems)WH S o] 83ty AT WA 100 ple] Rabbit anti—rat leptin
IgG(2 pg/ml)E Maxisorb ELISA plateo] 9] overnight A1Z1 & 0.05%
Tween 20°] ¥3% PBS(PBS—T)® 33] A% 3 plateo] sampleS 147 FoF
) 2lsta, PBS—-TE Aol & 100 nl9 biotinylated rabbit anti rat leptin
IgG(200 ng/ml)& 1AIZF &<F RTOIA Aeglgk & thA] PBS-T=E 33] A|# 3}
At} 71 3 t}A] Extravidin—horse radish peroxidase(1:200)Z RToll 4] 1A 7F
&9k incubation AlZ1 & 33] A|F s}
oh) SeholAlE e 54

Glycerol assay reagents= 50 ml9 3z} Z=FFo] €3iA71 & 1 nlES FH 3l
37ColA 7183t} 2+ aliquot reagents= 10ul9] sampled} ¥F3-3tx 37°Col

JF-S- 3}
A 5EZE w83 1S iceol A WZHAIZ F 540 nmoll A FHEE SAEAT
2. A&

o BREAFS Fuwas AF % 7GR He)

2) vt g3 = ZUFAEY i vitro B in vivo 38| &3 A
o)



@
2

723}
b FREAFY PvED AT R 2 4R £2(2005)

1) FdaAE@d, A=, 2 5)Y i vitro 2 in vivo Z0|Rra T} G4

| A}e3 58 &4 Sprague—Dawley rat(tgHd I E 5 AE, o

<3 > Proximate analysis of freeze dried Korean soy—fermented foods
[tem Water Crude fat p(f’l(;ligien Crude ash  Crude fiber
Doenjang”’ 2.6£0.2 17.6£0.3 34.0£0.1 26.3+0.01 6.3£1.4
Chungkukjang®’ 1.1+0.1 16.1£0.8 45.2%+0.9 15.5%£0.2 5.9%£0.4
Kochujang” 13.910.2 2.6x0.3 9.1£0.1 14.5£0.1 8.2%+2.2
Samjang” 9.4%£0.5 8.510.02 21.0£0.3 14.7£0.2 4.0£1.3

UM~ traditional Doenjang (Moon—Ok—Rae Co), ?M—traditional Chungkukjang (Moon Co), ®’M—traditional
Kochujang (Moon Co), ¥M~—traditional Samjang (Moon Co)

5 mL conical centrifuge tubeol] @o] EXA|7}A] —7

ar



<3 > Preparation and compositions of normal diet, high fat diet and Korean soy — fermented foods with high fat diets in
SD rat

ND" HFD” HFD + HFD + HFD + HFD +
Doenj angS) Chungkukj ang4) Kochu;j ang5) Samj angG)

Casein 14.0 14.0 10.32" 9.64 12.9° 11.74
L—cystein 0.18 0.18 0.18 0.18 0.18 *0.18
Corn starch 46.6 34.6 32.8 33.3 28.6" 30.5°
Dextrinized corn starch 15.5 15.5 15.5 15.5 15.5 15.5
Sucrose 10.0 10.0 10.0 10.0 10.0 10.0
Fiber 5.0 5.0 4.65" 4.35" 5.45° 457"
Soybean oil 4.0 4.0 3.2 1.6" 3.5 3.4"
AIN—93 mineral Mix. 3.5 3.5 3.5 3.5 3.5 3.5
AIN—93 vitamin Mix. 1.0 1.0 1.0 1.0 1.0 1.0
Cholin bitartrate 0.25 0.25 0.25 0.25 0.25 0.25
TBHQ(mg) 0.8 0.8 0.8 0.8 0.8 0.8
Lard 12.0 12.0 12.0 12.0 12.0
Doenjang 10.0
Chungkukjang 10.0
Kochujang 10.0
Samjang 10.0
Total 100.8 100.8 104.2 102.1 103.7 103.4

UNormal diet is based on the AIN—93M diet. Z)High fat diet contains 12% Lard added to the normal diet. 3)High fat diet+10% Doenjang (Moon Ok Rae Co).
4)High fat diet+10% Chungkukjang (Moon Ok Rae Co), 5)High fat diet+10% Kochujang (Moon Ok Rae Co). 6)High fat diet+10% Samjang(Moon Ok Rae Co).
“Adjusted quantities from the proximate analysis of 10% Korean soy fermented foods, respectively.
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<3#> Changes of Body weight, food intake and food efficiency ratio(FER) of SD rats fed experimental diets for 4weeks

ND" HFD” HFD + HFD + HFD + HFD +
Doenjang?’) Chungkukjang4> Kochujang9 SamjangG)
Body weight
Initial weight(g) 143.74+ 3.9%7 1143.7+ 3.9 1438+ 4.1 143.7+ 3.9 143.9+ 45  143.7% 5.0
Final weight 262.6+16.0" |291.24+14.1*  256.3423.3" 272.2+17.4% 272.446.6°  262.8+15.8
Weight gain(g/day) 4.0+ 0.6” | 4.7+ 0.5 3.9+ 0.4° 4.3+ 0.5% 4.2+ 0.2 4.1+ 0.3
Food intake(g/day) & FER
Food intake(g/day) 19.74 1.3* | 19.0+ 2.5  17.3+ 0.8 18.1+ 0.5% 17.6+ 1.8 17.14+ 0.8°
Food efficiency ratio(FER) 0.20+ 0.02° |0.25+ 0.03* 0.22+ 0.02® 0.24% 0.03" 0.24+ 0.01*  0.23% 0.01°

DNormal diet is based on the AIN—93M diet. 2)High fat diet contains 12% Lard added to the normal diet. 3)High fat d

iet+10% Doenjang (Moon Ok Rae Co). YHigh fat diet+10% Chungkukjang (Moon Ok Rae Co), ’High fat diet+10% Kochujang (Moon Ok Rae Co). “High
fat diet+10% Samjang(Moon Ok Rae Co). ”NS: Not significant.

®Means with different letters in the same row are significantly different (p<0.05) by Duncan's multiple range test.



<3 > The weight ratio(g/100g Body weight) of liver, spleen, kidney and adipose tissue in SD rats fed with experimental diets for 4 weeks

Organ weight ND" HFD? HFD + HFD + HFD + HFD +

(g/100g BW) Doenjang” Chungkukjang”’ Kochujang’ Samjang”’

Liver 37940417 | 3.8340.38 3.5340.36 3.70%0.39 3.65+0.30 3.6440.31
Spleen 0.2240.04"° 0.24+0.03 0.2440.04 0.25+0.04 0.23+0.08 0.23+0.08
Kidney 0.8940.19" 0.87+0.07 0.85+0.12 0.9340.11 0.91+0.08 0.89+0.12
Epididymal fat pad 0.8240.05° 1.57+0.04° 1.3440.05" 1.47+0.04 1.3340.04™ 1.20+0.04
Perirenal fat pad 0.9340.06° 1.2940.05" 1.09+0.05" 1.2640.02° 1.2540.06° 1.0940.04”

DUNormal diet is based on the AIN—93M diet. Z)High fat diet contains 12% Lard added to the normal diet. 3)High fat diet+10% Doenjang (Moon Ok Rae
Co). PHigh fat diet+10% Chungkukjang (Moon Ok Rae Co), >High fat diet+10% Kochujang (Moon Ok Rae Co). *High fat diet+10% Samjang(Moon

Ok Rae Co). ”NS: Not significant.
Means with different letters in the same row are significantly different (p<0.05) by Duncan's multiple range test.



<#¥> The effect of soy—fermented foods diets on triglyceride (g/100g Body weight) on liver, epididymal fat pad,

perirenal fat pad in SD rats fed experimental diets for 4 weeks

o’ T HFD + HFD + HFD + | HFD +
Doenj ang3> Chungkukj ang4) Kochuyj ang‘D Samyj ang6>
Liver (mg/dl)
Triglyceride 134.245.8°" 286.4+48.0°  165.94+22.5° 249.0+ 7.5 211.6+19.3° 201.1+31.5°
Cholesterol 39.442.2¢ 68.247.0 46.244.3° 68.347.5" 55.3+7.4° 54.2+ 3.3
Epididymial fat pad (mg/dl)
Triglyceride 598.5+40.7° | 1080.3+149.2*°  277.7424.5° 528.0£47.8° 374.3%21.1¢ 299.4+24.8°
Cholesterol 44.6+12.0° 78.8+14.8° 45.9+10.2° 53.5+10.6" 49.6+ 5.2b 46.8+10.8"
Perirenal fat pad (mg/dl)
Triglyceride 299.8+33.5" 434.4+67.4°  325.6+69.0" 422.3499.9® 351.14£48.3"  339.1+72.4%
Cholesterol 32.1£4.0° 39.9+2 .4 22.946.6° 32.5%3.1° 27.6+9.2" 25.0+3.8°

YNormal diet is based on the AIN—93M diet. Z)High fat diet contains 12% Lard added to the normal diet. 3)High fat diet+10% Doenjang (Moon Ok Rae
Co). PHigh fat diet+10% Chungkukjang (Moon Ok Rae Co), >High fat diet+10% Kochujang (Moon Ok Rae Co). *High fat diet+10% Samjang(Moon

Ok Rae Co). ”NS: Not significant.

Means with different letters in the same row are significantly different (p<0.05) by Duncan's multiple range test.



<3 > The effect of soy—fermented foods diets on serum lipid concentrations in SD rats fed experimental diets for 4

weeks
1) 2)
HFD + HFD + HFD + HFD +
(mg/dl) ND HED 3) 9 5 6)
Doenjang Chungkukjang Kochujang” Samjang
Triglyceride 56.8+4.9¢ 114.94+16.9° 61.0+4.7¢ 104.945.4° 78.0+7.9° 61.5+3.6¢
Cholesterol 38.9+4.7¢ 73.7+7.4% 52.7+5.8" 59.0+7.6° 53.941.3" 53.1+6.8°

YNormal diet is based on the AIN—93M diet. Z)High fat diet contains 12% Lard added to the normal diet. 3)High fat diet+10% Doenjang (Moon Ok Rae
Co). PHigh fat diet+10% Chungkukjang (Moon Ok Rae Co), >High fat diet+10% Kochujang (Moon Ok Rae Co). *High fat diet+10% Samjang(Moon

Ok Rae Co). ”NS: Not significant.
Means with different letters in the same row are significantly different (p<0.05) by Duncan's multiple range test.
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<3 > Preparation and compositions of normal diet, high fat diet and commercial Chungkukjang, and Doenjang with

25g restricted high fat diets in SD rat

DV HFD? HFD +. ., HFD .+ K HFD + ) HFD + .
M—Chungkukjang' M—Doenjang J — Soybean” J — Doenjang

Casein 14 14 11.741 12.302 12.19 12.302
L—cystein 0.18 0.18 0.18 0.18 0.18 0.18
Corn starch 46.57 30.57 29.762 29.705 29.285 29.705
Dextrinized corn starch 15.5 15.5 15.5 15.5 15.5 15.5
Sucrose 10 10 10 10 10 10
Fiber 5 5 4.704 4.685 4.75 4.685
Soybean oil 4 4 3.194 3.121 3.11 3.121
AIN—93 mineral Mix. 3.5 3.5 3.5 3.5 3.5 3.5
AIN—93 vitamin Mix. 1 1 1 1 1 1
Cholin bitartrate 0.25 0.25 0.25 0.25 0.25 0.25
TBHQ(mg) 0.8 0.8 0.8 0.8 0.8 0.8
Lard 16 16 16 16 16
M-—Chungkukjang 5
M-—Doenjang 3
J— Cooked Soybean 5
J—Traditional Doenjang 5
Total 100.8 102.8 101.6 102.0 101.6 102.0

DNormal diet is based on the AIN—93M diet. 2)High fat diet contains 16% Lard added to the normal diet. '”High fat diet+5% M — Chungkukjang ’“High
fat diet+5% M.— Doenjang (Moon Ok Rae Co), *High fat diet+5% J — Soybean (Jin Mi Co), “High fat diet+5% J — Doenjang (Jin Mi Co).



<3 > Changes of body weight, food intake and food efficiency ratio(FER) of SD rats fed restricted diets” for 6 weeks in SD rat

ND?’ HFD? HFD + HFD + HFD + HFD +
M—Chungkukjang4> M—Doenjang5> J = Soybeanﬁ) J —Doenjang”

Body weight
Initial weight(g) 234.749.2 242.8414.5 237.8410.7 237.6£10.6 238.24+11.6 234.9416.1
Final weight 361.8453.8% | 500.7+2.2° 426.5+35.8" 439.9473.9° 475.1439.5P 450.6+36.7%
Weight gain(g/day) 2.841.0° 5.740.3" 4.240.6 4.5+1.4° 5.340.6™ 4.840.5"

Food intake(g/day) & FER
Food intake(g/day) 20.3+3.1 20.3%+6.0 21.4+1.7 20.8%2.0 21.3%£3.6 19.94+1.3

Food efficiency ratio 0.14+0.02¢ 0.2840.05 0.2040.03° 0.2240.01¢ 0.25+0.01° 0.24+0.03°

1)25g restriced diets/day Normal diet is based on the AIN—93M diet. 3)High fat diet contains 16% Lard added to the normal diet. 4)High fat diet+5%
M — Chungkukjang (Moon Ok Rae Co) “High fat diet+5% M— Doenjang (Moon Ok Rae Co), “High fat diet+5% J — Soybean (Jin Mi Co), "High fat
diet+5% J — Doenjang (Jin Mi Co) ®Means with different letters in the same row are significantly different (p<0.05) by Duncan's multiple range

test.



<#¥> The weight ratio(g/100g) body weight of liver, spleen, kidney and adipose tissue in SD rats fed with

restricted diets? for 6 weeks

ND"’ HFD” HFD + HFD + HFD + HFD +
Organ weight M—Chungkukjangm 1\/[—Doenjang’1> J - Soybeanm J —Doenjang6)
Liver 2.36£0.63"" | 2.2040.50 2.80+0.41 3.03+0.74 2.51+0.48 2.45+0.30
Spleen 0.2440.03* | 0.17£0.03" 0.18+0.03" 0.18+0.04" 0.17+0.02° 0.15%0.02"
Kidney 1.0240.28" | 0.75%0.15° 0.8840.32° 0.8040.13" 0.6940.05° 0.7140.09
Epididymal fat pad 1.764+0.83" | 2.5140.60° 2.0140.66™ 2.2040.41% 2.40+0.72% 1.2440.30
Perirenal fat pad 0.89+0.83° | 2.69+0.72° 2.23+0.96™ 2.4140.78% 2.4840.72° 1.0340.43""

l)25g restriced diets/day YNormal diet is based on the AIN—93M diet. 3)High fat diet contains 16% Lard added to the normal diet. 4)High fat diet+5%
M — Chungkukjang (Moon Ok Rae Co) “High fat diet+5% M— Doenjang (Moon Ok Rae Co), “High fat diet+5% J — Soybean (Jin Mi Co), "'High fat

diet+5% J — Doenjang (Jin Mi Co) ®Means with different letters in the same row are significantly different (p<0.05) by Duncan's multiple range

test.



<¥> The effect of soybean products diets on lipids contents of serum in SD rats fed restricted diets” for 6weeks

ND!’ HFD? HFD + HFD + HFD + HFD +
M—Chungkukjang” M—Doenjang1> J = Soybeanw J —Doenjangﬁ)

Serum (mg/dl)

Triglyceride 271.146.0°7 | 324.4+48.2° 231.7+3.9 259.248.7" | 250.0+15.1°  288.3+22.6™
Cholesterol 94.6+5.4° 110.645.8% 68.7+3.1¢ 77.445.7% 82.24+4.8° 79.945.4°
HDL—cholesterol 206.0+8.4° 164.2+3.1° 196.6+9.1° 159.2+7.5" 152.1+4.7° 151.6+1.2¢

l)25g restriced diets/day Normal diet is based on the AIN—93M diet. 3)High fat diet contains 16% Lard added to the normal diet. 4)High fat diet+5%
M — Chungkukjang (Moon Ok Rae Co) “High fat diet+5% M— Doenjang (Moon Ok Rae Co), “High fat diet+5% J — Soybean (Jin Mi Co), "High fat

diet+5% J — Doenjang (Jin Mi Co) ®Means with different letters in the same row are significantly different (p<0.05) by Duncan's multiple range

test.
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<3 > The effect of soybean products diets on total lipids on liver, epididymal fat pad and perirenal fat pad in SD rats

fed 25g restricted diets" for 6 weeks

ND" HFD” HFD + HFD + HFD+ HFD +
M—Chungkukjang3> M—Doenjang“ J. Soybeanm J —Doenjangﬁ)

Liver
Total lipid (mg/g. Wet wt) 4.440.47 15.440.4° 5.0+0.1° 6.7%0.0° 7.540.0° 8.240.2
Triglyceride (mg/dl) 76.349.1° 151.5%19.2° 76.2418.4° 92.048.4° 90.0+6.8" 91.6£12.0°
Cholesterol (mg/dl) 13.7418.0%Y | 26.7422.5 15.3+2.8 18.2424.1 17.8422.5 18.5+18.7
Epididymal fat pad
Total lipid (mg/g.Wet wt) 51.646.8" 115.041.0° 51.1+0.5° 84.642.5° 91.3%2.2 96.5%1.7°
Triglyceride (mg/dl) 152.5420.0° | 297.1425.0° 170.143.2% 202.6£26.7° 197.7421.7° 205.7£20.8
Cholesterol (mg/dl) 20.742.7° 43.740.5° 25.742.0° 29.240.3" 32.1£2.1° 32.542.0°
Perirenal fat pad
Total lipid (mg/g. Wet wt)  81.7+4.2" 161.6£6.8° 60.8436.1° 81.440.1™ 88.6£1.4™ 93.8+0.2"
Triglyceride (mg/dl) 66.4+7.9" 131.8416.7° 66.3£16.0° 80.0£7.3 78.345.9" 79.6410.4°
Cholesterol (mg/dl) 16.7+4.4° 31.5+0.2° 17.541.3° 22.342.4° 29.2+41.4% 28.1£2.0°

D25 restriced diets/day ?Normal diet is based on the AIN—93M diet. *’High fat diet contains 16% Lard added to the normal diet. “High fat diet+5%
M — Chungkukjang (Moon Ok Rae Co) ®’High fat diet+5% M— Doenjang (Moon Ok Rae Co), “High fat diet+5% J — Soybean (Jin Mi Co), "High fat

diet+5% J — Doenjang (Jin Mi Co) ®Means with different letters in the same row are significantly different (p<0.05) by Duncan's multiple range

test.
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<1¥> The secretion of leptin from 3T3—L1 adipocytes in the presence of
chungkukjang, Doenjang and soybeans.
Means with different letters in the bars are significantly different
(p<0.05) by Duncan's multiple range test.
M—Chungkukjang : Moon Ok Rea traditional Chungkukjang,
M—Doenjang : Moon Ok Rea traditional Doenjang, J—soybean : Jin Mi

Soybean, J—Doenjang : Jin Mi traditional Doenjang.
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<71¥> Chemical structures of twelve isoflavone isomers found in soybean.



Compound R1 R2 R3
Daidzin H H H
Genistin H H OH
Glycitin H OCH3 H
6"-O-Malonyldaidzin COCH2COOH H H
6"-O-Malonylgenistin COCH2COOH H OH
6"-O-Malonylglycitin COCH2COOH OCH3 H
6"-O-Acetyldaidzin COCH3 H H
6"-O-Acetylgenistin COCH3 H OH
6"-O-Acetylglycitin COCH3 OCH3 H

<198 > Chemical structures of twelve isoflavone isomers found in soybean.
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<71%> HPLC chromatogram of isoflavone standards

A @ Daidzin, B: Glycitin, C: Genistin, D @ Malonyl daidzin, E : Malonyl glycitin, F : Acetyl

daidzin, F : Acetyl daidzin, G : Acetyl glycitin, F : Malonyl genistin, I : Daidzein, J : Glycitein,
Kt Acetyl genistin, L : Genistein
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<719 > Standard curve of 12 components
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<% > Standard curve of 12 components of soybean isoflavones.
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<3 > Content and composition of isoflavones of soybean and Doenjang.

(ug/kg, dry basis)

Isomer Raw soybean Steamed soybean Doenjang
Daidzin 13709.3+438.7 3819.8+122.2 0£0.0
Glycitin 3139.5%£100.5 1496.2+47.9 0£0.0
Genistin 17270.4£552.7 3300.2£105.6 192.446.2
M". daidzin 579.7+18.6 2870.71£91.9 0+£0.0
M.. Glycitin 790.9+25.3 4079.5£130.5 0+£0.0
M.. Genistin 1854.14£59.3 0+£0.0 0+£0.0
A”. Daidzin 2034.7165.1 180.4%5.8 20.6%0.7
A.Glycitin 0=£0.0 0=x0.0 0£0.0
A. Genistin 648.9£20.8 49.5%+1.6 0£0.0
Daidzein 380.6+12.2 651.0£20.8 3494.8+£111.8
Glycitein 217.1+6.9 803.1+25.7 1634.7+52.3
Genistein 710.9£22.7 1001.7+32.1 5741.0£183.7

Total Isoflavone 41,336.1+1322.8 18,252.1£584.1 11,083.5£354.7

RVE Malonyl, DA Acetyl
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<3#¥> Content and composition of isoflavones of Chungkukjang fermented
by different starter cultures.

(ug/g, dry basis)

Strains
Isoflavones
BM BL BS BS—-H TC
Genistin 31.4 36.2 31.9 39.1 19.8
Daidzin 12.8 17.1 11.9 15.3 8.3
Glycitin 9.5 9.4 7.1 10.4 6.0
Malonyl genistin 5.3 28.9 5.6 16.9 8.1
Malonyl daidzin 11.9 18.0 20.9 12.8 20.6
Malonyl glycitin 25.9 36.3 23.9 24.4 24.1
Acetyl genistin - - - - -
Acetyl daidzin 7.2 4.8 5.8 7.0 5.6
Acetyl glycitin 4.3 3.4 4.0 4.9 5.1
Genistein 157.8 73.3 164.4 158.3 180.2
Daidzein 149.2 78.7 146.1 150.6 151.0
Glycitein 30.3 31.3 32.0 29.1 30.3
Total isoflavones 445.6 337.4 453.6 468.8 459.1

BM, Bacillus megaterium ; BL, Bacillus licheniformis ; BS, Bacillus subtilis
v BS —H, Bacilus subtilis HS—25 ; TC, traditional chungkugiang

(Non—inoculation)
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<3 > Changes of body weight, food intake and food efficiency ratio(FER) of SD rats fed experimental diets for 4 weeks

NDV HFD? HFD + HFD +

)

Anthocyanin3 Black Soybean4)

Body weight

Initial weight(g) 138.84+10.0 142.9+11.3 142.7+ 5.0 1477+ 35
Final weight 240.34+17.2% 2875+ 7.8 243.6+15.5° 254.4+14.9
Weight gain(g/day) 3.4+ 0.3 4.84 0.3 34+ 0.6 3.6+ 0.4

Food intake(g/day) & FER
Food intake(g/day) 17.6+ 0.2 18.9+ 0.9 17.8+ 0.7 17.6% 0.8
Food efficiency ratio 0.2+ 0.01° 0.3+ 0.01° 0.2+ 0.02° 0.2+ 0.01°

UNormal diet is based on the AIN—93M diet. 2>High fat diet contains 12% Lard added to the normal diet. 3>High fat
diet+anthocyanin(0.37mg). YHigh fat diet+10% black soybean.

'Means with different letters in the same row are significantly different (p<0.05) by Duncan's multiple range test.



<3 > The weight ratio(g/100g Body weight) of liver, spleen, kidney and adipose tissue in SD rats fed with experimental

diets for 4 weeks

NDY HFD? HFD + HFD +
Organ weight(g/100g BW) 5 H
Anthocyanin Black soybean

Liver 3.240.3% 4.140.5% 3.840.4% 3.840.2%
Spleen 0.240.1°% 0.340.1 0.240.0 0.340.0
Kidney 0.840.1%° 0.940.1 0.840.1 0.940.1
Epididymal fat pad 1.1+0.2° 1.6+0.1° 1.240.3 1.440.4°
Perirenal fat pad 1.0+0.3% 1.5+0.3 1.110.3 1.340.1

UNormal diet is based on the AIN—93M diet. 2>High fat diet contains 12% Lard added to the normal diet. 3>High fat
diet+anthocyanin(0.37mg). 4)High fat diet+10% black soybean. “Means with different letters in the same row are
significantly different (p<0.05) by Duncan's multiple range test.

9NS: Not significant.



<3 > The effect of various diet intake on lipid contents of serum in SD rat fed with experimental diet for 4 weeks

_ NDY HFD? HFD + HFD +

Organ weight(g/100g BW) s o
Anthocyanin Black soybean

Triglyceride (TG) 78.5+14.5"% 110.4+8.9% 60.5+15.6¢ 85.1+ 4.5
Cholesterol 76.5+ 5.7° 108.6+2.7% 80.3+ 5.3 87.5+ 6.3
HDL—cholestrol 48.0+ 4.6 38.5+1.7" 49.4+ 6.2° 53.0+ 4.4

UNormal diet is based on the AIN—93M diet. 2>High fat diet contains 12% Lard added to the normal diet. 3>High fat

diet+anthocyanin(0.37mg). YHigh fat diet+10% black soybean.
Means with different letters in the same row are significantly different (p<0.05) by Duncan's multiple range test.\
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<71%¥> The changes of pH and total acidity(a), total viable count (b) and

content of amimotype nitrogen(c) during the preparation of volume of water,



soaking time and autoclaving time of Seoritae black soybean Meju.
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<71¥> The changes of pH and total acidity(a), total viable count (b) and
content of amimotype nitrogen(c) in Seoritae Doenjang that fermented with
different kinds of starter for 2months at room temperature.
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<3 > Content and composition of

isoflavones of black

soybean and black

Doenjang.
(1g/kg)
Black Soybean Cooked Black Black Soybean
Soybean Doenjang
Daidzin 13535.2+460.2 2303.1+78.3 242.6%8.2
Glycitin 6256.4£55.6 1636.3+212.7 104.2+54.5
Genistin 251.2+1.2 164.8+1.4 130.2%£2.0
M.Daidzin 0.0%£0.0 507.7£17.3 770.0£26.2
M.Glycitin 0.0£0.0 144.7+4.9 583.0£19.8
M.Genistin 3788.3£151.5 3057.4%£122.3 139.3+5.6
A.Daidzin 2913.9£99.1 412.1£14.0 175.8%+6.0
A.Glycitin 280.9£9.6 4799.3£163.2 359.8+12.2
A.Genistin 2.0x0.1 378.2+12.9 91.4+2.8
Daidzein 50.4%1.7 264.7£9.0 2698.6191.8
Glycitein 99.6+3.4 141.6+4.8 754.81£20.2
Genistein 433.7£17.3 723.8£29.0 7254.0£250.2

Total Isoflavone 27,611.6£910.8

14,5633.7£761.0

13,303.7£542.2
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<3 > Changes of Body weight, food intake and food efficiency ratio(FER) of rats fed experimental diets for

8week in C57BL/6 mice

ND HFD
NDV ND+ HFD? HFD+ HFD +
T—J — Doenjang ? T—J- Doenjang“ Black soybean Doenjang”v
Body weight
Initial weight(g) 25.941.8%% 29.3+2.1 29.2+1.4 29.343.7 29.442.7
Final weight 29.0+2.5%" 30.342.2" 32.742.3° 30.5+3.1" 29.6%2.8°
Weight gain(g/day) 0.05+0.01% 0.0240.00" 0.06+0.02° 0.0240.01" 0.004%0.001°
Food intake(g/day) & FER
Food intake(g/day) 3.7240.04 3.71£0.07 3.76%0.24 3.71£0.31 3.7340.22
Food efficiency ratio 0.0240.01° 0.01£0.00® 0.02+0.01° 0.01£0.00® 0.001£0.002"

DUNormal diet is based on the AIN—93M diet. *Nomal diet + 5% Traditional J.—Doenjang (Jin Mi Co), 3)High fat diet contains 16% Lard added to the
normal diet. ’”High fat diet + 5% Traditonal J—Doenjang (Jin Mi Co), 5)High fat diet + 5% Black soybean Doenjang. 9NS: Not significant.
“'Means with different letters in the same row are significantly different (p<0.05) by Duncan's multiple range test.



<3 > The weight ratio of liver, spleen, kidney and adipose tissue
C57BL/6 mice

in rat fed with experimental diets for 8 weeks In

ND HFD : 6wk
NDV ND+ HFD” HFD+ HFD + : 8wk
Organ weight T—J — Doenjang ? T—J— Doenjang“ Black soybean
Doenjang5)
Liver 1.340.19 1.440.2 1.840.4 1.6+0.2 1.440.3
Spleen 0.1£0.02™ 0.140.03 0.1£0.02 0.1£0.02 0.140.02
Kidney 0.440.04™ 0.440.1 0.44+0.04 0.5£0.07 0.440.1
Epididymal fat pad 0.6+0.3" 0.940.4% 1.1+0.3 0.840.5® 0.4+0.2°
Perirenal fat pad 0.6+0.3" 1.040.4%® 1.340.3" 0.740.4% 0.5+0.1°

YNormal diet is based on the AIN—93M diet. Nomal diet + 5% Traditional J.—Doenjang (Jin Mi Co), 3)High fat diet contains 16% Lard added to the
normal diet. “High fat diet + 5% Traditonal J—Doenjang (Jin Mi Co), PHigh fat diet + 5% Black soybean Doenjang (Lab). ’NS: Not significant.
“'Means with different letters in the same row are significantly different (p<0.05) by Duncan's multiple range test.



<3 > The effect of Doenjang diets on serum lipid concentrations in rat fed with experimental diets for 8 weeks in
C57BL/6 mice

ND HFD D 6wk
NDV ND+ HFD” HFD+ HFD + : 8wk
T—J — Doenjang T— J— Doenjang” Black soybean Doenjang5)
2) )
Serum (mg/dl)
Triglyceride 250.146.0°% 236.4+2.3" 331.2426.3° 248.0+8.3" 212.1+1.6°
Total cholesterol 88.6%3.2° 78.56%+2.3° 130.2+3.8° 88.343.6" 64.7+3.1¢
HDL—cholesterol 214.0+6.6% 175.1+6.2¢ 132.0+4.1° 161.3+3.5¢ 200.3+7.7°

DUNormal diet is based on the AIN—93M diet. ¥Nomal diet + 5% Traditional J.—Doenjang (Jin Mi Co), 3)High fat diet contains 16% Lard added to the
normal diet. 4)High fat diet + 5% Traditonal J—Doenjang (Jin Mi Co), 5)High fat diet + 5% Black soybean Doenjang. “'Means with different letters in
the same row are significantly different (p<0.05) by Duncan's multiple range test.



<3 > The effect of Doenjang diets on triglyceride and cholesterol
experimental diets for 8 weeks in C57BL/6 mice

of liver and perirenal fat pad in rat

fed with

ND HFD : 6wk
NDV ND+ HFD” HFD+ HFD + : 8wk
T—J — Doenjang T—1J- Black soybean
? Doenj ang/] ) Doenj ang”v
Liver
Total lipid ( (mg/g.Wet wt) 3.3+0.2¢ 4.241.0¢ 8.3%0.2° 6.3+0.2" 3.240.2¢
Triglyceride (mg/dl) 96.2+6.0° | 162.1£15.1° | 196.3+£13.7° 175.1£10.4° 143.0£1.2°
Cholesterol (mg/dl) 29.6+3.2¢ 38.346.3" 98.0+8.3° 41.5+4.6" 30.447.4°
Epididymal fat pad
Total lipid ( (mg/g.Wet wt) 44,942 5° 79.444.6 100.1+12.0°  84.0%7.4° 54.545.8°
Triglyceride (mg/dl) 132.74£11.2°|  172.0£7.9 258.5+19.3*  179.0+7.0° 148.0£5.2°
Cholesterol (mg/dl) 18.0+1.3¢ 27.942.5" 38.143.3" 28.342.8" 22.441.3°
Perirenal fat pad
Total lipid ( (mg/g.Wet wt) 34.243.9" 64.4%5.1° 75.146.8" 68.7+4.5% 44.148.3"
Triglyceride (mg/dl) 54.4+3.7° 64.246.4 108.0+£12.4°  65.3+4.3 54.4+2.4°
Cholesterol (mg/dl) 13.7£1.1° 24.0%1.6° 25.843.4° 23.042.8 14.3%1.0°

DUNormal diet is based on the AIN—93M diet. ”’Nomal diet + 5% Traditional J.—Doenjang (Jin Mi Co), 3)High fat diet contains 16% Lard added to the
normal diet. 4)High fat diet + 5% Traditonal J—Doenjang (Jin Mi Co), 5)High fat diet + 5% Black soybean Doenjang. “'Means with different letters in
the same row are significantly different (p<0.05) by Duncan's multiple range test.
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<3 > Changes of Body weight, food intake and food efficiency ratio(FER) fed experimental diets for 8 weeks in
C57BL/6 mice after 6 week fed with high fat diet(HFD).

ND HFD 6wk
HFD+
N ) HFD+ HFD +
ND HFD ., T=I-Doenjang 5 8wk
G—J—Doenjang" H J— Salt’

Body weight

Initial weight (g) 25.9+1.8%% 29.2+1.4 29.2+1.9 29.3+3.7 29.1+1.8

Final weight 29.0+2.59 32.7+2.3% 32.4+3.0° 30.5+3.1¢ 31.5+2.2°

Weight gain (g/day) 0.05£0.01° 0.06£0.02° 0.06£0.02° 0.024£0.01>  0.04%0.01®
Food intake (g/day) & FER

Food intake (g/day) 3.7240.04™ 3.76£0.24 3.79+0.23 3.71£0.31 3.7340.19

Food efficiency ratio 0.02+0.01° 0.02+0.01° 0.15+0.09° 0.01£0.00"  0.11%0.04°

YNormal diet is based on the AIN—93M diet. 2)High fat diet contains 16% Lard added to the normal diet. 3)High fat diet + 5% General J —Doenjang
(Jin Mi Co), YHigh fat diet +5% Traditional J Doenjang (Jin Mi Co), >’ High fat diet + J—Salt (13% salt, Jin Mi Co), ¥NS: Not significant. "Means with

different letters in the same row are significantly different (p<0.05) by Duncan's multiple range test.



<3 > The weight ratio of liver, spleen, kidney and adipose tissue on commercial Doenjang and added salts diets fed
with experimental diets for 8 weeks in C57BL/6 mice after 6 weeks fed with high fat diet (HFD).

ND HFD 6wk
HFD HED HFD

Organ weight . + +

san el ND" HFD”’ ., T J-Doenjang ) 8wk
G—J—Doenjang H J— Salt’
Liver 1.340.1™ 1.440.2 1.5+0.2 1.6+0.2 1.340.2
Spleen 0.1£0.02™ 0.1£0.02 0.1£0.02 0.140.02 0.1£0.02
Kidney 0.4+0.04™ 0.4+0.04 0.5+0.07 0.540.07 0.440.1
Epididymal fat pad 0.6+0.3% 1.140.3 1.04+0.4 0.8+0.5 1.240.6
Perirenal fat pad 0.610.3° 1.3+0.3% 0.8+0.4°¢ 0.7+0.4¢ 1.0+0.3"

YNormal diet is based on the AIN—93M diet. 2)High fat diet contains 16% Lard added to the normal diet. 3)High fat diet + 5% General J —Doenjang
(Jin Mi Co), “High fat diet +5% Traditional J Doenjang (Jin Mi Co), >’High fat diet + Traditional J—Salt (13% slats, Jin Mi Co), ¥ NS: Not significant.
“'Means with different letters in the same row are significantly different (p<0.05) by Duncan's multiple range test.



<#¥> The serum lipid concentration (mg/dL) effect of commercial Doenjang and added salts diets fed with
experimental diets for 8 weeks in C57BL/6 mice after 6 weeks fed with high fat diet (HFD).

ND HFD

HFD + HFD + HFD +

NDV HFD*’ , )

G—J—Doenjangd) T—J — Doenjang D J— Salt”
Triglyceride 250.1+6.0° 331.2+26.3° 306.5+12.6" 248.0+8.3? 321.742.9°
Total cholesterol 88.6+3.2" 130.2+3.8° 94.6+3,9 88.3%3.6" 125.4+2.8?
HDL—cholesterol 214.0+6.6° 132.0+4.1° 158.842.4 161.343.5 126.7+5.9°

UNormal diet is based on the AIN—93M diet. 2)High fat diet contains 16% Lard added to the normal diet. 3)High fat diet + 5% General J —Doenjang
(Jin Mi Co), YHigh fat diet + +5% Traditional J Doenjang (Jin Mi Co), *’High fat diet + Traditional J—Salt (Doenjang added 13%, Jin Mi Co), ¥NS: Not
significant. “Means with different letters in the same row are significantly different (p<0.05) by Duncan's multiple range test.



<3 > The effect of Doenjang and added salts diets on triglyceride and cholesterol of liver and perirenal fat pad fed
with experimental diets for 8 weeks in C57BL/6 mice after 6 weeks fed with high fat diet (HFD).

ND HFD 6wk
HFD + HFD + HFD +
NDV HFD*’ 8wk
G—J—Doenjangg) T— J—Doenjang D J— Salt”
Liver
Total lipid (mg/g. Wet wt) 3.340.2 8.340.2° 7.340.5" 6.340.2° 8.0+0.6®
Triglyceride (mg/dl) 96.246.0° | 196.3%13.7° 188.249.2%® 175.14£10.4° 190.5+7.3®
Cholesterol (mg/dl) 29.6+3.2¢ 98.0+8.3" 84.4%7.3 41.5+4.6° 93.545.2%
Epididymal fat pad
Total lipid (mg/g. Wet wt)  44.942.5 | 100.1+£12.0° 91.446.3% 84.0+7.4° 99.246.3"
Triglyceride (mg/dl) 132.7411.2°| 258.5+£19.3° 190.6%7.3 179.0£7.0° 248.343.7°
Cholesterol (mg/dl) 18.0£1.3 38.143.3° 30.242.2" 28.342.8° 35.344.1%
Perirenal fat pad
Total lipid (mg/g. Wet wt)  34.24+3.9" 75.146.8" 70.245.3 68.7+4.5° 74.246.2°
Triglyceride (mg/dl) 54.443.7° | 108.1%12.4° 87.0%3.6" 65.3+4.3° 100.24£9.3®
Cholesterol (mg/dl) 13.7+1.1 25.843.4 23.5+1.1° 23.042.7% 25.5%2.5°

YNormal diet is based on the AIN—93M diet. 2)High fat diet contains 16% Lard added to the normal diet. '”High fat diet + 5% General J —Doenjang
(Jin Mi Co), ’“High fat diet + 5% Traditional J Doenjang (Jin Mi Co), 5)High fat diet + Traditional J—Salt (13% salts, Jin Mi Co), “'Means with different

letters in the same row are significantly different (p<0.05) by Duncan's multiple range test.
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Savory taste

—o— Soybean —A— +Green Tea
—B— +Mulberry Leaves =~ —¢— +Pine Needle

Color
9.00

Overall
acceptability

Sweetness

Hardness Bitterness

Savory taste
—@— Black soybean —a— +Green Tea

—l— +Mulberry Leaves —&— +Pine Needle
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Overall acceptability Viscous material

Smell

Hardness Sweetness

Savory taste Bitterness
—6©6— Soybean —A— +Green Tea
—F— +Mulberry Leaves —o— +tPine Needle
Color
9.00

Overall acceptability Viscous material

Overall flavor Smell
Hardness Sweetness
Savory taste Bitterness
—@— Black soybean —A— tGreen Tea
—— +Mulberry Leaves —@— tPine Needle

<Ta¥> =z, B, &S WU =T Bacillus subtilis 3¢ A8
ool dsHA A

g

A7b w2 AY, FAF ® mZFotet A gt
TEREA olFd Hlete HAA, Eods, &, 1714, HlE
ghfratal e Aol HAeolth. mAa HAA 78R Anbol
polyphenol& =z}o] MzZut k7] =kS H9st= FAAAECZ flavonols, flavandiols,
flavonoid, phenolic acidE *¥3%3F polyphenol sha-3ta 9ol 73k atslE &
etttk olggt EHES X FFY of 30%E AASH Y =3k
polyphenolfi+ catechin® A &#Z flavanol Foltf. B 714 F 83 =39

cateching (—)—epigallocatechin 3—0O—gallate (ECGC), (—)—epigallocatechin(EGC),

S
i

on



(—)—epicatechin 3—0O—gallate (ECG), (—)— epicatechin (EC), (+)—gall catechin (GC),
(+)—catechin(C) oJtt. zfelli= HIEIR A, Bl, B2, C, YR ®A Go] Weo] o] 2
om, AEEL GAE vle" T3 HER EY &S dte EFHE, HET P9
3 i}ﬂ UE FE Fol Bof vk a1 FA M S AL HEW CE Aol B

]E]rt’] 7}—rtﬂ 7}% WA gle Aditolt). Iate] 5o = BIEE Ce A A
ELASAA A7 BER g FF e o] glof =
o ol ', g 5o =Eo] AtstE
fol o1 a9 & %Oﬂ% l——'?‘i = %OL;Jﬂr, Grksta, guvtay, 95w

& .3~153.7mg/g°] FFo] iy
o] glom, ‘B‘é o A Zieﬂ*ﬂli 1**%1 “% SNANATE LA Fag
Aol MEg 9 A7]19 AE FEste] HRkE gAlEteE 29Ut dvkar fE e
tal gt Haks FE2EE As &0 don HAE R Aol w2
Fo dew AF, AYFA, A oA T4 A FFo] A HA T
AEl SR JA-3] A Sdua @t o= mAbel veF df-d e 7k
o] w7l A8 i E e T ] = W EF A 7 8- A &

a9l catechol-o—methyltransferase= A
o8 HFEEH cAMPE EIE}E &4l
dHA o aHERE H3 FEFE T8 A
P_r—oﬂ/q }\L/\ﬂ-%o 6Lo§;yq oﬂﬂlxg

& aRHem —f‘%{]/\]ﬂﬁ‘r. O‘*J*a‘v?.ﬂ‘ﬂl*i s2FEEES (FFE91150 mg, ZHEIZ

375 mg #%) S B ol HUS W AW Ao AEE FACH 12
F Bk g71H 0z %ol Hemel (199] 83mg/day, 7HHIZ1588 me/day) AA
Wt AFol Fastgrh. e, wae Gulw Eabe wwH & SeiA gov) =

2Fe] FAEL epicatechin, epicatechin, gllate, epigallocatechin, % epigallocatechin
gallate o Hel2 @& oFo] 7}e)7l(cathechin)S &3stal dow o5 Jhe|7lo] &
Hg 535 Yehdle SRR od8A v g, oF e A%
a—amylase Y lipase o &4 S Adfiste] ©FstE3 Aol 4zt FoodA= ¢l
g ZEy AHF A 23R IRt a3E hva A Aok o] FhElS
WPANEE SEAA AR AWAES S7HAA FHT a3E It akE g
Aol 58 WEHAS dAdEo] i1, 2 E¥ERE LDL-AtsE o
Aslata, A3 7Ho] AHAES oA _-‘gﬂ_/:

3 Haska gk aean, sake] FArdlE e
al



<Ta¥> Izap F, &4
Hol= A 7158 AF oA o, B, AWy 9 FFetx 59 F
FaE Z4o] 7l AAaAR FEI glom, dEdA e YisAd AE AN
A AtgstE 9] fg d3tom WS ol & AFS st Aldsta Q)
th FuF(Morus alba L) o] el EAsts A A 313 A3 93
HNEo® Uz 4 Jon I AR O Z = guaiacol, eugenol, methyl salicylate,

benzaldehyde % phenylacetaldehyde So|™ H|3WA HEOCZE ZZHL-0]EV}
FHE olFol 2 ol wig Fa FF EI wFetth. = rutin, quercetin,
isoquercetin, quercetin 3, 7 diglucoside 2 quercetin 3—triglucoside 7} A 3tt}. o]
e ZetR o= S5E] AYSA S onAE, IRANFHR FHAE, FEH 2T
28 2 R SAE Fol dElA QAL EgExol=AY xAE Ze FEEQ]
kuwanon G ¢ d¢Ast 282 wig Holurhar deA dvh. z2E]al, 204 AF
o] AE AT S dIdezE e FES 300mgH v AN SA] 6577 E&
AZE W 58&% 5844 v3 dF Aol Feo]H o FHAsHvtal Hast
At Egk vRE oo Al 25 Y BES 4730 19 33 AAFHES 9 Al
Hs] LDL-Fel=HE X7F #FoH o
Clostridium perfiringens o W3t AAAA a3 7} ot B s}
AU (Pinus desiflora Sieb. et Zucc)oll £3h= £A4L F= 3= H|F
gk ofAlol, f§, obHlEFE A ol At e dE x

g

oX
K
=]

H
T o] Au|EoR &EHA A F e ARG g, Fakst 2 gk #E 59
Aol §-g3te] 75 A% AxAd gig AT s B 7E el =
< dA=EE Hrhga g £ 7 58.1%, 9N 4.5%, A1E3.9%, TH
19.6%, AH2%2 13.3% 2 FAHY gon, F Agdi AEOoFE a—pinene,



b—pinene, camphene &< A A&7} quercetin, kaempferol 52 Fe}H o=
7F vk R QS AFe Fol FHto] ALY FoR Ao, Fojuit
e Zes WA et e avs Jiva v o2 AWz uheE ol
I, tRT 8 AFddda

. E9e] A HA st
ol
e

o] A& Listeria monocytogenesol thal &4
o, A AFAAEa, A EAS a7 so

R job
K
i
2
X0,
i =

wikel rkskss dotir] 9% FdzHES wod dF s 753
Tois & @4 9@ e AT 3 TBARSE 2 glutathione peroxidase
o] B4AE v, HES Ay Y FFA2HEFS &Y SEAHH o =
s A4S B, T3 g TBARSZES Ful2eHE Fod 9 Trhstale

LA ol o8 steEsls 4TS BT A3E YERdY. &9
T g gy AA @& FolojA wFstEoly AW Astel F5E AT
The Aol #e A dujopetolAlyt glutolale] & Asjads SAHE & A
Frol A ApolE HolA Fdtial splow, Aw7kA] Gzl £ Fash AR
LE3% &L Y= a—oinene, b—pinene, camphene ¢ Au|AE quercetin,

kaempferol, & 9 ZetR=ol=f1 JUE Fo] = Ao= dox jlaon,

Al HA Agoze ek g7t dvkal gelA e vy gAekE
SANZE 1% A =TT Ay AT wWdel Hriste] daAF=, vd
tAlet 5 AxRel AeEddw] fucoidan 39”\}718 7zl Aol 84 v
FEA FTY A4S 2 vk Aol & A vk 53] Coriolus versiolor®4-
B F&3 v <Krestein>o| & JEH O 2 A 5"01'1113 AlFEa o}, Sz I
FE==9 FTY¥ 24 Nakazawa ol odto] Aoz Wi, Ehrlich &%
Aae &Fg &S YER= S, thunbergii®] I FEH 9] %"’\éi—!v‘f—ol =ity
gl o2 Al szt S Aol ek AGvF @s] s
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3P (1F)

IM

v

v

HFD

v

HFD+ Soybean Deanjang

HFD+Black Soybean deanjang

v

HFD+Exercise

(A 2HY,F58)

mmmmelmzcfocsdecsskescsfesssoaocoo- QO

v

g/kg Normal High Fat HFD + HFD +
diet diet Soybean Black

(HFD) doenjang | soybean

doenjang

Casein 189.6 233.1 219.2 219.4
L—cystine 2.8 3.5 3.5 3.5
Cornstarch 298.6 84.8 81.2 81.2
Dextrose 33.2 116.5 116.5 116.5
Sucrose 331.7 201.4 201.4 201.4
Cellulose 47.4 58.3 54.9 47.2
Soybean oil 23.7 29.1 21.1 21.8
Vitamin mix (V10001) 9.5 11.7 11.7 11.7
Mineral mix (S10026) 9.5 11.7 11.7 11.7
Choline bitartrate 1.9 2.3 2.3 2.3
Lard 19.0 206.9 206.9 206.9

Soybean Deonjang 100.0

Black Soybean Deonjang 100.0
Dicalcium phosphate 12.3 15.1 15.1 15.1
Calcium carbonate 5.2 6.4 6.4 6.4
Potassiumcitrate,HsO» 15.6 19.2 19.2 19.2
1000.0 1000.0 1071.1 1064.3

Energy, KJ/g 16099.1 19791.6 19793.3 19793.3
Protein, % of energy 20.0 20.0 20.0
Carbohydrate, % of energy 35.0 35.0 35.0
Fat, % of energy 45.0 45.0 45.0

NN



) A5l Wt

ARSI ZF T3k Hat Al w2 Afolrt fldloy 45 $H-H
RE 29 AlFo] F7teit
Weight gain(g/day)+ 73]
AR TAGES #he &

0.1
o veut AFEARE 2 Held PAT Vg, =T 232 At
] _

Food dfficiency ratio = Daily weigth gain(g)/Daily diatary intake(g)
Hol E&e ;AW PAFTAY, wAFAIS AT, LS
H, [e}

3y
B AFHT TEY S Yehd Aew wol AT AR 4R

Alopd st AU ZHRL, =g fe] AYzERlel o) AuFAH o] st A
ol walE Aow Hojx|a, uA Aol E e WHZ T2 AHA L[] F

7}ete] A Ho] wjEE Ao T Az}

<BFFA G WAl vhg2o) ABBRAL Aol YA &>

ND HFD HFD HFD HFD
+Black soybean +Soybean +Exercise

doenjang doenjang

Body weight
Initial weight(g) 21.51+£1.36 23.78+1.27 23.24+1.06 23.56%1.35 24.45+2.85
Final weight 31.32+2.28 40.41+3.33 32.94+1.99 34.29%+4.53 32.83%+3.11

Weight gain(g/day) 0.16%£0.01 0.26+0.03  0.15+0.01 0.174£0.05 0.13+0.01

Food intake(g/day) & FER

Food intake(g/day) 3.2£0.3  3.1%0.3 3.0£0.2 2.8£0.3  2.9%£0.3

Food efficiency ratio 0.05%£0.003 0.08+0.006 0.05£0.005 0.06%0.005 0.005%0.005




HFD-+Exercise

High fat +
Soybean
doenjang

doenjang

High fat +
Black soybean

(HFD)

High fat Diet
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Nuclear® #8]3 & Cytosold] A Reactive oxygen species (ROS)E =A 33T,
H,0,9] XA e 2’ 7 —dichlorofluorescein diacetate (DCFH—-DA, Eastman

Kodak, NY, U.S.A)E o] &3t B o g A3 A7l &46H DCFH7F 43t d4E 2
¢l 2’,7'—dichlorofluorescein (DCF)Z &z},

aAA ol e] A 29.7(Flu/min/mg protein) & 73 =& 7S YEAd L,
AF2olo] 20.0(Flu/min/mg protein) &2 7} wgkom mxwlajolo] HAF ¥
S H71ek 2 22.0(Flu/min/mg protein) &2 AAF2lo] 31} W53 F=F 02 LE}
t}.

oo oX

35
30

25 ¢
20 r
15 r
10
5
0

Normal diet High fat diet +Black soybean  +Soybean Exercise
(ND) (HFD) doenjang doenjang

Reactive oxygen species
(Flu/min/mg protein)

<ag> MdE AFe s=dFel 3 ROS ¥ =74

wh ARl VA g

[=]

T ax2lolo] AABF HFF
Cholesterl, ROS, 7] FA7F @A 8A 34
western blotting W& ©]&3}o] Av Hopr),

ARG FAshE FHAAES AAE 2dee= HARIAY PPARvS
SREBP—1cE 23 H k=t SREBP—1c, PPARy:= A WAA o] Hojats F23 dA}
QIxtEelt}t, SREBP—1ce AW Al¥oA PPARyY 2dS FX3 PPARyE
ligand—binding domaing A3} A2 ¥ o}Ug} PPARVY ligand & AAHS =% 4]
Atk =3 Zukak QAo #odsteE G492 FAS, ACC, Acyl—CoA synthetase
(ACS) &9 @& =43t AA4T ddo] ALY #d a4s59 s =4

St AARIALEY aAse] did wde) JEs F=A Lol 7] $3te] western

10% 713t oA 554, TG,
Fo = gevk a9=2 S9elr] 98

1« mlo
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2. T &3 AF ALY T 2 g4 H J1Ad 8
)% gE HF N L 43 94 19 FE

1) $F8EAE E A2 EH 2 3 53 FE

Hl vt} At~ Egacts FHN BAE A2 Jor, WA vek 229 40%=
rtA oA 7F S o] Qlo] fAl &3t HH Abst 2Edse d5S g
A B AT E A5 AstAE s B ARES AES] Bk
(71 2kst 2EHZzd g g3 HE

A=y FAAY Wy FAAAY AATE dAS AAC gt ZF O]—E;]];]
Atk 2 WA o Wy AlEQ YPEN—-1 Cell o & 23 43% 2 Methanol 5
2 2 Fg Fd A¥A2F nonanoic acid(NA), undecanoic acid(UA)S 71\1]0}01
ROS A4 s ¥4 dvder HEsld. (Fig. 1)

Monanoic Acid 100ubkd Undecanoic Acid 100ubd

Control tBHP 2000t 1BHP 200ut tBHP 2000t
MOR D B0ug/mL MOR C B0ug/mL JW D BOugs/mL Soybean 50ug/mL
1BHP 200ut 1BHP 2000t 1BHP 200ut 1BHP 2000t

Fig. 1. FZa4F9 £ 1 FHEDY 42 AT A= 9%

3 U39 MEE AFEE F @ Eo] AA A EAste] o] nAdATE
FHA 7= GAAAS dupirE AEstEA S ZAEI T @9 AE YPEN-1

< 100T Disholl AlghuieF te] 5x10* Cells/well Z7]2 Seeding 3T}, aF5 Ht



< 5% CO, Incubatordl #|%F g% th5d Serum Free Media 2 vl & 3 &

21Fo A ol EAstta H A A A NA9F UAE 100 uM=Z Foakqlvh. m3
A1 MAF-FANA EE F HarE E8E 43 (MOR €%, MORD; MOR =
, MORC; JM A€+, JMD; %, soybean)E 50ug/mL=Z A28ttt d AJ7H
? SN E ) A 3lo] tBHP (tert — butylhydroperoxide) & 200uM 3]
gt & AzkE v f?& % DCF-DA (2, 7 — dichlorodihydrofluorescein
diacetate) & 10uM z%f%?@% FF dAvAE S ol gt A AdFS SAHES
th. tBHPel ol &t dAs] S7F skalvt. shAvk MOR €7 Methanol 2
£S5 50ug/mL A3 3 MOR ié%ﬂ Methanol & & 50ug/mL A&7l A &
/\4/\}/\ Ag/\%ako] ﬂé\_g}.‘:_ 7)-1% 7}
(W) 95 2 Hrk 34 JARIA HE
FTdEEANA, TA)Y F ZaAs 82 4%, MORD, MORC, JMD,
soybeane FHUIAMER] YPEN-1¢] Fodte] A oAl #d Gl ds xH3h=
PPARaE Western blots &3 Z<latqint. (Fig. 2) ¥ WIAEQ] YPEN-15
Cell Culture 3}%] Seeding 3+ % 35 WS 5% CO2 Incubatorel] wj<F sFH Y. v
Y Serum Free Media & ®# & F &g Fo o &A= AXWAF nonanoic
acid ¢} undecanoic acid & 100uM Fo8tF k. T3k A 1 AR A oA &3 &
wg A% BEE 4%, MORD, MORC, JMC, soybeans 50ug/mL=z A #3tch 3
HAAIA FEE 95le] tBHPES 200uM A st tE. 5% CO2 Incubatorel
Wkt & Cell Harvest 3o Western blot a}$th.
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Fig. 2. %8 A4F F2E% 1 #d HES T8 TFHUAAENA ] PPARa
L]

arbitrary density of PEFAR alpha level

Con : Control MOR D : MOR & & Methanol 2& £ 50ug/mL
NA : Nonanoic Acid 100uM MOR C : MOR &E=& Methanol & & 50ug/mL
UA : Undecanoic Acid 100uM JM D UM M2HE & Methanol 2& £ 50ug/mL

Soybean : tH& Methanol 2&2 50ug/mL

PPARax= AWdhAbel GSwbe-& Adlishs dAMIARE PPARwZE @43t 9 &
Alekat gAFol frelstth. YPEN-1 Cells AR&-3tol PPARa o & dolrr] 2
gl Western BlotS A8 g A3} MORD, MORC, JMD, HzlwelA F353% F7t&
B 4 Ak 538 MORC A izl wlste] guff o] F7h7F #25 vt

NF—kB+= Inhibitory kB (IkB)2t =e]= AshA Aol os) =@dshd de=
AEZAe A, kB o Aabstel dde] Lejtd & S NF-«kBo sjom
w0} A3t ok (Fig. 3) NF-«kBe Z43E AWdiald Fad %ﬂzg
PPARs7} At R, SAS5HE-E-3} Xlﬂhﬂwﬂr% LA WA dok= Aol %

A itk LA NF—«B &4 stel @ w3 9] p65¢9F p50s Western blot&i
AEF. (Fig. 4)

o

m& QL‘
ol o

AE } Agd tBHP o= x| o] NF—xB7} @A 3|
24 ﬁ}%% glst 4 QY. o] NF-kB &43E FoasFE 9 1 fFad ol ¢



AeS YeUg oy, £33 UA, MORD, JMD F3Eo] dA3 AT
[e]

N

Picaj

" lkBa
ps0 . pé5 = ps0 | pes |
Q
. IxBe
I::::r(::c:;t?gn Nucleus

Fig. 3. A XWX NF-kB 843} BA %

LS NF—«Bel 98] %= COX—29 wdo] I waaE Fd EZ(UA, NA)
F g AE =ZEZ(MORD, MORC, JMD)o] @ddoz Ass=rs ##3 4
A3t} (Fig. 5)
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NF — kB p65—»
A s MOBD MORC UMD Sovhbean

con tBHP 200 ut

Fig. 4. ¥ 2& 4F F2EF 1 # AEL 598 UM EINHY COX-2
LIy

o3 AFANE F wE AFE FEEY I Y AEE0] AL HAHE o
Ak Wk olygl, 1o o3 A3ty
PPARaE A3t AlA 9534 C
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Fig. 5. 3 28 4% F2EH 1 f AL 59T UM ENA Y COX-2
L]

Arbitrary density of COX-2 level

(th) vk fdx 4d AR
A A Z A EnEE o8] 7FA] cytokine, hormone, lipidEo] thekst Al =3
AR 2Zgetar, ol EHEY uAGAS BH7E Hwh e oy Ageld A
59 dQlow g 4 dvkal g A vk wEkd F Eg AE FEES A
A FEo A AAE S A NUAHALS FZAsF= "Adipocytokine"?l adiponectin®}
resistin, cytokine % 3t} 91 TNF—a9] @ ZHd AJggS X =AE AT+3H7] 4
sto] A A Al A RT-PCRE ol-&ste] fr3dx Bds gelstaltt. (Fig.
6)
I A3, &9 AW Bld $e]shi= adiponectine thFEwtol] HIE] 1 wE o]
© o] & %, MORD®} soybean F&& AHdTolA adr}
o AT Wb, A FA ol HoIshE resistin® F W S

m, E# WAL A EHlshs 9% cytokine F dhibel TNF-a
o

o
%0,
39
)
L

(2h) A2 o] FHoA PPARa EHHAE
47 453 Fisher 344 Ratg aAW2Alo]E A 7|7 % A]o| Nonanoic acid 0.001%
0.

Undecanoic Acid 0.001%, MORD F&%E& 0.6%, MORC F#+E&0.6%, ]MD F&%&



0.6%, EH—'?* FE== 0.6%5 H7Fete]l 673 Holslth. 1 % ’3Hl"f*'3} S A
=3l & Homogenate 3} Western BlotS %3] PPARa ¢ ¥ .
vitro A383 FL3 A= MORD, MORC, NA 2 ND o]t oA PPARa’}
gdstelo] AT (Fig. 7)

ol e AvEFE F wa AE2 Ad AWdiAbel #osh= HARRIAR] PPARa
= S/ EmA AA A FH| st adlponectm* S7HAIA Earkel] 7)ol g
Aoz FAFET. A7t PPARwZE S7HH O 2A A5 a8 A4S o= dASL
2Rl NF-kBE Akl COX-2 9F &2 54 "JX} Aafste] el 713t
a1, ol A mgk v Aot U gk BEgdo] s Ao R AlsETh

pul

ol

olN

=

500 EiAdiponecﬂn
B Resistin
0 TNF-alpha

400

300
200
100

Con: control

NA: nonanoic acid 100uM

UA :undecanoic acid 100uM

MOR D :MOR = ZF 2= Z 50ug/mL

p-actin —» Senss —— e (S Soybean L & 2= = 50ugimL

Con NA UA MOR D Soybean

Fig. 6. ¥ 28 4F F2EF I #d ALY Hz@d {32 2 AAe
Y
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MO HFD
ND : Normal Diet MOR D : MOR & & Methanol &2 50ug/mL
HFD : High Fat Diet (40% Fat) MOR C : MOR &E=%& Methanol & & 50ug/mL
NA : Nonanoic Acid 100uM JM D : UM el S & Methanol 222 50ug/mL
UA : Undecanoic Acid 100uM Soybean : i Methanol &2 50ug/mL

Fig. 7. ZAW Ao} 37 F FENF 2IEF F FIAE2L A 6577 4
o] g 3¢ PPARa 43



Fermented Soybhean

e
PPAR o | —| NF-<B

| 4

Adiponectin | COX-2 |

] U

Obesity | Inflammation |

Fig. 8. T 2a4&% 1 73 &9 38714

U 3 Za £8 € AEY vT R 4F 94 2A V1A 43

1) 3 4a4F £E € 1 79 229 ¥EFAF € ROSY "X & 43
(7h) Az Fof B AT

Sprague—Dawley Rat (SD rat) 47% F7 HAE 727522 7o 65737F 2o] A
Atk A WA 25L& AIN-93M 2]o]= 3 Normal Diet (ND)o|# F WA 21F&
High Fat Diet (AIN—93M with 12% Lard oil : HFD)ZS 2]o]&} it} Al WA, v H
A, ol AR 152 o F(Soybean), IMEF(JMD), MORH=4(MORC)S 527
Z35Fo] HFD 2oldll 5% (w/w)2 410] 1g/kg/dayZ 2ol A ATE oA, AdFA 1FS
F 2wy f3 AWAFl nonanoic acid (NA), undecanoic acid (UA)Z HFD 2]o]o]
0.001%(w/w)ZE 4] 6mg/kg/day® 2] Al F T}

(W) & Zais] 9 ik &4 gdito] AW Ao|(HFD)E 8 SD rate] d%F A4+
Lo mA= 9

67 T wadE 2 F Fd GH4ELES Ao AX AL FE dAS AFH
3 & Serum= F@lsle] % XF 5%E< TG, Total CholesterolS Serum Assay



KitZ Abg3te] S43kqth. k2ol (ND)E AAe FHh 1w o] (HFD)E 2

A3 T1F oA TG, Total Cholesterole] 7}ttt o] 1x|HAo] (HFD)Y A

o) Atz deEm uaAGAo(HFD)ol & aAEl IMDE 5%(w/w)Es F7}st

o] 1g/kg/day®E 2 o] A7l oA TG Total Cholesterol®] levelo]l 7}& A A et

U= Aoz #zEo] JMD7F A2 o] (HFD)& <138k TGS} Total Cholesterol?]
o

A
T7HE 7P & AdAlete 3 2aAEd AS & 5 A

o

T g RE 9 A

R4

e

47

o,

ol x| A o]E gk SD rate] Redoxol| WA

031
)

=
Eat=gi

Ahae Aol A st dae] mAdSS ek,
2T FdlEAdo] Al B AL E e

sttt 653 ;AMAolE F SD rate] AFE #E38S] Homogenate 3

DCF—DA (2, 7 — dichlorodihydrofluorescein diacetate)Z 10uM = &8} A4k

(Reactive Oxygen Species ; ROS)9 ¥ WAHS PP AE o]L&sto] 57

At

MORC
MND HFD

Fig. 9. ROS level in SD rat fed high fat Diet

ND : Normal Diet (AIN=93M) HFD : High Fat Diet (AIN=93M with 12% Lard oil) Soy : HFD
with 5% Soybean JMD : HFD with 5% JM Deonjang MORC : HFD with 5% MOR
Cheonggukjang NA : HFD with 0.001% Nonanoic Acid UA : HFD with 0.001% Undecanoic
Acid
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F 2g &7 HFDY MORCE 5%(w/w) H7}8te] 1g/kg/day® 2]o] A7l ol A
GAdhkane] B BAEFo] T AA WA= o] #EF T

2) T EEAE BIYE 2 2 fd o] f3A HAF AR A= 4%
7h T Zaiy 5l A 24 Aol A AolE & SD rate] AAuiAL ¥ A
AFel =} PPARel thg o &F

657+ IAHAOl(HFD)E A% SD ratg d|F-3ste] S HE3
Homogenate 39t} ©]= Western blot2 %3] XA AS #o3}+= PPARS &
s

=

r& ot

~D HFD

Soybean JMD MORC  NA

. e BEER
s+

Fig. 10. Regulation of PPARs by Soybean products in SD rats fed high fat
diet
ND : Normal Diet (AIN-93M) HFD : High Fat Diet (AIN-93M with 12% Lard oil) Soy : HFD
with 5% Soybean JMD : HFD with 5% JM Deonjang MORC : HFD with 5% MOR

Cheonggukjang NA : HFD with 0.001% Nonanoic Acid UA : HFD with 0.001% Undecanoic
Acid

o

PPARE #WdiAbe fd5ih-& Adlidhs dAbIA=A PPARZE &743t Hd &
Hlwkyl g Fo) sk, A WA ol (HFD) ¢t & wads 2 F fd A<
2olE AAIE SD ratoll 4] PPARS] ¥&S PPAR alphai= Undecanoic Acid(UA)
el Al 7 el wWol ¥9lal, PPAR gamma®] @A JMDOlA 7HE EokTh

[llO

(W) & Zaed 2 At &4 o] AW AolE ¢ SD rato] d5dd HAARIA
NF—«Boll gt g &

NF—«xB+ Inhibitory kB (IkB)g} &&= A3 EAX ] o3& E&4d3t & JH=
Az EAe™, kB o 14tstel d7de] FalHA S F3) NF-«kBo o2 o]



Hol &3 "k NF-«kBe &35 AWujrtel] S8k 93-S dh+= PPARs7F 9
Asteg, Ak AW dgAatels s BAZE vk Aol # dHA v 1
A NF—«kB BAl3lo] e & £ p659F pbs0S Western bloto 2 HESF T}

nD HFD

Sovbean JMD MORC  MNA LIA,

Nuclear NF-«B p65 — —-—

Nuclear NF-xB p50 — - }

Fig. 11. Suppression of NF—«xB translocation by soybean products in SD rat fed
high fat diet
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Cheonggukjang NA : HFD with 0.001% Nonanoic Acid UA : HFD with 0.001% Undecanoic
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Fig. 12. Inhibition of NF—«xB dependent genes by soybean products in SD
rats fed high fat diet
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Fig. 13. Expression of adipokine by soybean products in SD rats fed high
fat diet

ND : Normal Diet (AIN-93M) HFD : High Fat Diet (AIN-93M with 12% Lard oil)  Soy :
HFD with 5% Soybean JMD : HFD with 5% JM Deonjang MORC : HFD with 5% MOR
Cheonggukjang NA : HFD with 0.001% Nonanoic Acid UA : HFD with 0.001% Undecanoic
Acid
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Fig. 14. Effect of isoflavone on peroxynitrite inhibition
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Fig. 15. Regulation of PPARs by genistein in aged rat
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Fig. 16. Suppression of NF—«B translocation by genistein in aged rat
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Fig. 17. Suppression of MAPK pathway by genistein in aged rat
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Table 1. Content and composition of isoflavone of soybean product (ug/g,
dry basis)

Isoflavones soybean J.M.D MORD MORC Mean
Malonyl genistin 626.24 - - - 156.56
Malonyl daidzin 448.64 39.76 370.35 735.96 398.68
Malonyl glycitin 55.35 119.02 132.54 43.00 87.48

Genistin 77.39 30.29 40.46 38.37 46.63
Daidzin 64.91 224.07 61.50 120.17 117.66
Glycitin 21.64 231.41 5.13 1.82 65.00
Genistein 8.51 211.67 335.03 92.40 161.90
Daidzein 13.53 151.41 266.52 95.61 131.77
Glycitein 1.54 30.43 41.66 16.38 22.50
Acetyl genistin 0.32 60.68 82.01 20.11 40.78
Acetyl daidzin 6.20 76.96 23.13 23.34 32.41
Acetyl glycitin - 36.30 16.11 2.79 13.80
Total isoflavones 1,324.27 1,212.00 1,374.44 1,189.95 1,275.17
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Fig. 18. Effect of ferulate on Insulin level in aged rat
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Fig. 19. Modulation of Akt activities in aged rat by ferulate
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Fig. 20. Reduction of increased free fatty acid levels in serum with age by
ferulate
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Fig. 22. Mechanism of Soybean products and compounds
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Dose ROS scavenging activity

Fraction
(ug/ml) (inhibition %)
2.5 74.20 £ 0.31
CH:Cl2 10 84.80 = 0.18
40 88.64 = 0.19
2.5 74.45 £ 0.38
EtOAc 10 84.78 = 0.22
40 87.24 + 0.19
2.5 10.52 + 0.66
BuOH 10 35.47 £ 2.82
40 67.93 = 1.05
2.5 0.10 £ 0.97
H20 10 13.77 £ 2.76
40 51.65 = 0.55
2.5 52.40 = 1.03
Trolox 10 64.72 + 0.38
40 67.59 = 0.54

Table 2. Effect of ginger fractions on ROS scavenging activity

ROS generation was induced by treatment with lipopolysaccharide (5 mg/kg, i.p.) into
SD rats. ROS scavenging activity was measured by monitoring the oxidation of DCFDA
as described in Materials and Methods. Each value is mean £ S.E. of triplicate

measurements.

@ A7 2 717Fe] 4% gingerol, shogaol ¥  zingerone®] ROS AA A

Fig. 29914 X npe} o] AZFe] 4721 gingerol?t 79 F4d+-21 shogaol
¥} zingerone EF ¥ ROS 471 €4S dHetdddd. o= A4 CH.ClwE2 9
FAE 9l gingerol ¥ shogaold] 7|EZZAo2 FAE zingerone Z+zZF 10uM ol A
35%, 42%, 45%°] ROS AAZAE B AL, trolox= ¢ 50%° ROS AAEEE B

Ak, wab A7ZFAE gingerol, shogaol 2 zingerone©] EF ROS A7 %o] ¥

drhs Re ¢ 4 Qe
W AR A% % A% MeOH %231 44%9 ROS 2752 AED
A, 47 2 A% B @ RS A7 A48 Ut =3 4ges 3

EtOAc % CH.Cl, ¥



z 80
Z
g3 60]
£z
T
§ -§ 40|
= <=
2 & 20|
7
O ﬁ
~ 0
Gingerol (M) 1 5 10 - - - - - -
Shogaol (zM) - - - 1 5 10 - - -
Zingerone (M) - - - - - - 1 10 -
Trolox (M) - - - - - - - - 10

Fig. 29. Effect of ginger components on ROS scavenging activity.
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S AL EAEC dle] in vivo BEAIES 1P = = Tl AAHA

o

= .

(http://preadmet.bmdrc.org/preadmet/index.php)

Table 1. &3 712 F ¢& AT EFEY H-8& AT FHA9F

Chemical BBB 1 MlAHIZ (Corain/Colood)
Delphinidin 0.218

Cyanidin 0.384
Pelargonidin 0.702

Malvidin 0.0723

Genistein 0.8098

@ F HFAEFS AFNY =AY 2doM oy 7px] AAFAE AR L
F&A ] T oF A (RT-PCR)

BDNF, NGF, NT-3¢} 2 g 7k Az 3402 9 TrkA, TrkB, TrkC ¢ 2
7R Ate BolH o=z 4l 1S ol FEAIE did FHA Hdo] F wa|

> A =
AES AFHANN FEA ojwA WHalE A A Yate] 2 At g
Q1 primerE design 3}t

—

of,  fol



Table 2. 98 71X AZAXL AZANA 2 LA F2HAY primer

Gene Accession Foeward(F) and reverse(R) primer - Product | Annealin
ase .
number sequences(5° to 3%) size(bp) | temp(C)
F—agg gcc aca tca tgg aga ac 1,530—1,549
Trk A M85214 281 61
R—cgt gca gac tcc aaa gaa gc 1,791—-1,810
F—tct cca cca cat ctc caa ¢ 2,101-2,119
Trk B M55291 383 59.5
R—cac aga cac cgt aga act tga ¢ 2,462—2,483
F—ctg ttg cct atc cca gga ag 1,949—-1,968
Truncated | - /550, 230 57
Trk B R—gag agg cac aat cca atg ag 2,159-2,178
F—tcc atc aat act cat cag acc 799—-819
Trk C L03813 223 58
R—caa act caa tgc aat gtt cc 1,002—1,021
F—tgc agt gtg cag atg tgc cta tgg ¢ 428—452
p75 X05137 448 55
R—agg aat gag ctt gtc ggt ggt geec g 851—875
F—gcg agg tga aca tta aca ac 771-790
NGF M36589 316 60
R—tta cag gct gag gta ggg ag 1,067—1,086
F—tct acg aga cca agt gta atc 676—696
BDNF M61178 213 56
R—cat aaa tcc act atc ttc ¢ 870—888
F—gca acc ctt aca gta tat aag 985—1,005
NT3 M33968 150 55
R—act gaa tgc caa ata ctg g 1,116—1,134
F—ctg act gtg aac tga aat aac c 933—-954
NT4 569323 313 57
R—tgc tag gca acc aga aac 1,228—1,245

2) 1AdEd] HAE FHEASC U A9 AviAe] AFAAY BHEA

(b = A@ReA YId=de

NBANA Z%

O A gd=de FAdy: 574 FA
simal A SHE fletel BAE ey =3 8 s A
S 913 BrdU Fo¥2 913 gk BrdUs AIE7F S48k S
¢k A o= DNA°l FH=A Sl o] BrdUe] dig SeldAlE
F4E AxE 9 Ak
@ sliubAle] AAABE 54 E%‘

A EAE= APE7 4 47d& BrdU ¥

A7 A 3
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phase®l| 4] dT
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ZIANES] F4& FA3e &40l Y-S AT

(b FEAES YABYEAS] A% Aol Rl W A vAE 9F 7
%
© e FREY 2US Agstel AuaNEL Y vwAclEEe] ¥ 249
277
Aol MAE e A%
S BAe ALgste] B Aol E(ND)T AW o] (HFD)E AAA 1F,

g4l A
el aAEAolof Fg A E-S ol AHAIZ F ¥ sntE iElste] sintal
AR S A= AAAMEARLAAQ] BDNFeF 2 =&A(TrkB), migrating
neuron®] 5] upA oz} MAE7|AE] wlARl doublecortin®] HES FASH A
HFEDel A BDNF¢} doublecortin®] 3 o] A3 A FHAst= Ao] elwQich, =3t
BDNF€] high affinity receptor®! TrkB<2] 749 active full length receptor (145kDa)
¢} & antagonist$®l truncated form (95kDa)Ce = EA5t=d HFDo| A truncated
formol H®]3}o] active full length form®] @A SHA TA3= Aol AZHUY. 1A



T AFgAES o] AFH3 dFH HzH oA BDNFO wd 9 TrkBe] @ o]
AL #Folgd = I, =3 AP E7| A X2 marker?l doublecortin®] 2

[e) =

= =
F wEAES ol HAT wAA IEHE el ARIULG. FolEAE
A wlgkel wbAshe o] muEiEdl B ATAze}

ND HFD MC SB JD MD NA UA
s s —» 17~18 kDa

BDNF

Saenae
L L L L L
Doublecortin -!!..---—-45 kDa

B- actin W SN S ST TR W W . 45-S0kDa
Fig. 9. 32 &4EFS 9 FFHY FulAdA SHulNZARAZ FHE AAEY
43 & western bloto.2 313} t}h. ND: normal diet, HFD: high fat diet, MC:
MOR =%, SB: W5, JD: IME%, MD: MORD®%, NA: nonanoic acid, UA:

undecanoic acid

——145 kDa

— 95 kDa

@ W AFA BAH 1A FEE A oY K ABAE AU 2
o gAe] WA o 24 (RT-PCR)

3 WENES WANY FBAY Z9olA BDNF, NGF, NT-38} & ole] 7}
AL BgA% 2

¥ TrkA, TrkB, TrkC ¢} &2 4&AA e Soldor AzddS
st FEAIEC gk FHA dde] F REAES AFAAI TEolA ofDA Wt
= A A7) ekl b fd Aol thgk 5ol 4]l primerE design sl o™ 1xkd
Lol AREgE AAFETNAEAA 1 HHARE A gelal B A3 G =7 A
= NGF& TrkA, 283l low affinity receptor?l p757F <FélA 2 x+= wid
BDNF, NT3 % 1 &A1 3= Hd A &= 3lo] #=H At (Fig. 10)



M BDHMF MGF MNT3 T4 75 Trkd TrkBE tTrkBE TikC

Fig. 10. AFE7AZAA o8 AZAZAR & +839 4% 2



Table 3. 98 71X AZAXL AZANA 2 =LA F2HAY primer

Accession Foeward(F) and reverse(R) primer Product | Annealin
Gene . . Base )
number sequences(5° to 3%) size(bp) |temp(C)

F—agg gcc aca tca tgg aga ac 1,530—1,549

Trk A M85214 281 61
R—cgt gca gac tcc aaa gaa gc 1,791—-1,810
F—tct cca cca cat ctc caa ¢ 2,101-2,119

Trk B M55291 383 59.5
R—cac aga cac cgt aga act tga c 2,462—2,483
F—ctg ttg cct atc cca gga ag 1,949—-1,968

Truncated) 5.9, 230 57

Trk B R—gag agg cac aat cca atg ag 2,159-2,178
F—tcc atc aat act cat cag acc 799—-819

Trk C L03813 223 58
R—caa act caa tgc aat gtt cc 1,002—1,021
F—tgc agt gtg cag atg tgc cta tgg ¢ 428—452

p75 X05137 448 55
R—agg aat gag ctt gtc ggt ggt geec g 851—875
F—gcg agg tga aca tta aca ac 771-790

NGF M36589 316 60
R—tta cag gct gag gta ggg ag 1,067—1,086
F—tct acg aga cca agt gta atc 676—696

BDNF M61178 213 56
R—cat aaa tcc act atc ttc ¢ 870—888
F—gca acc ctt aca gta tat aag 985—1,005

NT3 M33968 150 55
R—act gaa tgc caa ata ctg g 1,116—1,134
F—ctg act gtg aac tga aat aac ¢ 933—954

NT4 S69323 313 57
R—tgc tag gca acc aga aac 1,228—1,245

(th) F¢arFo Aegd=4do] 2ol AA A vA= FF

= s ol 7] st AFEOHELS) L]
AAEE wistdct. vidE AFAEE 157Y

AR F3eA = (Fig. 11) A
Aol oste] AESAS 7HAA HH o=

¥ WA E =
o Aol £ AT wEw g}

3L
dvie Au

(Fig. 12)

glutamate®} &2 %
e}

o8 EATIE L=dtol



2nd day Sth day Tth day

Fig. 11. BFejol9] sui=ie Fste] wFd ABAZY £37344 744 2B
8 249 HF AZEZ 84S IS

Fig. 12. AFE ol 3dnl=Ry wId AeAZAHAE J2Q@ARE A3
AE(A)7t glutamate X F FESA 93t AEAPE3 L JTH(B))

=

@ zd wge AAMELE o] &3 HESAH AF
NAAEFE ARESte] oY 714 AA=mAH=ddd diste] & Ha
Hogas @A87] fetd 94 Fo Fo Addsd=E
Anthocyanidin A€ =4 3t B3 AL FAMs] Bkl 1xpd =9
¥ 29 g5 HoF EZ(Cyanidin ¥ Delphinidin)©] Ztinj %3k
o] A %1‘&: A (glutamate) &} M EFZ=g]o} EA (3NP)o| tdh A7 A=
Absll B.gkth (Fig. 13,14).
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Cell viability= glutamate®} 3—NPE 2] st & 24h (1day), 48h (2day) time points
oA LDH assayS E3lA =AHstG ). 3—NPo| ¢s§4 LDH release”} Al 7tel] ujz}
Z7F8tAI Wk Cyanidin®} Delphinidine] %1 A HAS vl wol ¥ NERIEHE
el x| = gkt w3k AAMEY survivalS glutamate®t 3—NPE 2|3 & 48h
(2day) time pointsolA MTT assaysS &34 &2l Ax(2H9, 19H10) Cyanidin
& glutamteol oF FEHAo wHk AAAES] AFo] XT 7“7}0}"& o}
Delphinidin®] 27442 Hogde e ookt of=st a4 TJr% A8 =71A

2 ST 1AEE APNAs ol T AR BAS Y AANEATE
avAl IA] Gaa A
0.12 Delphindin O control A vehicle
O010nM H100nM
H1uM H10uM
0.1 -

1

0.08 -

0.06 -~

Survival
(%oof control)
H

0.04 -~

0.02 -~

glutamate 3NP
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Delphiniding 2] (pretreatment)d F, 200uM® glutamate$} 40mM<]
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25A1ZF & MTT assayE S34 AFsd.
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Cell viability= glutamate®} 3—NPE 2] st & 24h (1day), 48h (2day) time points
oA LDH assayS E3lA =AHstG ). 3—NPo| ¢s§4 LDH release”} Al 7tel] ujz}
= 7FskARE Cyanidin® Delphinidine] & A& =HAS o =l ¥H+= "ﬂiiiﬁiﬂré
el x| = gkt w3k AAMEY survivalS glutamate®t 3—NPE 2|3 & 48h
(2day) time pointsell4] MTT assayE Za|A &1t 23 (Fig. 26, 27) Cyanidine
glutamteol] 93t TEE=Ao] thal AAAMFEY AEo] Z=F 7}3}":’ O\/} Delphinidin
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AA7 (pretreatment)d F, 200uM< glutamate®} 40mMe] 3—Nitropropionic
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assayg A AFIAT.
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Fig. 26. %t w43 XNFAELE 96 well culture plate (1 x 10%cells/ml)ol
W g3t FAI? NAFAME & 7Y Fo 2447FS F EE 4FEQ] Cyanidin
€  AAY  (pretreatment)d F  200uM¢]  glutamate$}  40mM<]
3—Nitropropionic acid (3NP)E A3t AAFAEY HEL SHEZ HY
25Xt ¥ MTT assayE 534 FZsRo

(Ab) Interferon—ve] AAZ71MEL] E3tel v A= FF A+

oA A 12d% AASV| AR EsbH S5t dhAol A proinﬂammatory
cytokine®!l interferon—v7} A4 ES E3IS X3t AF2AH}E =53
Ao o]yt AFAINE Neurochemical Research (SCI, IF: 2.187)¢] %‘Ef?}?ﬁ,\

ColgE AFARE g% B AFHAE Fdsked oA F YA EA

Z7|AEZ25E AAAE B34 Ao £=& interferon—vy7}F FZ2TF2o 2 A}
Us B oy AAMESY FIHE FHshE FHoE AREEO A gl
AL AT g wgo] # F Aotk . AT A3 2007d % SCI
92l Neurochemical Researchell T3 st3ltt (Fig. 28—32)
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Fig. 27 IFN—g decreases the proliferation of NPC without affecting cell
viability.

C17.2 NPC were seeded into 96—well culture plates and cultured for 24 hr. The
cells were pretreated with the indicated concentrations of IFN—g for 24 hr. (A)
Proliferation of the NPC was assayed by MTT analysis. High concentrations of
IFN—g have an inhibitory effect on the proliferation of NPC. (B) Cell viability
was measured by LDH release into the culture medium. IFN—g did not affect the
viability of NPC. Values are the mean = SE (n=8). (C) 20 uM BrdU were given
to NPCs and then administered with 2 concentrations of IFN—g for 24 hr. BrdU
immunocytochemistry revealed the newly generated cells after BrdU pulse. Note
that no single cells were stained with BrdU antibody in absence of BrdU pulse
(negativecontrol). Scalebar=20 pm. (D) BrdU immunostained cells were counted
under the microscope field and quantified. Values are the meant SE (n=4). *x P
< 0.01, #=*x P < 0.001, compared with control (ANOVA with Fisher’'s protected

least significant difference (PLSD) procedure).
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thepaly-L-lysine coated plate. Time of differentiation
2hr Day3 Day3 Day7
Control SFM NB+N2 NB+B27
Low = 5
PN 0ngml puypy | ST NBN2HIFN:y | NBHB2THIFN<
IFN-7100 ng/ml SFMAIFN NB+N2+TFN NB+B27+FNy

! C IFN-y

NPC D-NPC 10ng/ml100 ng/mlCortex

111 tubulin
- e

Biac: —— —

2 H ok

i~/

[-IIT tubulin/f-ac tin

NPC IFN10 IFN100
Differentiated

Fig. 28. IFN—g promotes neuronal differentiation of NPC.

(A) To differentiate NPC into neurons, NPC were placed in the poly L—lysine
coated dish for 3 days in serum—free medium. Then medium was replaced with
Neurobasal medium supplemented with N2 for 2 days and then B27 for 2 days.
The cells were treated with the indicated concentrations of IFN—g which was
present during the entire differentiation process. (B) Cells were photographed
with a phase—contrast microscope revealing dense outgrowth of neurites. Scale
bar = 20 um for Control, D—control, IFN—g 10 ng/ml, and IFN—g 100 ng/ml; For
the high magnification images (high), Scale bar = 10 um. Note that more neurite
outgrowth was enhanced by IFN—g treatment. (C) Increased neuronal
differentiation was confirmed by immunoblot analysis. Levels of b—III tubulin was
used as a marker of the neuronal phenotype; b—actin was used as a loading
control. Protein sample from adult mouse cortex was used as a positive control
for b—III tubulin. (D) Values obtained from densitometric analysis (the mean =*
SE from three independent experiments). Note that higher induction was seen in
treated with the IFN—g compared to untreated cells. * P < 0.05, ** P < 0.01,
compared with differentiated control (ANOVA with Fisher’s PLSD procedure).
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10 ng/ml 100 ng/ml
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«— GAPDH

Fig. 29. IFN—g receptor is expressed in NPC.

RT—PCR analysis showed that IFN—g receptor expressed in P19 cells and C17.2
NPC. However, gene transcripts for IFN—g receptor were not detected in mouse
hepatoma (Hlclc7), rat astrocytes (CTX), and C6 glioma. Primers were designed
to recognized a—subtype of IFN—g receptor (IFNgRa) in both mice and rats.
GAPDH primers were used as control for the efficiency of ¢cDNA synthesis in
each sample. Note that mRNA expression levels of IFN—g receptor were not
affected by differentiation. (M; size maker, D—NPC; Differentiated NPC)
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Fig. 30. JNK signaling is activated during the neuronal differentiation and
phosphorylation of JNK is enhanced by IFN—g.

Whole cell extracts from treated with the indicated concentration of IFN—g and
various stages of proliferation (A) and differentiation (B), were subjected to
western blotting with antibodies against phospho—ERK44/42, phospho—JNK54/46,
phospho—p38. Levels of B—actin, total ERK 44/42, and total JNK were used as
protein loading control. A blot representative of three independent experiments is
shown. (D—NPC; Differentiated NPC).
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neuronal differentiation.

JNK Inhibitors block the enhancement of the IFN—g—mediated

MAP kinase inhibitors were added at the third day of the neuronal differentiation

process.

(A) The photographs shown were taken after the seventh day of

differentiation under a phase—contrast microscope to reveal neurite outgrowth, and
neuronal differentiation. 10 mM of JNK inhibitor (SP600125) significantly reduced
dense outgrowth of neurites. However, 10 mM of p38 inhibitor (SB203580) and 20

mM of ERK inhibitor (PD098059) showed little or inhibitory effect on
differentiation of NPC. Scale bar = 20 um.

tubulin  confirmed

differentiation mediated by IFN-—g.

loading control.

that JNK inhibitor completely blocked

(B) Immunoblot analysis

Protein levels of b—actin were
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of b—III
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QALE 9] WAL western bloteZ #9133 th. ND: normal diet, HFD: high
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