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The purpose of this study was to investigate the effects of Bacillus polyfermenticus KJS-2 (B. poly-
fermenticus KJS-2) and Angelica gigas Nakai extracts (AGNE) on hyperlipidermia. The purity of the ma-
jor decursin and decursinol angelate (D/DA) in the AGNE were analyzed at 78%. Increased concen-
trations of AGNE (0.1-20 mg/ml) showed a higher 3-hydroxy-3 -methylglutaryl (HMG)-CoA reductase
inhibition activity. Endospore-forming B. polyfermenticus KJS-2 (1x10” CFU/ml) exhibited good bile tol-
erance (0.3 mm) on an agar plate. An animal study was carried out using different groups, including
a normal control, positive control (atorvastatin), negative control (triton WR-1339), AGNE group, B
polyfermenticus KJS-2 group, AGNE + B. polyfermenticus KJS-2 group, and Atorvastatin + AGNE + B.
polyfermenticus KJS-2 group to determine the effect of hyperlipidemia. There were no significant
changes in body weight, kidney weight, or liver weight except for the liver weight of the triton
WR-1339-treated group. Groups with AGNE and B. polyfermenticus KJS-2 had increased HDL-cholester-
ol and decreased total cholesterol and triglycerides. The liver histopathological results also showed
that all AGNE and B. polyfermenticus K]S-2-treated groups contained lower fat accumulation in the liv-
er tissues. The findings of this study verified that AGNE and Endospore-forming B. polyfermenticus
KJS-2 combination materials have a hyperlipidemic effect.
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ACAT # 3] Al (Acyl-CoA cholesterol acyltransferase inhibi-
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2 feuetan Aits s 2EH e BT (Angelica gigas
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+ F7& (Coumarin)Al & decursin, decursinol, decursinol
angelate, nodakenetin, nodakenin, umbelliferone, a-pinene,
B-sitosterol 5°| FHr¥ o] oH, F4 & pyranocoumarin
A8 9 decursin?} decursinol angelate ©] 3, =Tuj4F 2 of
A decursin¥ decursinol angelate®] J# Hl&& 64 A5
& A ATH13]. Kim [12] & #ZANA £2 ¢ decursin
o] 2% A9 FHXEHE FTo HEE 2AdEe
ACAT 824 A ZAHS Yepity stlon R4 1
A8FE A + Yo Ao

B. polyfermenticus KJS-2= €& TOAA ol A uf = a1
< ‘Bispan’ 2.2 F-H st TFH T KCCMI10769P=
FO M EREAE T 7198t At B. polyfermenticus
KJS- 2= theFst /\51.;1/\% Hn fg].[q ZAE AATGoEH
A3 A gt o) sttt =8, WET S F4he A4
atH, i AHHEE macrolactin A, 7-O-malonyl macrolactin A,
7-O-succinyl macrolactin A ¥macrolactin E 59 macro-
lactin 3} 3H&& AAHGTH2, 10]. =3 Kim [14] 52 B. poly-
fermenticus KJS-2¢] probioticZ4] ©] AJ3}3td EA4 o] s}
#91S A}

2 dTFolAM = AT 0% dgEE 2 9 5T 5“%
A A} A7 A= B. polyfermenticus K]S—Z%
of Astsha] EA3 229 Westa HAE Foto 1
o] A3t tiste] gelstii

ol ¥

AAEE o Aty FgTe Avky A4 ez
(Hamyang, Korea)oll ] 7<) 3}%\3@ 76“‘6”3]1@(5’- f st st
. A

Decursin %
GAAANM EF Lot FFA %%% 5 gl Agst
1, 4 & acetonitrile, methanol ¥ water-& Duksan Chemi-
cal Co. Ltd (Ansan, Korea)Z5-H T935tAth 449 5 A&
717] &% rotary-vacumn evaporator+ Buchi R-205 (Flawil,
Switzerland)E ©]-&3t 11 HPLCx Agilent 1200 series HPLC
system (Agilent Technolgies, Santa Clara, USA), A Z7|&
HPLC Photo-Diode array UV/Vis detector, Z - Agilent
Zorbox XDB-C18 (4.6 mm x 150 mm, 5 ym particle size)<]
Agilent Technolgies (Santa Clara, USA)E AF-&3t %t
73 wjoFol] A8-H Bacto™ Tryptic Soy Broth (TSB)%}
Bacto'" Agar (TSA)¥ Dickinson and company (Becton, USA)
ol st AH-43FATh Potassium phosphate, Sodium
chloride, Potassium chloride, Manganese (II) sulfate mono-

hydrate, Potassium phosphate, Magnesium sulfate, Calcium
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chloride, Bile extract porcine ¥ E& AH-&% A %2 Sigma-
Aldrich Co. (St. Louis, USA)ell Al T¢)3te] Ab&stHoH ol
%7] & Seyoung scientific Co. (Bucheon, Korea)AHE ©] 83}
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4§ HPLCE & Agllent 1200 series HPLC system (Agi-
lent Technolgies, USA), A% 7| UV/Vis detector, 4%
Zorbox XDB-C18 column (4.6 mm X 150 mm, 5 ym particle
size, Phenomenex, USA)& AH&-3t9 3 0] 542 ethanol:dis-
tilled water in 0.1% formic acid=1:18 ©| &3} ¥ th. o] &2
4, 2925, 42942 27 1 ml/min, 30°C, 329 nm©]
o ool BY 202 FFEY D/DAE FEEAAY &

o

OI'
FIII

HMG-CoA reductase activity &4

37 &% E 9 HMG-CoA reductase activity & Al S &<
at7] 918 HMG-CoA reductase activity assay kit (Sigma-
Aldrich, St. Louis, USA)E o] 4815 o™ FAWZTL pra-
vastating AH-&3tATh AF ol A&H FFHA 5% E(AGNE)
o ¥+ 01,02 051,25 10 2 20 mg/mlE 3t &at
At

B. polyfermenticus KJS-22| endospore &4 H{Y I
gol

B. polyfermenticus KJS-22] endospore 3732 Choi [3] 59
W o wel TSBY Potassium phosphate, Sodium chloride,
Potassium chloride, Manganese (II) sulfate monohydrate,
Potassium phosphate, Magnesium sulfate ¥ Calcium chlor-
ideE A7t WA E wWd71E o] &3t 150 rpm S E 37°Co]|
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A 48N 7 S W43t endosporeE FA3HATH Endo-
spore T 42 80Tl A 247 Tk A2 ¥+ F 0.1%
HAETE JH4sta] H2 LA Wt F FEYIHTS

(colony forming unit)E FASFATH7]. £, mlAA=] 22
& malachite green 41 0.2 3} endospore 4 55 &
1] 7 (DP-70, Olympus, Tokyo, Japan)2.& <13} %t}

B. polyfermenticus KJS-22| HEAH &5l

G54 £3l%5 A8 2 Dashkeviez9} Feighner [4]9] agar
plate assay = ol-&3to] &3l 33tk TSA Hj A ol 0.5%
bile extract®t 0.5% oxgall& H7}ote] WA G A< WHEL
paper discE HWlA 9ol &H & B. polyfermenticus KJS-2 20
il (1x10° CFU/ml)Z paper discoll H &3t 2 37°Col A 3U7H
i Fatod paper discF¢loll FAH FHES {02 AHs)

Ao

2 '
5 A wet s on
2 & 77 %9 Sprague-DawleyAl 7
(Daegu, Korea)oll A F+8iste} 1+ & <
13S APYstAth AFS LA 7ot T AS %
el A A 208 25 2:2 °C, % 50-60%2 2147
HAF71E 1247H09:00~21:00) 2.2 AHE =4 &tk 7
vtk 247y 7ute] o) AP FES i8Skl 5% tween 80 B
20% ethanol 1 ml 7 5 (Normal controlw, NC), triton
WR-1339 300 mg/kg/body weightE 57 £ 8 (Positive
control i, TP), 5% tween 80 2 20% ethanol 1 ml®l| atorvas-
tatin 0.167 mg/kg/body weight & &3 A1 A 2+ Fofd &
(Negative control, AN), 5% tween 80 % 20% ethanol 1
mloll AGNE 7.5 mg/kg/body weights &3]A#A 47 &4
3 T (AGNE £, AGNE), 5% tween 80 2 20% ethanol
1 mlel B. polyfermenticus KJS-2 5x10* CFU/kg/body weight
5 &N A AT FAZ F(B. polyfermenticus KJS-2 Fo,
BP), 5% tween 80 % 20% ethanol 1 mlell AGNE ¥ B. poly-
fermenticus KJS-2 & & A A T3 7 (AGBP), 5% tween
80 2 20% ethanol 1 mlol atorvastatin, AGNE % B. poly-
fermenticus KJS-2 & &3 A1 A FA3 T(ABA)Z Yo 43
< U35tk AGNE % BPY 1A EFof tigt dtass
Q18t7] $1ste] Foje NC ¥ TP#E 157Y 53 5% tween
80 2 20% ethanol 1 ml& 19 13 A7 FoIsta o] F TPT
%1549 % salined] triton WR-1339 mg/kg/body weightE
19 13 52 T8t b BE ¥52 17Y ¢ 1¢
13]4 atorvastatin, AGNE % B. polyfermenticus K|S-2E 43
ol BA AT Tt 179 F triton WR-13395 19 13]

2 Folstl tf 2 wRAE SAAT 554 34 &

SE R
[e)

2 4

MR 2w [ omfEorlo

ethyl ether v}F3te] AAANIHOZ A ¥ ¥ lipid pro-
file o}4+A| ¢ kit (Asan Pharamaceutical, Seoul, Korea)&
Abgetel FEH2EE, SAAY, LR A9 SH2HE
(HDL-2 ¥ 28 £)E 34317] st 24 wells plateE ©] &
3t §3 % 540 nmo A EAHYZA 7] ELISA microplate
reader (ELX 800, BioTek Instrument Inc., Winooski, USA) %

sastdt A8 F 418 4253 PAE 240,

4

ZE2H ZAL
qd A F, 4 7o APdEEY & A8t optimal
cutting temperature compound (OCT compound)®l 17 Al
A A% blocke WHEloH, 0CAA 52 & & Y5z
274 7] (Cryostat cryocut microtome)< ©] 834 4-6 ym<]
FAE WA Aeg sto] W dAE AFegh ¥F dA
=0} 9l €2l =& Oil Red O powderE 99% isopropanol
solution®] Z3}&H 60T B)S G4 Ao FFT9 64
o &R £ &95 whatman filter paper #2, England =
33 Ol Red O &hNA HAE A PsA=e] = FAT
t 22 geto]EE YA 1083 dA8kaL 70% isopropanol©]
B gdd 3, 525 BollA 523 FAI3F 2 hematoxylin
solution (Sigma, USA)°ll 307t HAg & 52+ £2 FA
ste] @ w7 (DP-70, Olympus, Tokyo, Japan)o.& #4323} T}.

SAAzZ

RE AYe 33 R0 R APsto] HFA G RFUAE
I < Microsoft office excel 2010
(Microsoft, USA)E AH&stitt. ot AF2 E4HE4
(Analysis of variance ANOVA)S & %, p<0.05 FFolA

Student's t-testo] oJ3 oS &4ttt
Zn g ;E
LAEFARAE U 2HEY AR AsA, T AA
gt A, il A7 o, FFEE ol ok (Niacin),
¥ B¢ o] E7| (Fibrate), ZE}ERIA (Statin), 2H7}-3 A4t
(Omega-3) 9 ezetimibe 5 ©] ATH30]. 3}A 5, LDL-Z & 2|
g, FEUZEE, SAATE LA 23 ¢ TGEA 9
B34 AlFE gwol AT I ades 484 Eahy F4
& EZ ol glof AFs] Fostofol An}8]. FEH FE=
< 18PN d5Ast aE Fdeidy, 1 7S
AMP-activated protein kinase (AMPK) ¥ glucose trans-
porter activator 2§02 <1 3¢ th22]. 1¥FL FTA
Aoz AoHe 540 Jons FFH FEE<E o83t
of Aol ek ZaadE ST, Bacillus polyfermenti-
cus SCDO| 7%= AA ol A 58 Al o ol T4
a9 ZY2HE G 4AE WL 9] webA B, poly-
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ol Ao 71EY A k&< atorvastatin, H
A FFAE At = AAF AGNE, 121 ¢ 5
g B. polyfermenticus KJS-25 AH&3te] FZH2HE 248
%, LDL-2d 28 E #aast, $4A% 4283 J83
high density lipoprotein (HDL)-Z 8| 2~H & S7}& FAl°l 7}
A Edel tat] FAE st
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ahEe e

ko

e

&7 2589 D/DA el

BAE SHRTH 53 3} A8 go] A&, 1
EHoRE WAAE, YA, AFET, BYZLAE, 3
WA g, BAYAE, FUAE, 22 DA FARE P
A% ANAE 5 o UTHI, 15, 16, EF, FAAH} 1Y
Z2 T ¢ A0k Hol AvH12), B ATAE B
% 2 M 258

T ool HAYARRH & FEAE S A=
< ot 2ol Aodth & AR ojd AN FFARF
B recycle HPLCE ©] &3l &5 ¢ 95%2] <=3t decursin
2 decursinol angelateE H3}TH13]. o] D/DASY E&EF
< EUE AFdE A4t 60% de=E F23F AGNEY
FTa4ER D/DAY =55 &A% 23 o B%s &sta
B A o] &t itH17].

AGNE2| HMG-CoA reductase XMalis 24

TAET AR lofA e oF= 7]H 7 AGNES HMG-
CoA reductase 24 A &35 H718t7] 9ske] HMG-CoA
reductase assayE A A8 §{ th(Fig. 1). HMG-CoA reductase
A Al ¥tz < pravastatin (74.12%)+ Virginia [28]
5o At A UBgter Ede ofstAT HMG-

Inhibition (%)
o W & N [N ~
S & o & & o
. . . . . .

—_
(=}
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1 2 3 4 5 6 7 8 9

Fig. 1. HMG-CoA reductase inhibition of AGNE. 1: pravastatin,
AGNE (2: 0.1 mg/ml, 3: 0.2 mg/ml, 4 0.5 mg/ml, 5:
1.0 mg/ml, 6: 2.0 mg/ml, 7: 5.0 mg/ml, 8: 10.0 mg/ml,
9: 20.0 mg/ml).
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CoA reductase &4 %Al 0] AGNE®] &&o] Z7H0.1 mg/
ml:16.84%, 0.2 mg/ml:15.88%, 0.5 mg/ml:14.86%, 1 mg/ml:
25.7%, 2 mg/ml:30.52%, 5 mg/ml:31. 9%, 10 mg/ml:34.46%,
20 mg/ml:49.74%) &% S7H < € & AT o 2=
Kim [12] 59 @74 acyl-CoA:Cholesterol acyltransferase
A &4E Flstie W, D/DATF £& A LS 7Y
AAH, olfl AT % wIIAE 2 D/DAY FF& 74
AGNEE 1AEF A2AEZA F&3H7 AH8E + U=
I O ARG

¢

mlo

ik}

polyferment/cus KJS-29| endospore & 4 Et

T 24 uAEF A5A % Heol A=

71
e 49 840 ol o X3, A oY
T8 A8 F FEZU2HE F2ER e B2 AT 2
7} o5, 23 ] A A& B. polyfermenticus KJS-2Z € 9

Gupolg 2, FEF, T, FLaWL e
macrolide € ¢! macrolactin A, 7-O-malonyl macrolactin A,
7-O-succinyl macrolactin A % macrolactin EE AJ4bst= A
< #9139 TH10, 11]. MacrolideAl ¥ ¢FE % macrolactin A
9t F7b acetyl-CoAd A A& HE Zd2HE0] F45= 3
% % farnesyl pyrophosphate’} squalene®. 2 %3t = T
& Zvlst= 849 squalene synthaseE AAIEHS Bl 3}%1
o1 k2 B. polyfermentzcus KJS-2E 80Col Al 243t 5<F
gAE & F¢54E FU9F A3 oF 1.4x10° CFU/mIZ 89

o] 59161, malachite F4 s H = ¢ < Fdstitt.
Fig. 2011 4 ¢ A9} Zo] macrolideZl € 9] tiA=4 S A4
3t B. polyfermenticus KJS-2% vF7FA 2 0.5%(w/v) bile
extract ¥ oxgallo] H7H8 TSAM A o] A F3te] 37Col A 3¢9
bl g A3 oF 03 mm ©]38H clear zone®] £  UTh.

Fig. 2. The bile salt hydrolase activity of B. polyfermenticus KJS-2.
Arrows showed clear areas surrounding the bacterium.
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Table 1. Body, liver and kidney weights of control and triton
WR-1339 induced hyperlipidemic rats

Relative organs weight (g)

Groups Body weight (g) (organ/100 g body weight)

Liver Kidney (Right)

NC 321.47+16.17 13.1441.01 1.48+0.23
TP 342.12+14.21 16.89+0.85° 1.49+0.19
AN 339.14+10.08 14.81+2.48 1.52+0.25
AGNE 399.14+13.74 14.77+1.55 1.43£0.11
BP 365.40+10.12 14.2310.87 1.510.08
AGBP 358.28+9.37 14.5742.19 1.53+0.40
ABA 361.12+12.66 14.3443.45 1.51+0.32

All values are mean +SD (n=7).
Significantly different from the NC group (p<0.05).

< A33A . Triton WR-13392 FAF 3 A Z<l AL %
N2 FH2EEY FAol FrtH 2ol ATstA 4 H =
A%E detdo] @713t W adE Hrtsted o] S8t
[25]. ol AFAME triton WR-13395 o] &3l 54 1A
HZS ' ¥ AGNE ¥ B. polyfermenticus K]S-2 F3E g9l
SHeth 4% 179 & 4 #EEY 574, 1 2 AH FAE
Table 13} Zow, 7t FHZO B8A 2 AF LA E triton
WR-1339 Foohe= Aatglol BE oA FAG 235 WE}
Wtk kA5 Ao FAE triton WR-1339%F £ #
7oA E 748 A F7HH AL NCT- 3 Hl L shod EHZﬂ"*
02 Z7tgo] FAH triton WR-133990 &3] L AIAQ] o
A Aol 2 A3 Trell A FY2E o] FH 0] HASS oA
g 4 s Aol

l

LASENMS 5 EY2HE, HDL-SYAHE ¥ 54
H

R4 ghat
Fig. 32 4% 17¥¢ ¥ ¥ 9 2HE, HDL-Z2d 2H E

2 FAAYEAE YEPATh NCE 3 TPE2 vl skl & o,
TPFe % Zg2HE0] 5290142581 mg/dLE NCT9
74.67+2581 mg/dLe] o 78] 7tk A S =2 Ho} triton WR-
1339l o 54 1A EFo] FLHUSE YeEbAth(Fig. 3).
EE TAA & U 2HE FAE AT $A4E Ueged
AN (98.67422.14 mg/dL), AGNEZ(98.011547 mg/dL),
BP(110.67+10.21 mg/dL), AGBP(109.67+26.72 mg/dL)
2 ABAT(127.67424.52 mg/dL)o.2 &3l o 1 5 AGNE
g5 RN g ol ZAs A thFig. 3). TAARE
np3 kA 2 TP A& NC# 3% Wl Al TP(982.21+21.36
mg/dL)3 NC#(71.21+1.54 mg/dL)2 ¢ 118]7} 715 o
w4 AAES frido] o FolAEE A & 5 93 TP
o ZAAYY BE F9 FAAYW F£XE Hlu Al ANT
(281.02+14.57 mg/dL), AGNE(176.67+18.57 mg/dL), BP
(171.03+5.98 mg/dL), AGBP(277.24+6.24 mg/dL) & ABA

1200 -
1000 -
800 -
600 - :
400 -

wldaadd

AN AGNE BP AGBP ABA
Groups

Cholesterol level (mg/dL)

Fig. 3. Total cholesterol, triglycerides and HDL-cholesterol of
rats. All values are mean + SD (n=7). “*Significantly dif-
ferent from the NC and TP groups (p<0.05).

;O

T(227.67+12.89 mg/dL)& F 4- 6HH 7h A&EREE ¢ T
Th(Fig. 3). 79| BE TAA Y Zad SAAY FAE B3
1, 71 Fo A AGNEw# BP9 747t 7H &9t HDL-
Y 2HE 2E 4 $E TPF(3521£3.24 mg/dL)o| A NC*
(71214714 mg/dL)# wlaL A oF 50%7F Zade & 4 SlaL

TP & 7]% 2.2 ANT(48.67+3.58 mg/dL), AGNET(58.50+
3.66 mg/dL), BPi*(78.33+4.57 mg/dL), AGBP(33.24+4.98
mg/dL) ¥ ABAT(34.25+5.87 mg/dL)& oF 1-2v] Z7182
39189 th(Fig. 3). o)Wl ZHEHA ratl A F ZH2HE, F
A 2 v}o] 17}0]._7_ HDL-Zg 28| 20| 74T o2ZH 4

Fig. 4. The effect of AGNE and B. Polyfermenticus K]JS-2 on rat
liver tissue. Arrows showed small, irregular lipid va-
cuoles in the cytoplasm. Lipid droplets (round) show red
color. (A) NC group, (B) TP group, (C) AN group, (D)
AGNE group, (E) BP group, (F) AGBP group, (G) ABA
group.
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