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Abstract

This study was performed to evaluate antimicrobial activity of methanol extract from Rosmarinus officinalis
L. and their fractions on methicillin-resistant Staphylococcus aureus (MRSA) and resistant gene regulation.
The methanol extract of Rosmarinus officinalis L. and their hexane fractions showed the strongest antimicrobial
activity against S. aureus and MRSA. To observe the morphological change of MRSA according to the hexane
fraction 80 pg/mL treatment, scanning electron microscope (SEM) of MRSA were measured. The results from
SEM showed decreased number of bacteria, lysis and damaged cell wall. Expressions of MecA and penicillinase
were substantially decreased in a dose—-dependent manner on MRSA that had been treated with methanol extract

of Rosmarinus officinalis L. and their hexane fractions.
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wWAaTe] Ed83t7] Al&et At ol g e AFHAFTA F
ZH A Al MRSA sk a8 AFS 59 0= A%
Hr, o\ FAANE A=A Fe WA TT(VRSA: van-
comycin resistant Staphylococcus aureus)®] o2 1 4]
ZHdo] o AAII e Aol
A S = A (Staphylococeus aureus, S. aureus)®] *H:
&3l w+50] 2 penicillin, methicillin 52 FYA = 9
S8kl Ad 4 di £ FE5Y F8 XS FAZ AL
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o WAS JeE Y] AFEtE e, 1950t S0l =
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PBP) g5 Fol 93t o]& FAA W]l 431 MRSA
TF7F ot th6-11). S-2vetall A9l S aureus®] T A
WAL 53] FA47F A28t methicillin WA &2 50% W<
2 o) o, digHd AT HZ AR Ao
ot R AT THH LA vEHE WE3E
F % S aureus?t A FH= HIE0] 70~80%°) ol2& AH 0]
oH(12).

MRSAE B-lactams, aminoglycoside, macrolides &4 A
of thal kAl W8 ek ok 2} methicillin WA EE -2 v =]
o] & pH, A EEEs 22 o] 7IX9 A4 =0 TS
W= ”H—"r E3% 14 WA 7HARRE B FAA 7
3 AAE HAEINW 7L o3 A E 4elA Uth MRSAS]
WA 7182w Bgate] 48] #EER| Zakal o, B-
lactam YA 2] &A1S Wl sl a4 (B-lactamase) ] A
2H13), B-lactam A A 15}3& Hol= @ d PBP2a
(penicillin binding protein 2a)& A AFsl= Mec(methicillin re-
sistant determinant) A §-32F9] W& (14)7 @il g PBPY <]
W15 & & & Ao

A2 5o YA WA BF B B 7t glow
A FAAE AT & de AE Ev 55 7l 48, =
AAEAL o §F FRBYTAL o] B AT

ATk Tl A A FAA 9 JdE 9t
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9] o]&)7} ool F2 AR S 2= a-pinene, apigenin, B~
carotene, B-sitosterol, betulinic acid, borneol, caffeic acid,
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camphor, carnosol, carvacrol, carvone, caryophyllene,
chlorogenic acid, diosmin, geraniol, hesperidin, limonene, li-
nalool, oleanolic acid, 1,8-cineol, phytosterol, rosemanol, ros—
marinic acid, salicylic acid, squalene, tannin, thymol, ursolic
acid, Z<r, 2, vl 43 91, 2, oFd, ¥lEY Bl, B3,
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Aol AHE3 HAE 42%2> Table 19 2o
BA A A Az e RS F

A3l B AAE Y8l A F Axste AMEs9a, §
A ] 108 ZFH(w/v)e] 80% Hlgh&olvt F/F(w/v)E 718t
2477 B AR st F 33 HHE &S FEHL oAF
A|(Whatman No. 3, England)Z & 3}3}F T3 rotary evapo—
rator® 55°ColA 553 & 542 Azt Weags FE2E=
AH&-3t Tt

a7 2 A B APlA ARRS 7F S aureuse EF
TF KCCM 405115 =P8 SR EAHZHE, YAATFA
MRSAE ATCC 259238 Pl FHEAH 2T EFdo}t
ZyZy o] FE-& tryptic soy broth(TSB, Difco, Detroit, USA)<l
19 Fo] HE3}e] 33 Agulek & MRSA 3¢ 2 A% HA
2 A A3, B 58S A% MAE tryptic
soy agar(TSA)E, A& 3X435l7] A3 JXFze 9 5
FTE AHES AT

ASA s W FE2E9 g8 AL disc diffusion
method H& AA3FAT ¢4 = ad HHAu A 7F

£ streakingsle] wj &gk F 1 9FolE FH3
10 mL TSBol| HE3}ar 37°Col A 24413t v Fsle] &4 314
71 & 39 AW ¥ ¢ 3 spectrophotometer(UNIKON922,
Kontron, Italy)E ©]&€3}l4] 625 nmollX A3t FH=7}
0.08~0.1(McFarland nephelometer)e] =A 3o FF+E
15x10° cfu/mL2 A&ttt dt e A8 HeujA TSA
Z A= TSBol| agar 15~20% 7} & 121°Coll A 1583 Bt
33 60 ‘CHEE Yzt & B ¥ petri-dishol] 9F 15 mLA
B33t TSAu A o] B ¥ glass spreaderZ & 12

Al spread 3+ &, paper disc(8 mm)E ¥ EF& thS syringe
filter(0.2 y(mZ AT Al FE2ESE HFFZ7 1, 25,5

mg/disc7} E]E% 100/ DMSOe°ll &314171 % 50 uLE FH8}
o @A) F4A17] F 37°C incubatoroll A 24413t vl kA A
paper disc 5$]9] inhibition zone®] A A& ZAsTh

ExOIE| FEE9| S auweus KCCM 40511Z! MRSA
ATCC 2592301 CHet ehtetM
2Z2uld e FE559 £3: 2201y fEgL FE2E

S 208 (w/v)e] SHFFl =20 ¥ n-hexane, chloroform
(CHCIly), ethylacetate(EtOAc) 2 butanol(BuOH)-& =212 2.
2 33 98 F&3}o Fig. 19 2o 771 §miEE A%
YA Fe F8EFE FF3 water B2 Y

Zeto] §AANZE T 7189 HUNZ F, 20°Col
ful

2zule £ E9 MRSA AS| YA &4: ==ng] 25
2o e 7:.4&.4—3— disc diffusion method <& A A8} th.

spread$t ¥ 8 mm
aﬂq =29 t}& syringe filter(0.2 ym)& A /\]
71 FEEE AZHE 27} 0625 1.25 25 mg/disc7t =

H glass spreader® &
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Table 1. List of scientific name of 42 medicinal plants

Name of Name of Name of
No. medicinal Scientific name No. medicinal Scientific name No. medicinal Scientific name
herbs herbs herbs
=1 = Geranium nepalense subsp. 1o . . Abml = o] Saururus chinensis
1 S thunbergii 15 BFA  Citrus junos 29 Abud%9) Baill
2 $A  Citrus junos 16 W= Angelicae Dahuricae Radix — 30 452 A]f]’gl;;.”m@s Japorica
3 A Selaginellae Herba 17 &34  Carthamus tinctorius Linne 31 == C;fgg:up sis lanceolata
4 Z4R Derrga};za fortunei (Kunze) 18 s Oryza sativa LN 32 Z2wvlg]  Rosemarinus official L.
Oenanthe javanica o lm . opyl =  DBrassica oleracea var.
5 Huyg (BLUME.) De. 19 SYE  Kalopanax pictus 33 oFujE capitata
.. . Brassia oleracea L. var. . .
2A o [e) =
6 = Artemisia princeps 20 AY acephala D 34 4 & Citrus limon BURN
7 Wol Capsella bursa-pastoris ol T2 Orringz sativa L.N (red yeast 35wz} Czpszcum frutescens
8 oF Polymnia sonchifolia 22 AAA  Brassica juncea 36 F59 Agcellelfn elata (Miq.)
Pinus densiflora Sieb. and o . . Agaricus blazei
&9 52 8 : ]
9 =31 Zuce 23 =32l  Petroselium sativum HOFFM 37 Al Murrill
10 sz Aéflz;zjl sativum, Allium 24 FUE  Glycine Semen Germinatum 33 #4281 R;)le;cllrza formosa (Fr.)
Lycopersicon esculentum o Oryza sativa L.N (aleurone _ = Juglans regia L. var.
H-2 )
11 FEErtE Mill 25 A= layer) 39 =T orientis kitagmura
N . L. . Glycine Semen
Al = - Hlx ]
12 Nz Angelica keiskel 26 A Oryza sativa L.N (husk) 40 IFUE Germinatum
13 AWM Saururus chinensis Baill 271 %9 Tilia taquetii Schneider a1 goy  Adinda dinensis
14 A Asiasarum heterotropoides 98 =3} Rehmannia glutinosa Libschitz 49 oE Dryobalanops

var. mandshuricum

var. purpurea Makino

aromatica Gaertner

Powdered MeOH extract of Rosemarius officinals L.
D.W & Hexane — ‘

| \

Water phase Hexane fraction

Chloroform — ‘

| \

Water phase Chloroform fraction

Ethyl acetate — ‘

| \

Water phase Ethyl acetate fraction

Butanol — ‘

| \

Water phase Butanol fraction

Fig. 1. Procedure for extraction and fraction and fractiona-
tion of Rosemarinus officinalis L. powder by various
solvents.

A1zl
& 37°C incubator®] A 24A]17F vl FAl A paper disc 99] in
hibition zone®] & 74& =43}

2 Zz0tg] 3 E 9 MIC(Minimum inhibitory concen-
tration) &X: ﬂ/\*g%ﬂﬁﬁ%li—t— Kudo®} Saga(23)9] ®+
HE FAsIY AT Bx 088 25 7S TSB A A )
A 10 mLell 150 L A& & 15—5— =g Agste] 37°C

10% DMSOe] &3 ¥ 50 uL FHste] 43 FFA1A
Al

incubatorell A 24A17F vl ¥ & Sto 2 HASI S wf vAE
o] TAHA % TEE MICE 243t

F AL A A& " 7 (Scanning electron microscope: SEM)
#Z: MRSA KCCM 405119l A1 25 A gJate] 18413 Fo
AxzH o] ¥sts FAAEN A& T3 dESHAT 4 o)
ok®l AEFF vjdA-S 0.1 M phosphate buffer(pH 7.4)%
o] W A3 F 25% glutaraldehyde2 A 143 o Y
bufferZ A& 3}IA} o] & 1% OsOuZ F A3 1:}& tannic
acid® AE=FME 3Tt o] ethanol® &3 & isoamyl
acetate2 X33} S A=A critical point dryer(Hitachi-
HCP-2, Tokyo, Japan)®& AZA|7]11 £35S 300 mm FA =
=33 & FALAAE E) A (Hitachi S-450, Tokyo, Japan) 2 2
#As A

ExofE| FE=2| LHYFHA}L A

Western blotol] 93 AR HA Iy sl ZAL 22
vhe] FEE 0] MRSA A5 2] PBP2ast PBP2a XAt #d
H T ARl MecAd] Hd v X & TS ZAMELY] Y35t
MRSA KCCM 40511 #5E AH8-3t] western blot& A A 3¢
4tk MRSA KCCM 40511 15 mL cornical tubeell 1.5x10°
cfu/mLE FAZF3te] 2=z MeOH %% 7} hexane £ &
S Ag F, 24A1ZE BlgsE F 3000 rpmol A 183 AR
o] ASdS A A S 2 FJHE &3) buffer(50 mM
tris, 150 mM NaCL, 5 mM EDTA, 0.5% NP-40, 100 mM
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Table 2. Antimicrobial effect of methanol extract (1 mg/disc) from medicinal herbs against S. aureus ATCC 25923

No. Name of medicinal herbs Activity” No. Name of medicinal herbs Activity No Name of medicinal herbs Activity
1 Geranium nepalense subsp. + 15 Citrus junos — 29  Saururus chinensis Baill +
thunbergii
2 Citrus junos -2 16 Angelicae Dahuricae Radix — 30 Achyranthes japonica —
Nakai.
3 Selaginellae Herba — 17  Carthamus tinctorius Linne - 31 Codonopsis lanceolata -
Trautv.
4 Drynaria fortunei (Kunze) + 18  Oryza sativa LN — 32 Rosemarinus official L. +
J. Sm.
5  Oenanthe — 19  Kalopanax pictus - 33 Brassica oleracea var. -
Jjavanica(BLUME.) Dc. capitata
6  Artemisia princeps — 20  Brassia oleracea L. var. — 34 Citrus limon BURN —
acephala D
7  Capsella bursa-pastoris — 21 Oryza sativa LN (red yeast rice) — 35 Capsicum frutescens L. —
8  Polymnia sonchifolia — 22 Brassica juncea — 36 Aralia elata (Miq.) Seem. —
9  Pinus densiflora Sieb. and — 23 Petroselium sativum — 37 Agaricus blazei Murrill —
Zucc. HOFFM
10  Allium sativum, Allium — 24 Glycine Semen Germinatum — 38 Romaria formosa (Fr.) -
sativa quel
11 Lycopersicon esculentum — 25 Oryza sativa LN (aleurone — 39 Juglans regia L. var. +
Mill layer) orientis kitagmura
12 Angelica keiskei — 26  Oryza sativa L.N (husk) + 40 Glycine Semen -
Germinatum
13 Saururus chinensis Baill — 27  Tilia taquetii Schneider — 41 Actinidia chinensis —
YANGGAO.
14 Asiasarum heterotropoides + 28 Rehmannia glutinosa Libschitz — 42 Dryobalanops aromatica —
var. mandshuricum var. purpurea Makino Gaertner

YThe concentration of all test samples was 1 mg/disc.

?4+>10 mm, —<10 mm, and disc diameter (8 mm) was included.

PMSF, 1 pg/mL leupeptin, 1 pg/mL aprotinin 1 M DTT) 300

pLE 7}l W 3holl A 1E7F sonication 3}e] ATS &
S AATE 4£°Col A 13000 ripme. 2 1087F QAR 3to] A=

HE F2 o5 BCA kitE o] &3] S ds AF F 10%
running geld} 4.5% stacking gelS ©]&3}] 125 VeollA
SDS-polyacrylamide gel A719 %S AAs
A7195S 3t #8$ @ E-2 immobilon-P transfer
membrane(Milipore, Billerica, MA)¥} transfer buffer(20%
methanol, 25 mM Tris-HCl, 192 mM glycine)Z AH&3}o] 350
mAS A 12083t transfer AlZATH @9 & o] o]FH mem-
brane< fast green solution® & transferd %% 213 &
5% non—fat skim milk solution® 2 blocking3}$3t}. 4°Coll A
A=A} A Q] MecA9)t 24A12F ¥H-gAIZ1 & TST(100 mM
Tris=Cl, 0.5% tween-20) °]-8-3}o] 10 tACZ 33] A3
Atk AlgEte] o] x}gHAI 21 Anti-Mouse IgGeF 24] 7+ BHS-
A7)l Al TSTE 33] Al # skt @A
braneel] ECL & kite] ©AAIeF T3} ME 4012 42 &9
MS T ¥Ea, X-ray filmol] =Z3t] 43 F filmito

,
band ¥=5 #Z3}AT)

HE-S-3 mem-

MRSA

KCCM 405119 tigh a8 1A 4259 HAAGE AEFF
E9 S aureus ATCC 25923 FFoll W3t a7 AL B2
A AR, EF(ES), TR, B 2=riE FEEA I
#28S Yeldon, o] Z=ulE]7} 5 mg/disce] FEolA
175 mm<] Inhibition zoneS YEl 714 =& S 3S Y
ot} 2o FLdA Alale 155 mm, T5F, FHE, B(IFF
Z5)9 49 247} 135 mm, 12 mm, 12 mm¢] 78S UE

WH(Table 2, 3).

2zvlgle FE 2 2104327Hg0] 43 Aoz I A
Ao} MRSASH 22 Aol tidgk Ry vu|s Aol
T o]g3 Ade HAES o] &3 HA FAEMY T

W7} E Aoz o AHETh

Table 3. Antimicrobial activities of methanol extracts from
various extracts against MRSA KCCM 40511

Inhibition zone diameter (mm)”

MeOH extraction

2.5 mg/disc 5 mg/disc
Asiasarum  heterotropoides 115 155
var. mandshuricum
Juglans regia L. var. orientis 10 135
kitagmura
Drynaria fortunei (Kunze) ]J. 8 12
Sm.
Oryza sativa L.N 8 10
Tilia taquetii Schneider 8 12
Rosemarinus official L. 14 175

UDisc diameter (8 mm) was included.
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2x0je| HE2 FEE Y RS0 MRSA HREY

ZzvlE Hgg FEEY Sud 4L gz
FZ3 Z2vlE] powder® =A4o] 2 &vl hexane %

chloroform, ethyl acetate, butanol® 3L o) +E5FL&
Table 49} Zom, o]&5& WEE FEE 3] 2AAsh= Hl
&2 34HeH water fraction 33.5%, butanol fraction 17.1%,
ethylacetate fraction 10.26% <=°.2 =4 YElytth
22u EYES Faadg: =2=vig EYES o] &3}
oy S. aqureus ATCC 25923 2 MRSA KCCM 405119 th gk

Table 4. Yields of hexane, chloroform, ethylacetate, butanol,
and water fraction of Rosemarinus officinalis L. methanol
extract

Fractions %
Hexane 25
Chloroform (CHCls) 0.9
Ethylacetate (EtOAc) 10.26
Butanol (BuOH) 17.1
Water 335
Total 64.26

Table 5. Antimicrobial activities of Rosemarinus officinalis
L. fractions against S. aureus ATCC 25923 and MRSA
KCCM 40511

Fractions Inhibition zone diameter (mm)
Concentration  \ 1o 95993 KCCM 40511
(mg/disc)
0.625 125 10.5
Hexane 1.25 13 11
2.5 15 115
0.625 85 8
CHCls 1.25 95 9
2.5 12 115
0.625 8 8
EtOAc 1.25 8 8
2.5 8 8
0.625 8 8
BuOH 1.25 8 8
2.5 8 8
0.625 8 8
Water 1.25 8 8
2.5 8 8

Paper disc (8 mm) was included.

Control

Hexane — 80 ug/ml

b

48511C 15.8kV X15.8K 2.00sm

48511H 15.08kV X15.0K 2.080rm

G adZS AN 23} Table 504 Be AT o] EtOAc,
BuOH, water &8 &0l A} inhibition zone®] & YE}A
o} o] & FolMe dHaFr) FAE R gkt v,
CHClzol M= 25 mg/disce] FXolA EETFFo| disl 12
mm, WATF dis) 115 mm, 1.25 mg/disc®] 3¢ EFd5
= 95 mm, WATF9 3% 9 mme| inhibition zoneS 2%
o}, X3 hexane 8 &9 A= 25 mg/discd] &=
EFTFE 15 mm, WATFE= 11.5 mme| inhibition zones
el o, 1.25 mg/discy] AF BZTTF+ 13 mm, WA
F= 11 mmS Yehl o] 22ute] 9] CHCl, hexane £ EF
B T} AT F deiA =2 Fags /1A
= o= Yeyith

Zzue £EY JL9ATE &4 22vE BEE
©] KCCM 405115l tg HLA $=5 543 23,
Table 6ellX& He 33 Zo] 2=utg] £8E F E
BuOH, waterol A< 560 pg/mLe] s=M% ddaxdrt A
& JERA] sttt 1A v 2 =ue] feke 225 2 hex-
ane EZEo| = ZH7} 165, 130 pg/mLe] FxoA MICE
Yeldth o8 st AREE & o, 2=rE]odA MRSA ¥
o &#3e YellE AE] hexane ¥ &0l thak g7 o]
Aotz deEy, b d7E ©ak24)9 Ao} vlws) B
W 2zvie7l 4% A EAS o TS e A=
g

FARAE Y F FZ(SEM): KCCM 405114 SEM< &
sted 15,0008 &l A FZa i A Fig. 204 Ee A 2
o] 22wt hexane ¥ E] A YZ 18t HZTF AlE
Blo] gt E I A9 mefo] EA A FH] FHE
frA8HA £t de AS & 5 AUTh

webA] Z2vhe] hexane 8Eo] MRSAS] A& 313

Table 6. Minimum inhibition concentration of Rosemarinus
officinalis L. fractions against MRSA KCCM 40511

MIC (ng/mL)

Rosemerinus dfficinalis L.

MeOH 165
Hexane 130
CHCls 520
EtOAc MIC>560
BuOH MIC>560
Water MIC>560

Fig. 2. Antimicrobial effect of Rosemarinus
officinalis L. hexane fraction on MRSA
KCCM 40511, x15,000). Left: control, Right:
treated with hexane fraction of 80 pg/mL.
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A1A methicillin WS Z4A7]=d 2371 e Ao Z A
zZtE ), o] M EH 9] o)A} W] PWolsts MecASH A}

R =
AZE 249 W3ls FE3lE femA FAAS FEL Ao
FABATE DEE F5E F Ao

Exnjz| &9 Y FHX AX|
Western blot'Hol] 93 AT AN A dd W3l AL =
zv}g] FEE0] MRSA AlZHe A2k G412 penicillinase<}
PBP2a AAte}l B ® ©ul Al MecAS) Bdo) v X& g
S zAVE7] 98k MRSA KCCM 40511 @55 AL-&-3ko]
Western blotS 2 A3+ 23+ Fig. 3, 49 2ok YA TFF

Zzolg] Hee FE5E7 Hexane 8 ES 747 22
A S wl, MecAe] Hdo] T& oEHoE Tihde AS

golgt 4= itk MRSAS WA WAL methicillin® th&
B-lactamA] Ao e MzrAdo] A" g e Uehua
o] Z+& A& MecA FxAol| of3) €914 PBP2a®] A4S
ot dojuA "ok MecA FAAE F38421 SCCmec

o] ¢33} H SCCmece 214 Q1o 2XHE =564 o
TH25).
MeOH extract “‘ "M S ‘

120 (ugfmL)

a 50 70 a0 11
Hexane fraction h - —
0 40 50 80 70 a0
| T e aem

{ug/mL)

10 10
=
§=° zz?
2£5s gis
25 & 5
32 FL2
@ [
= o = o0

0 S0 70 20 110 120 [i] 40 50 60 70 80

MeOH extract (ug/mL) Hexane fraction (ug/mL)

Fig. 3. Effect of Rosemarinus officinalis L. extracts on MecA
(51 kDa) expression in MRSA KCCM 40511.

MeOH extract

0 50 70 90 110 120 (pg/mL)

Hexane fraction

(ug/mL)

B - Actin =

=
=

3

@

Penicillinase/actin protein
(Arbitary unit)
(Arbitary unit)
o N & @ &

L=
Penicillinase/actin protein

] 50 70 a0 10 120
MeOH extract (Lg/mL)

0 40 50 60 70 80
Hexane fraction (Lg/mL)

Fig. 4. Effect of Rosemarinus officinalis L. extracts on
penicillinase (34 kDa) expression in MRSA KCCM 40511.

MecAodl )3l A= += penicillinaset penicillin, ampicillin,
cefalosporin %9 5} 8} L% % B-lactam ring TFFE A
#A olE9] ofAl A5 A Tk olel B-lactamasest &
o} MRSA KCCM 40511 594 9] penicillinase &3 S A|

22ty Hgs 22 2 hexane 2 E 27 Ao ¥

gEHOZ AAdeE AL & F A} o]+ penicillinase”}
MecAel 93] /3501 x]7] wTol] MecA2] Hdo] JA|H
w2} penicillinase?] && T3t JA == HAoz AZHT
Yuki 5(26)2 Zt7] && A WS Hol+ MRSA
KCCM 40511759l th3] MecA, penicillinase @ & o] 23

Hdoka B v Ao
a8 r g 22uiy] dg
MRSA KCCM 405112] WA
FAEE Axe DA penicillinase®] T@S AAAIZ S
2ZX 1% WA WS dAAT e & a3t e RS

& & Ak

FZE Y hexane

= =9
ol MecA2t MecAdl

& rlo

=
=
S

o 13
i =
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