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SUMMARY

[. Title

Anti-inflammatory and anti-oxidant functional study of deonjang (fermented soybean paste)

based on the Omics technology

II. Purpose and necessity of the studies

1. Purpose of the research
The purpose of this research project was to evaluate the antioxidant and anti-inflammatory
effects of doenjang in vitro and in vivo and to investigate the mode of action using

“Omics “ technology in order to validate the doenjang’ s functional activity in the world.

2. Necessity of the studies
O According to the epidemiology studies, the population in the obesity are increasing in our
country due to the westernized diets and the values of traditional fermented doenjang,

kochujang, cheonkookjang are recognized.

O Recently, the many researches are focused on the physiological functions of fermented
jangs, however, the mode of action related to antioxidant and anti-inflammatory activities

of doenjang has not been studied.

I. Study contents and scopes

O To analyze and compare g -glucosidase activity, antioxidant ability and some known
biologically active components of steamed soybean, meju(fermented soybeans) and

doenjang(fermented and aged soybean product) aged for various periods.



O To estimate the effects of doenjang on the synthesis of proinflammatory mediators and
the mechanism in RAW 264.7 macrophage cells treated with LPS by measuring NO, PGEZ2,
TNF-«, IL-6, MCP-1, iNOS, COX-2 and NF- x B synthesis.

O To investigate the effects of doenjang on the antioxidant and anti-inflammatory activity in

blood, liver tissues and adipose tissue of diet-induced obesity mice (C57BL/6).

O To analyze the miRNA monitoring the obesity-related gene expression using “Omics”
technology and to measure the RNA levels of marker proteins expressed in the oxidative

and inflammatory stress.

IV. Study results

1. Changes in some active components, A -glucosidase activity and antioxidant ability during
fermentation and aging process from steamed soybean to doenjang

O Total polyphenol content in meju (6.04 mg tannic acid/g dry wt) was significantly higher
than that in steamed soybeans(3.07 mg/g dry wt), and it was increased gradually during
aging. In Hansik doenjang(fermented by inoculated Aspergillus Oryzae and Bacillus
licheniformis)) 3 month-aged doenjang(14.61 mg/g dry wt) contained highest total
polyphenol contents, and it had been maintained until 12 months of aging. In Traditional
doenjang(fermented by mnatural microorganism), 6 month-aged doenjang contained the

highest total polyphenol contents(15.59 mg/g dry wt).

O Total flavonoid content of meju(0.84 mg rutin/g dry wt) was significantly reduced compare
to steamed soybeans (1.00 mg/g dry wt), but it was decreased at the beginning period of
aging in Hansik doenjang and then recovered to the level as much as that in meju after
3 months of aging. In Traditional doenjang, it was gradually increased with aging until 15
months, and maintained thereafter. Total isoflavone content was the highest in steamed
soybean(3.01 mg/g dry wt) in samples, however, it was significantly decreased during the

fermentation and then decreased further very slowly during the aging in Hansik doenjang.

O Glycoside isoflavone in steamed soybeans was converted to aglycone by the fermentation

and aging process. Aglycone isoflavone content was more than 95% of total isoflavone
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2.

content in doenjang after 3 month of aging in both of Hansik and traditional doenjang,

and it had been maintained thereafter.

B -glucosidase activity was very low in steamed soybean(0.02 U/g dry wt), however, it was
increased in meju (1.60 U/g dry wt), then slowly decreased until 6 months of aging and
increased up to 0.83U/g dry wt at 8 months and 3.80 U/g dry wt at 12 months(Hansik
doenjang), respectively. g -glucosidase activity in traditional doenjang was not changed

during 3~27 months of aging.

DPPH radical scavenging effect were higher in meju than steamed soybeans. DPPH radical
scavenging effect was increased gradually during the fermentation and the beginning 3
months of aging, and maintained thereafter. ICso(ug/mL) for DPPH radical scavenging
effect was significantly negative correlated with total polyphenol content in samples, but

not with total flavonoid content.

Reducing power and ABTS+ radical scavenging effect were not changed by fermentation,
but increased by aging. Reducing power was increased with longer aging in Hansik
doengang, however, ABTS+ radical scavenging effect was highest in 6 month-aged

doenjang.
Dichloromethan(DM) or ethylacetate(EA) soluble fraction in sequentially solvent extracted
various fractions from doenjang ethanol extract showed the strongest antioxidant effect

with higher polyphenol and flavonoid content than the others.

Antiinflammatory effects of doenjang in RAW 264.7 cells treated with LPS and its

mechanism of the action

O DM fraction from 12 month-aged Hansik doenjang(D12) reduced NO synthesis to 55.6% of

control in LPS-treated RAW 264.7 macrophage cell, and EA fraction from 6 month-aged
Hansik doenjang(D6) and D12 inhibited to 88.0% and 55.6% of control.

PGEZ2 synthesis inhibition effect of DM or EA fraction was higher with longer aging. In
DM fraction, only D12 inhibited IL-6 and TNF-« synthesis effectively, and D6 and D12
inhibited MCP-1 synthesis. In EA fraction, D12 only obviously inhibited IL-6 and MCP-1

synthesis.

_11_



3.

DM or EA fraction from D12 mildly reduced LPS-activated NF-x B nuclear translocation,
and DM fraction significantly reduced synthesis of iINOS and COX-2 protein, but EA

fraction reduced only iNOS synthesis.

Further study is needed to find the effective component in DM and/or EA fraction

showing antioxidant and/or antiinflammatory activity of doenjang.

Evaluation of activities of antioxidation, anti-inflammation and anti-obesity in blood and

liver of DIO mice

O For the in vivo animal studies, four different diets were synthesized and fed to 12 animals

(C57BL/6, male) per each diet for 11 weeks; low-fat (10% kcal), high-fat (45% kcal),
high-fat+doenjang (15% wt/wt), high-fat+steamed soy.

Compared with low-fat, high-fat diet increased significantly the body weights and those

were significantly lower in doenjang diet than high-fat.

Due to high-fat diet, fats were accumulated in liver tissue and adipose tissue (p<0.05) and
fats accumulation significantly decreased in doenjant diet. Leptin levels in blood were
significantly lower in doenjang than in high-fat and insulin resistance was observed in

high-fat and alleviated in doenjang.

AST and ALT as a biochemical parameter for liver inflammation and MCP-1 as a
inflammaion mediator increased in blood of high-fat. Doenjang caused the significant
decrease in AST, ALT and MCP-1. However, TNF-alpha and CRP were not significantly
different in different diets.

The differences in antioxidant enzyme activities of liver tissue homogenates were not
observed among the different diets. MDA levels in liver homogenates were not
significantly different among groups. No changes in total antioxidant potential (FRAP) were

observed in blood of animals.

From the liver tissue slides stained with H&E, the fat accumulation was observed in all

animals. Fat accumulation was highest in the liver of high-fat group and lowered in

_12_



doenjang. Similar results were confirmed in the TG contents measurement of liver. TG
accumulation were highest in the liver of high-fat group and lowered in doenjang.

Choesterol contests were not changed with high-fat and doenjang diets.

4. Analysis of miRNA microarray in adipocytes of diet induced mice using ‘Omics’
technology and study in mode of action at molecular levels against antioxidation,
antiinflammation and antiobesity

(O Microarray analysis was used to compare global miRNA profiling among the dietary
treatment groups in mouse epididymal adipose tissue. 272 miRNAs were identified through
the data processing, and 33 miRNAs were significantly affected by the dietary treatment. 5
miRNAs (miR-378a-5p, miR-378c, miR-193b-3p, miR-107-3p, and miR-3069-3p) were
significantly down-regulated in the high-fat diet group compared to the low-fat diet group
(criteria: p-value<0.05 & fold change= £1.5), whereas 3 miRNAs (miR-146b-5p, miR-16-5p,
and miR-155-5p) were significantly up-regulated in the high-fat diet group. The previous
studies showed that the expression of miR-378 and miR-107 was decreased according to
the adipogenesis, whereas that of miR-146 was increased. These results suggest that the
present study model is suitable for inducing the fat accumulation and the fat

differentiation.

(O There was no difference in miRNA levels between the high-fat diet group and the
high-fat+Doenjang (DJ) diet group. On the contrary, 5 miRNAs (miR-664-3p, miR-378c,
miR-30c-2-3p, miR-150-5p, and miR-193a-3p) were significantly down-regulated in the
high-fat+Steamed soy (SS) diet group compared to the high-fat+DJ diet group, whereas 1
miRNA (miR-211-3p) was up-regulated.

O In particular, we observed that levels of several novel miRNAs, which functions have not
been identified in animal adipose tissues, were significantly different between the low-fat
diet group and the high-fat diet group (miR-193b-3p, miR-3069-3p, miR-16-5p, and
miR-155-5p), between the high-fat diet group and the high-fat+SS diet group (miR-362-5p),
and between the high-fat+DJ diet group and the high-fat+SS diet group (miR-664-3p,
miR-150-5p, and miR-211-3p).

O Epididymal adipose tissue weight in the high-fat+DJ diet group was significantly lower than
that in the high-fat diet group and the high-fat+SS diet group. The number of adipocytes
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per unit area significantly was decreased in the high-fat diet group compared to the

low-fat diet group, whereas adipocyte size was significantly increased in the high-fat diet

group.

(O The mRNA expression of the oxidative stress marker (HO-1), macrophage markers (CD68
and CDI1lc), pro-inflammatory adipokines (TNF e and MCP-1), and a fibrosis indicator
(TGF p) was significantly decreased in the low-fat diet group and the high-fat+D] diet
group compared to the high-fat diet group. However, the expression of
adipogenesis-related genes was not difference among the dietary treatment groups. These
results suggest that the high-fat intake exacerbates the oxidative stress, inflammation, and
fibrosis action in adipose tissue, but DJ may contribute to suppress or alleviate these

responses.
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H 2E = 7Is/iE sig

AldAs AR 71548 7

rot

O W5+ phenolic acids, flavonoids, isoflavone, saponins, phytosterol <] Th%F
phytochemicalsS 3Hrstail Utk ©|E < phenol 3FELS F4tstazer AArE Za
genistein¥} daidzein & aglycone isoflavones =tta-3, &, 4Ad#As & J*é’f:l?}%
dwst= AEld Aol 4% AowE dEd 9tk UlF saponins % triterpenoid
aglycon(sapogenol A, B)& <HAM|E 2] apopotosiss #FE3te] ddaxnsE yehicta g
k. o] el tiFe dFEo AAY LTEFAHAA Eal A protein? peptides= AY
21d gL zt=g o E =9 Bowman-Birk inhibitor(BBI), Kunitz inhibitor, lunasin %

o] vt B ¥t (Dia &, 2008; Chai &, 2012).

O FEuete] He3d o7 aEe 34, 94, A=Al g sl A7 A 2A

AR, AFseA, dstdst, daks 23

= 714 ol RuEAnt E=E, uAHAolE fEH HHEE=EADIO Ed)olA 13

% 5, 2008), =% (Kwon &, 2006; Soh

%, 2008; Choi &, 2011; Kim &, 2013), ¥4 (# &, 2006, Kwak &, 2012; Park &,

2012)ell ok AAY A B P A xF oA AHAS aR7F e FeE B
# Bk

N oft o\

ol %@4317} Jlsstns me odLv)
st AFAYrE By
AAzAL =4

)
k]
e
o
*
=
oft
(i
o
rlo
nﬁ
Pk
g
o
N
N
e
2
R
O
nﬁ
Y
N
35
o 1:10{'
E rok

T4 AT W8S e 2ok 2006 A Fol AFCNA =
= o =?4

< WAL Aol meh AFol A LA
0 2olofl oJg b ARHFAAY Z FE2HE) FHE FolHoz A &5 U
e Bt HAAFTeE vhe 84S WEEE FE9 & 85 whEo] HAAE
of Agl3tH-g ui, cytokine(L-2, IL-6) AWAPE J7IANA LGAE ZAAS 04111‘5‘}% Ao
2 RIS vz ojdd kel oyt oAlde dEst] HAsIATHY S, 2009).
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#AE BRustHtHPark &, 2012).

FEAEFA thek BueA Choi (201D DRI FxHe a5 dAFY AAdA H
WAk A Wae] AH o o] AFo] EU1EtA A FA Mo RS(reactive species,
282 F)7F F71ER T G5 A EQ nitrite @ NF-kB 7} S7Hstded A=A AHA=Z
al A5, RS B AFSA B oo w ZasAqAn, 84 A3 sEdlAs A5AE}

Folmoz Zastdn AF L RS & BaHA wgith

d

SHAEIN= o] FQ01DA o3l vpe-2o I Ao AFHL AA|H 2 o]
< 0.55% #H7}std HHAAHES ul, nitric oxide =7} 2L PKC-«o, stell cell
factor =717} @ o, Gl tract ¢ mucosal immune reaction & Z7IA17]= %S Ha

Sk T

g3dx F3= Kwon 52006, 2007, 20109 <& Hy HA=d, A=A, A4
aglycon-rich #¥ % small peptide 7} l<d @A Al2d<l PPAR-y factor 2@ F
7}, GLUT4 translocation % 2 insulin #¥] &4 a%< 7I1A32 9SS Husid. 1
Ay, B4 ARHAQ] AFAHE AASHA = FUT

Ao A3 #(6,7,4-trihydroxyisoflavone)ol]  tidt 71542 3T3-L1 M EZF A3}t
As “H, AF2o] A== EeH HFEAES 48 &5DPPH scavenging,

superoxide scavenging effects)o] Roh S(201De] 23] R 1= <lch Sung 52004 #H
Aol A isoflavones FE3}o] aglycone U= &F213tH 31 HMG-CoA reductase A &3}
2 B3yt

HAAe] 4kl a3= isoflavone s FEEZo| sl DPPH, trolox equivalent 52
gikst a9rt B HJ S Roh F, 2011, B otk FAQ0 4R AT Bl
A= &tk A=Al d4kst a3+= in vivo (Kwak &, 2007) 2 in vitroolA RI1=SL
1 28 9 FEEHANAE FAstaATE SJIHAHKIm F, 2008; Lee 5, 2013).

SHAIRE, AR AFH O WE FHIY G g 28U o i

Aol A Az Frle dFUdAe] Skl S2EuA HE 5 Tfd tiA ol
dofstez F2eA g-FojHol gel= E7stal, REe] ARe FdF A7 e9+%
Bx2 o] Aste ARE AR EHEHAL Az FEEA kAL obF HIRE 7
SA digk 71" A7 & wink Ay Ao zo] kol Ao e T ES did
Fe AT His T AZoln Agdd A& di el dFHAE Holdt



ok, ARl &A1l soy proteind oo AEj@ A= Vi syl oliaEThE el A8
o

Tt E2471%e ol &ste nHiTEEREA AU,

2 A7XE A4y g4 bt = duvtay AW A+ 2 A E=Eol ¥x
v AdE=dl(Kwak 5, 2007; Kwak 5, 2012), 342 3937t @@y aglycone
¥} malonylglycoside isoflavone & R F HE|sls &Fol ZA SVt DPPH 2t
ZE AAste A aATT STt B, A= 7FRE AW Aold 10% A= 419
AHANA WAL W =2 TBARS o] sk, Fatstaso] sl superoxide
dismutase (SOD) &Aool F7tgE #FstATFKwak &, 2007). =3, HAF2o=
AR 7t Be AYFE DAY Aold 20% A% 4o 87 AHAANAES W BT
I} AU FT 25 v
A, sHASA T, dF F

HustdthKwak -5, 2012). RohFo} Taegdate] 7leA Aole aol o3 A4
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rE do

o= g -glucosidase”t EAEHAIRE 285 A= Rote FHE JedH, WFE s
71 9t FE AA FHA do o5t T p-glucosidase= HIZA3I7F "k 18
v, a9 sAHAAHAA wAEo] EHStE  p-glucosidaseo] ot wi A FH Ef <
isoflavoneol| A aglycone@ e & W 3}stt}, wpeba, Haxpdy FQt F isoflavonee] kol =
Z Wyl giAR AdFEROe wFrh wFERgs 49 "®@%0] aglycone FHER o

isoflavone Hl&o] A &7} E & JHKim %, 1999).

71€ AT ol A47IZte] & AT A, 1, 3, 5, 7, 10d)E B4 Ay 547
o] AAAFE FEo] FAEUA oA Hgol 2FY ZIIEIAARE F ofr st
9 g 03y AL, Axe AMEE 7Y TE Ravt itk =3, glutamic

acidell Al A 3tEl GABAZZF2 &SA7]|3to] Aojd4& ALHSRE Frstdler, i+ +
¥ isoflavone®l ®i"Al &eje] diadzin®} genistin®] S ZASE Al HlEjEA <l
daidzein® genistein AT stRdlo 5,

2011).
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A A7 davE WA= 52t F oisoflavone FEF-S A 1, aglycone -
M E=RTE AAdte S B e, FRAPH ABTSHH S

% aglycone ¥#Fe] WslE FYU3G 7] wEol A9
ksl 3= aglycone e Q] isoflavonee] 71 & o 2 AZE Ty 3T

o mx

HH, T iR aAFe ddFage] e A7+ BA ok tiFe 87kA A A
=4 (genistein, daidzein, a mix of glucosides, saponin A, saponin B, sapogenol B,
Bowman-Bik inhibitor(BBI), lunasin, pepsin-pancreatin glycin hydrosates)= LPS X2
3 RAW 2647 A=zel Fosted NO, PGE2, iNOS A& A=A HYS o
genistein, daidzein, mix of glucosides, sapogenol B, saponin B, BBI7} ¢o]&& =5 4
AN71E @37 d%dEd o] F BBI® sapogenol Bel &3yt 7 E9kal, saponin AE
NO/NOS %+ ZFAAZtHChai %5, 2012). Kang $(2005)-& Tt saponine LPS-* &3k
A AM Y FostS wl NO, TNF-«, PG E2, MCP-19] A& fFolstA ZAAFH
il sk e, Davis 520012 AFgelAl i+ isoflavones EH-&AIFH Y lymphocyteol
A TNF-e ol &3+ NF-xB &A43171 A=A stk RAW 264.70i 5, 2012) =
= J774 tA) Al E(Hamalainen 5, 20079 LPS Aglsled E5HH-gS F=31H NF-x«Bet
STAT-10] &43} =+t genesteino]ly diadzein Ag] A o5 AR A3 743
o =24 INOS Hdo] JAHIT A= NO 4Ao] A FAFaARE Yl Bavt

AT

Hamalainen %(2007)2 LPSE A g]dF J774 macrophage A|3ol genistein® daidzeing
10 uM Fo A] NO AAES 424 11.3%, 11.6% TaAFHo™ 100 uMolA= 242 70.3%
o} 974% FAATIE T YEHOE % BHE B OY glucoside?] genistin2 10
uM3} 100 Mol Al Z+2F 9.7%%F 13.3%9] 2 #HAEHRE EHATa st dATFAES
genistein®}  daidzeine INOS ¢ F83% ZHARIA NF- x B¢} STAT(significant
transducer and activator of transcription)-1¢] &4 SJAgtoZ4 INOS LS A
sto g NOMAS oAty skt Ji $(2012)% genisteine] LPSE g3 RAW
264.7 M|EZo|A TNF-co 9} IL-6 ¢ mRNAFAH S HAAZFH O™ NF-xB7F 1oz o]Fy
+ A& JAEAa, AMPK Q4SS AAAI& 7IHE Fote d9FEAE YEhdT L
3ldth. whA, Nakaya $(2005)2 genisteind} daidzein®] A&l2  %=¥W9(10°8~10°M)
o A= estrogen receptor?} Ao 24 INOSE A3}ste] NO S Z7HA0a 3t
AT

mlm

o

<, Jeong (20142 genisteine] LPSE * 2|3k BV2 microglial Al3ZoA NF-xBe 3
S 29 olxs dAFOEHN INOS, COX-29] &A= <AAA NO, PGE2¢] A4 IL-1
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5. TNF-a A4S 2&AAT, LPSE 9§ ROSE Z2aA7 FAZ2E7E ehpdce
st 1 7S E& genisteino] toll-like receptor(TLR) 4of thsle] LPSe] antagonist
2 Zg3o g LPS7F TLR49H Adst= A& ol NF-xBE A7 Aadgds
oA 8k7] ol et v ch

AA7MA @ Awo] ofd thFREAFY FEES ©| &3 FEFHHE A= AY 8l
Aoty ] AFEIZ AT dEs FE2E°] RAW 264.7 ME A iINOSH COX-2
o] A ol EAES FHIFALMESQL NO9t PGE29] AAHS A= HsAou
A23187S ]+ RBL-1 AlXo] Fo319S uwl leukotriene2 AYA 3= 5-lipoxygenase

a0 FAL aRFor JAAZF o AFNA 5U AHAANHS W REE F53 97
2% ¥-2 D agrachidonic acid® G%E3F Ao RES aalrozm AAAZOEZHRN H2lo]
U olE Y dRdd e defA Ao =Fo] & Zlolgt sFATHChol T, 2008). Y

o AFHIE e FFEo e TdFFVF @S LA NI Byl e AL
2 ¢# 2 hyaluronidase A4S A A I, RBL-2H3 A|ZolA 32Nl YAEHZS
AA AlHoH, AFHA HAS W 7o FFH} AARSS JAANZ =N FLHAE
7F d5kar g Aol A tHKobayashi &, 2004).
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Table 1-13} #o] 47}%] 2jo]of] 3t Az =4S AAHSAT

O d4 g diFol a@ud, 2, &tz 9 dfa Aol
3H-5 =5 casein, soybean oil, corn starch, cellulose & Z}Z¢
o] 37bA 0] Thste] FUAR UAZ FHIES S

Hlg 15%2 39, 843 Ao BN il FYHES Bastel A

©)

N4 e

o 1o

Lo o

AES FYst 23] EFoE2 UFo ARE ZAGs

o Azt 13 AALFA Ao rold gridF &

©)

)
S

Table 1-1. Experimental diet composition for mice

Low-fat High-fat High-fat+D] High-fat+5S
Casein(g) 200 200.0 152.9 152.9
L-cystine(g) 3 3.0 3 3
Corn starch(g) 376.7 151.0 131.95 132.71
maltodextrin(g) 100 100.0 100 100
Sugar(sucrose)(g) 172.8 200.0 200 200
Lard(g) 0 188.5 188.5 188.5
Soybean oil(g) 50 50.0 22.7 26.75
Cholesterol(g) 0 10.0 10 10
Cellulose(g) 50 50.0 36.05 27.46
AIN 93 mineral mix(g) 35 35.0 35 35
AIN 93 vitamin mix(g) 10 10.0 10 10
Choline bitartrate(g) 2.5 2.5 2.5 2.5
DJ, A4 =@ 150
SS, A= 118
Total weight(g) 1000 1000 1042 1006
Protein (kcal) 800 800.0 800.0 800.0
Carbohydrate (kcal) 2598 1804.0 1804.0 1804.0
Lipid (kcal) 450 2146.5 2146.5 2146.5
Energy (kcal) 3848 4750 4750 4750
Protein(%kcal) 20.8 16.8 16.8 16.8
CHO(%kcal) 67.5 38.0 38.0 38.0
Lipid(%kcal) 11.7 45.2 45.2 45.2
kcal/g 3.85 4.75 4.56 4.72
* DJ. Doenjang; SS: Steamed soy. Data are shown as the means = SEM, and the different

superscripts are significantly different at 2 < 0.05.
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A3 Y-S clot activator’}b £9]0+= vacutainer tube (Insepack, Sekisui, Japan 3-& %
Sl FAska 30 w3t el WAstd AR F 10 B3 dA st 42 EF
538t -70C o] W5 HASIAT

AR 2AF@ 71, 23], A% 2 eAes =S8 FAE SAHsR e T AR, H
ol 455 Adsty formaline o] 18RI L 9 22L& -70 Coll JsrAAT

g9 2 2o A B - 45 - 3 - AAoA #E ek A w @}

goo] A3lstzr BN . WF ¥HS AFESFe]  AST, ALT, glucose, cholesterol,
HDL-cholesterol, TG, albuming A}5&47] (AU400 Y4324 7], Olympus, Japan)=

g3t A5

HiTk X3 37} : Leptin> EMD Millipore mouse ELISA kit(Cat. #EZML-82K)& A}-&3}%1 1L,
insulin®& =YA A rat/mouse insulin ELISA Kit(Cat. #EZRMI-13K)-& A}&-3}e] & A of A]

=g 3hsich.

ksl A1 7)o Ao A Tatal antioxident potentialS FRAP(ferric reducing ability)
H(Bwenzie IFF & Strain JJ, 1996)& AF&3tod trolox equivalent® H7}stH Tl Holl Al &4k
3 A% HrHE 9ske] SOD, catalase, glutathione peroxidase % TBARSE =434 +=d 7
S pgA A B FAHEHE T 10% F F2 NS Tris-HCl buffer(pH 7.4, EDTA =
he g TSAL 600golA 10& ALt dojxl S AL fraction)< TBARSS}
catalase ZA = ol| AF&3I a1, S1 fractiong ThA] 10,0000 4 308 LA E2)3t A=
X1+= glutathione peroxidaseE, 10,000gol A 1A17F YA EE 3 S Ho A= SODE A3}
4t SODE= Dojindo kit (SOD assay kit-WST)-S AF&3} a1 glutathione peroxidase:=
Cayman ©] assay kit (item no. 703102)E& AF&3tH o™ catalase= Hx0.o] S¢=H-ES 240

nmel| 4 7}t

A= XFE H7F - AHoA Id=xF =2 MCP-1(Cat. #MJE00), CRP(Cat. #MCRP00), TNF- «
(Cat. #MTAO00B)*%s= =2 Mouse ELISA kit(R&D Systems, Inc)& o]-&3te] =433t}

27 A% 3y R Pd B

2y We A
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Figure 1-1. Pictures of master and crocks for Doenjang fermentation
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Table 1-2. Freeze-drying vield of steamed soybeans and doenjang

and analyzed basic compositions of dried samples
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O Kwak 5(2012)2 1A% E& AN

O

+BAAAHQCOBS AN AHA] AF, L Ag=x
o} FAEE AEgS Buskgtk Choi 501D AT
, B AAGR o A AF Wb #EEHA
7+ BEE AT Park 5(2012)2] AFolA = vhg-
SHARR 25 F9420 AFgAE HHEIFAL
o} NSRS W, LAY = FZHHAN o5 W

2
-
b

Ao WEEe fodom B
A, mAW Aolg Wws

goka, A= AAC o

okt
S8
tlo
=)
ON

o

fu) Jo
n
()
o)
&

o

O 4, A 24 BAE AR
37F oA olAl kil aAGA ol o8| AxZo] FoljFor Frlson, HAAA
of els) Az o] fold Past BAHA 2okt
wrebA, Aol @ ARAHHE JHF "t AT 23 FAC dFE FE A=
AtgE T
Body weight change
£
& i

Wieek

Figure 1-2. Body weight changes. data are averages for twelve mice per group.
Significantly different compared with HF, determined by t-test: "2 <0.05
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Table 1-3. Body and tissue weights of mice

Low-fat High-fat High-fat + DJ | High-fat + SS
Initial body weight (g) 18.69+0.71° 18.65+1.16° 18.67+0.72° 18.71+0.80°
Final body weight (g) 29.25+2.42° 37.98+3.54° 31.79+2.53° 38.76 +2.50"
Weight gain (g/day) 0.18£0.03" 0.28+0.05 0.19+0.07* 0.29+0.07°
Liver weight (g 1.03+0.11° 2.05+0.74 1.56+0.20¢ 2.07+0.37
Kidney weight: left (g) 0.21+0.03* 0.21+0.02* 0.20£0.01° 0.21+0.02°
Kidney weight: right (g) 0.20£0.03* 0.18+0.02° 0.19+0.01° 0.21+0.03"
Spleen weight (g) 0.05+0.02° 0.06+£0.01* 0.06+0.01* 0.06+0.03"

* DIJ: Doenjang; SS: Steamed soy. Data are shown as the means+SD, and the different

superscripts are significantly different at 2 < 0.05.

2}. Food intake and FER of animals

Ztzke] 2ol8 Folsh: B F 18] Aol HAFS ZHFAL I A%E Table 140 A
AT BT AoldAB@Ee AAY Fol b BRI, oluA HHAFOE BAALS 1)

Y AFeE UERt AR Ho] dFH el FolHoR w2 AFe HIA AA,

52
2
r o
of

4/
b
o
£
)
X
e
29
r
=2
L
)

ZEAT. Ax LA ol= 'rdtEolA AUAE AFASIALL, LA ol Aol A ol

A5 AAskao

Table 1-4. Food intake and food efficiency ratio of mice

Low-fat High-fat High-fat + DJ | High-fat + SS
Food intake (g/day) 4.04£0.75% 2.58+0.34° 2.47+0.10° 2.734+0.80°
Calorie intake (kcal/day) 15.54+2.28% 12.03+£1.57° 11.52+0.44° 13.69=1.162
FER (%) 2.61 7.49 5.31 7.34

* DJ: Doenjang; SS: Steamed soy, FER:body weight gain(g)/diet intake (g) x 100. Data are shown as

the means+SD, and the different superscripts are significantly different at 2 < 0.05.
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ALTS9} ASTE B4t nivke] ZHHAEE Glucose ¢ TG 2 FH2HES =H3}

+ Table 1-50 AAsFATE. A2 o)of] ofa] ALT, AST 7} fFel& o= F713

a3 ZH2HE0 TF‘/];HOE S7hstl e FAAAYI dEUL FFo] ¢l

UEbTh Aol e} Hlmate] B ASTSF ALTE fojH oz HAaAzy 9
= 950

A]
ZHS AaA7le Aol BEEAY. AR ols A

)
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nE

o ¥ ¥

B

rr

E YeRth AU FE aAYA o2 Q1% 45 vNAE AXES AAS= &7
= Ao=Z #FAFHIU.
AT A Kwak 5(2012)2> @9 TG, TC, HDL-C, Glucose, AST, ALT®] F=71 11
= FJAAHQI% 9Bl oAl HEUt gl Busgth Park £(2012)9
A= A TG =7k A2 o] 93] WQVJEE Z7st A, 43 010%)o
o =yt dAEdoeH, FY2HE 5 WHIE #AFHA GOy, atherogenic
index((Tatal cholesterol-HDL-C)/HDL-C)= A2 o]ol] 3] folZH o2 Folxa HAA4]
Holl s S7H7F dAHAT. A 5200608 ATolA= aAFA o] HH e} HlwstS W,
10% B34S AHAAZ AN R TG cholesterol F=lA F22Q Aas #Es)t
b=

XN N

o i

> 2
(0]

2
-

Table 1-5. Serum basic biochemical data of mice

Low-fat High-fat High-fat+D]J High-fat+SS
ALT (U/L) 70.1£9.4° 129.5+51.9° 86.8£18.6" 100.5+14.4*P
AST (U/L) 23.6+9.0° 105.5+£82.3" 46.8+13.9° 88.1+35.7°
Glucose (mg/dD 145.3+35.7° 194.5+39.1° 162.2+13.0*P 184.0+£23.0°
T-cholesterol (mg/dl) 103.7£27.0° 204.8+39.3° 172.8+10.9° 200.2+37.7°
HDL-cholesterol (mg/dl) 81.9+22.6 156.8+24.4° 133.8+7.7° 150.6+24.4°
TG (mg/dD 77.7+13.5° 69.5+£10.2° 59.6+7.2° 64.9+7.9°
Abumin (g/dD) 2.6+0.2° 2.7£0.2% 2.7£0.12 2.7x0.2°

* DJ: Doenjang; SS: Steamed soy. Data are shown as the means+SD, and the different

superscripts are significantly different at 2 < 0.05.
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equivalent, &9% &5 #HZE3t7] 9lsked MCP-1, TNF-alpha, CRPE ELISA kitS AF&3}
o AR I AI}E Table 1-6° AA|stH T X W2 oo o]t MCP-1 ¥ CRP A
FAZY FelH o2 FTlsted AFFret A AW dFel FUtete AeE BriEH,

ol AojFrE 95 AR S7HE woF o2 JAsHA] feke A2 UElTh Leptind

k

it
ON

aAgA ol o3k FIF7F Al o8] FolH o2 A4S insulins LAY ool o3t
F7HE B0 aAle AFS Bt @5 AR TNF-o & 34kst 3% FRAP A
T3roll om] Q= Apol7f #EEHA AU

A FEF &3E in vivoolA] #ZEF =F2 IS & Chol 5(201D)o] A A
2ole} B e ASAE 5%A A AHAAHES W, EHollA nitric oxide 7} 7H4ASHH
A AN FEAEQA RS U FFAES NF-kB 7} 248kt dde dF5A Ea
g A7 A5 LEEA &% Kwak 5(2012)2 A2 ol o3 leptin =71
ojf o g FrpstAa, Al o8 FolF] FAaE HEEAT

Table 1-6. Adipokind levels and tatal antioxidant power in serum

Low-fat High-fat High—fat + DJ High-fat + SS
MCP-1 (pg/ml) 38.3+13.9° 86.7+50.4° 78.7+31.0*° 103.5+43.4°
TNF-alpha (pg/ml) 2.0+1.3 3.1+1.9° 3.2+1.8 8.2+9.1°
CRP (ug/ml) 14.0+2.0° 16.8+1.0° 16.3+0.9° 16.4+1.1°
Leptin (ng/ml) 45+25° 13.04+1.9° 9.7+2.2° 14.04+2.0
Insulin (ng/ml) 0.5+0.3 1.6+1.2" 1.0+0.5® 2.0+1.0°
FRAP (uM) 18.9+1.9° 19.4+3.1° 18.9+3.3 22.6+4.8°

* DJ. Doenjang; SS: Steamed soy. Data are shown as the means+SD, and the different

superscripts are significantly different at 2 < 0.05.

Ak 2H A s AE B A BH

O

Rl

A palo] 9 #AA o o%k 7tx2 o 4hEH ~EHAE HUbshr] 9t 4k A%
X813 Table 1-7¢] 7 A#E A4 g
Catalase &gl W37} #2E A 2Ahal GPx o AL AW 2ol FoHo=z F7t

stk A AbskE Al TBARS tests ol A= w7fell 2pol7 B2 A 39kt

A
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Table 1-7. Activities of antioxidant enzymes in liver

Low-fat High-fat High-fat + DJ | High-fat + SS
Catalase (nmol/min/mgprotein) 184+100% 182+707 175+60? 172+£79°
GPx (nmol/min/mgprotein) 2090 =+ 259° 2464 +227° 2509+172° 2503+213°
TBARS (nM) 0.71£0.13* 0.64£0.10% 0.73£0.12° 0.70£0.13*

* DIJ. Doenjang; SS: Steamed soy. Data are shown as the means+=SD, and the different

superscripts are significantly different at P < 0.05.

of. ZtzAel A% 27 % Y B

(D Ao A =3

O zAIA Aol FHAYTE Frlah] Aokl AAL FEIAT FEAL Yol AR 1
W3} ZH2EE FFS 2k Table 1-891 AASAT. LA T2 oo o8] ol A
APz 2o sHE0] ZrbeAa Bkl oal FAAW 2717 dAHY oY 2 1%
ANE froAel WEs gk tFel dAAE mA e AgFAo] A A e Ao
2 YEgT

O A 5Queel APelNE TAW o] A vimAL W, DAY o BzAe F
AW FelzHgo] FeHoR Zastga, Kvak Q010 B4EH o8 1ol 3
AAE 2 zEHEC] Fasdet AL A A4 'L, FAS ZA4o] Zaskial A
o Aksl g 41 CPT-1 &4o] S71sk A Wi o2 Hrlsta AwWsldtt.  Park 5(2012)2
vhe2s gkl BAZE AW R BRYH s Wt A delAe] FAART 2o
28 FFol WD A7E BustA Qgton] Be] Y7L el AWEA T29l FAS
44 FAE BRasAnh

Table 1-8. Activities of antioxidant enzymes in liver
Low-fat High-fat High-fat + DJ High-fat + SS

TG (mg/g liver) 22.2+6.3 49.9+19.3 33.0+5.5% 38.0+5.7°
Cholesterol (mg/g liver) 2.9+0.8° 14.0+3.2° 13.8+2.3 16.3+3.2°

* DIJ. Doenjang; SS: Steamed soy. Data are shown as the means+SD, and the different

superscripts are significantly different at 2 < 0.05.
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Figure 1-3. Morphology of hepatocytes from liver
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O, §20, $46, F412 AxAE 100 gol e ILE Hof 244

4
dHA 22 F AZAL e, T BB 1L olBeg o A FEa)o]
2299 mol 272 FFARL. JHe $2AL 300 mL FRFE LA
BelZus]o] &3, 300 mL WAL Ho] F EE T F Fo| BeF fiA A9 4
o AzaA(Ee Beede. Be astEde] T 300 mL M4 ol FAF whHo
2 23 o WE AXNG(E 35) A4ZS BRS olo] AW oz BAZwr)d
g2 222w dPoldHolE, n-Reheg 77t 300 mLA o] BYFEEL ARS
(23 WE), AEHoT HSH A, CIFZEWE, o Yol HolE, n-REe, B BEES

% REFEEL

)
PYEFNR FFT o SAARNNA A2AA L 4Ae %
o

DMSO Z=+= DWoll =0 Ao o] &35}3=.

o FEYVEY FEHEEE FF 4

)

b w471 4K

o

A

Whatman paper& o #ate] Fe]# &3 ZetE o]

1
ZAlm 1 goll 50 mLe 80% olehE<S 7hetal 18A1%F F¢F wmubksied FE3 ohE

Iy
1%
ol
AN
o
2
.
ofo
ol
R
oo

) = Zg¥E &3 Singleton 52 WH1999)9] whzl Folin-ciocalteau &L o]-&3ta] 725

X FA|¢FS 2 = tannic acid (Sigma, USA)E

A

ol
oo

=
nmell A FFES 574

2

al
FA)2F o 2 = rutin (Sigma, USA)S A&
2. B-glucosidase &4 &% ¥ isoflavonoid & 7%

(1) g -glucosidase &4 =4

T Z9ExolE FE: AOCACHA FE WHE o9t 43 Chae 5(2002)2 L
& =AY e F=H diethylene glycol €4S H7}star, thAl IN NaOHZS

37C water batholl Al 1A]ZF =<t incubationdt & 420 nmolA] FF == A3 Y S

AbE-.

)

=<

Peralta ¢ *WHA99N<S o]&3std FAHAS 2AZXT AE 500 mgell 50 mM

potassium phosphate buffer(pH 6.0) 10 mL 21 2A17F &k EE0] &+ v

A 2087 AR AS5AE HI oS 045 um syringe filter2 o3}
o] AlE& AE-3F 7)<l 2 mM p-nitrophenyl- 8 -D-glucopyranoside(pNPG)

& Z 50CoA 1087F v A7 o8 20% sodium carbonate 89S Yol ¥H3S HRA 7

405 nmolA FFEE ZAHsAS. TFAIFOZ p-nitrophenol(pNG)S o] &
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T 39 325 HAAS e
1 unit(U) of B -glucosidase = amount of enzyme
that 1 xmol of the pNG from pNPG/min

(2) Isoflavone 2]

NEE FEES 70% ol&2] = 10,000go]A4 5&EIF HAEES s FS5HLS 045 4
m membrane(PVDF syringe filter) .2 o35t ODS A303 Z#Ho] #=E reversed-phase
HPLCE o]&3led 254 nmollA FFEZS =43t isoflavone S A3 S. 0.1% acetic
acidg 33t acetonitrile-84 3 0.1% acetic acid &H-& AF&3tH A, flow rate= 1.0
mL/min. £FEZ 2 genistein, daidzein, glycitein, genistin, daidzin, glycitin, malonylgenistin,
malonyldiadzin, malonylglycitin, acetylgenistin, acetyldaidzin, acetylglycitin 5 127§& ©]&3}4
ZF Alguith 7} AR s AL S

u}. in vitro ¥ a3 =H

.ll}l'

(1) <93 Ferric reducing antioxidant power(FRAP) =%

Yildirim 5(2001)2] el wel A o] 2S F2™ oA Fe"2 YA+ F=rt F45 iAo
AE7F S7tste dElE o83ty FFEE ZA3As. 2 AlEE 0.2 M phosphate buffer
(pH 6.6)Z2 343l o] F=ZE FH|3 thS 1% potassium ferricyanideE 433 50C water
bath oA 30E7F FAH7F 413 A 10% trichloroacetic acid(TCA)-S 713k % 3000 rpm ol A
1087 &3t 2 FF5de) 0.1% FeClsE 413 700 nmoll A F3F=E SH39 s &

F=A k2 ascorbic acidE AF83F9 3L, A3+= g ascorbic acid(AA) equivalent® YERY A2

(2) DPPH g}tlzk A A&7}

Yasushi 5(1999)e] WH S o] &3sle] =43 dAHFE2 DPPH £ 800 uLol A& 200 uL
£ =¥ E 431 37C water bathell 30 &3+ FUth7} 517 nmellA FEEE FA3sto] AlE
5 ¥A g2 dxTY 3= tE FFEY FAasS AN, w28 F4AEHY] ©

a
2& o] g3t Fa&o] 50%0l AFete AREEICHE ANsAs. FeHET AlFo=

ascorbateE AF-&31 2.

)

(3) ABTS etz A4 oA a3
e 5(1999)2] Wl wzl 2,2'-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid)(ABTS)-&<§ 7}
potassium persulfate €8-S 4o HFF =7 242 7 mM 3 246 mMo] HEE 3 & A9
T oA 12413 o] ol ABTS g@ttjzo] AP EHES &1%5. ABTS+ &2 &
3|5ty 734 nmol A 3=V 0.7 Ax YT E FH% o3 ABTS £ 1 mLel A5& &
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(D) AlzujeE 2 A 8324

092 XA EZFQ RAW 264.7MZE 1004 A ZuiFdAllA 10% FBS(v/v), 100
units/mL penicillin®} 100 xg/mL steptomycing §-3l= DMEM HjA|E o]&3s}o] 37° C, 5%
CO2 M=zujF7]olA Adu) st FEAEE DMSO100 mg/mL)ol £3fA1Z1 o 0.2 xm
syringe filer2 o #}3}3 Hgk DMEM HiA 2 343t T et w59 ASE FY35AS.
2 FE=NEY AExZE A
Mosmanne] =H(1983)o) whzl 96 well plateo]l RAW 264.7 MXZS A3 10% FBSE 33}
DMEM ®jefejo 2 377C, 5% CO2 A|XE wjekr|olA 24417 vk & serum-free DMEMo|
SANEE w=HEE At v 24N wiEFd tgF wgAs AASRS. A wellol
MTT A<k (3-[4,5-dimethylthiazol-2-y1]-2,5 diphenyl tetrazolium bromide, 5 mg/mL) 20 L%}
ek 180 pLE @i 37C, 5% COZ vjgrlolAl 4 AZF wigAzl & MTT Alofks =33t
DMEM uj<kl-& #| A3k DMSO 200 «L Yol AEXE &A1 7] 108 % ELISA reader&
o] 83t 540 nmol X FF%= SRS

e rlr

EFHHs #d EEEY AF A
10% FBS & DMEM Hjfo =z 7]
G771 A 24 ANZF Wl & 1% FBSE 3+3l= phenol-red free DMEM Hj] %‘EC‘—‘.‘EE Zrol 4
Al DMSOell =%l FEAIR A &= w= 1A Adstar, 2 ARt
F & LPSA ugmb)E F . 22N M vjeETIel A ul
fF GBS FH3te nitrite(NO), prostaglandin(PG) E2, interleukin(IL)-6, tumor necrosis
factor(TNF)- ¢, Monocyte chemotactic protein(MCP)-1 =& =433 <.
(b NO ¥ & 574
A Z o] njFHe A Green 5(1982)2] HHOZ NO v58 S43IA<. w¥d 100 #LE 3
3t 96 well plate°ﬂ Y31, Griess €9(1% SULF in 5% HCI3} 0.1% NEDDE 1:12 &3b 100
o] o]F& oA 2083t Tttt plate reader® 540 nmolA FF =
g =43 A e E%/\] Fo 2+ sodium nitriteE AHE3IA S
(\h) TNF- o, PGE2, IL-6, MCP-1¢] % =34
Alzo] wjFd & AR8-3te] enzyme linked immunosorbent assay (ELISA) kit(R&D system)E
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ol gate] Zzte] FHE

E[oll
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et

Ab BZe @A ERS JAETF

(D AlZvfeF 2 western blotg AlE FH]
6 well plate == 100 ¢ disholl RAW 264.7 AIXE A AlEZnfgr]ol Al 24X vl st
= 1% FBSE 38t DMEM Wl o2 ZolFmA FESAIRE o2 $=2 A3l 2
/\l{} ik = LPS (1 pg/mb)E Folste] dEwkgS SA33sh MEa 7oA 22413 T )
d3t & wjdN S A ASI PBSE M Fslal protease inhibitor & phosphatase inhibitor
(Roche)¢} 2 mM EDTAE %33+ lysis buffer(RIPA buffer, Sigma)E 713k thg A EE Azt
FOIEL £ 4 C, 13,000 rpmel A 5 &3t AR FF5A-E FH ko] Bradford H(1976) 2
E oid w25 ZA5AS. AFAH SDSE 4ol SuEXF Be = ¥a JtEsdtor W

5 H#AsHA western blot analysisol] AF&3F <

(-

Him

(2) nucelar/cytosol fractionation

LPSell &3t A5u-g &A43t %270 Zhssted d58d 34 TS FEAVIE 2HA
ZQ1 NF-xB7F & o 2 o]Fdtes dAdS 4 F2AI87E AAANASAE Lotrr] fsho
Alget LPS AEd AEZE 3020 Y & te wMEdes AASL AEE FHEA
nucelar/cytosol fractionation kit(Biovision, USA)E o]-&3sle] Ay} N E@e] dwAS B

2392

(3) western blot analysis

10% SDS-polyacrylamide gelol] A|XZ oA FE&3F dild A8 E 40-60 xg/well HFste] Z
19%S A3 & polyvinylidene difluoride(PVDF) membrane (Immobilon-P, Millipore)el] 90
%t transfer 3}al, membrane& 5% nonfat dry milkel] B7F A-2oA 1At blocking 31
12} A2 INOS @A (cell signaling, 1:1000), COX-2 aA|(cell signaling, 1:1000), NF- x B
p-p65 &Al(cell signaling, 1:500), NF-xB p65 &Al(cell signaling, 1:500), A -actin 3+A|(cell
51gnahng, 1:1000), Lamin B1 &A(cell signaling, 1:500)= 4°C ol 4] overnight AlA AgAIZl o
+ HZATIAE AHAsIa, 22 FAZ anti-rabbit IgG, HRP-linked antibody(cell signaling,
1:100005 AeoA 1A7F Bk AgA 2. membraneo] ECL-&<(GE healthcare)g& &
Luminiscent Image Analyzer(Fujifilm)o] ¥ i1 &#43+ ol Multigauge T2 138 o] 8314
bande] HA S A ZFaA=.

N

1;1]0 M

o, BAEA
7} AFe 38 oy Falstel 1 Ak WF+DE AU, 7t AWE Thol BE



o] BAA R Fol3t zol7} A=A S Statistics Analysis Systems(SAS)EA ZZ 1 (ver 9.4)
S o] &3} ANOVA test & duncan’ s multiple range testoll 2|3t ZHF3A =

3. 4724

7L & s R ETR 0| =dE

D F Ed= FF

s A EHA F ZEdes 9 AU F3.07+0.05 mg tannic acid(TA)/g dry wtell Hlste] &
7S AR vF6.04+0.09 mg TA/g dry wholA 28] FEZ =obHThHp<0.00D). 3% o)
AT o E dF EHHE o] MAUZS AoE FAHHAE Bt vE 9 8
(209 F Zgss Il WFRT FostA %a(7.05 mg TA/g dry wt), 37/1L7tA =
A Z7Vste] H432(014.61£0.19 mg TA/g dry wHS EQF 671 REHE 23 4389
(p<0.00D) o] % 1270 L7t A = Hl=stA FA st AA

s AP AR F ZodAls S 3,6, 15 2742 $A4Y A F 3L A4 2%
(11.24 mg TA/g dry wt)e] 7F& 2retar 670-€(15.59 mg/g dry wtollA 713 Egkom o]% of
= A3 723 (p<0.001) 1571 € ol= 1501 mg TA/g dry wt, 2771 Qo= 14.61+0.08 mg
TA/g dry wtSlch
e S EAT AFEAAe] F ZEde FHEFS vusd 427U MLdAAE daEA)

7

© 2 e THP<0.00D.

N

¢

4 mglg dry wt)oll ®lste] w3(0.84+0.10 mg/g dry wholA & =
g R0l stafo] {2]31HA) 7”\0}2510Et](p<0 00D), &S wa vl G 272 0)0]
o Hlste] ZAg ZA3H0.66 mg/g dry wDE R I ZolihE PO E mAUYZES Ho

2 AZEY. o3 &4 1/1€0.64+0.16 mg/g dry wO7hA&= "7 it ol F tiAl F7138t
of INLHFE 12HE7HA = HI=d FFo 2 FAStL AATGHY; 0.77£0.05 mg/g dry wt,
67019;0.91+0.06 mg/g dry wt, 87§€; 0.86+0.10 mg/g dry wt, 127§€¥; 0.90+0.10 mg/g dry
wi).

s AE5EA I A= 47300 S7MEsE & S8R
7F 1 013? A= FAs=E Ad34E EATP0.00D. & =R
mg/g dry wt, 67§€¢] 1.284+0.06 mg/g dry wt, 157]1%01 1.49+0.
1.52+0.05 mg/g dry wto]ith

[¢]
SWE Y S0 BE F EFenxols FFL F BedE 0E dEe By,
+0

o= FFo| felFA Fkettt
b2 37K€ o] 0.96%0.05

mg/g dry wt, 277)€ 0]

1_
= -
3T 1
__L_

OJ 1;10('
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AR AT & FThEeolt e Pl BHU s4dx7] LA ¥
A

Total polyphenol

content{T =

200

flavonoid content (ZHAl) flavenoid content{TH S
200 -+
2.00
T150 | _— 2 g
_E » E 3 b
a a a a [ c
:-5;-’?1.00 b B gp T 1.00
: 3
20.50 0.5a
000 | L 0.00
' e i PN
O G < B I RS R & L% LB & 4
R ¥R

Figure 2-1. Total polyphenol and flavonoid content of dried samples
Means sharing the same alphabet in superscript are not significantly different at p<0.05 by Duncan’ s
multiple range test.

» Chai 5(2012)2 diF, W, A58 F 99 52 22k 549 mg BSABE) eq./g dry
wt, 15.8 mg BE/g dry wt, 77.24 mg BE/g dry wtE W &< 3o APHHA FAsA =7}
stRow, F ZodE e Zhzt 1.97 mg gallic acid(GAE) eq./g dry wt, 4.15 mg GAE/g dry
wt, 9.42 mg GAE/g dry wteg2 HA] Hat Frtetglen, & Z@tRole e Z47h 1.78
mg quercetin(QE) eq./g dry wt, 2.25 mg QE/g dry wt, 2.09 mg QE/g dry wto. 2 tjjFo]
of Tt FBAo F FHtREolE T HAAT wFet HA 2 zole fltha 3
o I8, o] Aol ARSI AFEAS] SA7IES HElAl gob B AT7A e} Hl ]
ol AV Joy ZEHEY o] daAAHY A4S AXEA Frtete A B
ATFZA e} A s

=)
ol
ok

ol
R

). g -glucosidase &4

s A FE AN T g-glucosidase Aol EIAHEZ] uwFEd =4 Ay
0.02£0.02 Ulg dry wtd ok, BHEFGeA A Z7bste] MFo A= 1.60+0.12 Ulg dry wt
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2 FY3tA sstAS(<0.00D. 28y, RS wla T AEAe sAdxTde AT
o} v FFEoE A ZASATIH071Y;0.07+0.02 Ulg dry wt, 171€;0.06£0.02 U/g dry
wh), 671€7t2] 25 F7iste dEE EA(G/h€;0.17+£0.02 Ulg dry wt, 671€;0.09+0.03
Ulg dry wt), o|% mw=27A Asste] 87/1dedl= 0.83+0.05 U/g dry wto]l =AU, 1271 L=
3.80£0.12 U/g dry wto2 AA&tA EobH5(p<0.00D. webAl, w3 La7IZE Ft A E]
2+ g0 oJsle] p-glucosidase BAlo] IA 718 ar, HAS Wl T I HA x| =
- A FASE7E 87 o]F WEA 1 ZA o] TA FUFsHr] AlAFee] 1270l H-¢
= Assle s BYdozH 89 o] A U vAEES profiled] oH WHIIF S
7Hsdol A+

n A, 3, 6, 15, 2771 Y€ sAAZ AEHA p-glucosidase &4 1570€(0.26+0.04 U/g dry
wbell A 7H =9ka1, 371€(0.20+0.02 U/g dry wh 2771€(0.21+0.04 U/g dry whollA A=
v =gk oo 671dol A 7 whek2(0.03+£0.02 U/g dry wt). Z18ju, AFE3S 3714
B 2TME7HA 9] 44717 Bk g -glucosidase AL = A WHelA] %= Aoz FokE.

» Lee 5201002 A4 125G/ AA, 163 s4)3 MY BH 454 L -glucosidase
S =A%t Bustgded AT BT g -glucosidase A& ZHzt 8.229F 0.71 Ulg
olla HAZAANEE 0.61~ 3.53 U/gelat sttt 18, A2 B4 A5 AxAAd w2t
gAY Apol7t FaL, A7 e duE WHEE 1T & AT s ol 9 Hlwst
H B A A HE2A HAAo] p-glucosidase AL 0.03 ~ 0.26 Ulg 22 T w3koh

» Kim 519992 wlF¢ 1Y 543 A5 p-glucosidasedA S A A3 247
2.04 U/mg protein, 0.69 U/mg protein®.2 & AFZAz}e} o] o]zt Qo] HHZARI Hln=

o]y wFEG HAA FE& AL A AT =3, wFo A p-glucosidase 43
< pH 6.5~ 7.0014 7} =3koH, 40~ 60°C°ﬂ/‘1 a3y =& @48 BHo 50TodA 714

e B9e RATT HUT. Mk, BEe BE 9 4710 5 FESe 4B TR
o} AAE, 2= 5o] p-glucosidase B0l F&gFS v HS Aoz YA,
B-glucosidase activity($HAl) B-glucosidase activity(31-3)
40 E 1
3.0 -
5 30 %
E
-E 20 - 2.0
5 =
5h‘l_'L.[}l Q40 -
i . b . a b
0.0 .-._-_ . oo - =11 _ﬁ_i_
o R G B gl & A
oK '< 1-> Q—» ;> N }r> @}r}v & ﬁ% o %%x 42:,%%

Figure 2-2 . g -glucosidase activity in samples
Means sharing the same alphabet in superscript are not significantly different at p<0.05 by Duncan’ s
multiple range test.
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t}. isoflavone content

s8] WASAFANA thFol FHEol Y= FA 3744 isoflavoned] FET T2 W
shofl thste] o

glycoside (genistin, daidzin, glycitin), malonyl-glycoside (malonylgenistin, malonyldiadzin,

IRy Z BEZAIE¥EZ aglycone-isoflavone(genistein, daidzein, glycitein),

malonylglycitin), acetyl-glycoside(acetylgenistin, acetyldaidzin, acetylglycitiny®] s+eFe zbz; &4
3 Ayl A5l ZUFo e o5 371A isoflavone] & &8 3.01 mg/g dry wt o]A+=H
glycosideZ} thH-E<1 95.7%(2.88 mg/g dry wt)olQa, aglyconed 4.3%(0.13 mg/g dry wt)gtell
H A ¢Fsro ™, malonyl-glycoside(1.6 mg/g dry wt)7} glycoside?] th#E-& A5 AARS.

w59 Z isoflavone &< 1.46 mg/g dry wto. 2 RHuhFe} Blwetd 50% £Fo 82 743
P, 1 T glycosides} aglyconed] 332 Z+Z 114 mglg, 0.32 mgl/g dry wtoe=z ZF
isoflavonegtaFoll tidk Hl &S Z}Z; 78.1%, 21.9%9S. &, ZulFol ulste] w32 glycoside
isoflavone &3 H]&2 ZrAshe B4l aglyconed] & HIEL FUHeA=. ol HIF9
g Fob v E ot EH|E p-glucosidaseo] 23t glycosided 2] isoflavonee] Wi
2A Bal=o aglycone FHZ HAEEHYS FozE FAHEY ol B AFdA AT p
—glucosidase &Aool AUlFoAA= Ao 0o 7Hgart wFolA vl Folvs A3t 43

n 012703 AN AR F oisoflavone S A 7|TEo] FTHgRe| we} o =
A S BAw. 1 F glycoside FFH 1 HIEE sAZR7| WMEA FASH
323004 0.05 mgl/g dry wt(4.4%)e $e& FE=&

wi(95.6%) .= w5, 40, g1l Hlste] 1 g Hlso] EolbRaL, olF 1271d7kA Wl
3 4UE FASTL QNS
L /_ﬂ 170 T 1o

594 94 A FYS HHL BPL F isoflavoneFFS Y 4D B4R
_]

(32D AEHAHHEEIol 42F 1.13 mg/g dry wteb 0.91 mg/g dry wtHa, 6701E &4

A H (36 AFAF(H56)2> 22 1.09 mg/g dry wtzk 1.10 mg/g dry wto & =}o]7}
A= glycoside®} aglyconee] vl &2 324133 HAF30] 4.4%:95.6%= Lx|3tal JoH, 2
63} HT6 77 2.8%:97.2%, 3.6%:95.6%= B2 FFo|Aa. 1571€3 2771E s-4A% &

F159F AF279 isoflavoned] F dHFS 7 1.05 mg/g dry wt, 1.01 mg/g dry wte]iaL,
glycoside®} aglyconee] ®l-&2 Z+7F 2.9%:97.1%, 3.0%:97.0%=2 <4 37/MLANA 27/ L74A vl

= o
T FELE FAHL AAS.

}11

>3 AT7ES Ao 2avE) 2 d-AY w47 5 glucosidase%?/“gl A 3tel &
isoflavone g+&F 9 aglyconed o] H]

nAg=o] ¢33 p-glucosidased] #-&ol ofst] HrthFol FfEo] AW glyc051de isoflavone
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o] aglycone FE|Z HIFHHA HFZHO=Z wF2] aglycone isoflavoned | isoflavone]
20% A=E S7FeA S, BASA7I e a4848e HFoAY ARG E X WA
T AEHom Aol doju Y o) SA4" FAFIANAE aglycones] Hl&o] HA
isoflavonedt&Fe]  95% oo ®E  Uedledl ol AFEAAAAE mMAAS. B
-glucosidase= E&2] A7 7]+ vl & A4S Holgrt 8714 ol F T st
7] AlEete] 1270 Folle WFEROgE X FOLHAIN, olule oln ZHEuid 71E<]
glycoside isoflavoneo] 72| Ql= Arejo]r] wj&o| BA2] aglyconee] B]&o| T o]A IIE
XA = 23 Aow yzhe,

> EHFrSH isoflavone §4tsl gy, d2EzZA &4, ItFFdway, ddad 5
Ag]gAd S YebdAT(zumi 5, 2000). o 7o £=A5l= isoflavone o) F& glucoside ¥ Efjo]xr
aglycone Fel= =3 dFEolty Ty, tiFE TEAA e HH, B, A= S

) 2E aglycone FEfQ] isoflavoneo] &A 3ty L&A ),

» diFol FfF¥ isoflavone®] FHENZ+= unconjugated aglyconed ] genistein, daidzein,
glyciteine] 131, conjugated glucoside 3] genistin, daidzin, glycitin, Z12]3L acetyl glucoside,
malonyl-glucoside, methyl--fF+%4] 5] Aot AdH 3 isoflavone> AW wlAE] st 7t
EalE o gwg3lE o] free aglyconed} demethyl product® A AU o tiAltE o] F4+3
ot 59 isoflavone S 1.2~ 4.2 mg/g dry wte2 L& dtHlee 5, 2005).

» [zumi  5(2000)2  AbFolA  glucoside isoflavone(genistin,  daidzin)®}  aglycone
isoflavone(genistein, daidzein)< Z+7z Y3+ o HHAZ S W aglycone®] glucoside = th Eﬁ L
g O 52 F5E oA AZEHo] aglyconedo] t] ME1 FAAHOCE FFEHAS

T AT wEA, AR dFEos dFdadEd 84S dFAsAS # isoflavone o =
g AYEHERE ¢ "ol U + ATk

A0 473t W& isoflavonedtgFHstel] g AR IE & 1d &9
il =

=
32 =435 Aolgth Lee 5(2010) ¢ Bio] BEw 169 49 A4 DA 0}
Eo A FUZ M A F isoflavone TS Wlwd A} A HAo o & A
o] U, AMPA BAL] A7 wE B -glucosidase &4 isoflavone o] AFT3A
AATL sFAH. &= Jo

= ZQ01DE 0-109 %49 AF AR isoflavone FFHFS =43
A sA7)7ko] ZF71E42 aglycon isoflavone dEke A& o7 =713 dHbA

isoflavone2 1 @712 7+A434t7} o]3ol= Ao WM3lo] QAT YT

_49_



Table 2-1. Three major isoflavone content and composition of isoflavone in samples

Isoflavone
AT | dWF | 30 | 41 | FA3 | 6 | I8 | §H2 g3 | %6 | AL | ABY
(mg/g dry wt)
Daidzin | 0.42 0.27 |10.1 0.03 ND ND ND ND ND ND ND ND
Glycitin | 0.2 0.11 | 0.06 0.03 ND ND ND ND ND ND ND ND
Genistin | 0.52 0.36 | 0.2 0.07 ND ND ND ND ND ND ND ND
114 0.74 | 0.36 0.13 0 0 0 0 0 0 0 0
malonyl-daidzin | 0.53 0.1 0.02 0.01 ND ND 0.06 ND ND ND ND ND
malonyl-glycitin | 0.17 0.02 | ND ND ND ND ND ND ND ND ND ND
malonyl-genistin | 0.9 0.22 | ND 0.07 | ND ND ND ND ND ND ND ND
1.6 0.34 | 0.02 0.08 0 0 0.06 0 0 0 0 0
acetyl-daidzin | 0.06 0.03 | 0.04 0.04 0.03 0.03 0.03 0.04 0.04 0.04 0.03 0.03
acetyl-glycitin | 0.01 ND 0.04 ND 0.01 ND 0.01 0.01 ND ND ND ND
acetyl-genistin | 0.07 0.03 | 0.01 0.01 0.01 ND ND ND ND ND ND ND
0.14 0.06 | 0.09 0.05 0.05 0.03 0.04 0.05 0.04 0.04 0.03 0.03
glucoside 2.88 1.14 | 047 0.26 0.05 0.03 0.10 0.05 0.04 0.04 0.03 0.03
Daidzein | 0.05 0.13 |0.31 0.34 0.37 0.37 0.33 0.27 0.35 0.39 0.37 0.37
Glycitein | 0.02 0.07 | 0.15 0.17 0.2 0.2 0.17 0.11 0.13 0.16 0.15 0.14
Genistein | 0.06 012 (0.3 0.38 0.51 0.49 0.45 0.32 0.39 0.51 0.5 0.47
aglycone 0.13 0.32 | 0.76 0.89 1.08 1.06 0.95 0.70 0.87 1.06 1.02 0.98
Total isoflavone 3.01 1.46 | 1.23 1.15 1.13 1.09 1.05 0.75 0.91 1.10 1.05 1.01
isoflavone content(2t4]) isoflavone content{H &
35
35 =4=plycoside == glycoside
3.0 =fli=2glycone 30 —fl— g lycone
._g 35 == malonyl-g lycoside - 25 — malonylglycoside
L0 = E- 20 —e—Total
":: e % 15
Eio £
1.0
05
0.0 05
0.0
isoflavone(gHAl) isoflavone(TH &
100.0 100.0
g soo 20.0
3 60.0 === plycoside = e gl cOSIdE
ig - ==z lycone g 80.0 == ap fycone
g 00 ;E 40.0
-]
£ 200 S
0.0 & m 5
& 4% >\Q >"‘r B }‘0 >‘;b -u;\- g = B B
S A A T HMEs WMEs HEis MEy

Figure 2-3. Distribution of glycoside and aglycone isoflavone in samples
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gt AR de& FE=9 in vitro 3L ER

(1) DPPH &tz 2489 9 & Zgd s 3tk
»DPPH &tz &AARHAE ST A3 AT Histe ¢a W sA7|3ko] F7g el wet
AA 1 a7 Frkske dEES RS

«DPPH #HHZ-g 50% AAs = AR Aas
ug/mL)ell wlste] W 5=(3248.9 pg/mbol Al o 3HAl ZFaste] 4tstanrt dssties &
AANL(P<0.00D), FH AT FAAZRA0A MY s4" AR ZEADY G A4
2207.8 ug/mL, 1339.4 ug/mLe. 2 A% o ZAstdS. 22v, SAINLRE 127014714 34
A9 ICyo= HI=T 725 FASI AMS.

» 25 E A9 DPPH &z 2A& I 4 IMLEE 21L71A = 2Fel7F gl

2o F v &9 ¥ F ETHRol= %3 DPPH 2tz &7 1C¢t dadAE

Ay EEdlE %2 DPPH Stz &7 ICxot wol’t &2 a3 (r=-0.8725,
p<O.00DE Bl ¥, F SR xolE A= Aol =

W, B4, 44, P, ¥=%e DPPH &tz &A Oﬂ gt [Croe
o F>E o2 B Ho] tiF, wWFol ®ste FAsEARTE o ¢gEkilon,
Gt & EP¥edd, & STl &, & @8 I Aojol 25 5o 4E8AE
UER T AL shath 23y, ol Aol AR F82 ' VRIS w4713 drklA]
A= A kT

» Choi & (2012) th+F,

Table 2-2. ICsp for DPPH radical scavenging effect of samples

IC50 (ug EtOH ext/mlL) IC50(mg dry wt/mL)
ascorbic acid 2.9£0.3

AT 4262.4+478.2° 21.042.4

| 3248.9+306.5 15.5+1.5

3210 2207.8+258.9° 9.3+1.1

k21 1339.4+70.2¢ 45+0.2

gk213 1264.2+118.2¢ 6.0+0.6

gk2l6 1230.6+87.9¢ 41403

3218 1152.9+13.9¢ 43+0.1
gk2112 1009.9+6.5¢ 3.940.0
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IC50(ug EtOH ext/mL) IC50(mg dry wt/mL)
o 4262.4+478.2° 21.0+2.4
53 970.0+32.0° 3.7+0.1
=6 1221.5+35.8° 43+0.1
HE15 939.2+52.2° 3.3+0.2
527 1371.5+159.5° 4.9+0.6

Means sharing the same alphabet

multiple range test.

in superscript are not significantly different at p<0.05 by

Duncan’ s

o 400 800 1200 1600
conclug/mL)

o 400 800 1200 1600
conc {ug/mL)

=
o= "= o
80.0 - S5 80.0
£ il =
60.0
‘E e0.0 % 60.0 'E"S'
£ T a00
-_E 40.0 E 400 E l/
= = = 200
2 200 £ 300 — E
& E ’}/*l £ 00
0.0 % =
& 0.0 4 400 800 1200 1600
0 400 800 1200 1600 0 400 800 1200 1600 -20.0
concfug/mL)
concfpg/mL) conc{pg/mL)
ohAly ohAls otile
80.0
z 200 __800 g
g 60.0 .E;:, S A & 600 -
E ,/ B / ; //
E
= 400 c 400 g 400
£ / = 5
ﬁ 20.0 £ 200 = 200
E = =
0.0 - o0 o0
0 400 800 1200 1600 0O 400 B0O0 1200 1600 ¢ 400 800 1200 1600
conclug/mL
concfug/mdL) nojug/m} conc{ug/mL)
chAls ghil12 HE3
80.0
_ 80.0 . BD.D
& 0.0 % 60.0 2 60.0
E E / E i /
40.0 s
H £ 400 H /
£ = £ 200
= 200 = 200 =
E = E 00
0.0 o0 0 40D 800 1200 1600
0 400 800 1200 1600 0 400 BOD 1200 1600 conc fugfmL}
conc (ug/mL) conc (ug/mL)
=g FME15 HE27
80.0
g - z 100.0 g 80.0
60.0 &
] g o0 ol £ 600 »
E E s00 g Pl
£ 400 = e = 40.0
- / g 00 e - /
E =
Z 200 2 200 £ 200
E £ E
= 00 € 00 ¢
0.0

0 400 SO0 1200 1600
conc (ug/mlL)

Figure 2-4. DPPH radical scavenging effect at various concentration of samples
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(2 &49

2 AT E 4 ARY dEe FEE0] Fe'e Fe"E UMY AEE A9 2%
500, 1000, 2000 wxg/mL % EFolA H3 HHES BYS AT wFo a3s A=
2ol 7b glol mliszshAl @gkar, A EFolY MY BF vFEY fFolsA 1 a3 =3

= (p<0.00D).

#1000 xgmL XA A5 FAHS vwstd FAPGL o F=mF<EA 04 1=3H2]3
=3H2]6<3H48<FH4112(p<0.00D ol A, HF AL th F<H F27<H 3= 56=7 -5 15(p<0.00D . =
HFLa Aot sARGANA Srtete Aoz Holu Meeade] Ad3E 1y 27

=
oM Hashs dHe 2o 4 23 ojFols s EAT AT el A=

OHH

Table 2-3. Reducing power of ethanol extract of samples (u g ascorbic acid eq./mL)

500 ug/mL 1000 pg/mL 2000 pg/mL
o 0.8+1.2¢ 3.1+1.6° 8.5+1.6'
LIS 1.5+1.6° 4.8+1.2° 10.2+0.9f
gk2]0 5.0+0.6¢ 9.4+1.0¢ 19.9+1.2¢
gkl 8.3+1.0° 15.8+1.6° 32.1+2.1¢
323 9.1+0.4° 18.1+0.6° 37.4+1.4°
gk2l6 8.7+1.1 16.9+1.7° 35.4+2.7%¢
328 11.0+1.1° 21.8+1.6° 441+2.7°
2112 13.1+1.5% 26.542.22 53.5+4.3%
500 ug/mL 1000 pg/mL 2000 pg/mL
R 0.8+1.2° 3.141.6° 8.5+1.6°
AE3 13.2+1.32 26.1+2.47 53.5+4.2%
56 13.4+1.6° 26.4+2.8° 51.2+4.5%
AE15 12.3+1.6 23.8+3.0° 45.8+4.5
HAE27 9.4+1.2° 18.8+1.5° 37.1+2.1°

Means sharing the same alphabet in superscript are not significantly different at p<0.05 by Duncan’ s
multiple range test.

(3) ABTS+ gz £2A&
n 7} AR AEE FEE9 ABTS+ gz &7 %-2 500, 1000, 2000 ug/mL &% FEFo A
v ]S RS e 4 6/LE7HA mEA O &9 S7 AT ol % A
st HHS HYouy, AFEAe 54 I5/LdA 7 =& a3E Byt o F i

o

21000 pg/ml FEol A EHE WIS B FAEGL o) T FCA0-348=3H4 12¢3H 4]
1=3H24]3< gH216(p<0.001) o = %37]71}EE}% =717 F71elR=d 6 A g
B7b oS, ABRAe] EIe AEFAFCAFCAEIE 1548 $4 A 713 S5
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&= (p<0.00D). webA, ABTS+ A& 3= mFEasgoqiths 5434 dA F7Hsol+.

> ABTS+ Wl z ¢H33) free radicalZA DPPHS} &7 d4taldAd Ao del AHgE 1 Q)
=8 o] W& lipophilic =+ hypophilic 8% =4 7}&s3slth ABISE %ol =ozs,
DPPHE ol gdzd& AAdste zol7h ok mekA, o F 7k w2 7143 vkg=4
o AFAEIE A2 2t SHAFI} 01T = vt dHA Uthlee &, 2012). £ AF
= F2EAge DPPH gtz 4£7A%L &4 119 o)% 12719704 1 &=3k9 AT, ABTS
S 2752 54 6E7HA AL Srhsttr) 8/ ol % fashs Zo® YENT

Table 2-4. ABTS+ radical scavenging effect of ethanol extract of samples(ug AA eq./mL)

500 ug/mL 1000 ug/mL 2000 ug/mL
o+ 1.1+0.4¢ 5.4+1.1¢ 12.1+1.2¢
o 5.1+0.8¢ 10.2+0.9¢ 19.6%1.5¢
gk210 10.8+2.3° 20.45.1¢ 37.1+5.2%
k21 15.6+3.2° 29.6+4.3° 43.4+5.0%°
gh213 15.2+4.6° 27.9+4.5° 41.9+4.6™
k216 21.7+3.5 34.8+5.8 46.8+45.6°
<218 10.6+1.8° 19.8+3.3° 33.0+4.1°

32112 11.0+2.8° 19.0+3.5° 33.0+5.2°

500 pg/mL 1000 pg/mL 2000 pg/mL

o+ 1.1+0.4° 5.4+1.1¢ 12.1+1.2¢
%3 14.8+4.4° 28.8+3.0° 44.2+6.1%
%6 13.3+2.6° 24.5+2.7° 36.3+5.5°
AE15 20.7+6.0° 35.6+6.8 50.1+8.2
=27 14.2+1.3° 25.4+4.1° 39.9+5.2°

Means sharing the same alphabet in superscript are not significantly different at p<0.05 by Duncan’ s
multiple range test.
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2l A A, A

(1) Cell viability

s RAW 264.7 M=o tfF, w5, A0, A6, 212, AFAA6Y] oete F
ZAE 0, 25, 50, 100, 200 pg/mL F== gt 2447 T $H o= cell viabilityS
4% A7 ZE A8 FEoA 90% oldS UEo AEEAHLE fle Aoz Yehd.
A, w59} 320 e FEE0 A9 100 pg/mL oldte] FEolA AEAYFC] thxTol H
shed 157.7~ 192.5 %= A F7 sk EAAE O] A=

)
o
2
=
—

(2) NO A4

s RAW 264.7 M2 ofgtg& FEJA5E 0, 25, 50, 100, 200 pug/mLe] &

% LPS(1 pg/mL) A gfstar oAl 22413 Wi o= #lFdelA NO &

& HlEs ARt 23 BE ARA NO A ZaA7le BlEo] wWiken s& 9

AN BEFS HolAE o} & AFoA AT BRFAIRY dEE FEE2 NO A4S
%

aA7le B3 e ALE UEhd.
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cell viablilitry
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o
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control o= o= Btalg Slilg Ghalg2 MEs

s AN B oS 2ZE Rojo] 9§ RAW 2647 AlEAe] NO 44 A&7} s
A UERIA gfol o]B oy guld] SaHE B AEHY 1 ARt 4% BES

204 QS olF flate] UiE, @40, BA6, B4128 Hesie] olBe 22 F T
N FRges WARCR 550 guj(a, 2ReuE, ddoHolE, Ree, T o
golel w3 BYFEEL 2

D 9% 28 £ ZdvE 9 SFgHwols IF vl
w S FEEC] PAstaAIL M °’“6}951H 2128 ety d4HHX), UF= =gt
(DM), ol dotAlE|o] E (EA), F&-&(BT), EDW) F2EoA F Zgds 2 Zgryolt 3}
FS 243 Ax = ZYds IS DM EA> SW> BT Hx 282 #olgla, & Zghw
ol= g DM=EA>BT>DW=Hxo|%lth AxH o2 F ZuEd Zgtrols =
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Total polyphenol content{2F12) Total flavonoid content ($112)
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a a a
i b i
e
Loy | N B [ L
Hx DM EA Bt D Hx DM EA

Figure 2-6. Total polyphenol content and flavonoid content in various fractions from Hansik doenjangl2
ethanol extract Hx: hexane, DM:dichloromethane, EA:ethylacetate, Bt:butanol, DW:distilled water

Means sharing the same alphabet in superscript are not significantly different at p<0.05 by Duncan’ s
multiple range test.
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gOQ | HEm | |- 0.0

s &0 B gz | IE o B B2 O+ 20 s c}L12 s oo e GL12
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Figure 2-7. Total polyphenol and flavonoid content in DM and EA fractions from samples
Means sharing the same alphabet in superscript within the same fraction are not significantly different
at p<0.05 by Duncan’ s multiple range test.
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no8he 2520 Farsanst shg
WEHDM), cl"otAlHolE (EA), H&
ug/mL s=olA DPPHE}UIZ AA &
o a3t M ek ie

5ot gd FAER12E Ahste] X, TERR
£@BT), EOW) F=ES o]&3ted 100 pug/mLet 200
£ =4 ¥ud A3 F 35 EFoA DM} EA E3

DPPH scavenging effect (5112)
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<]
60
=
a0
C
20 A £
d :E d ‘D
o | mmmm | I
HX DM EA BT DW

Figure 2-8. Antioxidant effect of various fractions from Hansikdoenjangl2 ethanol extract
Hx: hexane, DM:dichloromethane, EA:ethylacetate, Bt:butanol, DW:distilled water
Means sharing the same alphabet in superscript within the same concentration are not significantly
different at p<0.05 by Duncan’ s multiple range test.

4 &4¥& DM, EA #3829 31ts

= DM¥} EA &8 Eo] bt & EKRY DPPH &tz &A 5o 4534 37 w&ol

7, 20, 416, 212, M3, A&F6, ©F15 H3527¢] DM3} EA &8 =<5 ©|&3t 100
2 3

Of

ug/mL %04 DPPH 2tiz 4 %"5—:—% 273§ A %47)7k] W DM} EA £ ¢| DPPH
gz aAESE N4 HEe dehdth AR Z3E vmshd DM 23 tF<@20
A2 6=HF3-H F6=H F15¢3412, EA B3& ) F<FH210=H S27<3216=7 53=4 5=

AFIXEA12 o2 F £33 25 24129 a37 7HE S+
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DPPH radical scavenging effect
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= BD.O -
£
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Figure 2-9. Antioxidant effect of EA and DM fractions(100 pg/mL) from ethanol extract of samples
Means sharing the same alphabet in superscript within the same fraction are not significantly different
at p<0.05 by Duncan’ s multiple range test.

. 8749 395 1%

(1) cell viability

RAW 264.7 Ao ofF, 20, g216, 21225 E 42 DM % EA E9E5&
ugmL)Z 24413t A2k $ Alx=4dES 2l 23 100 pg/mL7kAl= =/4d0] gl
= 3=

(2) NO Aol vX= &S

s 2 Ao RAW 264.7 Mo thF, 320, 3246, 32]12¢] DM % EA B &S 0, 10,
50, 100 pg/mLe] T2 Eo3ta 2 A7F Fo] LPS (I pg/mL) 8] & 22A17F kst ok )
FHoll A NO =5 43t LPS A ol tidt &S ALstds.

=DM #EEE 10 ug/mLe] A A ZE A87FNO Al HlA= dFol fUL, 50 ug/mL
7 100 pg/mL s=olA = FH4]127ke] thxa 3 vlaste] 242 83.3%<} 55.6%° NO #=&
Efo] o8 ZAEFAE B S(p<0.00D).

sEA B8 E2 10 yg/mLe Ax% g A BE A 87F NO A4

ugmLl % A Aldle tiFel 200 g Apol= 011 Eisa

7 Hlwste] 94.2%<} 83.3%2] NO #=& Uelfio] Fof3t aaRE B H-5(p<0.00D).
1 100 pg/mL A& AldlE T+ &37F §la, 20, 2416, 24129 NO 3= 44
Z79 93.4%, 88.8%, 55.6%% <% 2Fo]E YERN L-2(p<0.001)
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Figure 2-10. Cell viability in RAW 264.7 treated with dichloromethane soluble fraction
SB:Steamed soybean, DO: Doenjang without aging, D6:Doenjang aged for 6 months, D12:Doenjang aged
for 12 months. Means sharing the same alphabet in superscript are not significantly different among

samples at p<0.05 by Duncan’ s multiple range test.

SB{EA)

MTT(3)

o 10 25 50 100
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E £«
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Figure 2-11 . Cell viability in RAW 264.7 treated with ethylacetate soluble fraction
SB: Steamed soybean, DO: Doenjang without aging, D6:Doenjang aged for 6 months, D12:Doenjang aged
for 12 months. Means sharing the same alphabet in superscript are not significantly different among

samples at p<0.05 by Duncan’ s multiple range test.
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Figure 2-12. Effect of EA and DM fractions on NO synthesis in LPS-treated RAW 264.7 cells
Means sharing the same alphabet in superscript within the same concentration are not significantly
different among samples at p<0.05 by Duncan’ s multiple range test.
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> o4 A Z(macrophage)= HEH-SAA Wl T3 &S At} ofH A=l ofste] e
Ax7F &gd3k=® NO, cytokines, prostaglandin &< #HIStL, o]F EHFEL EXFAHOE
Azolse FEFLEN FTHEe 7IE3IY & AF4AFNA dSHi=ede AST
LPS= & &4 HtHlglol Alxute] FAR R @79 thyA=E, WAz 5 S
9 oAy MNEZEL o] EFE ¢AsA HH(Guha & Mackman 2001) NO, PGE2, TNF-«, IL-1,
22 deNed e A4de meaA S/ Shan 5, 2009).
>~ ?3%‘%‘}%—?: RT3 ATl thate] AAE BE] 9% M T3 WY F8 F
o stupol At I A=Vt AEstAY A7stEE o JpA AEE fEeA Hed o
Axe tiAAE7E &A4dstHe] #=F NOGHstE )9t PGE2, TNF-o T9 @554
interleukin, MCP-13 22 524 fE=d 59 W& I7M171= Zo] St Kumar -,
2002).
NO+& NOSel| ¢j&}te L—argininegil‘%Ei BAE s =42 AWlolrls, Aaderls, €
T O AErsS Yebdt aeu, NOY A el A4 ol os A&Hoz A
oAl HH E5A4 Aol MY F Ja, 44t Adeted AAdHE peroxynitrite(ONOO )
= Fi FAA o), e £ @ AAEY §& LoV A

9] NO =& fAsteE AL wW$ F83tHEpe &, 1996;
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Bordan, 2001). =3k, HE4F3oA FQa3 &8 sl cyclooxygenase (COX)-2+= A4 o
Ae Ao HAEFHA g7l dF5E AFehes Aart 21 ma2A ddo] frEo 45 E
A<l PCGE2E A4 3(Jung 5, 2013)

(3) A=vMUAAESY A vX= 537

(h PG E2

n B AT diFet ARAAE A0, A6, FH12ERE 4 DM #8&E<S 0, 10, 50,
100 pg/mLe] #=& AHstde W thFes BEE HesxoA PCE2 vx0 FF=

gk diH, k2103 gH2]62 100 pg/mLollA PGE2 #2& FstAl H4AIH I (p<0.01, p<0.00D),
gH2112% 50, 100 pg/mLol Al B= ojE2A oz FolakA 7HAaA 2 S(p<0.00D).

» EA B3 E&E oA 0, 10, 50, 100 pyg/mLe] T== X3 AEol wjgFHolr PCE2 ¥55 =
AT A3 dFe B AdeolA fFe AR X3 v, 2074 3H46-2 100 pug/mLell
A PGE2 =5 #9l8kAl 22 Ip0.05), 212 50, 100 pg/mLolA = oEHo=
o 3tAl 2 AAZ = (p<0.001).

» PGE2+= NO9F 37/ A4 Ao WeriddA 7Hd 8% E551=d 59 39l
A= EF5E FEste o' AFoly B =F5HH Ao A INOSeF COX-29] &3
o] A HF=Fo "¢ w=A NOt PGse] #4H]7} Z7FgHRice-Evance %, 1997, Guo 5,
2006). NO= Wd 77} 4FHA=E olFste 27|dAd & 948< st= ¥y PGE2&= ¢d
7B} EZo] JehUdE IHlRe F2 ZAg&3ttu gelAd dtiChang 5, 2001, Monzon 5,
2006). COX-29] #A-&AdL2 o2l @S5Ws BEY FHtid g5 ow L3EH= HEo]7] o
ol §42% 0l WA E R FdT Fe=/ld A= COX-28 AHddzoz oA

3o 2 PGE22] WAL A= AS Ex2 3tiShan 5, 2009).

mA A 3

N

i)

-

o

5, 320, 346, 122 HE A& DM EIES 0, 10, 50, 100 ug/mLe] s=2 A2 s}
e w AFE 10 pgmLolA thET 895% FEo® FoatA 7HAAH 2 1Hp<0.05), 50,
100 ug/mL NHE ZAEFHA7F 9, 32102 10, 50, 100 pg/mLel 4, 2162 50, 100 pg/mL

-6 S ZVA7= AFHE BYa, 324125 100 ug/mLolA thxa2] 70.6%
7+ 2 A 75(p<0.00D).
» EA B8ES 0, 10, 50, 100 pg/mLe] H=2 st Az ujgdo)s [L-6 55 ZH 3
A3 5= 10, 50 pg/mLolA FolstA ZaA7]= 23Hp<0.00DE B wvHA, 34210, gH4l6,
212 10, 50, 100 pg/mLolAM IL-6 F=5 F3tA ZaAZ(p<0.00D). 53] 32125
100 pg/mLE A 2etd e wWol IL-6 == txT9 40.1%2 Jey 60% A= 714 A 7
25



» TNF-«, IL-6, IL-1p 52 A4 A

o RS
. = R
S5 AAEE ANH AFARS A 5 dvkn LA Yk

(th) TNF-a

s 0I5, 20, gH2l6, 2122 HE 4L DM £ ES 0, 10, 50, 100 pg/mLe] w2 &gk
A9 T, 20, 246> TNF-o A4S JAAI= &97F i, 2129 100 pg/mLoll
A INF-o¢ AAES tx79 86.9% FFo2 TAaAYE EFHE EAS(<0.00D. wekA, DM
F TNF-o A4 JdAZA= 127097 SA8AZ 8320 2120045 ¢FstA

, 10, 50, 100 pg/mLe] FE2 A2l Az wIFdo] TNF-o« 552 =
Agt A3 5 10 pg/mL A Al Eﬁiil«l 91.2% F=o2 FostA A" ZAFp<0.05)E
BPI, FA0e 10, 50 pg/mL A Al DiETe] 90.4%, 90.3% FEOE FolsA THAHY L
H(p<0.001), 2163 #4125 10 pg/mLol A thzFe) 89.2%% 86.8%% o3t TaAA S
(p<0.001). webA], EA F2EIE] 93 TNF-o AA dAEd= dF 9 54 7|3t A=
T2 @A 40, 346, 412 REAA A= 10 yg/mLlld ZEHOE ey, 1
AA HlEE 10% W2 3A 7] o @Fo] TNF-o« AP E JAIHL & &= ¢

]

o .

() MCP(monocyte chemotactic protein)-1

s EA B3 &5 0, 10, 50, 100 pg/mLe] == A elgk AZ2 ujddoA MCP-1 55 =4
sk A3t mE A8V FosH ZAaATE EFRE B IS((p<0.00D). 2}, tiFet g0 9
3t MCP-1 A8 3 = 5 9F40] oo wid  dlea A 12E EEUl Z71e4E 7

Al

28371 F7hek s, @26 EA 8&2 10, 50, 100 pg/mL #E2 i%a] Al izl g
MCP-1§=9] Bl&& 242t 79.0%, 78.0%, 73.7% o™, 212 EA 8= 242F 90.4%, 70.5%,
55.8% % =. wWebA, thF EA #9552 MCP-1 AA S JAA = EF7F A%, @F O E 9]
LESARAES AATA HA 283 a3 SRk 1270d 54 Folle MCP-1 A4 A
237 5 FEREAAE & AM=
= DM &8&<5 0, 10, 50, 100 ug/mLe] ¥=2 Agg 4 T, 326, A2 RE A
SEANA FYA MCP-15 =5 FYstAl a7+ 3 3’4% H A =d(p<0.00D), 4674 g+

= AP &7 mokdas At STkske w5 4R AFE Hi=. 46 DM
T9&< 10, 50, 100 ug/mL TEE A A dizael tig MCP-159 Hl&2 224 74.2%,
62.7%, 47.1%R 2™, 212+ 2H2; 72.5%, 61.2%, 51.5% R +w. L&}, 2402 23
S5 A7l AHE EAS00.0D. ¥ 723 DM #8952 tFet 246, 2120 <
gk MCP-1 A Al Zx7F A Hlszebalar, 402 2318 S7HAF7] Wl tiF7F 94 <
2 HasAdEe Aol tFe MCP-1 BAgAESE ¥ S7HI7IA= X3 Aoz HY.
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Figure 2-13. Effect of EA and DM fractions from Doenjang on PGE2, IL-6, TNF-e¢ and MCP-1
synthesis in LPS-treated RAW 264.7 cells

SB: steamed soybean, D0: Doenjang without aging, D6:Doenjang aged for 6 months, D12:Doenjang aged
for 12 months. Means sharing the same alphabet in superscript within each sample are not
significantly different at p<0.05 by Duncan’ s multiple range test.
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& tHBoden, 201D. webA, & AFolA AAo FAFTaIA= A A axet A A
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n O Fo} §2129] DM £8S LPS- 2] RAW 264.70] T35} w) LPSol| ojste] Zv}at
INOS S %<& (100 ug/mLE © Z7kA1Z1 Hhd, #2128 50, 100 pg/mLell A 242 of =7
o] 28.0%, 20.3% 7HA AA BEAAL.

s UFE COX-2 44 odAEssh o, @412E 50, 100 ug/mlolA 22k el
45.9%, 28.8%7A E% oEH o A ZAAAT

» O] 5= NF-«B ¢14b8kp-pe5)E Alshs a7t glglon), 412 50, 100 pg/mLolA 7+
ZF 29 86.1%, 77.1% 7HA = oEXH O E THAANF .

)T LPSel ©)3le] f =¥ NF-xBp65)el sjozel o] 938 Z/hAz oL,
=100 pg/ml Fod A 7o) 91.6%% ot AL

o

2112

(b @7 EA &9

w59} §4129] EA £ LPS-# g3 RAW 264.70] i35S w] LPSol 2l3te] Z7}3h
iINOS 3 #&& 7100 pg/mb= ot Azl §H g+412& 50, 100 pg/mLoAl 2+ ti=
T WA FE 45.9%, 28.8%7HA BE oEHOR IA AANAS

w COX-29} p-p659] Aol thstel= thFeob 3412 25 Hhads HolA]| o+,

w 7= LPSel| ofste] 58 NF-xB(p65)e] s o29| olFs FaAZIA Xt ont &
= oz 797% 2 ZAAAS

—
Do

» H% DMES 3 EAR S % RAW 264.7 M3 A LPSel| €]k NO<} PGE2, IL-6& 9]
ot Western blot 23 dFtH=E o] F £ EF INOSY A4de a4Ho=
AR oY, COX-2 AA A EZFHE DM EFoA = e A| v, EAR A E UERLA
T Y EF NF-«B7F oz o]Fsle Ae JAste a34% sttt wet
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Hu 7 G874 NF-+B A28 Alsks A ol9d = g2 422 Fao Agse 2
4% 9e Aow dudd
~ EAR o] COX-20] @42 ZaA/NA Eegeols B78la PCGE2AALS Felai 74

U PGsE nIZAHE o Z HEAJ|E &42 15-OH PG dehydrogenaseo] S ZF7lA7o 2

W PGE2E LaAZ 7bsAe A7 % Atk o] BES sy faiAE FHH A9

T7F L3t Koeberle £(2009)-& curcumine] COX-22] a2 AAAZ O ZH PGE2 A
AL AN A= 2 dEHA JX T COX-29 g8k Wz &y AH Ao F mPGES9

o
=
& FAAE FEE ATy B

2 2z 4R NF- «BE p65¢2F p50 heterodimer& e 2 A L2 o))

Lo
N
=
o
ft
N
)
pad

N

J, o= [xBe} AF =0 B&43} Ho oyl &434k4, LPS, €54 cytokine &
B 7o A=AFEH =5 [«B kinase 7} ¢14+3} HWA 4B} E8® NF-xBE &
Asl7t Hol & oz FojrkA INOS, COX-2, 5-lipoxygenase, IL-6, TNF-«, adhesion

molecule 7 =+e] 9] promoter regiondll A& o2 olE FAAEY WIS FEIA I
ZEH NO, PGE2, IL-6, IL-143, TNF-«, MCP-1, VCAM-1, ICAM-1 59 d&&EZHE0] m
2A A EHlEo] dFRkgo] FHEHE AoE IR gthLawrence, 200D.

» iINOS gene promoter= NF-xBo]2]e] activator protein(AP)-1, CCAAT/enhancer binding
protein(C/EBP) ¢} & XARRIAE9] ZAgE 1% homologous consensus sequence &E°] AT
T3k, stress-responsive proteing! heme-oxygenase(HO)= iINOSHHE 7 NOAA S JA St &
HA Qerv=2(Cho &, 2012) £ AFAFNA B3 B39 DM3 EA #3829 INOS ¥ NO<¢
Zr4a37F AP-1, C/EBP, HO-1 A &2E& &3 AQA th3k F712<d A7 asity 2o
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Figure 2-14. Inhibitory effects of DM and EA fractions from doenjangl2 on iNOS, COX-2 and

p-p65(NF- x B) synthesis in LPS-treated RAW 264.7 macrophage cell. Western blot and quantification
result of bands. SB 100: 100 . g/mL of steamed soybean, D12 100, D12 50:100 #g/mL or 50 xg/mL of

Doenjang aged for 12 months
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Figure 2-15. Inhibitory effects of DM and EA fractions from doenjangl2 on nuclear translocation of

NF-xB

in LPS-treated RAW 264.7 macrophage cell. Western blot and quantification result of bands.

SB 100: 100 « g/mL of steamed soybean, D12 100:100 x g/mL of Doenjang aged for 12 months
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(2) miRNA microarray 4]
@ Total mRNA
O 1157 FEAS & HE9% epididymal adipose tissueoll Al total RNAE RNAiso-plus
(Takara, Japan)E At&3te] &3 FF3 total RNAE Nanodrop (ND-1000)& A}-g-3}
o =% 9 A260/280 ratios =A%

O Total RNA®] purity= Agilent Technologies 2100 Bioanalyzer2 Z%3}o] 285/18S rRNA
e A3l AMZ QCE M3Y3FaL microarray 4o A &3 criterias 533 EZE

o st FAY (AP olET 3uke A,
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@ miRNA microarray hybridization

O Agilent miRNA chipl Mouse V19.0 8 x 60K (Agilent Technologies, USA)E A}-&3}]
A zAbe] whHo whebs] BAE 7k Aty R, 100 nge total RNAS 37°C oA 30
%k calf intestinal phosphatase® ©<?14F8}g 3 7&2F 100C o A1 100% DMSO® <3
HAAAAA, WMES 16T AA 242 53t w3t T4 ligaseE AH-8-3te] pCp-Cy3E 2
Wask bl ® RNA AZe 14179 vacuum concentratoroll A AZA|A oW, Ax
7} @55 ™ AZ2 hybridizationS 93+ nuclease-free water, Hyb Spike-In solution,
10X GE blocking agent, 2X Hi-RPMZ mixtures THE91A] arrayel mixtures 45ul?-&
J oA hybridizationAl A 55T ol 4] 20413t &<t rotateA]Zd.

O Agilent miRNA Microarray Systemel|] H7# == Hybridizatione 3 ¥, Agilent
Technologies G4900DA SureScan scanner=® 2703}a] Agilent Feature Extraction

software version 11.0.1.10.2 dlolg & =3}

@ Raw data processing ¥ =7 2
O Agilent feature extraction protocole] uwhzbA AlZe] data processingS ZeY 3t

Microarray $19] probe & 715& THE3st= A THE filteringsle] #2490 AH8-g

O Filtering®lo] A €¥ miRNAELS Quantile methodE # &3t AZEo] logarithm}

normalizationg & sle] raw datao] 3 BAL F3P3}

O Ago]l1F3re] vl 1-way ANOVAS} independent t-testE %3}e] fold change}
p-valueE T3t 1, p-values= FDRZ R A g}

Jic

Bk

o

O A 7152 71 miRNAS FAFSE @& Bt AE 2A4E AF miRNA
o] MHAEE 7]F (fold change$} p-value) 0.2 “1E3}38le] Al Z+3 £ (Hierarchical
cluster analysis)& 3, d@4lolW WSS HF o= FdH.

ol

O REE Holg B4S& R 3.02 (wwwr-project.org)s AH&3te] miRNA 23S 4353}
miRNA<2] target geneE-2 miRDB (mirdb.org/miRDB)<S %3t &F 3

Gene Ontology (GO) pathwayollA &<l3star, DAVID ==

Ofe ARgste] BAACE #Fo7 Aol Bl fAiAES =T

(3) Adipocyte morphology 4

O Epididymal adipose tissue & €3-S 10% formalinell A A H&E IS 33t

O Section fielde] adipocyte 4=¢} Zo]S =H 3}

(4) Western blotting &4
O A®rz4 0.1gel protein lysis buffer (50mM Hepes-KOH (pH 7.5), 150mM NaCl, 1mM
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EDTA (pH 8.0) 2.56mM EGTA (pH 8.0), ImM NaF, 10mM g -glycerophosphate, 0.1mM
NazVO,, ImM DTT. 1% NP-40, 10% glycerol, 0.2mM PMSF, Protease inhibitor cocktail)&
o] Tissue Lyser Il (Quiagen, USA) 7171 5 mm beadsES Al&3te] #3233 #43s
Ak z2-8 10,000 x gollA 308 F<F centrifugationAl A AWE<l FEHES A3 o
Bdg FE3te] Brad Fordd o2 9 ds et

O Anti-HO-1 (sc-10789, Santa-cruz, USA), anti-DNPH (§7150, Millipore, USA), anti-p-JNK
(9251s, Cell signaling, USA), anti-PPARg (sc-7196, Santa-cruz, USA) primary antibodyZ
£-4] incubationdt ¥ secondary antibody %ol HRP conjugated substrateE A}-&3le] <=
48}, Anti-HSC70 (sc-7298, Santa-cruz, USA)E- loading control2 A}-&-3}.

(5) Quantitative realtime-PCR &4
O 1lug of total RNAZ random hexamer primerE ©]&3}a] Superscript I (Invitrogen,
USA)Z cDNAE gAsld . qRT-PCR StepOne Real time PCR (Applied Biosystems,
USA)E o] &3l o9 cycling parameter =S & 233} S: 10&3F denaturation
40cycle annealing, 13t extension. Mouse ribosomal protein 19 (RPL 19)& reference
gene© & AR oW, target geneo] AtHZol W ske 2 o g AAEL S
PPARg, PGCa, TNF ¢, MCP-1, TLR4, CD68, CD1llc, TGF g, Colal, LPL, CPT1b, HO-1,

Adiponectin, Lpinl& =43}

6) A A
O AdA3E= SPSS A 21 (version 198 o] &3t B3 oH, 1-way ANOVA
¢} Duncan’s multiple range test= AFFAA T & AP 2ol dH e e K 0.05
=+

FEAA ASsAa APl dFHTHE mean
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95 miRNAE &Qlstr] fg As52 &83h
A AdPAFoA FFE ol &3ste] AE&AS microarray EA71H S
A BAATYHES 83l 8% ¢ sl FE IPH FFEA= AR

Aol dvintely ddastel dadAojA k223 MCF7 celldl A microarray 42 At
83l QJO}% T 7%‘%0 Fo AHYIHEFIZ LH A soy protein, genistein, daidzein

52 Hvto] fEH FERYD 7, AWxZ oA mRNA microarray #4S o] &3t &%
< vlastd o, AgEZ oA mRNA ARE dobd A7+ A5 A 84S 45
§ ASE T2 PHT EE FNE EFS W95 TLBYEE SHNE AP 2
FE R om Omics B4171HS @83t mRNA 2 miRNA S WH3IE 243 d3E= A%
Z2AE XS BE ZA A o RauEA gk

Table 3-1. miRNAs associated with adipogenesis, obesity, and inflammation

In vivo and in vitro adipose model system

. Expression in .
miRNA Model system . . Functional work Targets Reference
adipose tissue

Let-7 In vitro: 10d of | T Promotes (mRNA) Sun et al,
differentiation adipogenesis HMGA?Z2, 2009
AP2,
PPPARg
(protein)
HMGA?2
miR-103 ob/ob or T in obese mice | Decreases glucose (RNA) Trajkovs-k
C57BL/6 mice / homeostasis and C/EBP 3, 1 et al,
subcutaneous insulin sensitivity PPARg, 2011
and visceral FABP4

fat / HFD | 8w

B6.V-Lepobl] | in ob/ob mice | Increases Xie et al,
(oblob) mice /| adipogenesis 2009b
epididymal fat
| control
In vitro: 9d of | | Promotes adipocyte
differentiation differentiation

miR-107 ob/ob or T in obese mice | Decreases glucose (RNA) Trajkovs-k
C57BL/6 mice / homeostasis and C/EBP 4, i et al,
subcutaneous insulin sensitivity PPARg, 2011
and visceral FABP4

fat / HFD / 8w

_72_



B6.V-Lepobl] l in ob/ob mice | Increases Xie et al,
(oblob) mice / adipogenesis 2009b
epididymal fat
|/ control
In vitro: 9d of | | Promotes adipocyte
differentiation differentiation
miR-122 C57BL/6 l in HFD mice Increases Chartou-m
mice / adipogenesis pekis et
epididymal fat al., 2012
| HFD [/
5month
miR-125b In vitro: 9d of | T inhibits adipocyte Xie et al.,
differentiation differentiation 2009b
B6.V-Lepobl] | in ob/ob mice | Increases
(oblob) mice [ adipogenesis
epididymal fat
| control
miR-130a C57BL/6 T in HFD mice | Adipocyte (RNA) Kim et al,
mice /| WAT / dysfunction by TNF «, 2013
HFD / 8w increasing PPARg,
inflammation Adipsin,
AP2, LPL
ob/ob mice / lin ob/ob mice Bengestr-a
epididymal fat te et al,
/ HFD [/ 10w 2011
C57BL/6 0 in HFD mice Increases Chartou-m
mice / adipogenesis pekis et
epididymal fat al., 2012
| HFD [/
5month
miR-130b C57BL/6 T in HFD mice |Induces adipocyte | (RNA) Kim et al,,
mice /| WAT / dysfunction by TNF ¢, 2013
HFD / 8w increasing PPARg,
inflammation Adipsin,
AP2, LPL
ob/ob mice /| T in ob/ob mice Bengestr-a
epididymal fat te et al,
| HFD [ 10w 2011
miR-143 B6.V-Lepobl] 0 in ob/ob mice | Increases adipocyte Xie et al,
(oblob) mice | differentiation 2009b
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epididymal fat

| control
C57BL/6 Tin HFD mice Increases (RNA) Takanab-e
mice / adipogenesis PPARg, AP2 | et al.,
mesenteric fat 2008
| HFD [ 8-9w
In vitro: ) Promotes adipocyte | (mRNA, Yi et al,
14-16d until differentiation protein) 2011
cell PTN
differentiated
into mature
adipocyte
In vitro: 9d of | | Promotes adipocyte Xie et al,
differentiation differentiation 2009b
miR-146b In vitro: 9d of | T Promotes (mRNA) Ahn et al,
mature adipogenesis SIRT1 2013
adipocyte (protein)
C/EBP ¢,
PPARg, AP2,
SIRT1,
FOXO1
B6.V-Lepobl] T in ob/ob mice | Increases adipocyte Xie et al,
(oblob) mice / differentiation 2009b
epididymal fat
| control
C57BL/6 T in HFD mice Increases Chartou-m
mice / adipogenesis pekis et
epididymal fat al., 2012
| HFD /
5month
In vitro: 9d of | | Promotes adipocyte Xie et al,
differentiation differentiation 2009b
miR-148a B6.V-Lepobl] 0 in ob/ob mice | Increases Xie et al,
(oblob) mice / adipocyte 2009b
epididymal fat differentiation
| control
In vitro: 9d of l Promotes adipocyte
differentiation differentiation
miR-15a In vitro: 3, 6, ) Promotes cell size (MRNA, Andersen
9, 12, 15d of and proliferation protein) et al.,
adipogenesis DLK1 2010
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miR-17-5p ob/ob mice /| | in ob/ob mice | Increases Lin et al,
epididymal fat adipogenesis 2009
miR-17-92 In vitro: 7d of | T Promotes adipocyte | (mRNA, Wang et
differentiation differentiation protein) al., 2008
Rb2/p130
miR-210 l Promotes (mRNA) Qin et al,
adipogenesis Cyclin DI, 2010
c-Myc
(protein)
B -Catenin
miR-221 B6.V-Lepobl] T in ob/ob mice | Increases Xie et al,
(oblob) mice | adipogenesis 2009b
epididymal fat
| control
In vitro: 9d of | T inhibits adipocyte
differentiation differentiation
miR-222 B6.V-Lepobl] T in ob/ob mice | Increases Xie et al,
(oblob) mice /| adipogenesis 2009b
epididymal fat
| control
C57BL/6 T in HFD mice | Increases Chartou-m
mice / adipogenesis pekis et
epididymal fat al., 2012
| HFD [/
Smonth
In vitro: 9d of | T inhibits adipocyte Xie et al,
differentiation differentiation 2009b
miR-223 -/-miR-223 l in HFD mice decreases (protein) Zhuang et
mice / adipose inflammation & Akt, p65, al., 2012
tissue / HFD / insulin rersistance Pknox1
12w
(RNA)
IL-1b, IL-6,
TNF o,
MCP1
miR-20a ob/ob mice /| T in ob/ob mice Increases Lin et al,
epididymal fat adipogenesis 2009
miR-21 In vitro: ) Promotes adipocyte | (mRNA, Kang et
10-12d of differentiation protein) al.,, 2013
differentiation Adiponectin
induction
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(protein)

AP1
miR-27a ob/ob mice / T in ob/ob mice | Increases Lin et al,
epididymal fat adipogenesis 2009
C57BL/6 l in HFD mice | Increases Kim et al,
mice / adipogenesis 2010
epididymal fat
[ HFD
In vitro: l Inhibits adipocyte (mRNA)
adipogenesis differentiation PPARg, AP2,
Adiponectin,
CD36, LPL
(protein)
PPARg,
C/EBP ¢,
Adiponectin
l Inhibits adipocyte (mRNA, Lin et al,
differentiation protein) 2009
PPARg,
C/EBP ¢,
C/EBP 2
miR-27b ob/ob mice / T in ob/ob mice | Increases Lin et al,
epididymal fat adipogenesis 2009
! Inhibits adipocyte (mRNA,
differentiation protein)
PPARg,
C/EBP «,
C/EBP
miR-335 ob/ob, KKAy, T in obese mice | Increases Nakanishi
db/db mice / adipogenesis et al.,
WAT 2009
miR-375 In vitro: 9d of | T Promotes adipocyte | (mRNA) Ling et
differentiation differentiation PPARg2, al.,, 2011
AP2,
C/EBP «
(protein)
ERK1/2,
PPARg?2,
AP2
miR-378 C57BL/6 mice / | | in HFD mice | Increases Chartou-m
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epididymal fat adipogenesis pekis et
| HFD [/ al., 2012
5month
miR-378/378* ) Promotes adipocyte | (protein) Gerin et
differentiation C/EBP «, al., 2010
C/EBP 5,
C/EBP ¢,
PPARgl,
PPARg?
miR-30a-5p B6.V-Lepobl] l in ob/ob mice | Increases Xie et al.,
(oblob) mice / adipogenesis 2009b
epididymal fat
| control
In vitro: 9d of | | Promotes adipocyte
differentiation differentiation
miR-30c B6.V-Lepobl] l in ob/ob mice | Increases Xie et al.,
(oblob) mice / adipogenesis 2009b
epididymal fat
| control
In vitro: 9d of | | Promotes adipocyte
differentiation differentiation
miR-422b B6.V-Lepobl] l in ob/ob mice | Increases Xie et al,
(oblob) mice /[ adipogenesis 2009b
epididymal fat
| control
In vitro: 9d of | | Promotes adipocyte
differentiation differentiation
miR-448 In vitro: 8d of | T Inhibits adipocyte (mRNA) Kinoshita
differentiation differentiation KLF5, et al.,
PPARg, AP2, | 2010
LPL,
C/EBP 2
(protein)
KLF5,
PPARg
miR-99b B6.V-Lepobl] | in ob/ob mice | Increases Xie et al,
(oblob) mice | adipogenesis 2009b

epididymal fat
| control

In vitro: 9d of
differentiation

inhibits adipocyte
differentiation
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U, 2354

O AAgAel AHaF A2vie]), AT ol AFHIF (A2vke), nAF+EZ4 o] HAFH1F

A1vkg]), IAG+oiF2Ae]l  HAATF  A2vteEhe]  AFAE  Table 3-29F Zo.
al

Agajolel olalA Aol FAHYEH, wAWBAA] HALFOl HAe APE7

a
BEFE HAds AdBAT

tissue weight7} A|RF2lolFo HIE|IA FolHoz TAEHE st or

o3tH

T

Agjole] DAL A7td

% absolute adipose

SEELER)

ae B8 daA F aglycone FENSY genistein, daidzeine] F7Fel Aol

Aoz ReYy AF3 (Kwak et al, 2012).
AR A oo FH7bste] Tt §9E dolE AFoAME FYUSA daidzeing A H T+

aARAo R AtzAe] BT felHo

Table 3-2. Adipose tissue weight in mice

w3l genistein ¥ daidzeine @I A

7+2~= (Guo et al., 2009, Lee et al., 2006).

Absolute adipose tissue weight (g)

Diet Epididymal fat Retroperitoneal fat Perirenal fat
Low-fat 0.87+0.29° 0.21+0.11% 0.09+0.05%
High-fat 2.04+0.23° 0.56£0.13° 0.20%0.05°

High-fat+DJ" 1.65+0.40° 0.43+0.12° 0.14+0.03"
High-fat+SS" 2.1440.28° 0.55+0.11° 0.1940.05°

Relative adipose tissue weight (% of body weight)

Diet Epididymal fat Retroperitoneal fat Perirenal fat
Low-fat 2.91+0.80% 0.68+£0.34" 0.30£0.15%
High-fat 5.3840.53 1.45+0.22° 0.5140.10P

High-fat+D] 5.12+0.96" 1.35+0.30° 0.42+0.08"
High-fat+SS 5.50+0.50P 1.41+0.21° 0.49+0.11°

* DJ: Doenjang; SS: Steamed soy. Data are shown as the means
superscripts are significantly different at 2 < 0.05.

t}. miRNA microarray 4}

(1) Global miRNA profilin

+

SEM, and the different

O Microarray #2418 %3] 1,2477/09 v}-$2 miRNA oA AZE % 43dd 7

o
o
miRNAYHS data processingate] 27271 2] miRNAZE A=, o]F FA A 02 {9

_78_



Al AL 33712 &AFH S (p-value < 0.05).

D-

O A mRNAESS AR B8 A3S HRlvs 7H4ste] mRNA 2dAAS
(p-value) 2.2 15385t AlSTFE4A (Hierarchical clustering)S %1343} a1, Figure
3-12 A o]1FZEe] p-value Fkel 0.05 o]3tZ2 F2o]& <l Ato]E E<Ql miRNATHS
AREB A A E3Ee] WS heat-mapl & AlZstete] AT s ASTSE A
2oltel MEEY HIHer FPsi o, DAY+ FA o] AT A Ao
AHATH FARHA FAR I ool nAG+R A2 o], AR o] HH T+ E mRNAS

of FASIAl EHBEe FHU.

£ 7l
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Color Key
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Figure 3-1. Analysis of miRNA expression in epididymal adipose tissue.

The microarray heat-map of 33 differentially expressed miRNAs among the dietary
treatment groups (P<0.05 in one-way ANOVA). Each miRNA column reports to the sample
mean (n=3). A: low-fat diet group, B: High-fat diet group, C: high-fat+D] diet group, D:
high-fat+SS diet group. DJ: Doenjang; SS: Steamed soy.

(2) DEG (Differentially expressed genes)
O AEPAFAAE (DEG, differentially expressed genes)-& Fold change$t p-valueE A
Z+slgk volcano plot &4-& X &stRar, 2719 2oldH TFIHlA FedQ Zol&

B¢l mRNAS 23 AA mRNAZS thA S = volcano plotg 18 ¥  BlwF#7HY

— 779 —



—_

t-testoll A Fo]H oz W™ H9 (p-value0.05, fold change= +1.5)+ FZ&3lo] w7l
A} (p-value<0.05, fold change=+1.53 Z=2 (p-value<0.05, fold change=-15°2 %
d miRNAS ZAIE

2 ATE Tl ARYA o] AHAIFH uAGA o] AFH1EFTNA 87 miRNAs7E
o]z ¢l WHExtolE HYS (Figure 3-2A & Table 3-3A). miR-378a-5p, miR-378c,
miR-193b-3p, miR-107-3p, miR-3069-3p= A X|W2]o] HFHZFl Hls|A X2 o]
AHIFANA FgHe g 74" whA, miR-146b-5p, miR-16-5p, miR-155-5p= -F<] &
o7 mAEAo] AAHAIFANA S7HERAS. 53], #olA <l Ao]lE B mRNAE A3
AT HPFE FERDIY HWA HPA ] S WEThy BuE miRNAEC] &
LAl AALA o] AHTI nAGAHHTAA LA F HIE B A

2 de A3 FrEAE, B AFE FaA ofF

A ATIE mRNA 2 1 Fo] Was ATAA 2 A2 & mRNASo] uAH

)
AR wg wR, Mgl Z7hE miR-155-5p% 1A AWEH AT AT}
S

Y= a1, mlR—lggb—Bpg} HEo] o7 T E AuzArs FHEZA &S mRNAZ
Z

(A) (B)

Volcano plot - C_vs_B

raw.p vs. fold-change

miR 378a-5p

. . MiR 146b-5p
miR 378¢ miR 155-5p =

= A miR 3069-3p

iR 183b-3p

Il
-log1e p value
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©) (D)

-log1o p value

A:

Volcano plot - D_vs_B Volcano plot - D_ws_C

raw.p vs. fold-change raw.p vs. fold-change

miR 664-3p

&= miR 362-5p
miR 378c

- miR 150-5p “ miR 211-3p

~logle p value

iR 306-2-3p IR193a-3p

Figure 3-2. Volcano plots showing the change in miRNA expression between two
experimental groups after 11 weeks of high-fat diet (n=3).
low-fat diet group, B: High-fat diet group, C: high-fat+DJ diet group, D: high-fat+SS

diet group. DJ: Doenjang; SS: Steamed soy.

O

t-test &4 olA nAGA] HHAIFH AT+l HHIF

2Zpol & Hol= miRNAZF @l1RiaL, A g4 eo] AHIF3 LA +ehF4] A5
A= miR-362-5pRko]  AAF+ThFA o] HAFHIFANA FelHACeR iy (Figure
3-2B&C & Table 3-3B). &3], miR-362-5p= TEATEZY BE XA A 9 Y
target geneoll thd AR7} dHA YA Gotd FF T TeAZE FEY 5 3
< A2 HY.

.

\
ml

ol

pAG+ERA o] HAHAIFH ATl AHIFIANAE 5719 miRNAs
(miR-664-3p, miR-378c, miR-30c-2-3p, miR-150-5p, miR-193a-3p)Eo°] LA+l F2]
o] MFHIAZNA FoHozm i, miR-211-3pite] FoHoT Z/1EHIYS
(Figure 3-2D & Table 3-30). ¥ Aol A mx T F2]o] AHE= Az FA 2 7
22 AAAZEAANA AR o] AT FARE A5 B, ]J""%%L/\] o]
A T3 DA FA0] HAH TN FelHel 2o]2 2ol mRNASS tlFo}
He 849 AFAREA ASE F Ae TFeA S BAFAE. A0 AolE B
miRNA 3 A+ F20] HHToA 7Ha® miR-664-3pet miR-150-5p 2 Z7}e)
miR-211-3p= BIRtEE 2D o A2 A J&To] FHEA %S MZL mRNAZ g
AHYPEY, ol FT HAAS T} FHEE mRNA A2 AL F = 27 =
o] B5e &str] A 49+ mRNAR 9] 7H54& AAE

_{

F
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perirenal + retroperitoneal)¢}2] “##A S vl g

APATE Tl HHFETEREDAA FFS wevta Bz miRNAsE M A
miR-107-3p, miR-193a-3p, miR-30c-2-3p, miR-378a-5p, miR-378c-& LA 2} oof 2] &)
xﬂ o] T4 wmEtA T AHAAE E<l WA, miR-146b-5p2 o ”Jﬂrﬁrﬂl%

S (Figure 3-3A). AWz TA e ABRAE AFH FI3 AFoZ eyt
(Figure 3-3B). 3FAI%F, miR-211-3p&= A A2 o9} mA2]o] HFH gt Abold -”—9]2_1
1 ApolE B oy AFolu AzAFA G ABdol gle AR YEhd

Hgko] f 59 =9 Az oA d&o] ofa =% 22> mRNAS miR-664-3p,
miR-3069-3p xﬂ%ﬂ Az FEA <} Lo ATIAE RHYew, miR-150-5p,
miR-16-5p, miR-362-5p2 ILA|RA o]l s H|gto] F7igte] wa} W3 ko] F7}eh=
o] FHAAE RS (Figure 3-3 C&D). -‘E—ﬁl B AFA @Al HF el oalA
o129 mRNAZ 2Hel¥l miR-664-3p9} mir-150-5p2] AZolu} Az =se] a
A= Aolol o3 vk Eo <l E+ +r

qd&E 7HEE 7 e AV 2 7 UE By oids IR Visd 5T
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] #1% marker2 282 F A& Ao® ARHE. EI, FF ATE F
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Figure 3-3. Correlation between the miRNA levels and body weight (A and C) and
between the miRNA levels and relative adipose tissue weight (sum of epididymal,
perirenal, and retroperitoneal; B and D). n=12

(4) target gene HE
O miRNAS] T2 73S E3] Folxdoz HdAE miRNAS target gene W A ZZ o A
o 9&s HAPAFEH Hlwste] &g (Table 3-3). ¥ dAFE Fa miR-378,

MR-1075-& Ao TFAA AgZHao] Z7hgel webd foxoz gad W

A, mR-146= S7HE <t ol APFAT vln Al L3 dFe= & A7 43
Edo] aApgAo] A ok AF=Z B APAE £IE FEs=H A4 29
2ol 5ol &eld.

O B AgoA mA ool Az|gao]#3t @ HAA o] HHE F3 FH zol&
12l miRNAs9] target geneE& A WxZoA gd= 2 3H|vF At AAdtta B
18 AFES F4S=Z RNA P protein FFollA ofegfe} o] Maysh =3}, target

=2 = =3 =
geneo® HIE HHrl REse] wwo ZrlE: AFBYU AREL FHow
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Table 3-3. Significantly regulated miRNAs between two groups in volcano plot

(A) high-fat diet vs. low-fat diet

decrease (as miR-107)

miRNA Geng Expression Function work Target gene Reference
expression | in obesity
Increases adipogenesis in Chartoum-p
Decrease | HFD mice adipose (as PPARg ekis, et al
miR-378) 2012
CIEBP « ,
miR-378a-5p -1.6477 C/EBP £,
in 3T3L1 adipocyte (as C/EBP ¢, Gerin, et
Increase .
miR-378) PPARgl, al. 2010
PPARg?,
PGC1 45
Increases adipogenesis in Chartoum-p
Decrease | HFD mice adipose (as ekis, et al
miR-378) 2012
C/EBP ¢,
miR-378c -1.6294 C/EBP 5,
in 3T3L1 adipocyte (as C/EBP ¢, Gerin, et
Increase .
miR-378) PPARgl, al. 2010
PPARg?2,
PGC1p
Increase adi is i
. . pogenesis in Ma et al
Decrease | pig adipose (as 2013
miR-193b-3p)
In human: associated
Decrease | with BMI (as Meersan, et
iR-193b-3 -1.9907 1. 2013
m P miR-193b-3p) e
Lrp3,
Decrease Increases brown fat CIEBP « , Sun, et al
differentiation FABP4, 2011
PPARg
Increase adipogenesis in C/EBP 3, Trajkovski,
Increase ob/ob mice liver and PPARg, et al. 2011
adipose (as miR-107) FABP4
miR-107-3p -1.5147 - Fat cell development
Decrease -> increase Xie, et al
- obese state -> 2009b
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TNF ¢, LPL,

In mice adipocyte (as Parra, et
e ( PRAR <, al. 2010
CPT1b '
, Bioinformatically HMGCSI,
— — — _*
miR-3065-3p 1.9124 Predicted miRNA scD1
Promotes adipogenesis in SIR1Y,
Increase | mature STSL}i §di ocyte C/EBPa, Ahn, et al.
(as miR-146b) o PPARg, AP, | 2013
FOXO1
[ di is i
miR-146b-5p +2.8387 ficrease acipogenesis in Xie, et al.
Increase ob/ob mice adipocyte (as 2009b
miR-146b)
Increases adipogenesis in Chartoum-p
Increase HFD mice adipose (as ekis, et al
miR-146b) 2012
Increases adipogenesis in
obese mi di t
) ice adipocyte (as Xie. et al
Increase miR-16, but only
. . . . 2009a
mentioned in this reivew
paper)
miR-16-5p +1.5754
RARS, SLUG; )
I ' h 11 | .
SPTBN1
Increases in inflammation .
. . . Civelek, et
Increase Associated with BMI in
. al. 2013
human (miR-155-5p)
Increases in mice liver
miR-155-5p +1.7906 : . v Miller, et
Increase macrophage fed high-fat | LXR ¢ Al 2013
diet damage (as miR-155) '
Increases in human .
. Klsting, et
Increase subcutaneous adipose al. 2009
tissue (as miR-155) i
(B) high-fat+SS™ diet vs. high-fat diet
miRNA GenQ Expression Function work Target gene | Reference
expression | in obesity
miR-362-5p -2.2117 - Increases in mice renal Liu, et al
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ischemia/

reperfusion (I/R) injury 2012
(as miR-362-5p)
(C) high-fat+SS diet vs. high-fat+DJ diet
: Gene Expression .
miRNA expression in obesity Function work Target gene | Reference
Increases adipogenesis
miR-664-3p 291690 ~ in .the stlToma of human Zaragosi,
adipose tissue (as et al. 2011
miR-664)
Increases adipogenesis Chartoum-
Decrease |in HFD mice adipose (as pekis, et
miR-378) al. 2012
miR-378¢ -1.6294 C/EBPa,
C/EBP 5,
In 3T3L1 adipocyte (as | C/EBP &, .
) Gerin, et
Increase | miR-378) PPARgl,
al. 2010
PPARg?,
PGC1 3,
PPARg
Increases adipogenesis i
. . . Xie, et al
Decrease | in ob/ob mice adipocyte
. 2009b
(as miR-30c)
Increases adipogenesis in
h f h Z i
Increase ;d?pireortril:sﬁe (aL;man RUNX2 etaglag;z)ill’
iR-30c-2-3 -1.7460 '
MRmRemamop miR-300)
Induces ER stress in
NIH-3T3 fibroblasts,
Byrd, et
Increase MEFs, and HeLa cell PERK, XBP1 Al 2012
(recently as '
miR-30c-2-3p)
in the adipose tissue of
. . Estep, et
Decrease | patients with NASH (as TNFSF14
. al. 2010
miR-150)
miR-150-5p -1.5075
in subcutaneous adipose . .
) i Martinelli,
Increase tissue from obese (in PGC1 « et al. 2010
human as miR-150) '
miR-193a-3p -1.5350 Decrease | Increases brown fat Chartoum-
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differentiation
Increases adipogenesis in pekis, et
HFD mice (as al. 2012
miR-193a-3p)
In pre-adipocytes and
mature adipocytes
Decrease between subcutaneous Ortega, et
fat cells from obese and al. 2010
lean individuals (as
miR-193a-3p)
PPAR ¢,
PGCl e,
In pri b UCO1,
_prlmary rown Sun, et al
- adipocytes and SVF cells | PRDMI6, 2011
(as miR-193a) CIDEA,
FABP4,
PPARg
In human: associated
- with BMI (as Meerson,
et al. 2013
miR-193a-3p)
Increase In mice bone marrow Wang, et
cell (as miR-211) al. 2013
Induces during
miR-211-3p +1.6461 adipocyte differentiation | RUNX2 Huane. et
Increase | in C3H10T1/2, C2C12, &
al. 2010
ST2, and BMSCs cell (as
miR-211)

* (-) represents the unreported data

** DJ: Doenjang; SS: Steamed soy

g}. Adipocyte morphology

(1) H&E staining

O ARl HAFE 1AW o]
o
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structure)7h AAOR Bol BATYOH, o= nAWAe] HATH WA+
Hol ATl @Fugel FAUALS omstn U FATTAE wv¥ @
Ao R AR H.

Figure 3-4. Adipocyte morphology from epididymal adipose tissue (x40, x200 view)

Diet x40 x200

Low-fat

High-fat

High-fat+DJ"

* DJ: Doenjang; SS: Steamed soy

**Arrow indicates Crown-like structure
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O

L

| =]
A 5% Z-FolAx genistein o 4 H ol
13 (Nazz et al, 2003). A<
Z7}l5&= aglycone 3 EjQ] genistein o] AWzZ Apo]=z 7o) FojHET B

(Kwak et al., 2012).

e

5
k
t
ol
A
o
o oy g ©

Table 3-4. Adipocyte number and size among the treatment groups (x200 view, n=5)

Diet Number Size (xm)
Low-fat 434 + 2.6 83.3 + 5.8°
High-fat 284 + 3.9° 111.1 + 4.6°

High-fat+DJ" 29.3 + 4.4° 102.7 + 8.4P
High-fat+SS" 25.6 + 3.1° 106.2 + 4.8°

* DJ. Doenjang; SS: Steamed soy. Data are shown as the means =+ SEM, and the different

superscripts are significantly different at 2 < 0.05.

il ASAEH L B A4S AE Y

D Ast=Ef 2~ A% B4

O HO-12 AtgtzEeg 2o s fFEH« Tlidz 43t 2Eg 2o HEd wg AlZ

BEE 98] HO-1o] ¥ulE, 9wl Faeld HO-1e 248 As, Axwol



transcriptional =4 o 9FS e o7 A3 (Figure 3-5B).

O Protein & A3} AEH 20 o8 ofm|xAF 277} carbonyl group &.E AR E =),
HAo] gtz a3E 2] 98k protein carbonylation & =A% (Figure 3-6A).
Protein carbonylation & x¥Ajo] AF o] A XA o] HFFHTE wo] WA
2o 2 yehd, aA+ERA o] AT E XA o] F aA Y+t FA o] AT ET
protein carbonylation o] @ ¥Uojt Ao 2 Hol HAo HAZ Fik3 s el

= AFHZEHEANEH} HRe UM AY A kst a4

Tl AbstiEF s AR HrbstE *ﬂ*é%% Hla gk AfATolx A4S

< AP (Lee et al, 2010),

Haol kst Eﬂ% o7 Fadd Fo FiEe dAsAt 2 oud ek

(A) (B)

< 5

High-fat % i | "

Low-fat - D) SS - T
= 2

C

& 1]

Lowfat — DJ SS

High—Fat

Figure 3-5. Adipose HO-1 expression by (A) Western blotting (n=4) and (B) qRT-PCR
(n=3-4).
DJ: Doenjang; SS: Steamed soy. Data are shown as the means =+ SEM, and bars with different
superscripts are significantly different at 2 < 0.05.

(2 94 Ax &4

(b p-INK =4

O JNK &= Death Receptor o] TNF-a S¢] ligand 7} ZA%3slar ASK1l o] EAs}EHA
g el <l phosphorylation o] . &A43}¥ p-JNK = adipose tissue macrophage & ml
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(A)

Protein
carbonylation

macrophage polarization 2 Z3ZIA|7]H, inflammatory cytokine & ®BH|ZFES F7IAIA
S-S dozitgty d#HZ p-INKE d99d FFoA A3 (Figure 3-6B).
aATA ol A= AYEACAA p-INK F7hll s dSHheS FEskAN 23S

HAG A 9F0gol Fade AL B,

(B)
High-fat High-fat
Low-fat Low-fat DJ SS
P- JNK
HSC'IO

Figure 3-6. Adipose protein expression of (A) protein carbonylation and (B) p-JNK by
Western blotting.

DJ: Doenjang; SS: Steamed soy.

(1} Macrophage infiltration®} phenotype switch ¥#

O

CD68 & adipose tissue W2 ZEFH total macrophage THS & F UE total
macrophage marker 2 A|W=z2o] HFHHSo] Als]Z 4= macrophage infiltration o]
7k o]o] whe} 2] U total macrophage o] WolR. E AFolA = AP o]
%73t macrophage infiltration & #<lsl7] $s] CD68 mMRNA F&& =3
aAGA o] AFH oA ARG olet uA+EAFA o] HHTHT FolFow CD68
mRNA ®rd o] F71s8ll (Figure 3-7A), X|wralo] HH7F AW=2] W macrophage
infiltration & &3t AL BoE uA+EA2 o] AFHTH A Y+T T2 o)

AFHEA = FoZd Aole gl I’Jl‘%+%7é>“—!°] ’EZ‘H—EOI J—ZWHW‘:“ o]
T A A o]0 9Jd] =¥ macrophage infiltration & $3MA17|E FAE AU Y=
ApzZ o] AZuHkgo] o}3}lE™ macrophage ¢ phenotype switch 7} @&t m2
(alternatively activated) macrophage ©l|4] ml (classically activated) macrophage 7}
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=]
F& Festy] 9kl mRNA $EAA Z4sqS. CD68 o Adst 59
Hl2lo] AF o] AR ralolel mAF+AAA 0] MHFTHT FolFoz

. CD11lc & ml macrophage marker 2 ¢#A JQom, 2o|¥ ml macrophage

A 51|
CDl1l1c

mRNA T o] F7tstd= (Figure 3-7B). ol& mA2lo] 3ol m2 type A

ml type ©Z¢] macrophage phenotype switchE © ZIAZGE=E AL

Hoj g

TAgeEAA o9t DA Al EF C(Dllc WARL felHow Pas

AP om, olx mA|Wolo 9o X% macrophage phenotype switch

AAAZI= A7} AFe HolE

(A) (B)

™

o
m
o

m
(o}

I
=3
—

w
o

bc

™~
o
it}

ab

m
o

o

a
a

Relative CD68 mRNA

Relative CD11c mRNA

o

o

Low-fat - DJ oo Low-fat - DJ SS

High—Fat High—Fat

Figure 3-7. Adipose (A) CD68 and (B) CD1lc mRNA expression by qRT-PCR (n=3-4).

DJ. Doenjang; SS: Steamed soy. Data are shown as the means = SEM, and bars with different

superscripts are significantly different at 2 < 0.05.

(th Pro-inflammatory % anti-inflammatory adipokine ¥

O TNFa & pro-inflammatory adipokine ©.& A|Wxz9o] HZur3S =213 1%
AFTL AR o] AHATH A+ o] AT HT Fod o2 TNFe

W egFo] =718 (Figure  3-8A). uAM+EA2o]  MFHFH mA T
AL YA Aole glo] AT+ F2Ao] HAHATANA wHe AFES
T A2 o] AHFHE pro-inflammatory adipokine €1 TNFo #BS Z7AA 9=
Z3A T, 94e AT H$ TNFe EHZEES d3A7|= d95 5371
HAE Az AgH €A, AA, 3+ T A HAY FAF
e APATod ot IRAA ARl FHUME Ay nAHHo|ZERG
FE7F el o R FAAaFHIYe (Park et al, 2012), WFE HHST FFd=
27t nAGA o] AFHAFC &l FoHoE HAaES &A% Kim, 2014).
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O MCP-1&

(A)

Relative TNFa mBNA

chemokine © 2 monocyte-macrophage ¢

CXCR 3} Ag}ste] adipocyte W2 macrophage

AA A 0] e W
AA7
fFolx o=z MCP-1 mRNA
MCP-1 &
BolFu, 9%
N RAZ,

A+ 2 o)

TLR4 & adipocyte ¢ macrophage @oll &A)sl= =gt
iAol
2ol d H w1t

ligand 2 <I3] ZAsHH.
HiyEgoy £ AFdAE

3-80).

Z7}A#A macrophage infiltration

Fab o] dE= MCP-1 2

A T2 o

e ol

SRR

HAFE DAYl HATI
9. ;AR HAE AW
Zuge AUt

E= =
?:l“r“é“"“

18] frelz o2 MCP-1 mRNA & #Fo

Adiponectin 2 anti-inflammatory adipokine &2 ¥t

o],
g A A2 o]
o] S7Hd
2ol A
A7k

(Figure 3-8D).

MY Ao

B ol

LA R A4 o]

specific receptor <!

A,

WA2 FelAPan TNE
] ghol A

FolHel Aol B

TLR4 7} =

o Ml A
Mo rr

2 H

N

>

to >

Holz ¢ (Figure

ol #ofsim, AdPATl
Aol o3 H|gho] Fr= %TEmWMHmQ wH o] Hadna

AF TS ARG 0]

Hls] f2]Z o2 adiponectin mRNA

74eFS B S (Park et al.

(B)

3 bc

2 a

N —

Low—fat - DJ 5SS

High—Fat
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Figure 3-8 Adipose (A) TNF a, (B) MCP-1, (C) TLR4, and (D) Adiponectin mRNA expression by

qQRT-PCR (n=3-4).

DJ: Doenjang; SS: Steamed soy. Data are shown as the means = SEM, and bars with different
superscripts are significantly different at 2 < 0.05.

(2}) Fibrosis ##

O

Fibrosis(d 3+ AW=x2le] 7]%5H A (adipose tissue dysfunction)ol 83 &S
stH, adipocyte & =84 A A ¥ & AsHG AAC #st= extracelluar matrix
protein o] E%o U HEF AWERAL ot extracelluar matrix FAFOZ
2 Atolz2E ZASIA|IT Hvrd A$ #E3F extracelluar matrix protein £

2]
2 QA FAA " zF plasticity & FAAIA AWZEZF 9] dysfunction &

B o4 X
i 2 ok
o N

o

TGF # & macrophage oA EH|E = 4

T APGA o] AT AX A o] AT nAG+EAA o] FH T Bls] AR

TGFF  mRNA &0l

aAG+TFA o] AT YA zolglel A AHFHANA HAste ABEF
]

o
=
HAw ALl dF= TGEFp &ERlE F7isted A/stE SXsHAT, d3<

d

I ofx
A\
N
it
T
oQ
—
=~
(@)
w
o
=
k
N
o
+
i,
)
1>
o
X
\0
BN
1=

=3, #E3 extracelluar matrix protein © %22 Collagen 1, I, V& 22 /4
=4o] H=sA FHEo dojd. mAYA o] HAHTE AAWA o] AFH Lo HlE)
FolH o2 Colal mRNA TdFFe] F71E (Figure 3-9B). A +EH A2 0] HHALLS

[e]

2]
FAGAo] AHATETG Fo|Fd Aelgle] Colal mRNA TdHFFo] Hastes A=



HEL, mXHAo] HEHE= AHAxHHalo]l A RT AHxZ o] extracelluar matrix
=z

(A) (B)
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Figure 3-9. Adipose (A) TGF B and (B) Colal mRNA expression by qRT-PCR (n=3-4).
DJ: Doenjang; SS: Steamed soy. Data are shown as the means +* SEM, and bars with different

superscripts are significantly different at ~ < 0.05.
(v} Adipogenesis ##

O APAFo ¢4, lipoprotein lipase (LPL)7} miR-107-3p ¢} target gene ¢ & <& A,
LPL & mIgkoA Aol "HolxA FAHAW clearance 7} HaFHE o=
BHuHgloey (Mitro et al, 2013), LPL ZR9 FE24FgAE 39 AR
FSIA 7| AR A xZ el FAA FZ 3= independent sHAl &Itk AFF
(Gokdberg et la., 2009), T3+, W22 A LPL & 2]o]A o] o] =A FFS Hkx
r=tty By EYS (Shillabeer et al, 1990). & AFoAE=E Aol HdHET L
HAFFe] FoAQ Aol7t YEA] &3 (Figure 3-10A).

°

O mwEZEgotoA A4 4kste] #ost= CPTIb = Aol 43 et FoZQl Aol&

RHolx] okgtom miR-107-3p ¢ target gene &2 <& F (Figure 3-10B). a1x]2] o]
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7HE Ao, ol A& Taayg Fol A7l= T9dT bioactive compounds o &g
gt A3 (Kwak et al., 2012).
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2ol & Rolx ¢S (Figure 3-10E). PPAR gamma += miR-378a-5p, miR-378c,

miR-107-3p, miR-146b-5p 2 miR-150-5p 2] target gene ©.2 L& % UL
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Figure 3-10. Adipose (A) LPL, (B) CPT1b, (C) Lipinl (D) PGCl e, and (E) PPAR gamma mRNA
expression by qRT-PCR and protein expression by Western blotting (n=3-4).
DJ: Doenjang; SS: Steamed soy. Data are shown as the means * SEM, and bars with different

superscripts are significantly different at /2 < 0.05.

_98_



A4d 28 H A

L 34880 AFAY TSN G BHYE BH L i vio 2LAA 3
43 993 B A3

B
il

O RN Foll Aspergillus Oryzae?} Bacillus Subtilis P18 && HEFste] RFAZ WFS 2T
oA 2xF WAEAZ T S BEstn @ BFS s4AIIE AACAA EHETE
aglycone isoflavone 3$t#o] Hatx oz Zrlsigon ixtataynts Zrlstydch 18y, &
AAANA 3L o]F 120L7HA ZF ZEl#E 3k aglycone isoflavone 3HEFe A <] H
o= st st adEd ) FATEAE 121 A" dA&0] M =3
o &o Z = o)y aglycone isoflavone?] $FaFo] Frlst= AW 2= 11 a95 A

CESEIEE )

A

O AdFolA = ddsaxdrt oy 1271d A= 553 sA4d 2429 HE==vaDM
T2 d"HotA B0l E(EA) 8 F=E°] LPSE A 2lgk RAW 264.7 Al &ZoA NF-kB
o] BAFE dAFgoEZHA INOS9 COX-2 42 AL A HY Axoz IFiks
Al F7Fst= NO, PGE2 ¥ 954 cytokinedl IL-6 ¢ AAS AAANASS £ A4 A
o2 Hwaon oz g on e dolt st EJ, ol Ads Ao AlAS
o & =w°l 2 Zoly, e® HG o] L A FHAYE Tt 23

o7 953 HAA AxHRAo AMdE 5S¢ F & IS AHolth

AZate] Agr1Ael hatel oy =4 oM TFd DFREe
A TH 55 o= NF-«B A& # 1 olyegt AP-1, C/EBP, HO-1
Z97] ATHojor @ Zloltt.

o 1o

O genisteine]y} daidzein®} 22 aglycone isoflavoneS A %] sFar

SE3 EE FYFEAE Uebd sbsAol JeH R £ U ARE AND

- A7
2 o*om 2 Q7 A%E wgos YYTadl BT FELRS DM FA FE8Y
: A

_99_



]
= -
el olsll S d3 B dade] Wit @R s Fase Pl HEHUG

zA e A5E Yeige 8 Aserd A x;d AST9F ALT 9 MCP-1 |37 AAE=
DA A olof o] FojFo g Frlstial, BAgeld Y dSAREY STV AAEHU
S}, TNF-alpha®} CRPe] ELISA #41& ++ 3bo] {92l Aolg& yehfAl gt 1He
AW A pAGAolE g dAF4ado] BHEHA &S ASE Hol 45% kcal LA
2ol oA dSS FEdstrlod SRS Aol xHo] ofd Aow ATHW weba,
oA el AF i/ RS Ui WSIF FES] oA e AoE ARHT EZ
in vitro AgelA &0 #H HAAY HEF &% ethanol FE=ENA= v ks o1, DM
o

o fFolAQ FdHdF 50 #FEH AS=E in vivo 2

#<Ql TBARSE ZrxA A F Irol zto]lE Holx (s Fd¥EES Uetle total
antioxidant potential (FRAP) = @A A = Ztoll Fol A<l syt 2= R dol HA9] &
Aslase B AY oA AAHEA &Yt in vitrodl A #FHE F4EsE &37F in vivo

o goiz} AN NE BREA gtk in vitro AFeIHE ethanol FEER WL
AgPstRoenz fFEHE] FFH ARZE AYES 319 in vivo A= FFe] 52
Aok 9o 32

[e]
8
AzDSEE A2 AGHGonE FASEAI} HH Y RO Bk
= =

¢l Daidzein =% Genistein S04 R = u} Yo}

webA, in vivo s=d el 5 R marh FAFL st 9 FdadE Pt

7] glalME Bae] BAL A8SAY B 4AFS Seck @ Aoz B,

- 100 -



+ miRNA microarray

S|
pil

‘Omics “ HIYL &

Aol = HIRHEEY HIRA E o] A

3.

H R 2871 9

&}

Bl

4

K
T
)

tol Add e 7]

S

ety

S A Omics #47|HES
FEokol A

A g2 7sd ER

o«

Aol A

RS

A= 2AE A9

L —
—

mK

)

pjg

il

Jo

)

—_

0

B!

o
Ry
o
N
N

il
E]L

Nio

microarray

o
=

o] AFz2 oA global miRNA profile

ted 337 miRNA7} f-2] &<l

3

FERY

E{_}.

M
a3+

o)
T=

J

2ojd] e

=0

H

O 1A

ol 9]

Al
A

K

Xl

3

[e)
ENE 5

B o, miR-378,

=
=

ol

wofA Ao]d] o

FHoZkel 871 miRNAZF 9141

Intm e 2 23}

3 ©

N
=

SR

miR-3069-3p, miR-16-5p, miR-155-5p, miR-193b-3p

k<]
1o ApzoA HiHA &2 4=

Q)
=

3

AT &

A

Sl

miR-107, miR-146-2

ob7) )

| —
T

3.

il

o7
o
oy

miRNAo| ™, B} T2

o
L

B2l mRNAZEF g1l

=
=

A g2lo] AT = oAl Aol

o

L
|

o= ol

J

miRNAZ} 170 9F Ex)

Hol=

AF Azl FAZE 9 A0l M FelH oz i AR A A

o] HATT Aol

v} 2]

l

alx

Nas

NF

9} Aol

1A wlgel fEd A A

3]

X

ool o

ol gkomz 2

ol &

o] AT

Al
-l

o zte]

o
T

3t hFel A

i
o

!
i
—_
)A

lo]l 2 X9l miRNAE target gene AEES

f(

|

KR

o
e

O & d7olA

Z mRNAS®} protein g0l

Al ©
v —

=
3

(Ca

—
N
N

o

s 4%

Bol%. F7bH 977} Be

>
EQl miRNAE EFoly Ast2E# 2~ gAY

FAA R, A4St ~E

53]

l

Z=

s

|

of

B

adipogenesis¢} THAH =

a4 g4Ae

SFA]

S
=

ol

%

bl 2
A A

X

ECED!

N

(o= |
3

2 miRNA9]

)

0

A 7FA] - HALE A]

kil

oJ AL

3}
.

[e)
A(S]’E‘

=
o

AAZ=A ) 7}

L
) By

s}

Aol

- 101 -



]

oo

2 target gene &<lo] &
12l mRNAE %3} O

<}
=

oju

- 102 -



7}

o

3

Ry

)

A&

=

=

A Ao+ ) A=}
&2

)

AFAL N

ol +z i

]

&4

3h, A AiAL E-d A3

H

A
O DIO rdojA o

=
o

e
o

=K

O TO

G NP

wl
=

I3l a3} FRAP,

!

0]-/\

DPPH3} ABTS#}t]Z £A &S} =

O RAW 264.7 A A o] &

B

£ —glucosidase &4

3

=

R

=
=

717kl w}
isoflavone 74 W3 =

]

B

std A=z

3

=

5}

l

MCP-1 &% % iNOS, COX-2/8 4 &} NF-kB

H4F=E Fo9 A NO, IL-6, TNF-a, PGEZ2,

717- AT - LPSe| 9

™

!

Nd
oo
<0
o
K
!
1
oo

7 W

B!

o
sl

3

A

2002 7|0 =

100

100
100

100

100 |O

L S k=

=

754
[}

o 3}

FaAdEd =4

=

<A 183>

u}
o) wa}

EA

i

WYX |@ in vitro d2+3la s}

12+
(2013- |4 ¢

2014) |3 o214

/d target gene &<l ¥ mRNA, ©hid F4

[€)

L

O AE7 9 Histology ¥4
- 103 -

100 |O miRNA microarray profile &2

100 |O 7]

100
100

Qus BrTee AL

<A 2 ¥




o

ke
afl

L dFA4HAT=E &7))

71t

=3}

7] o) R/A5

1 (F11)

2

1A %(2015)
2'd 2H2016)

2. 3888

—

NI

o

s

o) 283

AlA 2 7

Al
a

ojp

¢

~

;oa

_Z.__v

ol
el

o}

ojn
1)
_
file)
o

o

A E B4

™
;oL

=0

[e]

A
[¢)

g2 &8 7}

3t &

o] 7154l ¥

2

%z

o

5

IE

i

=

o 2] ol

i

_Eﬁ

1

O =A

4. 7]E}

Jo

o

o
o)
o

oju

DB 7% 28 1,

3}
3

£ 9
2=
T

I A FNEe] #ed ZA
_;L

95
23

- 104 -



H 6 AMEarEoM et dielatstr|sd e

1. 715824F AEY dF4 Omics 71&S AHES T AEIEY

S
D
ry
o
rt
()
3,
a
3
IS)
=
o
<
g

>
N
i

[o
i)
ofo
ol
£
N
olr
oX,
1>
o
oX
i
Lo
o
o
N
off
ok
ox
\:o\r
:\_l‘
Ll
s
k]

=1 steAE (dx) A A} 71584 Foay

H202¢] 2] 3] A

Global microRNA expression FEE 2Ef 20

pr.ofﬂing: Curcumin Molecular i3} antioxidant

(diferuloylmethane) alters . Howell et ) defenses}

oxidative stress-responsive Vision 2013: al. Curcumin renin-angiotensin

microRNAs 19:544-560 systems =&

in human ARPE-19 cells = mRNAEE
T

Q) BAAETZA E471es AHgE 7Y A ad A5 JP3 AL ofe 2+

A2 (A=) 5 g i R E

Kim % (2013) 2 DA A [ope- 2 metabolic parameters

Lee 5 (2012) g+ | KK-Ay/Talcl vp-$-2~ mRNA, Western

Choi 5 (2011) 24, A=A | A SA/FH EMSA, Western

Soh % (2008) = T A 2] fu}pg- 2 mRNA, Western

Yang 5 (2013) =7 A2d G Western

Soh % (2011 = A A a2~ microarray, mRNA

Hwang & (2011) =% MCF7 cell microarray, mRNA, Western

Kwon % (2007) g7 AL AA T = mRNA, Western

Kim % (2007) =7 spleen, thymus mouse cell | DNA fragmentation, FACS

Kwon % (2006) =7 3T3-L1 fibroblasts Western

Ahn 5 (2006) IF% 3T3-L1 Adipocytes mRNA

Park 5. (2012) =23 LA A ap- 2~ enzyme activity

Kwon 5 (2009) A AZ AT = Western

- 105 -



Q) A7 F2 YA EZQI soy protein, isoflavone 5

Abgste] J¥E dTs

rlo
o
)

A2 (A %)

=z =
ST

BEEE

L

o2

EET

i
P

Ronis 5 (2009)

soy protein
isolate

weaning-adult/liver

mRNA, Western, CHIP

A", soy

Frigolet 5 (2011) ) rat/adipose microarray, mRNA

protein
. genistein, ) .

Takahashi 5 (2009) o rat/liver microarray
daidzein
genistein, 3T3-L1 and C3H10T1/2

Cho & (2010) o mRNA, Western
daidzein cells

=

Torre-Villalvazo &
(2008)

soy protein

I A frat/liver, adipose

mRNA, Western

Tovar-Palacio &

obese Zucker fa/fa

soy protein . mRNA
(201D rat/kidney
312 ¥F-2] [C57BL/6J
Kim & (2010 genistein L 1 B mRNA
mice/adipose
. o A2} /C57BL/6] .
Kim & (201D daidzein microarray, mRNA, HPLC/MS

mice/liver, adipose

Takahashi 5 (2011)

soy protein
isolate,
isoflavone,
tofu

rat/liver

microarray, mRNA

- 106 -



H 7% Hags

Ahn, J., et al. (2013) MicroRNA-146b promotes adipogenesis by suppressing the SIRT1-FOXO1
cascade. EMBO Mol Med 5, 1602-12.

Andersen, D. C., et al. (2010) MicroRNA-15a fine-tunes the level of Delta-like 1 homolog
(DLK1) in proliferating 3T3-L1 preadipocytes. Experimental Cell Research 316,
1681-1691.

Bengestrate, L., et al. (2011) Genome-wide profiling of microRNAs in adipose mesenchymal
stem cell differentiation and mouse models of obesity. PLoS One 6, €21305.

Boden G (2011) Obesity, insulin resistance and free fatty acids. Curr Opin endocrinol Diabetes
Obes. 18(2):139-143.

Byrd, A. E., et al. (2012) MicroRNA-30c-2* limits expression of proadaptive factor XBP1 in
the unfolded protein response. J Cell Biol 196(6):689-98.

Chae SK, Kang GS, Ma SJ, Bang KW, Oh MW, Oh SH (2002) Standard Food Analysis.
Jigu-moonwha Sa, Seoul, p 381-382.

Chai C, Ju HK, Kim SC, Park JH, Lim J, Kwon SW, Lee J (2012) Determination of bioactive
compounds in fermented soybean products using GC/MS and further investigation of

correlation of their bioactivities. J Chromatography B 880:42-29

Choi J. H., et al. (2011) The anti-inflammatory action of fermented soybean products in
kidney of high-fat-fed rats. J Med Food 14(3), 232-239.

Calin, G. A., et al. (2002) Frequent deletions and down-regulation of micro-RNA genes miR15
and miR16 at 13ql4 in chronic lymphocytic leukemia. Proc Natl Acad Sci U S A
99(24):15524-9.

Chang ST, Wu JH, Wang SY, Kang PL, Yang NS, Shyur LF(2001) Antioxidant activity of
extracts from Acacia canfusa bark and heartwood. J Agric Food Chem. 49(7):3420-4.

Cho HJ, Shim JH, So HS, Park JHY (2012) Mechanism undelying the antiinflammatory action of
piceatannol induced by lipopolysaccharide. J Kor Soc Food Sci Nutr 41(9):1226-1234

Chartoumpekis, D. V., et al. (2012) Differential expression of microRNAs in adipose tissue
after long-term high-fat diet-induced obesity in mice. PLoS One 7, €34872.

Civelek, M., et al. (2013) Genetic regulation of human adipose microRNA expression and its
consequences for metabolic traits. Hum Mol Genet 22(15):3023-37.

Choi JH, Kwon SW, Park KY, Yu BP, Kim ND, Jung JH, Chung HY (2011) The

anti-inflammatory action of fermented soybean products in kidney of high-fat-fed

- 107 -



rats. J Med Food 14(3);232-239

Choi YH, Lim H, Heo MY, Kwon DY, Kim HP (2008) Anti-inflammatory activity of the ethanol
extract of Chungukjang, Korean fermented bean:5-lipoxygenase inhibition. J Med Food
11(3):539-543

Dia VP, Berhow MA, De Mejia EG (2008) Bowman-Birk inhibitor and genistein among soy
compounds that synergistically inhibit nitric oxide and prostaglandin E2 pathways in
LPS-induced macrophages. J Agr Food Chem. 56:11707-11717.

Estep, M., et al. (2010) Differential expression of miRNAs in the visceral adipose tissue of
patients with non-alcoholic fatty liver disease. Aliment Pharmacol Ther 32(3):487-97.

Frigolet ME, Torres N, Uribe-Figueroa L, Rangel C, Jimenez-Sanchez G & Tovar AR (2011)
White adipose tissue genome wide-expression profiling and adipocyte metabolic

functions after soy protein consumption in rats. J Nutr Biochem 22, 118-129.

Gerin, 1., et al. (2010) Roles for miRNA-378/378* in adipocyte gene expression and lipogenesis.
Am J Physiol Endocrinol Metab 299, E198-206.

Green LC, Wagner DA, Glogowski J, Skipper PL, (1982) Wishnok JS, Tannenbaum SR. Analysis
of nitrate, nitrite and [15N] nitrate in biological fluids. Ana/ Biochem 126:131-138.

Guha M, Mackman N (2001) LPS induction of gene expression in human monocytes. Cel/
signal 13:85-94.

Guo JY, Huo HR, Yang YX, Li CH, Liu HB, Zhao BS (2006) 2-Methoxy- cinnamaldehyde
reduces IL-1 beta-induced prostaglandin production in rat cerebral endothelial cells.
Biol Pharm Bull 29:2214-2221.

Hamalainen M, Neiminen R, Vuorela P, Heinonen M, Moilanen E (2007) Anti-inflammatory
effects of flavonoids: Genistein, Kaempherol, Quercetin, and Daidzein inhibit STST-1
and NF-xB activations, whereas flavone, isorhamnetin, naringenin and pelargonidin
inhibit only NF- x B activation along with their inhibitory effect on INOS expression
and NO production in activated macrophages. Mediators of Inflammation. 1D 45673,
1-10

Huang, J., et al. (2010) MicroRNA-204 regulates Runx2 protein expression and mesenchymal
progenitor cell differentiation. Stem Cells 28(2):357-64.

[zumi T, Piskula MK, Osawa S, Obata A, Tobe K, Saito M, Kataoka S, Kubota Y, Kikuchi M
(2000) Soy isoflavone aglycones are absorbed faster and in higher amounts than their
glucosides in humans. J Nutr 130(7);1695-1699

Jeong JK, Zheng Y, Choi HS, Han GJ, Park KY (2010) Catabolic enzyme activities and

- 108 -



physiological functionalities of Lactic acid bacteria isolated from Korean traditional
Meju. J Kor Soc Food Sci Nutr 39(2):1854-1859

Jeong JW, Lee HH, Han MH, Kim GY, Kim WJ, Choi YH (2014) Anti-inflammatory effects of
genistein via suppression of the toll-like receptor 4-mediated signal pathway in

lipopolysaccharide-stimulated BV microglia. Chemico-Biolobical Interactions 212:30-39

J. G. Zhang Y, Yang Q, Cheng S, HAo J, Zhao X, Jiang Z (2012) Genistein suppresses
LPS-induced inflammatory response through inhibiting NF-x B following AMP Kinase
activation in RAW 264.7 macrophages. PLOS one 7(12):€53101

Jo SJ, Hong CO, Yang SY, Choi KK, Kim HK, Yang H, Lee KW. (2011) Changes in contents
of y-aminobutyric acid(GABA) and isoflavones in traditional Korean Doenjang by
ripening periods. J Korean Soc Food Sci Nutr 40(4):557-564

Jung KO, Park SY, Park KY. (2006) Longer aging time increases the anticancer and

antimetastatic properties of doenjang. MNutrition 22:539-545

Jung SH, Kim SJ, Jun BG, Lee KT, Homg SP, Oh MS, Jang DS, Choi JH (2013) « -cyperone,
isolated from the rhizomes of cyperus rotundus, inhibits LPS-induced COX-2
expression and PGE2 production through the negative regulation of NF x B signalling in
RAW 264.7 cells. J Ethnopharmacology 147:208-214.

Kang JH, Sung MK, Kawada T, Yoo H, Kim YK, KimJS, Yu R(2005) Soybean saponins
suppress the release of proinflammatory mediators by LPS-stimulated peritoneal

macrophages. Cancer Lett 230,219-227

Kang, M., et al. (2013) Role of microRNA-21 in regulating 3T3-L1 adipocyte differentiation
and adiponectin expression. Molecular Biology Reports 40, 5027-34.

Kim, C., et al. (2013) TNF ¢ -induced miR-130 resulted in adipocyte dysfunction during
obesity-related inflammation. FEBS Letters 587, 3853-3858.

Kim JS, Yoon S (1999) Isoflavone contents and A -glucosidase activities of soybeans, meju and
doenjang. Korean J Food Sci Technol 31(6) 1405-1409

Kim JY, Choi JN, Choi JH, Cha YS, Muthaiya MJ & Lee CH (2013) Effect of fermented
soybean product (Cheonggukjang) intake on metabolic parameters in mice fed a
high-fat diet. Mol Nutr Food Res, 1-6.

Kim MH, Park JS, Jung JW, Byun KW, Kang KS & Lee YS (2011) Daidzein supplementation
prevents non-alcoholic fatty liver disease through alternation of hepatic gene
expression profiles and adipocyte metabolism. /nternational Journal of obesity 35,
1019-1030.

- 109 -



Kim, S.Y., et al. (20100 miR-27a is a negative regulator of adipocyte differentiation via
suppressing PPAR » expression. Biochem Biophys Res Commun 392, 323-328.

Kinoshita, M., et al. (2010) Regulation of adipocyte differentiation by activation of serotonin
(5-HT) receptors 5-HT2AR and 5-HT2CR and involvement of microRNA-448-mediated
repression of KLF5. Mol Endocrinol 24, 1978-87.

Kloting, Nora, et al. (2009) MicroRNA Expression in Human Omental and Subcutaneous
Adipose Tissue. PLoS ONE 4(3):e4699.

Kobayashi M, Matsushita H, Ysahida K, Tsukiyama R, Sungimura T, Yamamoto K (2004) In
vitro and in vivo anti-allergic activity of soy sauce. Int J Mol Med 14(5):879-884

Koeberle A, Northoff H, Werz O (2009) Curcumin blocks prostaglandin E2 biosynthesis
through direct inhibition of the microsomal prostaglandin E2 synthase-1. Mol Cancer
Ther 8(8):2348-2355

Koo BS, Seong SH, Kwon DY, Sohn HS & Cha YS (2008) Fermented Kochujang Supplement
Shows Anti-obesity Effects by Controlling Lipid Metabolism in C57BL/6] Mice Fed High
Fat Diet. Food Sci Biotechnol 17(2), 336-342.

Kumar MV, Shimokawa T, Nagy TR (2002) Differential effects of a centrally acting fatty acid
synthase inhibitor in lean and obese mice. Proc Natl Acad Sci USA 99:1921-1925

Kwak CS, Lee MS, Park SC(2007) Higher in vitro and in vivo antioxidant activities and
polyphenol contents in Chungkookjang, a fermented soybean food, than in
not-fermented soybeans. MNutr Research 2007;27:719-727

Kwak CS, Park SC & Song KY (2012) Doenjang, a Fermented Soybean Paste, Decreased
Visceral Fat Accumulation and Adipocyte Size in Rats Fed with High Fat Diet More
Effectively Than Nonfermented Soybeans. J Med Food 15(1), 1-9.

Kwon DY, Jang JS, Lee JE, Kim YS, Shin DH & Park EM (2006) The isoflavonoid
aglycone-rich fractions of Chungkookjang, fermented unsalted soybeans, enhance
insulin signaling and peroxisome proliferator-activated receptor- » activity mn vitro.
BioFactoes 26, 245-258.

Kwon DY, Daily JW. IlI, Kim HJ, Park SM (2010) Antidiabetic effects of fermented soybean
products on type 2 diabetes. MNutr. Res. 30:1-13.

Lawrence T, Gilroy DW, Colville-Nash PR (2001) Possible new role for NF-xB in the
resolution of inflammation. Nat Med 7:1291-1297

Lee EH, Son WC, Lee SE, Kim BH (2013) Anti-obesity effects of poly- y -glutamic acid with

or without isoflavones on high-fat diet induced obese mice. Bioscl. Biotechnol.

- 110 -



Biochem. 77:1694-1702.

Lee JY, Cho HK & Kwon YH (2010) Palmitate induces insulin resistance without significant

intracellular triglyceride accumulation in HepG2 cells. Metabolism 59(7), 927-934.

Lee SM, You Y, Kim K, Park J, Jeong C, Jhon DY, Jun W (2012) Antioxidant activities of
native Gwangyang Rubus coreanus Muq. J Kor Soc Food Sci Nutr 41(3):327-332

Lee J. J., et al. (2010). Effects of Powders of Soybean and Doenjang on Cholesterol Level
and Antioxidant Activities in Rats Fed with a High Cholesterol Diet. J Life Sci 20(7):
1134-1142.

Lee SW, Park YW, Chang PS, Lee JW (2010) Isoflavone distribution and /A -glucosidase
activity in home-made and factory-produced Doenjang. Korean J Food Sci Technol
42(2):125-129

Lee YS, Jang SY, Kim KO (2005) Effects of soy isoflavone intake on nitrite content and
antioxidant enzyme activities in male rats fed high-fat diet. Korean J Nutr 38(2):89-95

Lee, Y. M., et al. (2006) Effects of dietary genistein on hepatic lipid metabolism and
mitochondrial function in mice fed high-fat diets. Nutrition 22(9): 956-964.

Lin, Q., et al. (2009) A role of miR-27 in the regulation of adipogenesis. Febs Journal 276,
2348-2358.

Ling, H. Y., et al. (2011) MicroRNA-375 promotes 3T3-L1 adipocyte differentiation through
modulation of extracellular signal-regulated kinase signalling. Clinical and Experimental
Pharmacology and Physiology 38, 239-246.

Linton MF, Fazio S (2003) Macrophages, inflammation, and atherosclerosis. 1nt J Obes Relat
Metab Disord 27(supple3):s35-40

Liu, F., et al. (2012) Uprgulation of microRNA-210 regulates renal angiogenesis mediated by
activation of VEGF signaling pathway under ischemia/perfusion injury in vivo and in
vitro. Kidney Blood Press Res 35(3):182-91.

Martinelli, Rosanna, et al. (2010) miR-519d Overexpression Is Associated With Human Obesity.
Obesity 18(11):2170-2176.

Meerson, A., et al. (2013) Human adipose microRNA-221 is upregulated in obesity and affects
fat metabolism downstream of leptin and TNF-alpha. Diabetologia 56(9):1971-9.

Miller, Ashley M., et al. (2013) MiR-155 has a protective role in the development of
non-alcoholic hepatosteatosis in mice. PLoS ONE 8(8):€72324.

Mitrou, P., et al. (2013). Insulin action in morbid obesity: a focus on muscle and adipose
tissue. Hormones (Athens) 12(2): 201-213.

- 111 -



Monzon ME, Casalino-Matsuda SM, Forteza RM(2006) Identification of glycosaminoglycans in
human airway secretions. Am J Respir Cell Mol Biol 34:135-141.

Mosmann T (1983) Rapid colorimetric assay for cellular growth and survival: application to

proliferation and cytotoxicity assays. J /mmunol Methods 65(1-2):55-63

Nakanishi, N., et al. (2009) The up-regulation of microRNA-335 is associated with lipid
metabolism in liver and white adipose tissue of genetically obese mice. Biochem
Biophys Res Commun 385, 492-496.

Nakaya M, Tachibana H, Yamada K(2005) Isoflavone genistein and daidzein up-ragulate
LPS-induced inducible nitric oxide synthase activity through estrogen receptor pathway
in RAW264.7. Biochem Pharm 71;108-114

Nam DH, Kim HJ, Lim JS, Kim KH, Park CS, Kim JH, Lim J, Kwon DY, Kim IH, Kim JS.
(2011 Simultaneous enhancement of free isoflavone content and antioxidant potential

of soybean by fermentation with Aspergillus oryzae. J Food Sci 76:1194-h200

Naaz, A., et al. (2003). The soy isoflavone genistein decreases adipose deposition in mice.
Endocrinology 144(8): 3315-3320.

Ortega, Francisco J., et al. (2010) MiRNA expression profile of human subcutaneous adipose
and during adipocyte differentiation. PLoS ONE 5(2):€9022.

Park KY, Jung KO, Rhee SH, Choi YH: Antimutagenic effects of Doenjang (Korean fermented
soypaste) and its active compounds. Mutation Res 2003;523-524: 43-53.

Park NY, Rico CW, Lee SC & Kang MY (2012) Comparative effects of doenjang prepared
from soybean and brown rice on the body weight and lipid metabolism in high fat-fed
mice. J Clin Biochem Nutr 51(3), 235-240.

Peralta RM, Kalowaki MK, Terenzi HF, Jorge JA (1997) A highly thermostable @A -glucosidase
activity from the thermophilic fungus Humicola grisea var. thermoidea: purification and
biochemical characterization. FEMS Microbiol Lett 146:291-295

Parra, P., F. Serra, and A. Palou (2010) Expression of adipose microRNAs is sensitive to
dietary conjugated linoleic acid treatment in mice. PLoS One 5(9):e13005.

Qin, L. M, et al. (20100 A deep investigation into the adipogenesis mechanism: Profile of
microRNAs regulating adipogenesis by modulating the canonical Wnt/beta-catenin
signaling pathway. Bmc Genomics 11.

Re R, Pellegrini P, Proteggente A, Pannala A, Yang M, Rice-Evance C (1999) Antioxidant
activity applying an improved ABTS radical cation decolorization assay. Free Rad Biol
Med 26:1231-1237

- 112 -



Rice-Evance C, Miller N, Paganga G (1997) Antioxidant properties of phenolic compounds.
Trends Plant Sci 2:152-159

Roh C, Jung UJ, Jo SK (2011) 6,74’ -Trihydroxyisoflavone from Doenjang inhibits lipid
accumulation. Food Chem. 129:183-187.

Shan J, Fu J, Zhao Z, Kong X, Huang H, Luo L, Yin Z(2009) Chlorogenic acid inhibits
lipopolysaccharide-induced cyclooxygenase-2 expression in RAW 264.7 cells through

suppressing NF- x B and JNK/AP-1 activation. /nt Immunopharmacol 9:1042-1048.

Singleton VL, Orthofer R, Lamuela-Raventos RM (1999) Analysis of total phenols and other
oxidation substrates and antioxidants by means of Folin-Ciocalteau reagent. Methods
Enzymol 299:152-178.

Soh JR, Shin DH, Kwon DY, Cha YS (2008) Effect of Cheonggukjang supplementation upon
hepatic acyl-CoA synthase, carnitine palmitoyltransferase [, acyl-CoA oxidase and
uncoupling protein 2 mRNA levels in C57BL/6J mice fed with high fat diet. Gens Nutr
2, 365-369.

Sun, T., et al. (2009) MicroRNA let-7 regulates 3T3-L1 adipogenesis. Mol Endocrinol 23,
925-31.

Sun, L., et al. (2011) Mir193b-365 is essential for brown fat differentiation. Nat Cell Biol
13(8):958-65.

Takanabe, R., et al. (2008) Up-regulated expression of microRNA-143 in association with
obesity in adipose tissue of mice fed high-fat diet. Biochem Biophys Res Commun 376,
728-32.

Trajkovski, M., et al. (2011) MicroRNAs 103 and 107 regulate insulin sensitivity. Nature 474,
649-53.

Wang, Q., et al. (2008) miR-17-92 cluster accelerates adipocyte differentiation by negatively
regulating tumor-suppressor Rb2/p130. Proc Natl Acad Sci U S A 105, 2889-94.

Wang, J., et al. (2013) miR-30e reciprocally regulates the differentiation of adipocytes and
osteoblasts by directly targeting low-density lipoprotein receptor-related protein 6. Cell
Death Dis 4:€845.

Xie, H., et al. (2009a) Targeting microRNAs in obesity. Expert Opin Ther Targets
13(10):1227-38.

Xie, H. M., et al. (2009b) MicroRNAs induced during adipogenesis that accelerate fat cell
development are downregulated in obesity. Diabetes 58, 1050-1057.

Xu H, Barnes GT, Yang Q et al (2003) Chronic inflammation in fat plays a crucial role in the

development of obesity-related insulin resistance. J Clin Invest 112:1821-1830

- 113 -



Yasushi S, Tsukase N, Keiko S, Hiroe Y, Hisashi Y (1999) Stopped-flow and
spectrophotometric study on radical scavenging by tea catechins and model compound.
Chem Pharm Bull 47: 1369-1374.

Yi, C., et al. (2011) MiR-143 enhances adipogenic differentiation of 3T3-L1 cells through
targeting the coding region of mouse pleiotrophin. FEBS Lett 585, 3303-9.

Yildirim A, Mavi A, Kara AA (2001) Determination of antioxidant and antimicrobial activities of
Rumex crispus L. extracts. J Agric Food Chem 49:4093-4089.

Yu R, Kim CS, Kwon BS, Kawada T (2006) Mesenteric adipose tissue-derived monocyte
chemoattractant protein-1 plays a crucial role in adipose tissue macrophage migration
and activation in obese mice. Obesity 14(8):1353-1362

Zaragosi, L. E., et al. (2011) Small RNA sequencing reveals miR-642a-3p as a novel
adipocyte-specific microRNA and miR-30 as a key regulator of human adipogenesis.
Genome Biol 12(7):R64.

Zhuang, G., et al. (2012) A novel regulator of macrophage activation: miR-223 in
obesity-associated adipose tissue inflammation. Circulation 125, 2892-903.

F54d A, A4, olmls (20000 =] dMEAZAA G 5 AF A DMBA Fo

FEFEA AA a7 F eF5FE < 39(4):347-356,

2
Lo
o
Jo

7]

A8, ol tE, A%, AFS & wd (200600 BE AR AFHa D AFAE g
4] E ol ok 818] %] 35(9), 1194-1199.

ol%3], Farel, AT & WD 2003 LAY olE HAHIY FHNA nFZ] AT F A
Pz W] AAGLET}. P FEY Y8157 326), 882-886.

ojFd, &9, T4, AL Q01D AFAAY WISF = FYFIYHTIH
, Wi, A3 (2009 AT @A AlE7RRD A B FFe] Aol n
g

FEA (2000) LAY AolE HAAA AHANA FAe] Fnivtayt. F=F ¥ 33(8),
787-793.

- 114 -



<sf &) shg B30

Ahn 1. S., et al. (2006) Antiobesity effect of Kochujang (Korean fermented red pepper paste)
extract in 3T3-L1 adipocytes. J Med Food 9(1), 15-21.

Cho K. W., et al. (2010) Daidzein and the daidzein metabolite, equol, enhance adipocyte
differentiation and PPAR y transcriptional activity. J Nutri Biochem 21, 841-847.
Frigolet M. E., et al. (2011) White adipose tissue genome wide-expression profiling and
adipocyte metabolic functions after soy protein consumption in rats. J Nutri Biochem

22, 118-129.

Howell, J. C., et al. (2013) Global microRNA expression profiling: curcumin (diferuloylmethane)
alters oxidative stress-responsive microRNAs in human ARPE-19 cells. Mol Vis
19:544-60.

Hwang J. S., et al. (2011) Inflammation-Related Signaling pathways Implicating TGF are
Revealed in the Expression Profiling of MCF7 Cell Treated with Fermented Soybean,
Chungkookjang. Nutr Can 63(4), 645-652.

Kim H. B., et al. (2007) Ethanol extract of fermented soybean, chungkookjang, inhibits the
apoptosis of mouse spleen, and thymus cells. J Microbiol 45(3) 256-261.

Kim M. H., et al. (2010) The inhibitory effect of genisterin on hepatic steatosis is linked to
visceral adipocyte metabolism in mice with diet-induced non-alcoholic fatty liver
disease. British J Nutr 104, 1333-1342.

Kim M. H., et al. (2011) Daidzein supplementation prevents non-alcoholic fatty liver disease
through alternation of hepatic gene expression profiles and adipocyte metabolism.
International Journal of obesity 35, 1019-1030.

Kim J. Y., et al. (2013) Effect of fermented soybean product (Cheonggukjang) intake on
metabolic parameters in mice fed a high-fat diet. Mol Nutr Food Res, 1-6.

Kwon D. Y. et al. (20060 The isoflavonoid aglycone-rich fractions of Chungkookjang,
fermented unsalted soybeans, enhance insulin  signaling and  peroxisome
proliferator-activated receptor-y activity in vitro. BioFactoes 26, 245-258.

Kwon D. Y., et al (2007 Long-term consumption of fermented soybean-derived
Chungkookjang enhances insulinotropic action unlike soybeans in 90% pancreatectomized
diabetic rats. Eur J Nutr 44, 44-52.

Kwon D. Y., et al. (20090 Kochujang, a Korean fermented red pepper plus soybean paste,
improves glucose homeostasis in 90% pancreatectomized diabetic rats. Nutrition 25,
790-799.

Lee S. Y., et al. (2012) Antidiabetic effect of morinda citrifolia (Noni) fermented by

- 115 -



Cheonggukjang in KK-Ay diabetic mice. Evidence-Based Complementary and Alternative
Medicine, 1-8.

Park N. Y., et al. (2012) Comparative effects of doenjang prepared from soybean and brown
rice on the body weight and lipid metabolism in high fat-fed mice. J Clin Biochem
Nutr 51(3), 235-240.

Ronis M. J., et al. (2009) Dietary soy protein isolate attenuates metabolic syndrome in rats via
effects on PPAR, LXR, and SREBP signaling. J Nutr 139, 1431-1438.

Soh J. R., et al. (2008) Effect of Cheonggukjang supplementation upon hepatic acyl-CoA
synthase, carnitine palmitoyltransferase I, acyl-CoA oxidase and uncoupling protein 2
mRNA levels in C57BL/6] mice fed with high fat diet. Gens Nutr 2, 365-369.

Soh J. R., et al. (2011) Hepatic gene expression profiles are altered by dietary unsalted
Korean fermented soybean (Chongkukjang) consumption in mice with diet-induced
obesity. J Nutr Met, 1-10.

Takahashi Y., et al. (2009) A comparative analysis of genistein and daidzein in affecting lipid
metabolism in rat liver. J Clin Biochem Nutr 44, 223-230.

Takahashi Y. and Konishi T. (2011) Tofu (Soybean Curd) lowers serum lipid levels and
modulates hepatic gene expression involved in lipogenesis primarily through its protein,
not isoflavone, component in rats. J Agric Food Chem 59, 8976-8984.

Torre-Vaillalvazo 1., et al. (2008) Soy protein ameliorates metabolic abnormalities in liver and
adipose tissue of rats fed a high fat diet. J Nutr 138, 462-468.

Tovar-Palacio C., et al. (2011) Proinflammatory gene expression and renal lipogenesis are
modulated by dietary protein content in obese Zucker fa/fa rats. Am J Physiol Renal
Physiol 300, F263-271.

Yang H. J., et al. (2012) Standardized chungkookjang, short-term fermented soybeans with
Bacillus lichemiformis, improves glucose homeostasis as much as traditionally made
chungkookjang in diabetic rats. J Clin Biochem Nutr 52(1), 49-57.

- 116 -



ATNLEEIA 25

29 20Omics) 7leS 7o s & AREDY Fds 2 T8 7sA 7

° Anti-inflammatory and anti-oxidant functional study of deonjang (fermented
soybean paste) based on the Omics technology

A 7 7 # sAYta g o | EAEE g

5 oD Agdgn suFAgaTs  H A A

F AR o) et 4F et B3

o T A 130,000,000 = o F 7] 2+ 2013. 7.7 2014. 7.(12702)

, 1 =8 3E in vitro ¥ in vivo EdoA <]
stH, 53] Hde 7]EA -‘1517}7]%‘{ “Omics” 7€ &85t HTdd o
% s

72 (F&Y 9=, isoflavone)d B glucosmlase A 5‘%
ABTS &2A4%)& H7}gh
O LPSE AHgd WAAZE o]&st HAAY A7 & FdFa37% (NO, PGEZ,
TNF-«, IL-6, MCP-1, COX-2, iINOSE =% Hln g
O 2lolfr%= BT (DIO) FEEHlA HAo] FAikstedtd3HH| vk 7]
A Z A AYAIR T & 2ALgo|E RN =
st=AlE HA5et7] fst] oo AFAEet R A=A
O =AA Ho A zst 71l miRNA arrayE &-83te] DIO &

it

o
td
i)
Lo
o
=]
=
o
O
<
=
D
=2
X

FAA BAL RS FAA-FE-FNY A5 AE/1A BH BAFE 4P
& WIERA S5 JFAel U Bt 2AE AT,

m A7Aa3

1 A5 WF 2 547|300 & A7 A8/ AE A& &F 47 p-glucosidase &
4 2 34 ad grt

O d4EF AFTdde] & Zds FF2 w427 IMddXe 4B H°] A4

Hoh =3ARE 670 o] Folle AFERC] e w2 Aoz YERE(p<0.00D. & =2t
FolE e AR INddMs I ATHAAA v FEASY 6

- 117 -




O A+, 320, gH2l6, 21122 DM, EAZE A3 A3(100 xg/mL) DM &8 4%

MY o]Fol= AEFAA] O 2 o2 YE-S(p<0.001). Isoflavone?] g2 H2 &
H3 A5 Ao A Hli—?& S BHYPgow, 473 /MY Fo= 59 glycoside

[e]
isoflavoneo] #¢] tH-E aglyconeC & A AL
Shal Ao A9, p-glucosidase= AT, T, 477t wE} 4o 24 YERE.
HFER G 7|7t sttt 1 W & I JAL ASAAT A4 MY olF A
A STkt 12719 4 o] M w2 0

24(3.80 Ulg dry wbe HA(p<0.001). HE
HAAe] p-glucosidase &4 0.20 U/g dry wt &2 3~2771€ 2] 5477 &<k Ao wH3tol
A=

DPPH #ttiZh& 50% AASHE #2839 s FEARY FE1Coe AT Hlst
of wFA FoletAl Haste] dAksERT) AFEdees ¢ 7 AANAP<0.00D, 4
z7)d] Z7Vete] 1271 97HA] ICso= B AL AR S AFEZ] DPPH &
qg /\74;5:34 AA <4 IMYRE 2 2ol 7b ¢l DPPH &ttjZ &A &3

NE9 & Zds a7 593 29 AABAA(r=-0.8725, p<0.00DE Bl wHH, &

ﬂ

%—F/PE‘—C’]_ T FEA ol AAE

TR oEs %/\]Eﬂ A H(FRAP)2 A =1 T34} 0< T4 1= 3 2] 3= 6< T
218<gH2]12(p<0.001D) o] A AEAA L APFHE2IKAEI=AE6=2515(p<0.00D 2. &
HAe] Sd¥gS Uﬂzmiﬂrz AMETGE SHIAGAA Frtets Aoz By

Ne& FEAI89 ABTS+ S 4&A 52 TAVIZMEGE 547|300 S71ek . 34
B2 A4 6/ML7A] maA STt ol % HAaste Ee Bloy, AedAdS
A 171l 7M=& &3E BTt ol % Z4sels

9 e FEE25YH =213 S5 29 HS2=2WE0M) £33 o D obA El o]
EEA) 80| i, Fee, = £ viste] €534 DPPH stz &7 &3¢} F
s 3 EgtEolE

ol == @RNE F T4129 DM, EA £8°] F £
e ¥, Fehueol =5k

(r
ot
o
w2
o
[
o
l:o\l
:Jd
N
N
A\
N
o

.. LPS A 2|3 RAW 264.7 i A A2 A F4A% 2 FdT a5 3 71AAT

A12vke] 29 55.6% FEO2 NO AARLS §93kA ZaA 7 om(p<0.001), EAR-S

o F263 #4127 NO AAS ztzk iz 88.8%, 55.6% F:o= ZHAAA

(p<0.001)

DM £33 EA &3 2% s47|3to] Aojd+E PGE2 A4S o Bol TaAFH =
|

o for ok

DM 82 3Ha12%te] IL-69F TNF-o AAAAEZAE mPow, 263 2127}
MCP-1 ~343 <} A ‘Jﬂr%— BS. EA 23L& 3207 @26% IL-69F MCP-1 B4 JA &3}
7} okt doy 32129 &3t o FEskga, TNF-a *waﬂﬁﬂrb EE AE

A glle. F24127ko] DM, EARE 5% a3 SOOE‘ZE#E HERA L

412¢] DM &£382 LPS Aol ofste] =38 NF-kBe| &A43l= OJOM S 7= INOS
s} COX-2 &S ax-ow ZFAaAZF oy, EARE L INOS At ZHAaAZH S

do F§dFaId= DMFH EARE Fo e v=49] Fdlsoly EFgRwols AY
°of EAE FAHY AHAA A8y A A EaAE 3 A Lo g

- 118 -




i
A
fru
oz
A
o
o
g
olN
t:o{l
k%)
(il
W
o
=
rr
o
‘50{1
ox
M
o
e
N
o
e
o>
b
%0
rlr
re
-
L
i)

. Aolf= HTk DIO) TERYDY N3 7rx2 A DA 343} - 34 - et 7154
7}t

A 7154 IS 938t C57BLI6 wh$-2of 4712 o2 A0](10% kcal A A2 o],
45% DA G2 o], 45% A2 o] + 16% A, 45% A WAo] + 11.8% AFHE 115

B9 Folsge.

= 2 31(p<0.05), EX]HMO]Q}
A olel wat fAAef 3w

l‘-.am
2 o K
o W

W gggol FlAE AWEHe] Feol7 3
7h g, E=@, vl olste] Frbstt 8% Leptin FE7F BAAH o) %w
2 AHUT A&d AP ofd) FE @Y U ALY FEE gauE Aol

RzA e dFE Ustls @9 ysisha Al ASTeF ALT 3! MCP-1 |5/ A=
aAGA ol o) FeolHow Frlstdwd B A il AFAEEY] I o
A= AL, TNF-« ¢} CRP = tiatode= F9420 &S YA Fsh=
rzA ol A kS & A9 %“éﬂr A A #ksl 2 3EQ] MDA =& o) ol #2932
zto] S YER A 2gkS. Total antioxidant potentialS UElE 5 A H(FRAPE 2
T kel froF Rl 7'<} 17} Jﬂrﬂﬂzl o 3k
=

. Aol = HITHEES HTEM XA ‘Omics “ El]ELE‘.—% %83 miRNA microarray 4
2 FAsted g FEI|H Y EAeE d

A Hz2) 9] global miRNA profileS microarray l‘i—@, S 53 Myslg o, Ao AL&H
Aol dFH e ABE BTl T 27271 ¢ miRNAZREH 337 miRNAZ} 2] o]of <]
ste] Fol A Ql WA zol7t vEhd. A Aol of wAFA o] AH I 8719 miRNA (a2
A2 o] Fo| A ZHA: miR-378a-5p, miR-378c, miR-193b-3p, miR-107-3p, miR-3069-3p;
AA WAoo Fol A F 7k miR-146b-5p, miR-16-5p, miR-155-5p)7} F&J& <l o] (F]&:
fold change=+152 X<, miR-378, miR-107, miR-146S A PA 7} HA3 Ax=S

Hoja & Aol Abd Aol Aol o7t Ag52 B AWAEe] £3E

FEsieE A4S FA
oA+ AATE wARA ol M L5u) ol 4ke] W Wyl folH A

- 119 -




o]F E<Q miRNAE= o™, miR-664-3p, miR-378c, miR-30c-2-3p, miR-150-5p,
miR-193a-3p= LA+ T2 0] AFH T oA DA W+E A2 o] dH T Hlste THAES
1, mR-211-3pE= AT F2 0] A TolA 2715,

E£3], AA|WHolel aA|EFA o] HHTFZE (mMiR-193b-3p, miR-3069-3p, miR-16-5p,
miR-155-5p), A A2 o)} v A HHO] T2 o] AHFH 3 (miR-362-5p)9t LA ¥+3 2] o] 9}
A T 52 o] SH ZF (miR-664-3p, miR-150-5p, miR-211-3p) z}o]= X<l miRNAE
< oA FE AzAAAY Jo] #HEA e MEF mRNAEE &1,

A A 2] o] *éﬁilﬂr Hlal Al XA o] AT AZAFAVE FolF o2 F7tst
RATE, DAL+ o] AT AAGA oo} A+ FA o] HFH el HIgjA A
A LA =717 G o R Fke AWAEZ FH (Adipocyte morphology)s A A
2lo] AFH ol vl X FAo] HAHATELS FoHoZ dudT AWAESFT H

AHATELANE Zol7t fl .

2 A= AGs AF BAoA] Asl~EH 2~ markere! HO-1 mRNA & &k =)
¥ ## = macrophage infiltration 2 phenotype switch #] %<l CD68, CD1lce} ¢
adipokine A%<l TNF«¢, MCP-1, 1813 73} A%<l TGF 8 mRNA &d &S A XA
2} o] *\3—.4 2 A A+ A o] Aol mAGA o] HIFTHY  FolFow ZHAd)
dlpogenesis #d AZEL2 APl dHTT FoH AolE HolXA
o] AHE= 2 ukzA o A A]_ﬂi\_ggﬂ)\ A= AF3E ZZAI=

A5 olER Sl IA Ee gFtE= AAE a3t e o=

N

BRA| 32 Afo) =7 A AN, 1A HFA o]

ot
al A ol

© ol o

%

32 o ol

of
_‘d
e

Jniggpics

T¥0 e

i, 1:1[0

ox

o fl X
ﬁ,
ol

ol l—N

j}L
e -

d

>
Frl
it

ATAT 2 AA3EE A3

AT P4 4 : 473
= TE AE 20159 14, 2016 24
sk3] 3 c 20154 27, 2016 1

- 120 -



F 9
1 o] HIAE FYZAAFRAA AYP 2013 BAAAG SSATAYe)

SR FHA A AlSE 2013

R I

2. 0] BIA gL BEY g WA 5
vhs|of ik,

FAAAS GAATAYS AT AR S

3. A% AdaAe] Bad el feldos B wE TAsdAE
ohy FUo,

- 121 -




	Omics 기술을 기반으로 한 된장의 항염증 및 항산화 기능성 연구

	요약문

	목차
	제1장 연구개발과제의 개요

	제 1 절 연구개발의 필요성 및 배경
	1. 세계적인 비만 인구의 추세는 국가 문제로 대두됨
	2. 비만에 의한 또 다른 질병 유발의 원인은 만성염증임
	3. 첨단 생명과학 기술 “오믹스”를 이용한 비만과 만성염증에 기전 연구가 활발히 진행됨
	4. 한식 세계화를 위하여 전통 장류에 대한 심도 있는 기능성 연구를 통한 과학적인자료의 축적과 홍보가 시급함

	제 2 절 연구개발의 목적

	제2장 국내외 기술개발 현황

	제 1 절 전통 장류의 기능성 연구

	제3장 연구개발 수행 내용 및 결과

	제1절 주관기관 연구내용 및 결과

	1. 연구수행 내용 및 방법
	가. 실험식이 제조
	나. 동물 실험
	다. 혈액 및 간조직에서 비만·염증·항산화·지질대사 관련 생화학적 지표 평가
	라. 조직 구성세포의 형태 및 병변 관찰
	마. 통계분석

	2. 연구수행 결과
	가. 전통 된장 제조과정 조사
	나. 전통된장 및 찐대두의 성분 분석
	다. 체중 변화 및 조직 무게
	라. Food intake and FER of animals
	마. 혈액 생화학적 분석
	바. 혈액의 항비만, 항산화 및 항염 지표 분석
	사. 간 조직에서 항산화 지표 및 지질 분석
	아. 간조직의 지방 축적 및 병변 관찰


	제2절 제1협동과제 연구내용 및 결과

	1. 연구내용 및 범위
	2. 연구방법
	가. 시료의 확보
	나. 시료의 전처리
	다. 총폴리페놀과 총플라보노이드 함량 분석
	라. β-glucosidase 활성 측정 및 isoflavonoid 함량 측정
	마. in vitro 항산화효과 측정
	바. RAW 264.7 세포를 이용한 항염증 효과 측정
	사. 된장의 염증억제효과의 기전연구
	아. 통계분석

	3. 연구결과
	가. 총 폴리페놀 및 플라보노이드함량
	나. β-glucosidase 활성
	다. isoflavone content
	라. 된장 에탄올 추출물의 in vitro 항산화효과
	마. 된장 에탄올 추출물의 NO 생성에 미치는 영향
	바. 한식된장의 순차적 분획추출물 중 항산화효과 우수 분획 탐색
	사. 된장의 항염증 효과


	제3절 제2협동과제 연구내용 및 결과

	1. 연구수행 방법
	가. 선행연구문헌고찰 및 동물실험모델 확립
	나. 동물실험 및 분석

	2. 연구수행 결과
	가. 선행연구문헌고찰
	나. 조직무게
	다. miRNA microarray 분석
	라. Adipocyte morphology
	마. 산화스트레스 및 염증 지표 분석


	제4절 결론 및 제언

	1. 한식된장과 전통된장의 발효숙성기간에 따른 활성성분 분석 및 in vitro 모델에서 항산화·항염증 효과 검증
	2. in vivo 동물모델에서 전통된장의 항산화·항염증·항비만 효과 검증
	3. 식이유도 비만동물의 비만세포에서 ‘Omics“ 테크닉을 활용한 miRNA microarray분석 및 항산화∙항염∙항비만 작용기전의 분자수준 연구


	제4장 목표달성도 및 관련분야에의 기여도

	제5장 연구개발 성과 및 성과활용 계획

	제6장 연구개발과정에서 수집한 해외과학기술정보

	제7장 참고문헌

	연구개발보고서 초록


