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Effects of Artemisia capillaris Extracts on Intestinal
Microflora In vitro and In vivo

Mi Hyun Oh and Kwang Yup Kim'
Dept. of Food Science and Technology, Chungbuk National University, Chungbuk 361-765, Korea

Abstract

This study was designed to investigate the effect of Artemisia capillaris extracts on the intestinal microflora.
In agar diffusion method, the solvent fractions of Artemisia capillaris showed growth inhibition against the
intestinal microflora. In particular, the chloroform fraction of Artemisia capillaris had strong antibacterial activity
against Clostridium perfringens, Clostridium difficile, Eubacterium limosum, and Bacteroides fragilis, but did
not show antibacterial activity against Bifidobacterium bifidum and Lactobacillus acidophilus. Most chloroform
fraction of Artemisia capillaris inhibitory activities were not reduced by heat treatment or pH variation against
C. perfringens, C. difficile, E. limosum, and B. fragilis. MICs of the chloroform fraction were 1.25 mg/mlL against
C. perfringens, E. limosum and B. fragilis and 2.5 mg/mL against C. difficile. MBCs of chloroform fraction
were 5 mg/mL against C. perfringens, E. limosum and 2.5 mg/mlL against C. difficile, B. fragilis. The ethyl
acetate fraction of Artemisia capillaris showed 3.08+0.03 mg/10 mg total polyphenol and 1.91£0.03 mg/10 mg
total flavonoid contents. In vivo tests were performed to investigate the influence of Artemisia capillaris extract
on the intestinal microflora in rats. The results showed the possibilities of utilizing Artemisia capillaris extracts
as a functional food component to control intestinal microflora.
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B Ad o) A3t QR Artemisia capillaris)S WAk
o2 HF olutEdA TP A, E471(HR-
2870, Philips, Amsterdam, Netherlands)E 243} 23 o]

Ape-ase.

Fol| AFES 7= A E A AE (Korean Col-
lect1on for Type Cultures, KCTC)dl| A EoFwre Ay #3)
21 Clostridium perfiingens KCTC 5101, Clostridium
difficile KCTC 5009, Eubacterium limosum KCTC 3266,
Bacteroides fragilis KCTC 3688¢ AW #J <l Bifido-
bacterium bifidum KCTC 3472, Lactobacillus acidophilus
KCTC 31645 A3t Al 2 Eul kS 93 A5l
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Disc plate method: & &4 M2 paper disc agar
dlfoSIOHHé](ZS)E‘ $43t9th 10"° CFU/mLZ wj s A
A FFES dad 4249 agar vl Ao 2~3% HE5tA
Hj X2 24335 th o 7]l paper disc(ADVANTEC 8 mm,
TOYO ROSHI Kashia, Ltd)E #A] 9]e] "oiA|7] ==
‘:'ﬂ/\] 7l T, =7} 50 mg/mL3l AR &v EEE
S 30 L Y3ty &7l X (MART Microbiology,
ANOXOMAT WSS80, Lichtenvoorde, Netherlands)ol] @il
37CA A 24417 v ket 3 A A3 3 AR5 st
Atk FYES =< Sl gt JFS Gotr ] A of
Z7 0 2= 30% DMSO(dimethyl sulfoxide, Sigma Chemical
Co., St. Louis, MO, USA)E A}-&3tAth
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MICROTEST™ U-Bottom, FALCON, Franklin Lakes, NJ,
USA)el A M FA S HF3t, o179 F= 50 mg/mL
ol A& F22XE BIES X3 5 37°C incubatorol]
A 24X17F 8 718 & 3] ELISA Leader(Bio-Tek Instru-
ments Inc., Winooski, Vermont, USA)E ©]&3} 650 nm
NN FHFEE SALALH HEToZE A8 t4Al 30%
DMSOE AH&-3tth. da@84d 2t e g A9
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) Z 9} Zo] paper disc agar diffusion 0.2 A48
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T 96 well plateol] 2+ Alg+ v &AL 100 Ly 53},
7% FEEXE BIES FHIFE 20 mg/ mLAAFH
204 A3t HAFE 015625 mg/mL=E 100 uL4 A 2
Shod 244171 ) Oohzl FRAXNE FERXE B Eo] AT
S m A= 9%FE 650 nmo A ELISA LeaderE %3
S5t Hlm AT vAES HLATEEMin-
imum Bactericidal Concentration, MBC)& &A= =
HHE AR FEZHE o) x| st well
o v ¥ 100 pLA-& RCME el Aol =gk 3 3 7]ul <
=)ol Wl 37°Coll A 24417k vj 3k & plate Aol §9to
Z #2HE colony 75 AHAFT 5 FAH A= col-
ony 7F HA M FA o2 Y HFF 27] FFo] 9.9%E
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JAA AW FAwe] AF vxe &S broth mi-
crodilution method(24)& 0%3}04 ZAsth 2 E 85
mL MRS brotholl AT H(BAAFAFE o NS WHE
o] # 5= 650 nmollA FH=7 ]'047} A 3 AdTA)
05 mLE AES F A8 F57} 50 mg/mLel AR&% &
BEEXE BYES 1 mL 7kste] 37CellA 24413 &3t vl <

Sl AAFHOZ #F F24EZE spectrophotometer(UV-
1650PC, Shimadzu, Kyoto, Japan)S ©]-&3}a 650 nmoil A
TAEE =AHUANTRT =F 0, 4, 8, 12, 16, 20, 24X 7H)3}
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oI7IE F=EET 2229 7|54 B4

Z Y9 E &F E4: F ZY9s %2 Dewanto
5(28)2] HH ol w2} Folin-Ciocalteu reagent’} %= 2]
A=A SEE o) FdE A7 EEd Yoz
st S Y2 24 01'93‘:} AR AL e
FEEY A& A FELXE o dolAEolE, REs
2= 2YES AHESAT %% 100 uLoll 2% NaxCOs
£ 2 mLE 7 & 383F WX g thg 50% Folin-

Ciocalteu reagent 100 pLE 7}3F & 308 WA A ¥F-&-H
o] FEE & 750 nmoll X 3T BFEZ R gallic
acid(Sigma Chemical Co.)E AF&3t9x A=AS 243
5 F ZHHE IFE A)E 100 g¢ £9 mg gallic acid®
el 2 2¥L 33 wE =439
ZFT EgHxolE IFF 4 T ZHERC]
Dewanto 5(28)3 Choi 5(29)2] ¥HS W3}l
‘jr. ARE XS &g FEEF <
oldolAHoE, RetE 9 & 29&
= 250 pLell 5 1 mLe} 5% NaNO, 75 uL& 7}3t4]
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3% S 510 nmollA SA3IY. BEELAE (+)-
catechin hydrate(Sigma Chemical Co.)& A}83sl91 A%
Ae Y Y. ZE A¥e 33 w8 A3 Aok

47 Spraque-Dawley #| %-ﬂ% e A=y} BhE
AL A LPALR ) BES FES FFtEA A4FA &
o 1Y o] A7 ¥ 65 ¢ AFEL AY3HP L

7
3 2% 82 i 992

1702 ?—__IE'}/A‘.O]S’J- O]X] 011%—% FEE F97H A
2o R 17‘1“&’—‘1‘ o]¢} QIFE et FEFE FoTLoR
o] A1gE2E 100 mg/kg/mouse/day

BTEA ot HPE ]EEO}MJ— RE 79 o]

A FH A AT 6573 AL AHE AF %—‘E%‘
FE 124]13F @_/\‘/\]7]_1_ ethyl etherZ v} O}OE] MEE &
WS welste] o] & 0.85% NaCl &4 le] Y A s}s}
o] Mitsuoka®] *H(30)el wha} vl st HA . v =] ol] et
AZE0) thsle] Mitsuokae] Hol whel Aetr gyl 79

AFEFo 2 Zx(genus)S FAIGIL TFE F

\e

At AUl 7F ¥WE FAs .
SHEAM
SAEAL SPSS 5 A= 2 13 (Statistical Package for

the Social Science, Ver. 12.0 SPSS Inc., Chicago, IL, USA)
S o) &3t 72t AT HoH RFUAE AHES A A
7+e] zpo] F-FE one-way ANOVA(Analysis of variation)
2 243 5 Duncan’s multiple range test® ©]-&3}¢] /-2
A& A ATHP=0.05).

olzi% Bof HEl2o| SR
AA% Ak, SR EEF, o olAHolE, P ¥

2 3} paper disc agar
diffusionti o2 Faa4S A% 23, FWFaiTd
Clostridium perfiingense A} S22 X E o golA o]
E oA, Clostridium dificilee &%, F22XE odo}
MEolE, Bete 9 & Fo|X, Eubacterium limosums
ZEEIXE Z A, Bacteroides fragilise A2 FE2EFE
5 FoAA A5 gAge] AAFE FHEF-S YERY AT
AW Bifidobacterium bifidum®} Lactobacillus
acidophilus®| A= A o] WA EA] gkol &ddA]
S YElW A EktH(Table 1, Fig. 1). gutzo 2 21&9] o
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Table 1. Antimicrobial activity of Artemisia capillaris ethanol extract and solvent fractions by the paper disc method”

(concentration: 50 mg/mL)

Artemisia capillaris ethanol extract and solvent fractions

Strains Ethanol Hexane Cloroform  Ethyl acetate  Butanol Water

extract fraction fraction fraction fraction fraction
Clostridium perfringens KCTC 5101 -2 ++ ot ++ — —
Clostridium difiicile KCTC 5009 — ++ R ++ + +
Eubacterium limosum KCTC 3266 — — ++ - — —
Bacteroides fragilis KCTC 3688 — ++ e + — —

Bifidobacterium bifidum KCTC 3472 - -
Lactobacillus acidophilus KCTC 3164 — —

'1)50 mg/mL of extract and solvent fractions were absorbed into paper disc ( ¢ 8 mm) and diameter of clear zone was measured.
YGrowth inhibition size of clear zone: —, not detected; +, smaller than 10~12 mm; ++, 13~15 mm; +++, 16~18 mm; ++++, large
than 19 mm.
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SoH(31). 21
=R Bae(31)4 =

E FF JOA4 HAFE “r’r‘?:_”ﬂﬁ‘{ Sa]mone]]a Typhi-
murium¥} Staphylococcus aureus®l| 3ty 713 733 St
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Fig. 1. Antimicrobial activity of Artemisia
capillaris solvents fraction on Clostridium
perfringens KCTC 5101 (A), Clostridium
difficile KCTC 5009 (B), Eubacterium limo-
sum KCTC 3266 (C), Bacteroides fragilis
KCTC 3688 (D). S: 30% DMSO, 1: hexane
fraction on Artemisia capillaris, 2. chloroform
fraction on Artemisia capillaris, 3: ethyl acetate
fraction on Artemisia capillaris, 4. butanol frac-
tion on Artemisia capillaris, 5. water fraction on
Artemisia capillaris.

gt Aol 7 A3, & &)
7F Holu v s e 4
TEES o83t FPsA
o QA& S2EXE BYES 71X 96 well plateH =
13e] A&l vXe=
§ dAE 54 47,
C. perfiingens= 86%, C. difficiles 99%, E.
me 1%, B. fragilise 88%2] A1 &S Yepyon,
%Lﬂv—] 2 B. bifidume 44%2] A &S, L. acidophilus
= -14%9 JAES B L. acidophilusE ZRXN7= 2
= yehld. HaANFE=MIOS} HiaddsE
(MBC)oll thet B3t+=, C. perfringens, E. limosum 2 B.
fagilisdl WE HLANFEE 1.25 mg/mLelAx C
difficiled] N3 HAANFEE 25 mg/mLe] A TH(Table
2). X&) 22X E B E g HiATsEe 2
IH(Table 2), C. perfringens, E. limosum®| 3+ HaArdd%
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Fig. 2. Antimicrobial activity of Artemisia capillaris chloro-
form fraction against intestinal microorganisms.

T+ 5 mg/mLo|QaL C difficile, B. fagilis®] W3k H A2k
TEEE 25 mg/mLolth Park 5(32)9] A7 ZA3}o] ub
=4 —%—%%4 Staphy]ococcus aureus®l| W3 HANAT
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Table 2. Minimum inhibitory concentration (MIC) and Minimum bactericidal concentration (MBC) of chloroform fraction from
ethanol extract of Artemisia capillaris on intestinal bacteria

Growth of various concentration(mg/mL)

Strain MIC MBC
10.00 500 250 125 062 031 016 0 10.00 5.00 250 125 062 031 016 O
(mg/mL) (mg/mL)
C. perfringens — — — =Y P 4+« 4+ 1925 - =P e e+ 500
C. difficile — — — + + + + + 2.50 — — + + + + + 2.50
E. limosum - - - - + + + + 1.25 - + + + + + + 5.00
B. fragilis — — - — + + + + 1.25 - — + + + + + 2.50
"No growth. ?Growth.
1.8 25
1.6
1.4 2
1.2
1 15
0.8
0.6 1
0.4 —e— Control —&— Control
02 —i— Chloroform fraction 0.5 —i&— Chloroform fraction
0 0
0 4 8 12 16 20 24 0 4 8 12 16 20 24
time time

Bifidobacterium bifidum

Lactobacillus acidophilus

Fig. 3. Effects of Artemisia capillaris chloroform fraction on the growth of B. bifidum KCTC 3472 and L. acidophilus KCTC

3164.
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Table 3. Heated stability and pH stability of chloroform frac-
tion of Artemisia capillaris by paper disc method

Artemisia capillaris chloroform fraction

Strains C. perfiingens C. diflicile E. limosum B. fragilis
60°C 40 + +++ ++
80°C ++ e+ e+ +++
100°C ++ e+ ++ +++
121°C + ot ++ ++
Control ++ +++ +++ +++
pH 2 ++ ++ ++ +

pH 4 +++ ++ +++ ++

pH 8 +++ ++ +++ ++
Control — — — —

YGrowth inhibition size of clear zone: — , not detected; +, small-

er than 10~12 mm; ++, 13~15 mm; +++, 16~18 mm; ++++,
large than 19 mm.

2 A7 (Table 4), Q1% & ZH|E T o dolAH
olE EFEA 3.08+0.03 mg/10 mgl 2 7MY =& gk
L]-ﬂ-]_,H?iO ]:q 3’]—%5]—/\‘] O] 7].1]— _5_7.] ]/]_ﬂ_% :,;;LE:,. :J“I_%_

3 Eo| M 0.74+0.03 mg/10 mge] TS el Aot
B '7;:%%'01]}\1‘\:‘ 1.85+0.03 mg/10 mg, AL 3 E-o
e +0.01 mg/10 mg, F&F2 & &A= 0.63+0.02
mg/lO mg, T FZE4A= 0241001 mg/10 mge] =)=
T FHFS JEAT X% Y T EgR ol TS
ZEdE I AR d Yot o]E EEE A
1.91+0.03 mg/10 mgo. 2 7} =2 S Jeglon,
Faddol 71 A JEld FEEXFE EYECdAE
0.28+0.002 mg/10 mg9] THFS Jehidt dee 55
A= 1.20+0.02 mg/10 mg, 4+ B EN A= 0.12+£0.004
mg/10 mg, F&-& B EdA =

X2 F{E o

=

0.34+0.01 mg/10 m.
B EME 0141007 mg/10 mge] SR eol= &
e 919 7% Sv B8 E oA FE
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(Table 5)& 29, control 1% A3 1S Hlws] R4S
w\, Enterobacteriaceae, Bacteroidaceae$} Eubacterium=
v ¥ &4 A A48V, Bifidobacteriunte v H]3}A 17}“}
= A%FS e 219}%, control 23 Alg 273 H] L3
RS w) Clostridium, Enterobacteriaceae, Bacteroidaceae
&} Eubacteriume Ag 179 Hlste o 43R 3, AW
Q1 Bifidobacteriume B S35+ 2345 RAF

o ol5 Foke] W, A& FEE dubafold vlste
aAGA ol E Hl AFTAM A frelde o Ak
A freldE o 8 S3A7I= Ao BTl 65
7 EE 59 A APE= ATS7E(Table 6)
& A 12 A S oW, AR 23 FAIVE 3
&dhs AF%E BoFlal, €4 A2 sE(Table N A
Aoz DAY 0lE Bl FHT AukaolE H3l 79
3 NA9 FE7F B4, AE 152 control 15%0] W&}
of @3¢ & Z¥2HE, HDL- 8 28 &, LDL-Z¥2:H|
g, TGE =7} S7heke 2348 BTk 8439
AIE TR Ao, S-S HolA @ kol E

Table 4. Total polyphenol compound and total flavonoid compound of Artemisia capillaris ethanol extract and solvent fractions

(concentration: mg/10 mg)

Sample
Ethanol n-Hexane Chloroform Ethyl acetate Butanol Water
extract fraction fraction fraction fraction fraction
Total polyphenol compound 1.85+0.03" 0.14+0.010 0.7440.030 3.084+0.03 0.63+0.02 0.2440.01
Total flavonoid compound 1.20£0.02 0.1240.004 0.28%£0.002 1.914+0.03 0.344+0.01 0.14£0.08

D
Values are expressed as mean=*SD.

Table 5. Analysis of intestinal microflora in the rats fed with the Artemisia capillaris ethanol extract by Mitsuoka method

Group” (CFU/mL)

Microorganisms

Control 1 ND+AE Control 2 HD+AE
Clostridium 1.37x 10’ 1.60 % 10° 1.34x 10 6.87x10°
Staphylococcus 7.24 % 10° 2.46x10° 6.05x 10" 1.64%10°
Enterobacteriaceae 5.25%10° 2.14x10° 1.26x 107 3.15x 10°
Eubacterium 2.45x%10° 1.96x10° 7.63x10° 1.28%10°
Bacteroidaceae 4.63x10° 356x10° 5.47x10" 8.84x 10°
Bifidobacterium 1.07x 107 5.85x10" 1.88% 107 2.43x10°

YControl 1: normal diet group, ND+ AE: normal diet+ Artemisia capillaris ethanol extract group, Control 2: high fat diet group,
HD+ AE: high fat diet+ Artemisia capillaris ethanol extract group.
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Table 6. The body weight gain and food intake of the rats fed with Artemisia capillaris ethanol extract during six weeks

Weight gains (g)

1)
Group Initial Final Gains
Control 1 209.70+3.012N% 363.60+12.95" 153.90+12.40™°
ND+AE 216.52+3.58 370.56+8.92 154.05+7.66
Control 2 216.81+10.80 401.62+855 184.81+15.05
HD+AE 214.49+6.68 382.57+16.02 168.08+12.32

YControl 1: normal diet group, ND+AE: normal diet+ Artemisia capillaris ethanol extract group, Control 2: high fat diet group,
HD+ AE: high fat diet+ Artemisia capillaris ethanol extract group.

?)All values are mean=+SD.
INot significant.

Table 7. The serum cholesterol concentrations of the rats fed with Artemisia capillaris ethanol extract for six weeks

Serum (mg/dL)

G S 1

roups HDL-C LDL-C T-CHO TG
Control 1 27.00+3.28"? 16.61 +3.76° 93.36+9.80™ 52.14+13.50
ND+AE 30.30+£2.72° 16.96 +3.56 99.94+11.14 53.79+17.16°
Control 2 24.23+2.30° 11.84+2.60 92.83+7.47 33.73+6.96"
HD+AE 25.09+1.96™ 11.21+331° 100.37+£10.36 35.09+7.74

YControl 1: normal diet group, ND+ AE: normal diet+ Artemisia capillaris ethanol extract group, Control 2: high fat diet group,
4 HD+ AE: high fat diet+ Artemisia capillaris ethanol extract group.
Y All values are mean+ SD. Values within a column with different letters are significantly different by Duncan’s multiple test (p<0.05).

Not significant.
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