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The Dilerential Elects of Several Soybean Cultivar Extracts to Improve
against an /in vitro Hepatosteatosis in Human Primary Hepatocytes
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Department of Biochemistry, Premedical Course, Faculty of Medicine,
Saitama Medical University, Saitama 350-0495

ABSTRACT

Recently, there have been many reports that soybean components (peptides
and isoflavones) decrease serum cholesterol and triglyceride concentrations in
an animal disease model. In this study, we examined whether soybean extracts
from several cultivars show the effect of improvement of linoleic acid-induced
hepatosteatosis model in human primary hepatocytes. The cells were incubated
with 0.5 mM linoleic acid and several soybean extracts for 24 hours. After
incubation, the cells were evaluated for morphological changes in lipid droplet
accumulation, and the intracellular lipid concentrations were measured. In addition,
the cells were evaluated for mRNA and protein levels that are related to lipid
metabolism. The cells of linoleic acid-induced hepatosteatosis showed significant
accumulation of lipid droplets and high concentrations of triglyceride. On the other
hand, Tanbakuromame extract decreased the accumulation of lipid droplets and
the concentration of intracellular triglyceride. In fatty acid metabolism enzymes
and transcription factors, Tanbakuromame extract decreased diacylglycerol
acyltransferase 2 mRNA expression and protein level, and increased acyl-CoA
oxidase mMRNA expression. Tanbakuromame extract increased peroxisome
proliferator-activated receptora protein levels in nuclear fraction. In cholesterol
metabolism enzymes and transcription factors, Tanbakuromame extract increased
cholesterol 7o -hydroxylase and sterol-120 -hydroxylase mRNA expressions.
Tanbakuromame extract regulated the balance between liver X receptor and
farnesoid X receptor protein levels in nuclear fraction. Moreover, sterol regulatory
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element-binding proteins were normalized by treatment with Tanbakuromame
extract. These findings suggest that Tanbakuromame extract decreases triglyceride
synthesis and enhances fatty acid [ -oxidation. In addition, Tanbakuromame
extract enhances the cholesterol catabolism pathway, thus decreasing lipid droplet
accumulation in hepatocytes. Soy Protein Research, Japan 14, 139-145, 2011.

Key words : soybean extract, hepatocyte, hepatosteatosis, triglyceride, cholesterol
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Control 0.5 mM Linoleic acid (LA)

LA + Tanbakuromame LA + Hikarikuro LA + Kurosengoku

LA + Benidaizu

LA + Hitashimame LA + Toyomasari LA + Tsurunoko

Fig. 1. EDect of several soybean extracts on linoleic acid-induced hepatosteatosis in human primary hepatocytes
ACBRI3716 cells. Cells were fixed with formalin and stained using Oil Red O and Mayer's hematoxylin.
Intracellular lipid droplets were stained in red, and nuclei were stained in blue.

Table 1. Lipid concentration of ACBRI3716 cells treated with linoleic acid and soybean extract.

0 0.5 mM linoleic acid

0 0 Tanbakuromame ~ Hikarikuro ~ Kurosengoku ~ Benidaizu ~ Chamame  Kurakakemame Hitashimame Toyomasari ~ Tsurunoko
ng /gT;otein] 1430+ 163 5695+ 214 4994+ 7.3¢ 5142+ 627 6938+ 232+ 7171+ 788 6362+ 169* 6420+ 435 5740+ 176 5485+ 285 6375+ 698
(mth;gEE/:nein) 010£ 001 021+ 001 026+ 002* 025+ 002 029+ 001* 030f 0.03* 025+ 001* 025+ 001* 025+ 002 025+ 001* 026+ 0.01*
(mg/-lg-;f)rrlgtein] 966+ 62 1496+ 50 1519+ 39 1515+ 131 1882+ 56* 1676+ 116 1692+ 43¢ 1408+ 79 1341+ 49 1484+ 17 1523+ 49
ng /gp;otein] 7043+ 238 6773+ 67 6863+ 127 7119+ 134 747.7+ 111* 7194+ 117* 7858+ 138" 7634+ 22.1* 7006+ 99 6911+ 7.3¢ 6927+ 108
(mM/.gr;E;/‘r\otein) 506% 023 550 014 771+ 0.72¢ 698+ 040* 617+ 031 648+ 038 616+ 044 701+ 042¢ 645+ 011F 450+ 0.14* 411£ 0.17*

*n<0.05 versus 0.5 mM linoleic acid.
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Fig. 2. Effect of Tanbakuromame extract on mRNA
expression of fatty acid catabolism enzymes
DGAT1, DGAT2 and ACOX1 in ACBRI3716
cells. Each value is expressed as mean + SEM.
The asterisks indicate significant differences
from 0.5 mM linoleic acid-treated cells (p<0.05).
DGAT, diacylglycerol acyltransferase; ACOX1,
acyl-CoA oxidase.
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Fig. 3. Western blots and quantifications of
DGAT1 and DGAT?2 protein content from
ACBRI3716 cells treated with 0.5 mM linoleic
acid and Tanbakuromame. Each value is
expressed as mean + SEM. The asterisks
indicate significant differences from 0.5 mM
linoleic acid-treated cells (p<0.05). DGAT,
diacylglycerol acyltransferase.

000000000 000000000000000
O

000000000 O0OmRNADO OODOOOD
0000000000000 TeODO0OD0O0O00
diacylglycerol acyltransferase (DGAT) 10 0 0 00O
00ODGAT20 000 000Fig. 200 0 O O DGATY, 2
000000000000 mRNADOOOOOODODOO
00 O00Fig. 30000 0000DGATIOVLDLO
O00ODGAT20 0000000000 00000
D000000000OODGATsOOOO0O0000TG
00000000 000000000O0000000
ooo

000000000 Vol 14 20110



00000000 OOO0OO0OODOOOacyl-CoA
oxidased ACOX1O OmRNAO O OO0 OO OO Fig.
20 0 00 ACOX1 mRNAO O OO OO O peroxisome
proliferator-activated receptor] PPAR0 00 0O OO
0000000000000000000dFig. 4
sterol regulatory element-binding protein (SREBP) 1
O0LADO0OO0OO000OO0OO0O0O0OOoOoooooooon
jjdjddooooooooooooooooooo
O00OFig 4000000000000 DOO0O0O0O
oooooOoOoooO0pgUOOOOOOOOOOOO
ooo0oooooooooooo

PPARx
200 f
s
S 150 1 |
. O
=}
S 0
«» 100 A
°©
>
2
=
a
5 50
a
0 m
Tanbakuromame U a 0.5 1 2 (%)

0.5 mM Linoleic acid

SREBP1 - - |
200 4
s
S 150 -
o
5 0
g
» 100 4
©
>
Kl
i=
Q -
5 50
a
O .
Tanbakuromame U o 0.5 1 2 (%)
0.5 mM Linoleic acid
PPARy -
200 ~
s
S 1504
o
S 0
e
«» 100 A
°
>
2
=
]
5 50 A
o
o .

u] o 05 1 2 (%)

0.5 mM Linoleic acid

Fig. 4. Western blots and quantifications of PPARx, PPARy and SREBP1 protein content from ACBRI3716
cells treated with 0.5 mM linoleic acid and Tanbakuromame. Each value is expressed as mean + SEM.
The asterisks indicate significant differences from 0.5 mM linoleic acid-treated cells (p<0.05). PPAR,
peroxisome proliferator-activated receptor; SREBP, sterol regulatory element-binding protein.
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Fig. 5. Elect of Tanbakuromame extract on mRNA expression of cholesterol catabolism enzymes CYP7Al and

CYP8BL1 in ACBRI3716 cells. Each value is expressed as mean + SEM. The asterisks indicate significant
differences from 0.5 mM linoleic acid-treated cells (p<0.05). CYP7AL, cholesterol 7a-hydroxylase;
CYP8BI, sterol-12x -hydroxylase.
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Fig. 6. Western blots and quantifications of LXRx, FXR and SREBP2 protein content from ACBRI3716 cells

144

treated with 0.5 mM linoleic acid and Tanbakuromame. Each value is expressed as mean = SEM. The
asterisks indicate significant dierences from 0.5 mM linoleic acid-treated cells (p<0.05). LXR, liver X
receptor; FXR, farnesoid X receptor; SREBP, sterol regulatory element-binding protein.
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