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Anti-cholesterol Effects and Molecular Mechanism Study of Mixture
of Atractylodes Macrocephala and Amomum Villosum Extracts
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Atractylodes macrocephala (AM) and Amomum villosum (AV) are the most common herbs in Korean Medicine to
treat digestive diseases. In this study, we investigated the cholesterol lowering effects of mixtures of AM and AV
extracts on high cholesterol diet (HCD) induced dyslipidemia mouse model. We classified animals into six different
groups; Group 1: Normal diet, Group 2: HCD, Group 3: AV extracts : AM extracts (1:1) (200 mg/kg) + HCD, Group 4:
AV extracts : AM extracts (1:2) (200 mg/kg) + HCD, Group 5: AV extracts : AM extracts (1:3) (200 mg/kg) + HCD,
Group 6: Simvastatin 40 mg/kg + HCD. After 4 weeks of oral administration of respective drugs, we checked body,
liver and epididymal fatweights along with liver and serum triacylglyceride (TG) concentration, total and low density
lipoprotein (LDL) cholesterol in serum. Moreover, 3-hydroxy-3-methylglutaryl-CoA (HMG-CoA) reductase (HMGCR), LDL
receptor (LDLR), and sterol regulatory element-binding protein 2 (SREBP2) were detected by RT PCR or western blot
analysis. The overall results showed that mixtures of AM and AV extracts inhibited HCD-induced increases of total
cholesterol and LDL cholesterol in serum. Those effects seem to be caused by AM and AV extracts through inhibition
of HMGCR expression. And thus blood cholesterol is induced into the liver by increasing LDLR expression, which is
regulated by SREBP2 transcrption factor. The cholesterol lowering effects and mechanism of mixtures of AM and AV
extracts was similar to the statin. We have identified the potential mixtures of AM and AV extracts as a new treatment
for dyslipidemia.

keywords : Atractylodes macrocephala, Amomum villosum, high cholesterol diet, low density lipoprotein receptor,
HMG-CoA reductase, sterol regulatory element-binding protein 2
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institutional guideline® &#435t0] AJA =58 W25ty ct.

Table 1. High cholesterol diet

Nutrients gm% kcal%
Protein 20 17
Carbohydrate 50 43
Fat 20 41
Total 100
Ingredient gm kcal
Casein, 80 Mesh 195 780
DL-Methionine 3 12
Corn Starch 50 200
Maltodextrin 10 100 400
Sucrose 341 1364
Cellulose 50 0
Milk Fat, Anhydrous* 200 1800
Corn Qil 10 90
Mineral Mix S10001 35
Calcium Carbonate 4
Vitamin Mix V10001 10 40
Choline Bitartrate 2 0
Cholesterol, USP 15 0
Ethoxyquin 0.04 0
Total 1001.54 4686

*Anhydrous milk fat typically contains approximately 0.3% cholesterol, and
consequently High cholesterol diet contains approximately 0.21% cholesterol.

Table 2. Classification of Experimental Groups

Group: abbreviation

Group 1: Control
Group 2: CD

Treatment
Normal diet + saline
Cholesterol diet (CD) + saline
Cholesterol diet (CD) + Amomum villosum extract
(AVE)(1) : Atractylodes macrocephala extract
(AME)(1) (200 mg/kg)

Cholesterol diet (CD) + Amomum villosum extract
(AVE)(1) : Atractylodes macrocephala extract
(AME)(2) (200 mg/kg)

Cholesterol diet (CD) + Amomum villosum extract
(AVE)(1) : Atractylodes macrocephala extract
(AME)(3) (200 mg/kg)

Cholesterol diet (CD) + Simvastatin(40 mg/kg)

Group 3: Ex. 1:1

Group 4: Ex. 1:2

Group 5: Ex. 1:3

Group 6: Simvastatin

3. vpoleuopA #A4 W £

Az A8 AR 3 U F51¢ oy 242 etherZ UhF
% o Yuolx AFsto] A U F4A|Htriglyceride: TG),
£ Y A Z(total cholesterol; TC), UL At ZIHAHE
(low density lipoprotein cholesterol ; LDL-C)9] ¥ TC &4
kit, TG &4 kit (Asan Phamaceutical, Seoul, Korea)?} LDL
2y 2HE &4 kit (Dogenbio, Seoul, Korea)E 0]&35to] £A
o AHgeton 71 Rus x99 Y A Astel BAS

=Rt

4. 7t 24 X|9Liver triglyceride) &4

q
O OFYAY Y s¥e 99 7 &4

SO A4 BESAIR & dAEE 3 {80 5 24Xt F
¢t 1x35t9itt. EthanololA &8st & 719 Z4A|% &F2 TG
kit(Asan Pharmaceutical, Seoul, Korea)S 0] 83}0o] RA}SIY 1L
Tud =2 BEEIA|FC

A Z8HIF2(Real Time

for

5. Total RNA ¥a] U A7t AFA}
PCR)

Ago] Tt 3§ X&® toZHE total RNA9 Bt
TRIzol reagent (Invitrogen, CA, USA)E o]&3}o] AX3A7}
Agohs Gdol et st 4249 xAg A AE F
1000p2 RNAzol B2 &3)A]Z1 & 200u chloroformg *7}sto]
dg ZolA 52 $HSAIAT ¥Hgo] B & 4°ColA 13,000rpm
o2 10% dHRast] A5 500& M2 tubed] FZHTH
9] A&oo] Sa9] jsopropanol H7lsto] AL & 4°ColA 14]
B¢ WREAIZY. §hgo] Y & 4°ColA 13,000rpme2 10
B gAuasty JAES 75% EtOHZ 291 AAstgich ARd

o

RNAE 71xA]7] & DEPC water 2002 30|31 Bikg 7oA
855 E4cd  AFFsiAd. AP ¥E (reverse
transcription reaction)2 2pg total RNAQ} Prime Script TM
reagent kit (perfect realtime) (TaKaRa, Tokyo, Japan)Z ©o]&
sto] AzSAbN AZate w0l et sastitt. Rl whe
2 total RNA (21g), oligo d(T)primer (25pmol), PrimeScript
RT enzyme Mix I, 5X primeScript Buffer’} &%l ghgoioz
37°CollA] 15&, 85°CAlN 5% S WHAIA cDNAS @75ttt
YA AFA &A 5T WS 108 843 cDNAS Power
SYBR Green PCR Master MixE o]8&35}0] 4385t9ict. wdw 7+
7t 8 ARl mRNA 942 LightCycler System software (Roche)
£ ©o|§sto] GAPDHO tfgt Aozl dozxn At AME
%l primer9 sequence: Table 3| 7]&3}gict.

Table 3. Sequences and Accession Numbers
Gene Sequence for Primers
Forward: CGTCCCGTAGACAAAATGGT

Accession no.

GAPDH  peverse: TTGATGGCAACAATCTCCAC NM_008084
HMGCR  ormree TOAGCOTGACAGAACCAG  NMLOD1360165-

DIR o ree: GICCACACCATTCARMCCCC  NML001252650.1
REBP2 g GOAGGACCOGTAGGCTTTT A NMLO332181
6. Western blotting

o xA Y Tuide  M-PER  (Mammalian Protein

Extraction Reagent) (Pierce Biotechnology, Rockford, IL,
USA)E ARgsto] Z2]stitt. AE(20ug)2 10% acrylamideft &
| sodium dodecyl
electrophoresis (SDS-PAGE)S Alg35to] ¥2]5t9 1, Hybond™
-polyvinylidene fluoride membranes (GE Healthcare Life
Sciences, Buckinghamshire, UK) & A}83lo] o]5st¢ict. zbzt
9] membrane2 2% bovine serum albumin T+ 5% skim
milkE Arg-ste] 2AI17F 5t B275IQAL, B-actino] oiFF LAt
gt&]|(Santa Cruz Technology, CA, USA)} HMGCRo] fjst X}
gtA]|(Cell Signaling, MA, USA)= 1pg/md of a 1:2000 dilution
stol  4'C JFuo]A overnight At oJxF FAe
HRP-conjugated IgG (Abcam, Cambridge, UK)= 1:2000
dilution 3}o] YhSA|Zich CHHAA wHy3ko  image analyzer
(EZ-Capture ST, Tokyo, Japan)S A}£35to &H9l519ict.

sulfate-polyacrylamide gel

7. $AEA

2E AY Zdt YF+EFBR(Mean+S D)2 ANt
7 2 29 $AS 994 AR me §AEMS ANOVA
(one-way analysis of variance test) Duncan AtSZ7A H| a5}
o] p<0.05¥¢ o] {9st Zoz WAFFYTHSPSS V12., SPSS Inc,
IL, USA).

2

1. W&} AL 25 EUE9 AF 37 AA &3

DZA2EE AolE 457 Toid 29| AFES Y Aol
b 2ost 29| AFat vlwste folstA kst 1E
2AHE Alo]9} simvastatin 40 mg/kg & FoZAA AF 5
£ st dAEQon, Waal FEAL 25 EHES YL &
olgt ZLolAE LEZHAEE Aol A& AF F77F S-5HA o
Aelglon, WE 5589 sroto] AL YERIR] gt

oy

7

—_

2. MET FEA 55 EY2Y 23 20F £ AW 37 oA
zi}

DEYAEE Aol 457 Solgt 29 1w Laug 59 A
ol AL By Aolg 457 Soldt 2t ulwstel SojaA 5
Jbetgic. MaT FEAL 55 EYTS 12AAHE Holg e
Sol3t 2oL ME BE EHOE Tt ¥ F9 AW 5

7te] oA &7t UepgtH(Table 4).
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Fig. 1. Effects of mixtures of Atractylodes macrocephala extracts 2‘5., 0
(AME) and Amomum villosum extracts (AVE) on body weight of high TR ol 6
cholesterol diet-induced mice. CON:control; CD:cholesterol diet; T 1
SIM:simvastatin 40 mg/kg. All data present meantS.D. **p<0.01 vs. E 3

control; #p<0.05, ##p<0.01 vs. cholesterol diet. n=10

Table 4. Effects of mixtures of Amomum villosum extracts (AVE) and
Atractylodes macrocephala extracts (AME) on liver and epididymal fat
of high cholesterol diet-induced mice.

Week

Gorup Liver Epididymal fat
Control 1.11+0.04 0.29+0.03
Cholesterol diet 1.23+0.08** 1.27+0.22**
AVE(1):AME(1)
Extracts Mixtures 1.14+0.11 0.85+0.10"*
(200 mg/kg)
AVE(1):AME(2)
Extracts Mixtures 1.08+0.18" 0.78+0.15"
(200 mg/kg)
AVE(1):AME(3)
Extracts Mixtures 0.99+0.07* 0.62+0.19"*
(200 mg/kg)
Simvastatin # "
(40 mg/kg) 1.01£0.12 0.63+0.09

All data present meantSD. *p<0.01 vs. control; #p<0.05 ##p<0.01 vs.
cholesterol diet. n=10
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Yltriglyceride, TG)? F2 B4 AolE 473t R <3t ¥ln
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LZH2EHE Aolet B Foldt Fo Y U FHAY F2
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Fig. 2. Effects of mixtures of Amomum villosum extracts (AVE) and
Atractylodes macrocephala extracts (AME) on liver and serum TG
concentration. CON:control; CD:cholesterol diet; SIM:simvastatin 40
mg/kg. All data present meantS.D. *p<0.05; **p<0.01 vs. control;
#p<0.05, ##p<0.01 vs. cholesterol diet. n=10

4. MEW FEA 25 229 ¥ 22623 LDL 22
a

282 1139 vl &2 Fojd AL simvastatin Fojo] Hls}
HolcHFig. 3). LDL SYAHE 4
o3t oA X‘V\P )\]o]E'- 47(71. e
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Fig. 3. Effects of mixtures of Amomum villosum extracts (AVE) and
Atractylodes macrocephala extracts (AME) on total and LDL
cholesterol in serum. CON:control; CD:cholesterol diet; SIM:simvastatin
40 mg/kg. All data present meanzS.D. **p<0.01 vs. control; #p<0.05,
##p<0.01 vs. cholesterol diet. n=10

5. W3l FFEA FF 2IE9 I HMG CoA Reductase
(HMGCR) Z4&0] oigt AA &t

LEZ2EE AolE 457 Foldh 9] 7H0] HMGCR T¥iA
I} mRNA Hd2 FA Aolg 457t £odt Fat Hwste {9
A ZAsth de2u WEm EA 55 E¥ES LEY2H
g Aojot ¥& $°1§_ %91 HMGCR ©@¥iZdlal mRNA 4t

S1eig. 590, Mad YEA 5828 12 £
29| HMGCR mRNA H@e 1Z2AEE Alo] Eojzd H]oﬁ
94.3% F7tsto] 932 UebAcHFig. 4).
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Fig. 4. Effects of mixtures of Amomum villosum extracts (AVE) and
Atractylodes macrocephala extracts (AME) on HMG CoA Reductase
(HMGCR) expressions in liver. All data present mean+S.D. CON:control;
CD:cholesterol diet; SIMimvastatin 40 mg/kg. **p<0.01 vs. control;
##p<0.01 vs. cholesterol diet. n=10
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Fig. 5. Effects of mixtures of Amomum villosum extracts (AVE) and
Atractylodes  macrocephala  extracts (AME) on  cholesterol
homeostasis-related genes in liver. CON:control; CD:cholesterol diet;
SIM:simvastatin 40 mg/kg. All data present mean+S.D. *p<0.05; **p<0.01
vs. control; #p<0.05 vs. cholesterol diet. n=10
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LEZYAEE AolE 477 Folt 79 79| low density
lipoprotein receptor (LDLR) mRNA9] #dtaizke

b Rolgh #a vlwsto] JosHA Zastid. 1
g Aojo} WEyl FEA FEES 312 EFsto] Fofdt FofA
LDLR mRNA: R8P4 S71otichFig. 4). £t LDLRO| 23
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Ad, MEY FEA £HES F12 EYSN] Foig ToA B
gl 2B E Alojo] o]t SREBP2 mRNA ZAE {ostA AA|stY
t}(Fig. 5).
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O ERIAREY A8 AHEEE dEol= AEH(statin), ofA]
E] O] H (ezetimibe), proprotein convertase subtilisin-kexin type
9(PCSK9) oA Al k2] 2 3i9H(alirocumab), ofE= {9
(evolocumab) So] 9Jon o|AX|AFZL- AxRHoz AEIE
Eoj7} Pu=cH), AEEle  HMG-CoA 39§ A (HMG-CoA
reductase,; HMGCR) 9AIA|l2 <3~ Uct. HMGCRS 7toAl
HMG-CoAZ mevalonic acid2 $HEsHA 3to] ZYAHZ9 A
o] Tojsh] AEFIS ol2dt HMGCRS ARHOZ olAstel 2
ArElE ATHS FANIGY. Jey gyRoz AetE oz
st chekst oAk ¥hgo] BMuE|w 9lon o RCT(randomized
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Aol £ A9 Folelolct, WYMoz PR A T
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DolMel FALHE Lol 24| MRl D ALRET),
xetgle zho] Atgsto] HMGCRS oMozd 2oAeE
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HMGCR @alo] 571 chopeil HnEn Qop'®), 5 AEE
HMGCRY] A18-2 olA@3t SAlo] HMGCRY] AL 37HA17]
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