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ABSTRACT

Fermented Soybean Powder Reduces Body Weight Gain and Improves
Hepatic Lipid Accumulation in High Fat Diet-Fed Obese Male
C57BL/6N Mice
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Objectives : We investigated the effects of fermented soybean(FSOB) on body weight and

examined whether hepatic lipid accumulation are inhibited by it in high fat diet-fed obese male
mice.
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Methods : 8 weeks old, high fat diet-fed obese male mice were divided into 5 groups: C57BL/6N
normal, control, FSOB(1), (2) and (3). After mice were treated with FSOB for 9 weeks, we
measured body weight gain, food intake, feeding efficiency ratio, fat weight, plasma leptin and
lipid levels. We also did histological analysis for liver and fat on the mice.

Results :

1. Compared with controls, FSOB-treated mice had lower body weight gain and adipose tissue
weight, the magnitudes of which were prominent in FSOB(3) and FSOB(1).

2. Compared with controls, FSOB-treated mice had lower feeding efficiency ratio and blood
plasma leptin levels, the magnitude of which was prominent in FSOB(3).

3. Compared with controls, FSOB-treated mice had lower blood plasma total cholesterol and
LDL-cholesterol levels.

4. Blood plasma AST and ALT concentrations were not changed by FSOB, indicating FSOB
do not show any toxic effects.

5. Consistent with their effects on body weight gain, the size of adipocytes were significantly
decreased by FSOB, whereas the adipocyte number per unit area was significantly increased,
suggesting that FSOB decreased the number of large adipocytes. Hepatic lipid accumulation was
decreased by FSOB.

Conclusions : These results demonstrate that FSOB effectively reduces body weight gain, feeding
efficiency ratio, blood plasma leptin level and improves hepatic lipid accumulation.
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gt 3A ¢34 AEzrEE(alcoholic fatty liver
disease, AFLD)¥} HI¢3-&4 A7 2K (nonalcoholic
fatty liver disease, NAFLD)S.2 FE3It} o]9
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Table 1. Experimental groups

Group Treatment Number | Sex
Normal Low fat 8  |male
High fat (45kal%) +
FSOB (mg/kg BW)
Control 0 8  |male
FSOB(1) 1,000 8  |male
FSOB(2) 2,500 8  |male
FSOB(3) 5,000 8  |male
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2) Aolag 24
FSOB(1), FSOB(2)} FSOB(3)o] 4143} ##
o] YeAE Fotr7] st AT wjF 23,
AlEAFAFEE i 13 9F S A8, o
g TAZ st Holass Attt
3) AN ste} 24
gl AH= APAE 95 F 12417 HAls F
diethyl ether® v} 3 T} /fEste] EojAjdo
A Ed Ints AFSROH, 1E&AAEE 7] (Micro
12 Haml Korea)E o]-&3}t9 13000 rpmolA 58
AAEYsGY. 289 842 YE5a(-200)
] HaAsty FAYSISHEA 7] (Selectra 2, Vitalab,
Netherlands)E A}8-3}¢] asparate aminotransferase,
alanine aminotransferase, triglyceride, total cholesterol,
high density lipoprotein cholesterol(HDL-cholesterol),
low density lipoprotein cholesterol(LDL-cholesterol),
free fatty acid, glucose, insulin® leptin®] 8% &
TE 77 Z438

2212 10% phosphate-buffered
formalinol| A 3} ]’% IS 12417 o]} &
2& B9 formaling AHe $ 60% ethanolol
A 1AIZE 70% ethanolol| Al 1A17F 80% ethanoll]
A 1A1ZE 90% ethanolol A 1417 95% ethanole]
A 12178, 100% ethanolol A 1A17F 4 @A Ho2
SFAIZ . Xylenoll 1AM 3We] FH by
paraffind] 1A]7F A 2 HAEAAS AAE)
1) 7 (embedding) & AA °F 3 me] FAZ 2Hd
(paraffin—section)s}ed slide Yol 2L o A
ZAZ]l & hematoxylin-eosin 942 &4t} Slide
9l E7]& ¢lola mounting medium(Sigma, MO,
USA)S gojredl & 2AF} cover glass F99
F717F A7IA REE FYSHA cover glassE
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Corporation, MA, USA)9] one way ANOVAE ©]
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FSOB()& ozl istel 38Ae 577
oz 79 OW AF Z7Vo] 7Aasly] ARk

(P<0.05) 64A7HA] Al&E AT, ThA] TR 5H 9
AA7A AF s gloz 1 o]$ 1094
BE 0Y9A7HA AF 727 ASEJP<0.05),
1 ol F 27YAIIA AT Aamsh flol, oAl
BYAFE 31YA7A AFo] FASATHP<0.05).
3 olF AIAANA AF FAMsE slovl 42
URFE A AFo] HAashr] Al (P<0.05)
HAAp AT ol 718t viARA] A4 E
ATHP<0.001).

FSOBQR)& tizTol Blate] 108A2E A
Hog oA AT F7hge] ZAasty] A&st
o(P<0.06) 1394714 A&HAT, 1 o] 144
AEE 169A7MA AT Fawsh §it), oAl
17YARE 2GR AT o] FASHTHP<0.05).
1 ol% 229ANH 279ATA AT FAwst
ATzl oAl 89 A15E 1A 7R AFo] A
SAIL(P<0.05), L olF RIAREH MR 7R

AT syt foh oAl 59ARE AF ol
Adt7) AFE (P<0.06) PHAEAA 2 AF
Aol tf F718kATHP<0.001).

FSOB()& tjz7el| ulste] 3Y#I5EH FAH



o

S|

0.

0| OIPA H|SHEHOM LSTiTFIRE| A

S Hatet xgZh JHu 205

o7 FosHAl AF F7hFe] fasty] AlZste]
(P<00D AT ATl AT 10AFH A
T el 571 AFske(P<0.001) 17 A 714
AEEAL, 219A7HA AT TFage] 25 U
THP<0.0D). 1 °o]% 2Y9AFH 214984714 AF
st Qo BAATH AFe] s

A28 (P<0.05) 31EA7HA] Al&E AL, 3294
FH AYA7A AF A gl 1o
T RIAFEH A ATl Ay AFE
(P<0.05) 44LA7HA ALH AT A 5L A HE
A7t 9 sour] AR (P<0.01) 5284
A A& QL S6YAFE v EUA] AF7t
27t 29 Z7e1eh(P<0.001)(Fig. 1-A).

ol WEER T AS, T Hlsh
FSOB(1)2 15.98%, FSOB(2)= 10.04%, FSOB(3)
< 1622%9] AF #AFaH} e Ao=Z ey
on, Al FE F FSOBEAAN 1 A=7t o 2
Ao Z Yy

97 &3 FES Fod Hol FHste 427

tﬁ WA 2] 12 2 (epididymal adipose tissue, EAT),
SEu = w2 2 (retroperitoneal  adipose
tissue, RAT), At} W I3k W2 (inguinal
adipose tissue, IAT)Z} 228X ¥-2 2} (brown adipose
tissue, BAT)Y FAE =439tk EATS RAT
9] FA= FSOB(1)¥ FSOB(3)ol|A thztol H
st BAACE FofatA FH2 AoE YEgo
o, BATY FAE FSOB(1), FSOB(2)9+ FSOB(3)
A oixTd HEte FAHSZ {5

Ao 7 Yehgt IATe FAE A B =
Atz Blste SAAY Y40l sle
2 UrE‘r”U} Fig. 1-B).

o]f WEEE FetH, EATY 79, iz
o] vl F OB(Do 14.42%, FSOB(2)+ 5.18%,
FSOB(3)& 11.90%& 1 FA7 Zasol gle
RAO2 YEeRGil, RATY 7%, tizTel Hlstdy
FSOB(1)<2 10.00%, FSOB((2)+ 4.06%, FSOB(3)
L T0%E 2 FA7 ZaEe] e Ao U
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Ehston, IATY] 49, thzxol Hlste] FSOB(1)
& 6.22%, FSOB(2)= -2.30%, FSOB(3)& 364%
Z 3 FAZF #2E e AeE YEgen,
BAT9]| 7%, tizel Hlgte] FSOB(1)2 12.00%,
FSOB(@2)¥& 12.00%, FSOBG3)E 1428%Z 1 ¥
7b #ade] gle ZeE UrE}”E} A TR F
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Fig. 1. Changes in body weight gain(A) and Adipose
tissue weights(B) in high fat diet-fed obese
mice.

All values are expressed as the mean £ SD. * p<0.0b, **
p<0.01, *+x <0.001 significantly different from control.
FSOB = fermented soybean; EAT = epididymal adipose
tissue; RAT = retroperitoneal adipose tissue; IAT =
inguinal adipose tissue; BAT = brown adipose tissue.
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2ol a & (feeding efficiency ratio: FER%)
AFZ7 )/ AR A H FHg)x100"

Aol g&2 FSOB(1), FSOB(2)% FSOB(3)e] =
FollA el mlgte] FAXOE FootA e
AoZ Yehton A s F FSOBR)HA 1 A
=7 H 2 AR YERTtHP<0.001)(Fig. 2-A).

ol WEEE T Ae, T Hlsh

FSOB(1)& 1656%, FSOB(2)= 958%, FSOB(3)
2 1790%9] Aolafo] ¥ AeZ Yoy,
Al E% F FSOBR)OIA 2 A=rt o 2 Ze
2 Yt

AR 95 F 2 Wl leptin®] F= D
A3}, 1 gke] FSOB(1), FSOB(2)¢F FSOB(3)<]

FollA izl Histeq BAHCRE FosA
& Ao 72 YehthFig. 2-B).
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Fig. 2. Reduction of total feeding efficiency ratio (A) and fasting plasma leptin levels(B) in high fat

diet-fed obese mice.

All values are expressed as the mean + SD. * p<0.05, ** p<0.01, **+ <0.001 significantly different from control.

Abbreviations as in Fig. 1.

1) 8% asparate aminotransferase®} alanine

aminotransferase &%
AN 9F

% 82 U asparate aminotransferase
9} alanine aminotransferase®] %S =43 Ay}
asparate aminotransferased] & FSOB )7 FSOB

+ gi&Fol Hlsty =4, FSOB(3)2 @A u
E}‘*O‘Jr BF AR fo% X}O]l’c At
(Fig. 3-A). alanme aminotransferased] -2 FSOB
(1), FSOB(2)$} FSOB(3)9] EFolAd thzd
Hlste] BAACRE FostA @A dEgon, Al
TE % FSOB@)OIA 1 A%t o & Ze=
e thH(Fig. 3-B).

2) 8% total cholesterol, HDL-cholesterol®} LDL

~cholesterol %

AN 95 & ¥A W total cholesterol,
HDL-cholesterol®} LDL-cholesterol®] %2 =43k
A7}, total cholesterol®] #< FSOB(1), FSOB(2)
St FSOB(3)¢] EFolA tjzdl Hlste] F7 4
o7 FoFA e Aoz yeytoen A Fx
Z FSOBQ)AIA 1 A7 o & Ao eyt
tHFig. 4-A). HDL-cholesterol®] %2 FSOB(1),
FSOB(2)¢} FSOB(3)8] EFolA tixate] Hla}
of BAASE oA W oE YEgon,
Al sE F FSOBQOIAM I A=7F ¥ & A
2 YeltkFig. 4-B). LDL-cholesterold] ke
FSOB(1), FSOB(2)¢t FSOB()e EFolA tx
oo Hlste] SAHORE {FosHA Fe AoE
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Ehton, Al FE ZF FSOB(1)¥ FSOB(3)dlA

O Az Y 2 Aoz JehythFig 4-0).
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Fig. 3. Fasting plasma asparate aminotransferase(A) and alanine aminotransferase(B) levels in high fat

diet-fed obese mice.

All values are expressed as the mean £ SD. * p<0.05, ** p<0.01 significantly different from control. Abbreviations as in

Fig. 1.
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Fig. 4. Fasting plasma total cholesterol(A), HDL- cholesterol(B) and LDL-cholesterol(C) levels in high

fat diet-fed obese mice.

All values are expressed as the mean + SD. * p<0.05, ** p<0.01 significantly different from control. Abbreviations as in Fig.
1. HDL = high density lipoprotein; LDL = low density lipoprotein.

3) = free fatty acid$} triglyceride 5%

AYAZE 97 T dF Y free fatty acid9}
triglyceride®] & 43t A3} free fatty acid®]
g2 FSOB(1), FSOB(2)9} FSOB(3)9] EFoA
o] Blste] BAZOE FYsHA =& Ao
Z Yehgon, A 5% F FSOB)AA 1 A=
7b ol & Ao& Uttt (Fig. 5-A). triglyceride
9] & FSOB(1), FSOB(2)9} FSOB(3)e] =5

Al izl Blste] A YERstoy FSOB(1)#
FSOBQ)AIA BAARN foAdel A HFig. 5-B).

4) 8% glucose$} insulin F%

APAZ 9= & FA ] glucose$t insulin®] &
S 4% A3 glucosed} insulin®] k& FSOB(1),
FSOB(2)9} FSOB(3)e] ZFolA izt Hls}
of Y vehgton, A F% F FSOBQ)AA R
SAAY Fe40] UATHFig. 6).
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Fig. 5. Fasting plasma free fatty acid(A) and triglyceride(B) levels in high fat diet-fed obese mice.

All values are expressed as the mean + SD. * p<0.05, #* p<0.01, **+ <0.001 significantly different from control.
Abbreviations as in Fig. 1.
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Fig. 6. Fasting plasma glucose(A) and insulin(B) levels in high fat diet-fed obese mice.

All values are expressed as the mean = SD. * P<0.05 significantly different from control. Abbreviations as in Fig. 1.

5. FSOBOI| &fgh X[U=Z] &l ZEEZ|9| histology A7)E FSOB(1), FSOB@2)$} FSOBG)e = 01]/\1

2} morphology £i5} gzl Higte] BAHCR oA #AEHA

1) FSOBel| <J3t A%2219] histology} morphology P, s 1988%, 12 32%9} 1406%= "}E}
8} Whcontrol, 7076.89+369.31 um’; FSOB(1), 472889

FSOB7} A0 Blo-x mmhzel <|uba| +26863 um’; FSOB(2), 552408:38884 ym’; FSOB(3),
o] 278y e dta W] e g % 5332.062463.38 um’) (Fig. 7-A and B). ¥H, o
Aet7) 9late] A2 AS hematoxylin-eosin €24 Z73 Haste] FSOB(1), FSOB(2)¢ FSOB(3)
Hoz A3 T )7 2 image analysis system o] BFA FAHCE FootA SHAT A
oz #HAT AAT(normal) T Blaste] o) AEY F5 F7HFHLH, 1 S7PF8ES 19.90%,
ZF(control) oA R WA g] 27|17} 34 27}y 12.36%9} 14.22% 4 Hcontrol, 38.22+2.01 7H; FSOB(1),
2}1:} normal, 3251.20+261.80 ym’; control, 7076.89+369.31 57.22+3.34 78; FSOB(2), 49.00£3.00 7§; FSOB(3),
), 2y AAe] nhese] FSOBE & 50.894.35 7}) (Fig. 7-A and C). Al F& 5 FSOB(1)

S AAEY 27} asgnh Az M 2 AEEE 2 08 vekn.
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A Nomat . Cone TAES] A%2E& FSOB(), FSOB@2)sh FSOB()
: o] oAtz Blste] FAHLE folsH
' f lesion scoreE FAAZOH 1 AR T E 64.94%,
Eosq), mosy . EpRO) 4680%9}F 57.18%Ath. Al = F FSOB(1)olA
(SRR e 3 A=Y 2 Aeg vehuthFig. 8).
B | <
- 1

coll g ar)

a4 4 b
.k
- F

e Comrs v 1 El

T

Fig. 7. Histology of epididymal white adipose tissues
in high fat diet-fed obese mice.

el number
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(A) Representative hematoxylin and eosin sections of
epididymal adipose tissue(original magnification X 50).
(B) Size of epididymal adipocytes. (C) Number of
epididymal adipocytes. The size and number of adipocytes
in a fixed area(1,000,000 ) were quantified by an image
analysis system. All values are expressed as the mean *
SD. * p<0.05, ** p<0.01, =+ <0.001 significantly different
from control. Abbreviations as in Fig. 1.
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Fig. 8. Inhibition of hepatic lipid accumulation by
FSOB in high fat diet-fed obese mice.

(A) Representative hematoxylin- and eosin-stained sections
of livers are shown(original magnification X 50). (B)
Histological analysis of hepatic lipid accumulation in
high fat diet-fed obese mice. Pathological scores of
hepatic accumulation are as follows: 0, no lesion; 1,
mild; 2, moderate; 3, severe; 4, very severe. All values
are expressed as the mean = SD. * p<0.05, #* p<O.01, ##x
<0.001 significantly different from control. Abbreviations
as in Fig. 1.
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ztolty, NAFLDE ZtellA 714 Bo] dAshe=
Ago|n dxd golME 7, 78 B9
A Ao s Wedel” wEAEA HZ 1
ZQ Ao A FxEHa Yok TEAFNA 2F
S o] &3t AFxd % Xl*‘rHA}—E— NAstE
7 YARY, MZAY N BEFHe] FHT
abo] tigk B glou HEERYS o
&3 of Wit AMFxdz ALzt A
i3k A= vEe Aol

L T aAEo] ple2 HvRES
o] g3ty TEUFISHFESOB)Y Fo7t AF
7tk Wste] wEt AgFAY ofH FIS v
A Aol tafA golr ottt

A=Z7 e A% R Hlske] FSOB(1)
£ 1598%, FSOB2)E 10.04%, FSOB(3)L 16.22%
o Al FFER} e A2 YegeH, A
F% % FSOB@)AIA L A&7t o & Ze=
I%E}”E} EATY 7%, izl wske FSOB(1)

& 1442%, FSOB(2)¥ 5.18%, FSOB(3)& 11.90%
2 O FAZ #AHY gle A2 Ueyga
RATY 7% thzxs Blste] FSOB(1)& 10.00%,
FSOBQ)E 4.06%, FSOBR)E 7.70%= 1 A
7} ZaHe e Aoz Jehgow IATY A
< tjz7d] Hlgte] FSOB(1)L 622%, FSOB(2)
-2.30%, FSOB(3)& 364%2 1 FA7} 7445
Jv ASZ Yehgon BATY AY, Uzd
H3le] FSOB(1)S 12.00%, FSOB(2)E 12.00%,
FSOB(3)& 1428%% =1 FA7} ZAaHo &
Aoz Uehdth A =% 3 EAT, RATY IAT
o] 7% FSOB(D)lM, BATY 7% FSOB(3)el
A a2 AR7 Y 2 AR degth weba A
THFasel X AW Awyoz s
AZtE RS AARR

FSOB9] &7} Nolggoﬂ 0% Ll
I EF leptin FEolE A9A WY
A Gotr okt

Holg&L tzTd Hlste FSOB(1)2 16.56%,

N

ol

c

T,
3
= ¢
1

=2 2 1

Ll
= A

F.:-!N

& 17 90%9¢] Ajo]&
T % FSOB(3)
7P o & 7" Oi ‘%E}‘&EP 4% leptin
T9l & TFSOB(1), FSOB(2)9+ FSOB(3)¢]
FAA txzTe] vt FAHOZ {F5H
< 02 UgRth 2o]a&e FAdA oy
= v} 2ol AARE AFste ¢l Bd:
TS il%fﬂ 7P Atke A& vittzdE
2 A4S F Qi Aolase
vhS U E st HeE ALY 9l
ol&&9 Fo| ASFE HvtRAIAI} 91
& & 9ok wekd FSOBw= Aolage]

HZ leptin TR = W o] Aojg
Fi EF leptin &% ‘*11—01 AFE7}
ojm old w} AWFALE FoJEE o=
)

FSOB9] Fo37}
aminotransferase (AST), alanine aminotransferase
(ALT)9} AEz4d3 #88 AEQ total cholesterol,
HDL-cholesterol, LDL-cholesterol, free fatty acid,
triglyceride, glucose, insulin® FE=5 ZAleA
kst FSOBY HIvkzZd axrt ofg|2kgol ¢
& AT UARE o] 5Ao2E A F Q7]
wj&-o]t}, asparate aminotransferase®] 75 FSOB(1),
FSOB(2)9} FSOB(3)9] EFoAl tixtol Hlste
AR 940 $1%ith alanine aminotransferase
o] Zk2 FSOB(1), FSOB(2)%} FSOB(3)¢ &EF
A thzwel Hlste FAACRE frolstA WA
Uehgon Al 5% % FSOBE)OM 1 %7}
o 2 Aoz Yehydth ASTS ALTY kel A
291 Wit glojx HFEA 2 HEE g
AoZ A7, o Agd 71 kA Aol
g%ﬂq

FSOB(1)& thztol| Hlsle] EF free fatty acid,
tn'glycende«] FE e =93, total cholesterol,
HDL-cholesterol, LDL-cholesterol, glucose, insulin
o FEHE W ASE UyEwgon EE AR

=2
>
N
b >\‘

R

H

=g
N 8 E

fl ol o
tlo o
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oA BAA gk Zol7t Ye AR Uit
FSOBQ2)= Uzl Hlsld 83 free fatty acid,
triglycerided] % 2 =3k, total cholesterol,
HDL-cholesterol, LDL-cholesterol, glucose, insulin
o TEgS W2 JoE JEwen, B AR
oA FAA gt zfol7t le AR YEhR
o} FSOB(3)& tlzTol HIgty ¥F free fatty
acid, triglyceride®] % 72 %9131 total cholesterol,
HDL-cholesterol, LDL-cholesterol, glucose, insulin
o FEgte o Aoz VENFOH triglyceride
ole]e] BE AREA TAZQ st Apol7t 9l
£ Ao g yehgth FSOBe AFa#Hans o
X&) total cholesterol, LDL-cholesterol, glucose
¢ insulin® &0l WA UEHSS BAFL
o] FSOB Fojo A4 AF37HE FAE
W7t B AFHEAR AvtHow FIFS F
Oe e 95 71 des AAeth

FSOBel| 9jate] Ale#dazrt ax4o] ut
_Or/\ u]u}uré,] ] /q]_ilz_g} Z_ ] ,] zzhsm
st w3l HWOF— Ag ZA Ps}"j‘ﬂr

APAIES] 27)= FSOB(1), FSOB(2)$H FSOB(3)
o] RFollA EH"?%H Hlsto & ﬁii frolst
A ZAHJeH, O AL 1983%, 12.32%%}
14.06%2 YeRdth Wi, diz7g v usk]
FSOB(1), FSOB(2)¢} FSOB(3) EFoA EA
o froatA GeHAT AT FE 7t
NFLH, 1 S/ EE 1990%, 12.36%9F 14.22%
sack. A 9] morphologyell PIA= &3} F
AVSHAl A1 AMEAe FSOB(1), FSOB(2)
¢} FSOB(3)¢] EFolA izt Hgte] A4
02 FoHA lesion scoreS ZAAFOH, 1 7
AAET 64.94%, 46.80%9F 57.18%Ath Al %
% FSOB(DeIA 2 A=rt o & 2= et
o webA AFpFaset dxstA FSOB ¢
o] AWA T FE Tl 1 A7) A
tom, IHEe AL AAske e ¢

% 9k

utgtr FSOBE 2Jo|a83 leptin 52 &
I g HYAEES AN ARES 9
AFHFERE Yepda Ao Ao A=
oJFTh

f

V. k¥

aAA o] fri FAEA HRERES o] 83}
o FSOBY] Fo7t AlF57Hda Awz2 e 74,
2ol g&3 HF leptin &, 8% HvHAE A%
aga ARAY 7tz AR 3

S 4

WEE LA Bretel thee FE

1. FSOBE %79 ngtd EAZ oz F951A
AFF7ven AFAZE as9a, 1 &y
= FSOB(3)7 FSOB)ANA © @A

2. FSOBE Uz Hlsld EAASZ #9351
2o]8E7 ¥ leptin ¥=7F 74891, 1
EI= FSOBM)olA o dAsIAT

3. FSOBE tlzol Hlstel EAH02 $oa
= total cholesterol® LDL-cholesterold] &%
7b 3 0= YT

4. FSOB= tjzael Hlate] 5 ASTS ALTY
T ool gle AR YEyTh

AsrFanel A8 FSOBel oste] 2w

NE9 = F78I93 1 A7]e A

o, A E ] AEEAL A

B ofy F

AEH 08 FSOBE 2o|&&7 leptin &
T HTARES MAAZIH A
Z} Faoz Yehga FAlol ARk

tlo o
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