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Effects of Amomum Villosum Extracts on Cholesterol Synthesis in
HepG2 Cells

Ha Rim Kim, Ye Seul Kim, Han Byeol Choi, Su Hyeon Woo, Kang Beom Kwon*
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Dried fruits of Amomum villosum Lour. have been used an korean medicine to treat digestive diseases for a long
time. It has been reported that Amomum villosum extracts(AVE) have effects for diabetes and steatosis in experimental
models. But we did not find the report about the cholesterol synthesis inhibition effects of AVE. The objective of this
study is to clarify the inhibitory effect of AVE against oleic acid and glucose-induced hypercholesterolemia in HepG2
cells. The results show that AVE had a significant inhibitory effect against oleic acid and glucose-induced cholesterol
accumulation. Those effects seem to be caused by inhibition of AVE on oleic acid and glucose-induced decrease of
HMG CoA reductase, which is the rate-limiting enzyme for cholesterol biosynthesis in liver. It is believed that the
results of this study can provide basic data for the drug and functional food development of hypercholesterolemia

treatments.
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A8
oA MBS (dyslipidemia)> ¥ FRALENE, AUE A
9 Tl ZAHE(low density lipoprotein cholesterol, LDL
2AAHE) 2 FHAY] AsHE FOU DUE Y v
| AHZ(high density lipoprotein cholesterol, HDL ZAH|
E)ol Faste FSE 2Tsto] @7 5 REUAL ool A
Aer) FWAsY AFWAS JPEE FMIE FoF 2
QPolct. A 7ete AW 25 BE 5 il 9oz 1 &
HEol A 57lohe FAIE Holdl 20219: BAEXR &
o 2y HgAst & 1EY [RYES 26.8%, Tk FHES
9~11% $&08 JAotoq F7 Fo| IA] gou v FAHEZ
Z(hypercholesterolemia) S8 &2 EA 2 ZRAl5t7] A&t 2005
o] 8%2 7|8o2 ujd Z7}stel 20194 18.6%2 7|2atgich
et 9] 93 nEAAHEES ¥ oYNPEFY It
W5 oF AW FISAABOIL FOHIA o] ThE 42
3712 olojd Hoz moldh

gojsto| e o AXAESC] AU VFSu|(BRERY I}
o Q3 uYA(ImEEY), JAUH 2o AF 7|F P
Z(RIETAH), ARz w|uste] “IEASHKIE AU 7HAl
VERFBRR)Ste] At YA 23 LAste Aoz Bw
Zh M) B ZSTURRILE), SEslo(EMILR), &
2SN (BRATRE), RIAYTHEBEAT)Y AEog ARt =
g SRS o|gsto] ol AEZO| gt TulAU 2IAQ &

42 AYs] 4F A9 Y A7t wug Qo

£ A70N BT AABE)S AojerRoR WaAOHH
EewEE)ol  sigste  Agate] &3 pABEEA  FE
(Amomum villosum Lour.) X 3fdAte] A&t wtAlz sk&7)
AULERBE), 2UIRAGREIEE), ol7|FEI(ERZM)Y £5°] A
¥, ZHHE 2 phorneol, camphor, bornyl acetate, limonene S

o) s WRAVIE EF golRul SAT A oA, g

4%, ¥ wit oz WA JAas] £3] Agsict
0, w3t APH o2 o] et M audet ¥ ww
10-13)

. PSS oA EIY, W g 529 mapt wusglo
o ghulgh a7t Qs Aoz W

)

A3 vigoz P4 £589 in vito 26 TYA &
3 Q 71E FAIO] RelF ZaE Al wuste volck

Az R gy

L JRA 552 A

2 A7 AT FEAH: @TYYAH(Ulsan, Korea)olA
Fstel Agsteion Agdieta gojutdhet Bast BN A
F2 aAsgth. FEA 10082 3% FH4 900meo] 34 71
stol 5 5% % olustn de §AL AYAA 5, Axstol

ge
A} 9.25 g £58S Yol W vl

Al

2. = ujg

A T NEZFQ HepG2& FH=A|LF23%(Seoul, Korea)
o|A] BQkuto} A1}t 10% fetal bovine serum(FBS), 4mM
L-glutamine, 100units/md penicillin, 100pg/md streptomycin,
250ng/m0 amphotericin B7} ZFEl Dulbecco’s Modified Eagl
e’s Medium(DMEM) HjX]|2 u]j%35t93, Phosphate buffered
saline(PBS), Typsin/EDTA solutiong AF2sto] At ufjdstF
t}. 37°C, 5% CO, x719] incubatoroA] w5t c}. Fasting
medias FBS7} ¢+ DMEM HjX]& A}8-519 1, inducing media
+ 1% FBS7I =3tel DMEM HjX| S ARSIt Al wjdo] At
241 ¥1x| % Aok Gibeo (CA, USA)IA 7Istaict.

3. N o= AE

Simvastatin (TCI, Tokyo, Japan)2 o231} 0.IN NaOHEZ
olgstol YHSAIZL PBSE olgstol l4jstol L B2 A}
Bol9ith. Aol A2t FE2 FEA FEEZ PBSO A5t
o ALgsigon 0.45m EHE oAt & ALg WNE 0|8l
2E =52 gimvastain 20uM, ¥&EA £532 100, 200, 400pg/
m2 Az|stct.

4. 1EY2EE {E

10% FBS7t Z3t5l DMEM W}X|S o] &3}o] HepG2 AIZ5E
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5X10° cells/well®] =52 6 well plateo] 24A|7F SOt st
£, AARt &9t fasting media2 WA B dELA= 1%
FBS7L Z3€l DMEM #lAlS, Uuixl 2ot n2ares 92
HIAE 93 HE R R AW FBE 2 HF 552 2H 59
o 1 E2HE 3T Hixle Ag2d 0.01M9] NaOHE o]-&3sf
o] oleic acidS 3]A5}1, 4% Bovine serum albumin (BSA)7}
Z3te distilled water(DW)Q} 1% FBS7F Z§tsl DMEM HfX]o]
glucose?t 3]A= oleic acidE 3]A35to 10mM glucose, 700uM
oleic acid2 A&tsto] 16417t 5 et 50 FEAL FE52
i A ANstgict. nZAEE T HiX|o] AMESH =& A|oF
< Sigma(MO, USA)ollA {dstgict.

5. AZ £ A1E

10% FBS7I =3tel DMEM HjX|E o] &3}o] HepG2 NZZE
2x10* cells/well9] =52 96 well plateo] 24A|7t SQF ufjoFst
T, YA 3E= H simvastating 7749 FE2 A2sto] 24
AIZb EQt uigstich. oFEo] tidt Alx AEES Dogenbio
(Seoul, Korea)?] WST R|2FQl EZ-cytox kitE A}23sto] 45}
k.

6. A= Y & ZY2EE TF

HepG2 N|=xof] &AL £2&5E3 glucose @ oleic acidE 16
AIZE ¢t Mgt & Az &2 Foiith AM=zY F ZAH
E FF2 oritA %K (Seoul, Korea)] & ZI2HE £ J1ES
Ar85to] £A5FaL BCA protein assay kit (Thermo Fisher, CA,
USA)Z GlRe Astel B Swo] met A,

7. Oil Red O staining

HepG2 A|zo|A ®ijX]E A|7|stL PBSE o]&sfo] AXF
10% formalino 2 1A3t¥ct PBSeF 60% isopropanol2 o]£
5to] formaling ANA3SH &, FA|42 3]A35 Oil Red O Mo =2
QAet DWE olgste] AMatgic. Aol @48 Oil red OF
100% isopropanolo] £3[A]# microplate reader (Molecular
Devices, USA)Z 500nm m}A}oJA EF- S EAs5to] A oF
= BT vlustgoh. o] abgo] ArgE BE A|%F2 Sigma (MO,
USA)lA FYstict.

o o

8. Total RNA £2] ¥ Real Time PCR

A& Wy RNAE TRIzol reagent (Invitrogen, CA, USA)E o]
830 Bastdyw, ETY=A(MPLEN GmbH, Munich,
Germany)oldl FUEE Zqsto] ATt RNAZRE]
cDNA 342 1yg total RNAQt Prime Script reagent kit
(Takara, Tokyo, Japan)& o|&sto] %8sttt Real Time PCR
2 DNA, primer sequences (Table 1), Power SYBR Green
PCR master Mix (Applied Biosystems, CA, USA)E ©]&35}9
Sopstoct. wdEl 242t QAAIS] mRNAYE Real-time PCR
systems (Applied Biosystems, CA, USA)E o|&35}o] GAPDHO]
st 4oiH goz Ausiad.

Table 1. Sequences and Accession Numbers for Primer, Forward and
Reverse, Used in Real-Time PCR.

Gene Prime Sequence (5" — 3')
Forward: GTCTCCTCTGACTTCAACAGCG

Accession no.

GAPDH  peverse: ACCACCCTGTTGCTGTAGCCAA  NM001357943.2
Forward: AAGTCTGGCGTTCTGAGGAA

SREBP-2 Reverse: TCCTCGATCTTCAGGTCCAC NM_0045994

HMGeR  Forward: GACGTGAACCTATGCTGGTCAG 1 0011309962

Reverse: GGTATCTGTTTCAGCCACTAAGG

9. Western blot

A=z Y UWAL protease
inhibitor (Millipore, Darstadt, Germany)S Z3$lt RIPA lysis
buffer (Thermo Fisher, CA, USA)S A}£35}l0] ¥2]519ct. BCA
protein assayE ©] &35} 2§ THMAS st TUHlA fo]
FYotes AAE AAsHAt. 20uge] THAZ sodium Dodecyl
sulfate-polyacrylamide(SDS-PAGE) gelo] BF35t1 A7]FEA]

inhibitor, phosphatase

7 22stEh. Gel Ufo] IArjdz Fd 9¥WAL PVDF
membrane (GE Healthcare Life Sciences, Buckinghamshire,
UK)o] o]=A|Zitt. Z¥7t9] membrane 5%9] skim milk (BD
Difco, NJ, USA)E Atg&sto] 213t &< 2275, 1& FA]
+ lug/mbE 1 : 200022 3|M5to] 4°CoA] WA WAt o]
o] AF2st & % B-Actin Antibody(Cat. #: sc8432), sterol
regulatory element-binding protein 2 (SREBP-2)(Cat. #:
sc13552) Antibody, HMG-CoA reductase (HMGCR)(Cat. #:
sc271595) Antibody: Santa Cruz Technology (CA, USA)2Y
B St 24 FAl= 10 200022 3|AMsto] AL2oA 14]
7t =9oF ¥r8A]7]1 ECL kit (Millipore, Darstadt, Germany)Q}t
image analyzer (EZ-Capture ST, Tokyo, Japan)E A}l£3}o]
oaR wAYe skt o 2% ¥AZ ALSF Goat
Anti-Mouse IgG H&L (HRP), Goat Anti-Rabbit IgG H&L (HRP)
+ Abcam (Cambridge, UK)olA Lhstgict. THiA WAFL B

-actin % 3Y7L 71E0R Hlwslgct

10. A A4

BE doHe Hd + RFEHALR BASIYCD SAS
software(ver. 9.3, SAS Institute Inc., Cary, NC, USA)9
one-way analysis of variance (ANOVA)E o]83}0] §9o]A 5%

ojUioflA A5ttt

2

1 AL 2329 A =4 &g
YEAL  F&FEB(amomum villosum extracts, AVE)idt
simvastatin(SIM)o] AZ =X D)X= &3S RAH] Ysty
20uM SIM¥} 100, 200, 400pg/ml %&EAL £EES HepG2 A=
o 48Xt Mg & Au FEgo) A= Y2 RARIAG. 1
23 gizad vl@ste] B FolA Alx 542 UYEUA] gt
(Fig. 1).
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Fig. 1. Effects of Amomum villosum extracts (AVE) on cell viability in
HepG2 cells. Cells were treated with 20uM simvastatin (SIM) and various
concentrations of AVE for 2 days. Data were analyzed as EZ-cytox kit.
Values are means + SD; n=5.

2. 2N 5520 BA2EE TY oA an

YYHo2 grg BcEE YY) O FEA 252
(amomum villosum extracts, AVE)?] ait5 ZxAlsH7| ¢sto]
800uM oleic acid®} 10mM glucose (OAGt)7t 28HE ujx|o] c}
oot B9 FEA XHEL 16X7F E9 AU 5 AE U &
FY2HE &2 AT O Zat 279 FZe2HE F
2 556 + 1.97mg/100mg proteino]g o1}, OAGHA = 23.71
t 3.22g/100mg protein©2 U} {OoJ5HA FSIfstech
(p<0.01). 124} 100, 200, 400pg/ml FFAL F&222 NS &
o] £ZY2HE =+t Z7Z 1658 + 1.82, 14.96 + 1.48,
12.78 * 2.29mg/100mg protein© 2 OAGi} H|Wslo] 595t
A Zastgon, I fxFoz2 ALL3SE simvastatin(SIM)+9
13.67 + 1.23 mg/100mg protein®} GAlsIECHFig. 2).
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glucose (OAGZ)?t 23 "X YTt 52 FEA FE22
16AIZF &<t ANEdt & Az U F4ALY Fs ZAIT.
Zat gxzFo] 8|5l 0AGEY F/EAYY ¥ F95HAl(p<0.01)
F71I90, JEA £ AT 29 FYAYY FS 0AGE
3 ulastel  golsbl  Zastgod,  PyUazA
simvastatin(SIM)#3 8|25t ZF4A §3H= FcHFig. 3).
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Fig. 2. Effects of Amomum villosum extracts (AVE) on total
cholesterol concentrations in HepG2 cells. Cells were treated with
800uM oleic acid and 10mM glucose in the presence of various
concentrations of AVE for 16 h. Total cholesterol concentrations were
analyzed as follows in material and methods. Values are means + SD;
n=5. ##p<0.01 vs. CON, *p<0.05, **p<0.01 vs. OAG (800uM oleic acid +
10mM glucose). CON; control, SIM; 20uM simvastatin.
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Fig. 3. Effects of Amomum villosum extracts (AVE) on lipid
concentrations in HepG2 cells. Cells were treated with 800uM oleic acid
and 10mM glucose in the presence of various concentrations of AVE for
16 h. Total lipid concentrations were analyzed by using Oil Red O stain.
Values are means + SD; n=5. ##p<0.01 vs. CON, *p<0.05, *p<0.01 vs.

OAG (800uM oleic acid + 10mM glucose). CON; control, SIM; 20uM
simvastatin.

4 G2 2220 B2EE TY VA DU Wo| o ax

FFEAL &5 2(amomum villosum extracts, AVE)9] A
HE T4 HdH {AAZ g8 X Sterol regulatory element
binding protein(SREBP)-22} HMG-CoA reductase(HMGCR) ©
WA I it axs RASH] $stel 800uM oleic acidet
10mM glucose (OAGZ)?} Z3d Hjx|o] Chget 529 FEAL
522 1647 59 AW 3 A ) waae st
F2 ZAego. 3 Ax gixdo] uls] OAG9| SREBP-29
HMGCR L@%e olsbl S7tstgont, Fart 2488 Ae
9] #Y TAo] TAFL FdUETQ simvastatin(SIM)wt 1}
dl%atAl olHE SiTFig. 4).
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p-actin |G e I SN SR S

OAG - + + + + o+
SIM (20 pM) . - 4+ - - -

AVE (pg/mil) - - - 100 200 300

Fig. 4. Effects of Amomum villosum extracts (AVE) on cholesterol
synthesis-related protein expressions in HepG2 cells. Cells were
treated with 800uM oleic acid and 10 mM glucose in the presence of
various concentrations of AVE for 16h. Protein expressions were analyzed
by Western blotting. SIM; 20uM simvastatin. SREBP-2; Sterol regulatory
element binding protein-2, HMGCR; HMG-CoA reductase, OAG; 800 uM
oleic acid + 10mM glucose.

5. JEAb 2520 2AAEE ¥ B mRNA Lo o ah

k&AL & 2(amomum villosum extracts, AVE)?] Z|A
B2 ¢4 IH GAXE LA sterol regulatory element
binding protein(SREBP)-29} HMG-CoA reductase(HMGCR)
mRNA o] gist a3t2 xARH] 9ste] 800uM oleic acide}
10mM glucose(OAGH)7t 23 HiX|o T}t 529 YEA &
£22 1647 59 XF $ Az U mRNA HFFL 2ALSHY
ot 3 ZAit gz 7o 4|5 OAG+e] SREBP-22} HMGCR mRNA
WAL AP00]) Felgont, FEA 2582 Al
9] WA mRNA LAZFL2 F9sHA FasQTHFig. 5).
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Fig. 5. Effects of Amomum villosum extracts (AVE) on cholesterol
synthesis-related mRNA expressions in HepG2 cells. Cells were treated
with 800uM oleic acid and 10 mM glucose in the presence of various
concentrations of AVE for 16h. mRNA expressions were analyzed by Real
time OCR. Values are means+SD; n=5. ##p<0.01 vs. CON, *p<0.05,
**p<0.01 vs. OAG (800uM oleic acid + 10mM glucose). CON; control, SIM;
20uM simvastatin. SREBP-2; Sterol regulatory element binding protein-2,
HMGCR; HMG-CoA reductase.

A B Zsoll Ao
oL} AHRolE S22, IFL 5
240 AA R B0 mob 2uEI] ¢Js] of=mA|
(apolipoprotein)} Zgs] AP (lipoproteinys J/stal oA
9 Wgo] o} VLDL(very
lipoprotein), IDL(intermediate density lipoprotein), LDL(low
density lipoprotein), HDL(high density lipoprotein)2 JL-2%lc}h
9. 7pg West W2 chylomicrond A3g AAE AN &5
sto] Ruleh= AFZ oiy XA H]Fo] TR vFHCTT FA|3]
+3 VLDL, IDL, LDL, HDL 402 Ax} ¢ald fy] x]A9] o
£0] FoIR|HA Ye= zokdch. AMoIA Agat xlgd] &3] 2
ol A< LDL¥t HDLZA LDL2 Ee2HE dFFol Uz
2 E3 Tx2 ZYAHES 2Wste 92 7] dizo 5973
3 AEH A YIA=E 5771+ Q90| H 1 HDL2 Tx
oA gol FAEES S50t0] tez 2utely] o] vtz
UYEE A2AVIE Qo] FLPID olF AT
Aot 4A 84 $2A2HE, FHNY 2L LDLO| ALt
HDLo| Z4sts %98 E@ele] ol4x A Folet At

B Aol gEA A2 xSt AP AFY oleic
acid?} glucosed] oJ3t & Z2HED A9 5718 F9sHA
ARt t (Fig. 2 & 3). &2 24 52 ¥&EA F&EE0] in vivo
AP z700A A EZAHE Aojo] gt tap AN FY Rt
22629 3712 S5k AMATtL Husigt). B A7
oA FEA £EEL 7MY NEZFQU HeG2 NZOJA in vitro I
Fe2H &2 1XY g2 AN ZY2EHE FHE RIS
AAstAct ol2dt Ade 7 o] Mug =g ZAuE in
vitro 20X A AMAS Az Al @ ols FFEAL
F%E2 in vitro, in vivo LEZYAHE HE 20N FUsHA
F2EET XY ol 53 AA &It S-S AlARI

OJFRIAESY R &0 AMEEE FEo= HMG CoA $da
A(HMG CoA reductase, HMGCR) 29 AA|, fibrate, &4t 4],
228E 54 9AA. Yolohlo] Itt*%. HMGCRE HMG
CoA7l mevalonic acid2 WHEEE ¥3S £X15to ZY2HE
B F2 WA Bojst], AEHE ol HMGCRS 7
BHoz oxstel TAXHE BYHEL BANTIE RolcH?. A
oo 2o 2rEE B Adfstel ¥ TArHEL o

2 fUAA 8% LDL S2EHES ZaA71al F/4AEa HDL

P
1=

chylomicron, low density

i

ol
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27 S G52 Bolu* M), FIAS 19 18] B8 7
o3 2RO o 23Ee 37 o’ olyAaAZY Ut
gz YU 200 A ES 298 F7PsEA A
B9 A e w3 A Sold JisAol gonz ofgd gt
o W BAGE U 2 Yot EF PAGoR: A%y
% 55 w2z, 2857 gou A 39 Bsyw 2§
5o uuE v QoY A2 AP Furt Rk 454 o4l
49l 953530l os) 1592 38 WRS APY A7) sty &

B 280 32 AW 95 AYYS F/AAGL B H9

of wrae|w UopH)
2 APl FEAL FEE2 HepG2 AlZoA Hejxloz {
Zet HMGCR @A 9l mRNA 2@E {5t AAsHATHFig.
4 & 5). FFA £&25° HMGCR 239 AR AA ZH2EHES
poolg st el BAAHE ¥ 5715 uisty, ofx
g3 2A2E2Y o029 §YS ML AN AU A
o2 AR "tk HMGCRS ZioJ4 2IAHE o] Z2sqe
o] AARIALYl SREBPZ 572 Qls] Wdlo] A7kste Roe &
A QATH. Fig. 4 & 514 FRAF FEBS AP HEgo] ©
gt SREBP2 TH#Alz} mRNA o] 5712 golstA oAxstgict.
ol2gt AT FEA FEF0l UIA HMGCRS WHE st
T o]t SREBP20] 93] uiZjEl AE AlARCE

ogel Amg FUSW, APUY Zegor QU 137
AEIE in vitro WE| RN FEA} %“2 ZHolA 2328
£ WYL AANIE anE yehdon, 1 78S Muud
o SREBP-2 W@ 24z A% BAAdE YHE AU 5
2 @29 HMGCR Wd oR|7h Fojgrg Uehdch. ol2igt J2At
2220 2AHE TR &I} statingo] AETIY2HE A
Aot gArte oojstu, s 272 gagrds &
gol chgt FEA £589 Y4 AT APACW oYANAS
S gAY AEY > Y= FEEA F st 2 ez AR
.

lo @

5 2 a7

X

=
<

2 d3E HepG2 MEoA A|gitat Zedoz qug] Ze
2€E ¥4 370l O FEA 5229 oA &3t L 71HE
Fsto] offet #2 Z2uE AT FEA FES2 AL =
sgoe Qg 22EER AW YYS7HE Ksl ARt
o, 2 7]"o] SREBP-29} HMGCR %@ olF|7} Bojsteict. ol4t
o] Adte QFFAF X&E0]| A EZAHE FAH L AAIEH=G
aipt Qlon ¥% 12YAEE B59 YA U A=A JpLe)

o

g =
SHEH] 2 2 A5S AXRIT

F

el 2

B o 20209 % ZAHIXZ|QEO ZHAT|UI|EI IAY
Ao 9t ALY (Project No. S2853447).
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