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Inhibitory Effect of Purple Corn ‘Seakso 1’ Husk and Cob Extracts
on Lipid Accumulation in Oleic Acid- Induced Non-Alcoholic Fatty Liver
Disease HepG2 Model

Ki Yeon Lee, Tae hee Kim, Jai Eun Kim, Son wha Bae, A-Reum Park, Hyo Young Lee, Sun jin Choi,
Jong yeol Park', Soon bae Kwon, Hee Yeon Kim*
Agriproduct Processing Experiment Station, Gangwon-do Agricultural Research and Experiment Services, 24203
'Hongcheon Maize Experiment, Gangwon-do Agricultural Research and Experiment Services, 25160

ABSTRACT - Seakso 1, a maize hybrid, was developed in 2008 by Gangwon Agricultural Research and Exten-
sion Services in Korea and registered in 2011. It is single-cross hybrid, semi-flint, deep-purple variety of corn. variety
of are yellow, while the husks and cobs are purple. Due to the sensitivity of Seakso 1 to excess moisture after seeding,
water supply should be carefully managed, and it should be harvested at a suitable time to obtain the highest anthocy-
anin content. This study investigated the hepatoprotective effect of Saekso 1 corn husk and cob extracts (EHCS) in
oleic acid-induced non-alcoholic fatty liver disease (NAFLD) in HepG2 cells. EHCS showed a high level of lipid
accumulation inhibiting effect. EHCS also suppressed triglyceride accumulation and inhibited expression of lipid
marker genes, such as sterol regulatory element binding protein-1c (SREBP-1¢) and sterol regulatory element binding
protein-la (SREBP-1a). Analysis by western blot of the expression of p-AMPK, p-SREBP1, PPARa, and FAS pro-
teins showed that the incidence of SREBP1 protein, a major factor involved in lipid metabolism in the liver, has
decreased significantly after treatment with the extracts. Moreover, the protein-induced expression of FAS, a major
enzyme involved in the biosynthetic pathways of fatty acids, was decreased significantly in all concentrations. These
results suggest that EHCS is a potent agent for the treatment of NAFLD.
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Materials and Methods

Q.
10 LA H7Fskar 12A17F &<t A ateted 33] phkeE
FE3A FEAL o =
30% dextring H7FeF thS B4 712 8k0] HepG2 A E W
APARAA TS A48 AR AHESIT

‘NIOHE%:BHN by
Ol

Tl 9 $3E X

3o AFE-¥ HepG2(HB-8065)= 1A 2 7+t
MEFo|IH, AEXe v ME 232 American Type
Culture Collection (ATCC, Manassas, VA, USA)ZH-E T
3}, HepG2 AM2Zoll 10 % fetal bovine serum3} trypsin-
EDTA H Z7FE Dulbecco’s

o e =

penicillin-streptomycin©]

Running Title |

modified Eagle’s medium (DMEM)E %3 5% CO,, 37°C
o] A3l A vl kst Th HepG2 AlEE 6 well plated]
5% 10° cell/well®] F=Z 5313l 2447+ vl sl Tt i
FE Ao M 13 x2Y B H) FE3=2 0, 100, 500,
1,000 pg/mLe] =2 A §, AE W A S4S F
=371 93l 0.2mM F%9 oleic acid (Sigma-aldrich,
Saint Luios, USAYE A 2|3}l 24A17F F<t w3ttt

NE =4 24

A 13 29 2 S FE=0] AE 54L& EZ-CYTOX
assay kit (DAEILLAB SERVICE co., Ltd., Soeul, Korea)
£ AHEste] Sk AE vl S 96well platec]]
1 x10° cell/well®] == 100 uL¥ EF3+o] 37°C, 5%
CO, incubatorol| Al 24A17F wllFet ths s=E M4 1%
¥4 2 & FEE(0, 10, 50, 100, 500, 1,000 pg/mL)
< 7} wellll 10 pLA H7Fstar 24A17F v Fakoich. vl
T EZ-cytox reagent 10 uLE 2 wellol] 2313 447+
il eF3$t ThS ELISA reader (FLUOstar Omega, BGM
LABTECH, Ortenberg, Germany)E AFH&-3}¢] 450 nmol| 4|

FYEE 2k

Oil Red O XM

FZE 2 oleic acid A3t 2417 T v E A A
gk 5 10% formaldehyde &S 3027 A 2lste] AlxE
IAANFTE. AdeollA g F &S A AL phosphate-
buffered saline (PBS)S.Z 28 M3} 70% GHEZ 2
W A& T Oil Red O (Sigma-aldrich, Saint Luios,
USAY&2 o]&sto] dAe AAsiitt. 9Xd Alx2s
#3838 4(AG AXIO OBSERVER DI INVERTED
MICROSCOPE, CARL ZEISS, German)S £3le] 200H)
&2 o]n|A] & H&atlon AME ZH(lipid droplet)
+ isopropyl alcohol MO Z &3|A1A 510 nmoIA T3
Z=(xMark™ microplate absorbance spectrophotometer,
BIO-RAD, JAPAN)E ZA438taL AW 252 A 4

=5 SA4sit.

Nile Red &M

FZE 9 oleic acid A3t 244 7F 3 wiRE A A
Sk 7 10% formaldehyde 842 30%7F X E|sl] ANEXE
IAANZTE 2ol A s F &S A AL phosphate-
buffered saline (PBS)O-E 2¥ M A3} 70% YIEE 2
H A28 3 Nile Red (Sigma-aldrich, Saint Luios, USA)
SHS o] &ste] FAS HAAEAT FAE Axe ¥

An|74S Fa 2000 ¥l&=2 o|mAE FFEAT.
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&= M AEZolA TRIzol reagent (Invitrogen, CA, USA)E ©]
43l] RNAE FZ313L total RNAS A #F3Ith =54
RNAE DNaseZt 23] Q& High capacity cDNA
Reverse Transcription Kits (applied biosystems, Carlsbad, CA,
USA)E o835l 73t cDNAZ 33313, SYBR green

dehydrogenase(GAPDH),
1A (CPT-1),
proliferator activated receptor o (PPARw),

I} glyceraldehyde-3-phosphate
carnitine  palmitoyltransgerase peroxisome
peroxisome
proliferator activated receptor y (PPARy), acetyl-CoA
carboxylase alpha (ACC), stearoyl-CoA desaturase (SCD),
fatty acid synthase (FAS), microsomal trigryceride transfer
protein (MTTP), CD36 molecule (CD36), sterol regulatory

element-binding protein-la (SREBP-1a), sterol regulatory

binding protein o (C/EBPo) primerE ©]-83}4] real-time
PCR (StepOne Real-time PCR system, Applied
Biosystems, Singapore)2 -3 3IATH). HE2F FHAZE
GAPDHZ AMg-3190om aid f-42+2] primer 2 sequence
= Table 13} 2t}

ol

Western blot& 59 THURX] iy =

i E HepG2 Al Xoll F2E X7 & 308, 2477 &
Z+7} PBSE 284 A& 3§ F protease inhibitor7} Z3He
RIPA buffer (Sigma, St. Louis, MO, USA)Z 30%7} ic
oM &alAIZl H 4°CollA 13,000 rpmeZ 1027 U4
sttt daEeste] Aozl &S A2 10% SDS
polyacrylamide gelZ H7195<S &3 @dHAS #2¢ 7

[¢]

element-binding protein-1c (SREBP-1c¢), CCAAT/enhancer- nitro  cellulose membranes (#1620112, BIO-RAD,
Table 1. Primer sequence used in Real-time PCR.
Target gene sence Sequence (5°-3%)
GAPDH F CCACTCCTCCACCTTTGAC
Glyceraldehyde 3-phosphate dehydrogenase
(NM_001289746.1) ACCCTGTTGCTGTAGCCA
CPT1 TTCAGTTCACGGTCACTCCG
carnitine palmitoyltransgerase 1A
(NM_001876.3) TGACCACGTTCTTCGTCTGG
PPARa TCACCACAGTAGCTTGGAGC
peroxisome proliferator activated receptor o
GTGAAAGCGTGTCCGTGATG

(NM_001001928.2)

PPARy
peroxisome proliferator activated receptor y
(NM_005037.5)

C/EBPa
CCAAT/enhancer-binding protein o
(NM_004364.4)

FAS
fatty acid synthase
(NM_004104.4)

SCD
stearoyl-CoA desaturase
(NM_005063.4)

MTTP
microsomal trigryceride transfer protein
(NM_001300785.1)

CD36
CD36 molecule
(NM_001289909.1)

SREBP-1c
sterol regulatory element-binding protein-1c

SREBP-1a
sterol regulatory element-binding protein-1la

ACC
acetyl-CoA carboxylase alpha

GGCTTCATGACAAGGGAGTTTC
AACTCAAACTTGGGCTCCATAAAG
CCAGAAAGCTAGGTCGTGGG
ACAAACAAGGCTGAGGGTCC
CAGAGCAGCCATGGAGGAG
AATCTGGGTTGATGCCTCCG
CCCTGCTTACTTGGTGAGGG
TGCCCTAGGCTGTAGGGAAT
CATATATTCTTGTCACACAACTGGT
CCACATCCACGTTGGAGGAA
TGGCTGTGGCATACAACAATACT
TGGAAATGAGGCTGCATCTGT

TCAGCGAGGCGGCTTTGGAGCAG
CATGTCTTCGATGTCGGTCAG
GGAGGGGTAGGGCCAACGGCCT
CATGTCTTCGAAAGTGCAATCC
TGATGTCAATCTCCCCGCAGC
TTGCTTCTTCTCTGTTTTCTCCCC

¥ MM~ =mA™M ® ™M ” mM ® WX WM ® WA M E® WA WD




Germany)2. 2 transfer3}$ith. 12 &A= GAPDH
(#14C10, Cell signaling, USA), p-AMPK (#T172, Cell
signaling, USA), p-SREBP1 (#Ser372, Cell signaling,
USA), PPARa (ab8934, abcam, UK), FAS (ab82419,
abcam, UK)E A8} 23} A2+ HRP-conjugated
anti-rabbit (1:10000)S AHE-3FATE. ZHzhe] il d <
<2 Chemidoc XRS+ with Image Lab software (BIO-RAD,
USAYE ol§3te] A4 5gTho,

FAX

BE A 33 o)A vbE AASANL A= Ht
(mean)¥®} ¥FHXH(SD, standard deviation)Z LER S
H, S A A2 = SPSS (Statistical Package for Social
Science, version 12.0, SPSS Inc., Chicago, IL, USA)E ©]
g3lo] APu)x] EAHLA (one-way ANOVA)S A8+ 3
Duncan’s multiple range testZ 24 S A3 tH(*p
<0.05, **p <0.01, ***p <0.001).

Results and Discussion

HE =X 2M
- =0 T~
A 15 XY 2 SO FEE9] HepG2 7HFIA o

g

&l EZ-CYTOX assayS =33} t}.

Oilred O

Nile red

Sample Conc.(pg/mL)
Oleic acid(0.2mM) - +

Running Title 3

HepG2 A|ZZE 96well plateol] 1x10° cell/well®] FE=
Eete] wige 3 & v FEES 2407 5]t
gate] A E=4S H7ke A3, 1,000 pg/mLol ke &
oA HepG2 ZHAIE ] A A& IS vH]A|
< Ao YEstHFig. 1)

&2 1 2

TG =5 A at
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Fig. 1. Effect of Seakso 1 husk and cob extracts on cell viability
in HepG2 cells. Each bar represents the mean + SD (n=3).

Fig. 2. Inhibition of lipid accumulation by treatments of Seakso 1 husk and cob extracts in HepG2 cells. Cells were stained with Oil Red

O and Nile Red reagent.
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Fig. 3. Oil red O levels by treatments of Seakso 1 husk and cob extracts in HepG2 cells.
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Fig. 4. Effect of Seakso 1 husk and cob extract on mRNA expression level in HepG2 cell. CON : oleic acid treatment group. Each bar represents the mean + SD (n = 3). Statistical

significance was determined as *P < 0.05, **P < (.01, ***P < (0.001 compared to oleic acid treated cells.

S opiL Sutuuny



6 Ki Yeon Lee et al.

A. .
pAVPK R IR B R e
=
CAPDH - -
C NC 100 500 1,000
<15 _15
g )
£ &
o 10 S 10,
o 3
s S
; 054 % 054
i @
< o
2 0.0 0.0
Extract Conc. (ug/mL) Con NC 100 500 1,000 Extract Conc. (ug/mL) Con NC 100 500 1,000
Oleicacid (0.2pM) -+ + + 4 Oleicacid (02uM) - + + + +

B. - R L

FAS

GAPDH -

C NC 100 500 1,000

1564 ok - 18
™ P
g B
%‘10- e 2 £ 1.0
o S
(=] °
& S
3 05 £ 05-
14 7]
g &
o
00 0.04
Extract Conc. (ug/mL) Con NC 100 500 1,000 Extract Conc. (ug/mL) Con NC 100 500 1,000
Oleicacid (0.2pM) - + + + + Oleic acid (0.2 uM) - + + + +

Fig. 5. Effect of Seakso 1 husk and cob extract on protein expression level in HepG2 cell. CON : normal cell group, NC : oleic acid
treatment group. Each bar represents the mean = SD (n = 3). Statistical significance was determined as *P < 0.05, **P < 0.01, ***P <
0.001 compared to oleic acid treated cells.
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