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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*

Department of Physiology, School of Korean Medicine, Wonkwang University & Ilwonbio Co. Ltd

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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ol 4X A& 5 (dyslipidemia)> B FIZY2AHE, NLE A
d iRl S AH=(low density lipoprotein cholesterol, LDL
2 2612) B2 FYAYol YAt F9U 1AL AY S
Z22H|2(high density lipoprotein cholesterol, HDL ZJAH|
E)ol Faste BLE 2Fste @7 F AAUA oo A
292" Smyehy yanand Jy=s ML 58
Dot A73HE ANEY L5 BE 5 YR 290z 1§
£o] A F7Mte FAIE Holed 20219: BASAE &

2W WgAs 3 1dY AEES 268%, Gk SHES
9~11% #&02 [R5t FF o] 2E2
Z(hypercholesterolemia) 54
¥o 8% 71402 oy 57
copE 9ol o DEAXEES L AYAIEFY Fhe
&% olg ARAIIE JISHABoIY AN Lol st S0
z7tz ooja How mart.

gtoJstof X ol FRIAEZ 9 AJAZ LI FU(BRER)Y 2
2oz A HYLRMEREL). BUH adloz AF s|¥LaA
Z(RMETAH), AFRo2 wlgtsto] “IEAZZKERSIAY 7HA
SE(FBFR)I APE Qastx 2o wAsts Aoz wa

HE ) 23 2ESF(RENE), SFstol(FEMmbR), &
NS (ERATRE), RSB I AHoz Azstict!. &

ORI E o]&sto] o]FRAZS A gt DoAY £AY
g A7) A% A A vt wuH D Y,

2 Aol &3 ARIBD)2 SR o g WEstEF(CE
EEFE) oigste] Adud] &3 dBREA FEA
(Amomum villosum Lour.) BE §FAIe] d435t Al 2 3157
AR E), 28[AAHGREIEE), ol7|E(BR L) S50 9
}¥. 2B 2 borneol, camphor, bornyl acetate, limonene =
olu? Slget WRIVLE FI RN HT AAY A, I
A3, P+ a7t gsiRler WA A £5] AHgE
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ool ARt ¥ AW AW T, wg] o3t FEA AN
A3E BfgoR FEA £FEY in vitro BA2HE THOIA &
3 R 7182 FASe] RO AUE Al BRshe olck.

Az R FY

A FEAE @TYEA L (Ulsan, Korea)of Al
o gty stojatfeh Bxs8F wAloA Z
= 254 900mdofl 3A]ZF 7t

ZLAAA 55, 7AxRsA

2. A= ujg

A Y M EZFQ HepG2e F=AZF23Y(Seoul, Korea)
of|A] Bofdlto} ALL5}9ct 10% fetal bovine serum(FBS), 4mM
L-glutamine, 100units/m penicillin, 100pg/ml streptomycin,
250ng/md amphotericin B7} Z3HEl Dulbecco’s Modified Eagl
e’'s Medium(DMEM) Hjx]2 uJj%5}9931, Phosphate buffered
saline(PBS), Typsin/EDTA solution® AR23to] 7o wfjYstad
t}. 37°C, 5% CO; A719] incubatoroA] ©J¥35t9ct. Fasting
mediat= FBS7} ¢l DMEM HjX]E A}L35}9 1, inducing media
+ 1% FBS7I =¥ DMEM HiA|E AMESHCH M gjgo] At
88 yilx] & AJoF2 Gibco (CA, USA)IIAN dstgint.

3. A2l obg A%}

Simvastatin (TCI, Tokyo, Japan)2 of&23 0.IN NaOHZ
o|-gsto] 2JstAIZIL PBSE ol &oto] E|Asto] vlw FFE A
gotgic. Alg@ol Aalgt 2L FEAL 2522 PBS] 345}
of AMgstglon 0.45m T2 gt & ARE H[X|E o] &5t
2 X =52 gsimvastain 20uM, ¥EA 52 100, 200, 400pg/
w2 Aejstet.

4. 1 EFYAEHE {FE

10% FBS7} sl DMEM HjX]2 o] 83}o] HepG2 AZZEE
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5%10° cells/well?] =2 6 well plated] 24A]7t St w3t
3, 4X|7F £9t fasting media® wA|5HYCH A4 dx2Fol= 1%
FBS7} g€ DMEM HIX|E, YWA] e 1EZYAHE Y
iR Y3 vjn g 9 A dEE 74 FF s I 79
o 1ZAHE L WXl g2 0.01M9 NaOHE ©]83t
o] oleic acidE 3]Al5til, 4% Bovine serum albumin (BSA)7}t
ZSte distilled water(DW)QF 1% FBS7F Zstsl DMEM Hjx]o]
glucose®}t 3] = oleic acidE 3]A5to] 10mM glucose, 700uM
oleic acid2 A|&sto] 16417t 5 gt 529 FEA FEE
I A Aot LZAEHE 5L uiRlo] AREEH RE A

2 Sigma(MO, USA)o|A U3tgict.

5. A =4 A¥

10% FBS7} %3=l DMEM HJX]S o]&5le] HepG2 N EZE
2x10* cells/well®] S=& 96 well plated]] 24X]7F St kst
3. GEA 2EE Y simvastating 7470 =2 X z2|sto] 24
AIZE B¢ ettt okEo] oigt Ml®x ESZL Dogenbio
(Seoul, Korea)?] WST A]2FQl EZ-cytox kitE A}835to9 £A 5}
%t

6. NIZ Y & Ze2HE TF

HepG2 A|xo] ¢EAL £5 23} glucose E oleic acidES 16
Al 5% AE & Alx &322 FstAT AZY F ZY2H
E &I oA %(Seoul, Korea)?l & ZAEE 57 J|ES
Arg-5to] £435ta BCA protein assay kit (Thermo Fisher, CA,
USA)z SRS Jgstel OOBA szof et AisiA.

7. Oil Red O staining

HepG2 A|Zo]A HlX|S A|AstL PBSE o]&sle] AAF &
10% formalin© 2 A3ttt PBSet 60% isopropanold o] &
5l formaling A&t &, AA|522 8 A3t Oil Red O £do 2
Mot DWE o]-&sto] A5t Azo] M Oil red 05
100% isopropanolo]] £3A]# microplate reader (Molecular
Devices, USA)2 500nm oy FZ=g Fsto N &
< BT vlastdeh. o] AAFo] ArgE BE AR Sigma (MO,
USAJlA 7Y atsict.

8. Total RNA 2] ¥ Real Time PCR

M2 J RNAE TRIzol reagent (Invitrogen, CA, USA)E o]
g35to]  Ralstyy, EFBEA(MPLEN GmbH, Munich,
Germany)o|lAl F¥E=E F73sto] AFstAT. RNAZHE9|
cDNA 42 1yg total RNAQ} Prime Script reagent kit
(Takara, Tokyo, Japan)2 ©o]£35}o] %1385}9ict. Real Time PCR
2 cDNA, primer sequences (Table 1), Power SYBR Green
PCR master Mix (Applied Biosystems, CA, USA)E o]£3}o]
S30otct. #@Y 474 {HA9 mRNAY2 Real-time PCR
systems (Applied Biosystems, CA, USA)E o]835}to] GAPDHO]
gt goiRe Foz AN,

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

Gene Prime Sequence (5" — 3) Accession no.

Forward: GTCTCCTCTGACTTCAACAGCG

GAPDH  peverse: ACCACCCTGTTGCTGTAGCCAA  NM-001357943.2
Forward: AAGTCTGGCGTTCTGAGGAA

SREBP-2 Reverse: TCCTCGATCTTCAGGTCCAC NM_004599.4

HMGCR Forward: GACGTGAACCTATGCTGGTCAG NM_001130996.2

Reverse: GGTATCTGTTTCAGCCACTAAGG

9. Western blot
Az Uy
inhibitor (Millipore, Darstadt, Germany)S X3St RIPA lysis
buffer (Thermo Fisher, CA, USA)Z2 A}&35}to &2]5t9ct. BCA
protein assayE °|-&sto] F2jgt THMAS FFstau T ol
SUtEE AAS A&bstgict 20pge] WHiA S sodium Dodecyl
sulfate-polyacrylamide(SDS-PAGE) gelo] E%35t1 A7|FEA]

Xl S protease inhibitor, phosphatase

A RYotrt. Gel Uio] I7dEz Fojd ¢uAe PVDF
membrane (GE Healthcare Life Sciences, Buckinghamshire,
UK)o] o]=A|#ct. 7479l membranel 5%9] skim milk (BD
Difco, NJ, USA)E AMgste 241t 59 2235t 1& Al
£ lug/meE 1 : 200002 3]Asto] 4°ColA] WA YHSAIA o]
o] AFg3sh 3] £ 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)Z2%
B FYstgict. 2% FAI= 1 : 200002 3]Asto] AoA 14
7 591 Yr2A]7]1 ECL kit (Millipore, Darstadt, Germany)e}t
image analyzer (EZ-Capture ST, Tokyo, Japan)E A}8&-3}o]
chlA wEee selstginh oY 2% @A AME Goat
Anti-Mouse IgG H&L (HRP), Goat Anti-Rabbit IgG H&L (HRP)
+ Abcam (Cambridge, UK)OIN st DA LAFS B

-actin 9 FYLe 71E22 Hwsig

10. 57 24

E foH: ®ZF : mEHA2 BASIYCn SAS
software(ver. 9.3, SAS Institute Inc., Cary, NC, USA)9Q]
one-way analysis of variance (ANOVA)E o] 835}0o] §9oA 5%

ool A5 st

2

L. A 2589 Alx 544 &3
FEA  FE5E(amomum extracts, AVE)d}t
simvastatin(SIM)o] MZ ZXAo] UX: &3S XA 959
20uM SIMI} 100, 200, 400pg/ml Y&EA}L £2E52S HepG2 Alx
o 48A12t A2g & Mx FEE U= TS EAGIQG. 1
Zat gz vlwsty] 2E FolA N2 S42 R gatt
(Fig. 1).

villosum

100
80

60+

Cell Viability (%)

CON SIM 100 200 400

AVE (pg/ml)

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 Kkit.
Values are means + SD; n=5.

2. FEA 2589 ZY2HE A AA &3t

A@Roz fed FHAHE 457 AT FEA 52
(amomum villosum extracts, AVE)?] &S ZASH| Ysto]
800uM oleic acid?} 10mM glucose (OAGH#)7t E£&E vjx|o] .t
P S50 FEAF 2E2S I6A7 SO A 3 AL Y &
2o 2eE g2 AT 1 A% gaze F2AAEE UF
2 556 + 1.97mg/100mg proteino] Yo}, OAGFOA = 23.71
+ 3.22g/100mg proteinez e} §o5HA StstYch
(p<0.01). 231} 100, 200, 400pg/ml ¥&EAL FEEL At &
o] £ZY2HE -+ ZtZt 16.58 + 1.82, 14.96 + 1.48,
12.78 + 2.29mg/100mg protein® 2 OAGw¥} H]uwsto] §9]st
A ZAastgon, ¥4 girFoz AHESH simvastatin(SIM)+9]
13.67 = 1.23 mg/100mg proteind} S-A}st A cHFig. 2).
3. A FE29 FHAY Y I9A &1

FEAL &5 2(amomum villosum extracts, AVE)?] FAX]|
g &AA a2 TASH] Yste] 800uM oleic acid?t 10mM
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glucose (OAGE)7} =3td HIX|o] st 529 FEA FE5ES
16A1ZE &< A2t & Az Y FHAEY ¥E ZARHEH. 2
23t gz vls] 0AGEY F4HAWY &2 F95HA(p<0.01)
E71tE L, FEAL FEES AT 29 FHXLY F2 0AGE
o} ] @5hof w5t gastdoy, ¥z
simvastatin(SIM) 23} v 25t 724 &= Horch(Fig. 3).

30
20 *

10

Total Cholesterol
(mg/100mg protein)

CON OAG sSIM 100 200 400

AVE (ug/ml)

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.

600
HHH#

400+

200

Observance
(% of CON)

CON OAG SIM 100 200 400
AVE (pg/ml)
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 2229 2A2EE PH BA DN B0 O 2w

FEA £E52(amomum villosum extracts, AVE)Q] ZH A
HE 3 UA SAAR YA Sterol regulatory element
binding protein(SREBP)-22} HMG-CoA reductase(HMGCR) ©
WA Ao it adE ZAH] Yste] 800uM oleic acide}
10mM glucose (OAG#)7F Z3HE Hjx]o] T}Fst o] oFFA}
ZEE% 16A17F ¢ AYE & Ax U gHAZ A0 EE
T2 ZAIgoh. 1 Aak diz7o] vls] OAG+9 SREBP-29t
HMGCR @%e 39shl S7ktgol, Fax 2522 Aa
9 WA TuiAo] wrdFe FHUx 9 simvastatin(SIM) o}
v 28b A=l 9IcHFig. 4).

SREBP-2

I — — g—

=3 F=3 FF

p-actin | (D G GEED GEND NN S

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

AVE (pg/ml) - - -

HMGCR

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. &AL 2229 ZY2HE Y Y mRNA T ojF ant

o
4

FZEAlL 2% E(amomum villosum extracts, AVE)?] ZA
g2 4 I SARE 43X sterol regulatory element
binding protein(SREBP)-29} HMG-CoA reductase(HMGCR)
mRNA 23] 5t 592 xASH] 95t 800uM oleic acid®}t
10mM glucose(OAGH)7t =Y vjX|of Tt = 0] FEAF F
S22 16X7F 59 A5t $ Al U mRNA 2HAFS TASIY

t}. 1 Ay} gjxFo] ¥ OAGES SREBP-29} HMGCR mRNA
TAF2 395HA(p<0.01) ‘7}0}“'0‘—} GEA FEEE A

=2
29 #H mRNA LJF2 §oJ5tA ZastYcHFig. 5).

SREBP-2

Relative mRNA expression
HMGCR

Relative mRNA expression

0
CON OAG SIM 100 200 400

U.
CON OAG SIM 100 200 400
AVE (ug/m)

AVE (ug/ml)

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 meanstSD; 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.

AA By Fso] Yol ZY2HSL BLHQ K2 '\ﬂi"’
o} AHZOE £28, GEA S P4 Hroz AgHd) &
28 AA A2 Rl ot 2uE7] 9o ofmA| T
(apolipoprotein)zt Z3s X|THél(lipoprotein)g PAJsta ATHH
ol dgo| uat VLDL(very
lipoprotein), IDL(intermediate density lipoprotein), LDL(low

chylomicron, low density
density lipoprotein) HDL(high density lipoprotein)2 &=}t

8 J1&F A27t e chylomicron A8 x]AL Ao|x &5
del gUshe 4US ool WA wigol Y vFET QAxs
=3 VLDL, IDL, LDL, HDL £02 Ax} duizal djy] X&) v
20| WobxlgiAl WEL Fobdlch QA4 Mgt xlzo] £3 &
ol 2 LDL¥} HDLEA LDLZ EZAHE &HFo] JHRe
2§D TE2 BYAGES SWHE GBS ] R U3

g AET Aol P g FIM]I|E 29lo] H1 HDLL ¥X
oA o ZYAHES St e utshy] gigo v
JYES BAATIE Qdlo] AN, ojajg xUTIAEHgol
Holrt A7 @Y S2A2EE, YA 5L LDLo| Faspict
HDLo] Zt&sh= 239
2 AN &
acide} glucosed] 93t ¥ F2HEM AL 578 FYsHA
A5ttt (Fig. 2 & ) 32 4 52 YEA FEE0] in vivo
YA D2A2EE Aolo] o et ololx FHAY
FJ2HEY 57M5 & Aoty Bustgc?. B A
oA °*’<1~} T%_-E 2 Y A=EF9Q HeG2 M ZA in vitro 1
El3 %E A %Eﬂ"'fl]E T v—lo}ﬂ]

7

Oéw
4=
o

12 L g
_19.

d
vitro ZEZ10]A| %’\}6}711 AP Zatg Als "o 0]% %k-i-/\}
F%&3L in vitro, in vivo 1EZIAEE He| RHA FA5HA
ZAHE A9 Fdo 5 A 37 A3 AN
oA AEZY X80 AMRE= o= HMG CoA &
A(HMG CoA reductase, HMGCR) 29A|A|, fibrate, %.’ij’.\_} A,
ZY2EE E5 AAIA, Yolotilo] ActAY. HMGCRE HMG
CoA7} mevalonic acidz2 Wgte= ¥reS
g9 72 DA #ojstet, AHYE 0|23 HMGCRE 7
PHoz Axsto] ZIY2AHE WFHL TAAIE Aot
B2 7o ZYAHE TS Adlstqd 5 Z2EHES UL
2 fUA7A ¥F LDL Z2HEZ F4AA7|L 34X%3 HDL
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27 JHE F5S Bolm¥N), HuME 19 13] 285t 7t 2009;18(2):1-12.

ol EopHo g OFF S20E E7 EH—.v_—Oﬂ ORI AEF o] Ax} 5. Hong YK, Kim SS, Shin MK, Kim ]JJ. Review of Korean

MEid 2 A=, 18y 0]’\}7(]7“25 So] z7P8A A Medical Treatment in Hyperlipidemia - Focusing on

Etel X4l vl Tt AX} 5old JHs ] ooz oFrFo] Tt Treatment of Korean Herbal Medicine. Korean ]J.

o|A} wreu} Bxte g Ziupst & Qi %?j nrxrgozal A3tE Oriental Physiology & Pathology. 2010;24(1):9-14.

2 CE mz7h 285 glon N7 AL =AM 1S 6. Herbology Editorial Committee of Korean Medicine.

EXo] uuE v} Qr}?. 2 NN Gkt gL 454 o|Ate] Herbology. Seoul. Younglinsa. 2020:331-2.

Q1 95359 o] sl 15W7F £A WS AsEst Ao 9stH A 7. Pharmacology Editorial Committee of Korean Medicine.

Elel B 20| Z& dcti} Qe AFEE 7ML B HY Korean Pharmacology. Seoul. Shinil Books. 2015:749-50.

}?, o35t AEIEIO] HXI2 9 135l A|7|HA FZ ZYAHESL 8. Sizhuo Suo, Yunfeng Lai, Meng Li, Qirui Song, Jing Cai,

IR AL o7y} o] wrmE . Q) Jing Zhao, et al. Phytochemicals, pharmacology, clinical
E oA %*—3—1\ ZEE22 HepG2 A ZoA HEjROoZ & application, patents, and products of Amomi fructus.

w3t HMGCR T @ mRNA Z@g {05t AA5tickFig.
4 & 5). ¥FEA £559 HMGCR T4 A& HA Z2HE
Wste 3t Z2EE #§F F7ME 9usty, ole
%5 ZH2HE9 oz 4US FVHAIIE AAE AT A
o2 Alg €t HMGCR2 Zto|A Ze|AHE &go] ZAYS
o] MAQIAIQI SREBP2 712 Q3] @yl

A Ak, Fig. 4 & 5014 FEA FEEL AW e o
gt SREBP2 T¥ZAi} mRNA @9 Z718 {9siA JAlstgich
olg|gt Aate FFEA £5E0| 7oA HMGCRO IdE AA|st
1L o] SREBP20] 23] mj7/jsE]l= AL AJALSLY,

o9l Aug FTYoIH, Ayt zrgoz [Jubst
AHE in vitro YE| 2RAN FEA T%.}-“g%
g P4E IAAPle 3t YERdod, 1 J|FS
oA SREBP-2 ¥y ZtA =z QIdh ZYAHE ‘?ﬂ“‘o% >
2 &49 HMGCR %3 A7t #ojghg Uebdct o2gh ¥&
529 Ze2HE FHYA &7} statinf] FEHA
Aot AAES 9ujsin], F5 £ Ars 2AZ FZILEHES
dho gt FEA 529 o 7t AEOE o] JRIAE S
g gAY 8T S e FHEL F UL € e Ag

g

pool&

o
o o

T
Fu

¥ ot HepG2 AZo|A Aatat zrgoz gud 2
2EE ¥ 7o) digt FEA 2589 AA &3t ¢ 1A 9
Fato] offet 72 ZIts Aot FEAN FEES AY4 X
cgoz Qg ZH2EIEI XY FE57HE Rt IAs e
W, 1 7]HMo] SREBP-29} HMGCR 2§ A7} Tojstact. o]t

of At ¥EA 2320l oI FazHE YA Rt
a3} gov] g5 1BALENE B3 YA L AEA A
$u270] F 4 982 AT

Watel 2

20204 ZAHIR 7]
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