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Abstract

The antimicrobial substances from Rhodiola sachalinensis were extracted, isolated and identified. The highest level of
antimicrobial activity and its yield were obtained in methanol extract. The minimum inhibition concentrations of the methanol
extract were 500 ug/mL on agar plate and 100 pg/ml in broth media for four gram positive and four gram negative
microbials. The methanol extract was fractionated by n-hexane, chloroform, ethyl ether, ethyl acetate, and butanol, orderly. The
separate was developed on the TLC plate with different solvent system ratio of chloroform and methanol. Nine substances were
isolated from chloroform and methanol mixture(9:1, v/v). Among them, three isolates showed antimicrobial activity. Three
substances separated by HPLC were identified by GC/MS(EI) spectrum and 'H, “C-NMR spectrum. They were gallic acid,
(-)-epicatechin and kaempferol. The antimicrobial activities of each substances were shown gallic acid, (-)-epicatechin, kaempferol,

orderly.
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AR F27 o3 284 #7180l (methanol, hexane,
chloroform, ethyl acetate, butanol) & 9%o)49] 1§ ¥ EF
Alek, HPLC, NMR, GC/MS(EI) A 8ujj= Fisher®] 99.9%0]
Arel EF4ulE helium degassingd}s] ARS-31$9t}. Column
chromatography 2] resin®. 2 A}&-3F silica gel 603 TLC
plate(silica gel 60, 20x20 cm, 0.25 mm)E MerckAle] A|E&
ALE-3l o w], HPLC += spectra system P-2000 (TSP, USA)2,
gas chromatographye JMS-SX 102A(JEOL, Japan)-&, mass
spectrometer (High Resolution-ED= DS6200 GC (Donam,
Korea), NMR spectrometeri= DMX-300(300 MHz)9} DMX-600
(600 MHz, Bruker, Germany)S AR3-3}Th
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Table 1. List of strains used to antimicrobial experiment

Strain
Bcillus cereus ATCC 11778

Gram Bacillus subtilis ATCC 6633
positive Staphylococcus aureus ATCC 1320
Strepcoccus faecalis ATCC 13301
Salmonella typhimurium ATCC 14028
Gram Listeria monocytogenes ATCC 7644
negative Escherichia coli ATCC 10536

Escherichia coli O15T:H7 ATCC 43894

ey Fx Milsk 53

Fad I Hx Al L IuA ¥ (agar
diffision method) 02 ZH3HAT 2, 77ke AzgAg
0.45 yxm membrane filter2 o#}5le] A|7dln YFH paper

diskel] 60 mLA-& FFA7IR FEEuE S8 FLAA
’\]3“1 HafA el DFAIZ F 75 mLe] BEE FHT

& paper dlsk Aol "oje] AR T 4T NA
1/\]7F HFz] & 31T incubatorol| A} 24~48A17F vk & disk

ZW 9] clear zone?] AL =45k
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gl 7Y F& FELE s A8 FAA
100 goll Z}zte] acetone, ethyl acetate, ethanol, methanol,
chloroform, water 2ufE 108]F 7}ste] 2447 T 35%5
& T oA SulE 108 V18t 248 7HE L 23 FEEla
glass filter2 d3}8}e] 50Co) A vacuum evaporator® 7+9}e}
o)A &35 50T A nitrogen evaporatorZ £njE 27 3]
AAZ F 24A7 FAPZAIA FH 100 mL2 A 831
o g78S ST
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24 methanol F&22| S0i2%

%743 methanol FZE gste
chloroform, ethyl ether, ethyl acetate, n-butyl alcohol2- 2w} =¥
7¥sle] 1A]ZF B<t funnel shaker2 shakingdle] 33 ¢ 2
galn 7t 242 sai TN 2YEE F P
48 23590 Fg D).

FA4E n-hexane,
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Silica—gel column chromatography

T4 methanol FEES £AEEsY de 7 BB
9 FaEHE A nHug F, FAo] A AT ethyl
acetate F-HEZRE KFEHES AT EFHoF silica-gel

column  chromatography & 536%%‘:}. ojmj AHE-® columne]

27)% 4x30 cm 3, chloroform-methanol {jAE 0~
100%744 DA HOZ  gradientstd ztzh £ 10mLA
fraction collector2 ¥ 3} subfractions FZ%3}e] paper
diski 0.2 FTF84S SH3IA
Thin-layer chromatography

Figel HAP silicagel THEE capillry whe

silica-gel TLC plate(10 cmx20 e¢mx0.5 mm, Merck))*toll &
g F Aol oa 23} ezt FAE chamberol] 4
AAZATE. A7R8u)E chloroform-methanol(9:1, v/v)S AMg-8F
o, UV 254 nme} 365 nmolj A 23t

High performance liquid chromatography

TLCOj A &FAdo] ElE bandE Ropr 72teZ3l &)
#4 24 HPLCE olgsld A% ¢4welsidd. Semi
preparative  HPLC(Spectra System-P2000, USA), Ci;3 column
(Waters, pI-bondapack Cig)-2 ©]-&8lo] 1x}2] 0.2 acetonitrile s}
vater?] §9E AH8| gradienstel 71 Relt @ e &
ir]&-2 3 ¥ 23 2 bandE HPLCE E33lo] 3}
T8-S =eith HPLCY #4%1E Table 29} Th



Table 2.

41 51 AN(Rhodiola sachlinensis)ol| A 3}gA B4 22 2 FF 65
Rhodiola sachalinensis J
shade drying, homogenizing
MeOH extracting (x10, twice)
Evap., freeze drying
E Methanol extract j
|
E-Hexane layer |Water layer T
Ichloroform
\ Water layer J |Chloroform layer
[ethyl acetate
Ethyl acetate layer | ‘Water layer |

|ethy1 ether

Water layer ]Ethyl ether layer
n-butyl alcohol

n-Butyl alcohol Water layer
layer
Evap., freeze drying
Silica gel chromatography ]
Chloroform/methanol(8:2, v/v)
Thin layer chromatography !
Chloroform/methanol(9:1, v/v)
R f| [Rf Rf Rf Rf Rf Rf Rf Rf
0.95 0.90 0.56 0.48 0.33 0.23 0.15 0.13 0.09

IHPLC(RT 3817) | [HPLCRT 10.138) | HPLCRT 8555 |

| |

[ UV, GC/MS(EI), 'H, “C-NMR, FI-IR

Fig. 1. Purification and isolation procedure of antimicrobial substances in Rhodiola sachalinensis.

Operating conditions of preparative HPLC for 1H—N|\/|R, Bc-NMR spectrum

analysis of antimicrobial component of Rhodiola sachalinensis

cridd FFAHEES tetramethylsilane WHF-EFEEA=Z

extracts
Colurm p-Bondapak Cig (7.9x300 rum) A7¥ske] CDCL(PC-NMR)$H DOCH-NMR)S| 591 o <
Mobile phase water | acetonitrile (7:3, v}¥) FelAA NMRE wbed] 231 DMX-300300 MHz), DMX-
Flow rate 2 mljmin 600600 MHA)E o] &3] 'H-NMR$ “"C-NMR spectrum-
Detector UV 254 nm BA5E
Injection volummn 500 1L

Gas Chromatography/Mass Spectrometer (El-Mass) 27} al

ErEddE YFAHE | ngs £F Methanolo] =9} JEOL
SX-102A(254°C, high resolve)o] ZZ}3}¢] gas chromatography FE=C| M=

oM HEP FEES BN7)R clection impact o3 UE ZAAY YPEA §HE F2Eo FFYL Table 3t
ol&stel 70 V2 o] &5AZ 2HZ capillary comnDB-S) o) 2t gojy 2zEel4 AwMHoz PAYE B
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Fags BYo &3 F2E9 Az ¥ -’F‘% | X% ethyl
acetate, chloroform ¥ & FZEL 3% o]3l9] 48§ veh)
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Table 3. Antimicrobial activities of Rhodiola sachlinensis
extracts against various microorganisms
(Dia. of inhibition zone : mm)

Strain Solvent”

SI 82 83 S4 S5 $6
Beillus cereus ATCC 11778 H 16 15 - 13 1
Bacillus subtilis ATCC 6633 - 5 15 - 100N
Staphylococcus aurens ATCC 1320 0 17 15 - 13 12
Strepcoccus faecalis ATCC 13301 - 184 - 1 -
Salmonella typhimurium ATCC 14028 11 12 12 - 10 10
Listeria monocytogenes ATCC 7644 m 15 14 - 10 -
Escherichia coli ATCC 10536 0o 4 B3 12 1n 1

Escherichia coli O15TH7 ATCC 43804 11 12 12 10 11 1l

VSl . Water extract, S2 : Methanol extract, S3 : Ethanol extract
$4 . Chloroform extract, S5 : Acetone extract S6 : Ethyl acetate
extract.
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3733 methanol FFEE 12T FAY R T
of e AAS} QAN HAAHFEE =
ATk Table 49t 2ok IVLAFSA Ws TPy
ol HAlHez Az} A dehdod, majujAe
Ha 500 pgml o] FEAX A APdF) digt AsS
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5% g AsEErt 15~20 ngmLo|ety Budtgy, o
525)0) 72t FEF9 HaAMEeTI} Escherichia coli T3
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Table 4. Minimum inhibitory concentrations(MIC) of Rhodiola
sachlinensis methanol extracts against microorgarnisms in
nutrient agar media

(Dia. of inhibition zone)

Strain 100 pg 500 pg 1mg  5Smg
B cereus ATCC 11778 4D + ++ et
B. subtilis ATCC 6633 - + + i
S. aureus ATCC 1320 + + +H+ .
S. faecalis ATCC 13301 + + + et
S. typhimurium ATCC 14028 - + ++ ++
L. monocytogenes ATCC 7644 * + 4+ 4
E coli ATCC 10536 - + + 4
E coli O15TH7 ATCC 43894 + + ++

V. :No inhibition, +: Very slight inhibition(8~9 mm), +: Slight
inhibition(9~11 mm), ++ Moderate inhibition(11~13 mm), +++:
Heavy inhibition( >13 mm).

Table 5. Antimicrobial activities of from Rhodiola sachlinensis
extracts in purified stage against various microorganisms
(Dia. of inhibition zone)

Strain Fraction”
Fl. R B KM B
Bacillus cereus ATCC 11778 2w o+
Bacillus sultilis ATCC 6633 - o+ R FU
Staphylococcus aurens ATCC 1320 s
Strepcoceus faecalis ATCC 13301 N o S
Salmonella typhimurium ATCC 14028 - + o+t - +
Listeria monocytogenes ATCC 7644 - I s
Escherichia coli ATCC 10536 + o HH o
Escherichia coli O157H7 ATCC 4384 - - ++ .

"Fl : n-Hexane fraction, F2 : Chloroform fraction, F3 : Ethyl acetate
fraction, F4 : Ehyl ether fraction, F5 : n-Butyl alcohol fraction.

P <No inhibition, +:Very slight inhibition(8~9 mm), +Sight inhibition
(10~12 mm), ++Moderate inhibition(13~15 mm), +++:Heavy
inhibition(>16 mm).
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Silica~gel column chromatography

248 deldhs 4zte] S £XNEEE-S Saphylococcus
aureusS}  Escherichia colid] th3] J37SA-E olst Ax
Fig. 23 7] chloroform®} methanol®] ®]-&o] 8:2(v/v)el A
M S5E 9FYE YER.
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Chloroform : methanol ratio

Fig. 2. Antimicrobial activities of the fraction of ethyl
acetate of Rhodiola sachlinensis extract fractionated by
silica-gel column chromatography against Staphylococcus
aureus ATCC 13301(M) & Escherichia coli ATCC 10536
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Fig. 3. Thin-layer chromatogram of subfraction CHCl
MeOH(9:1, v/v) isolated from ethyl acetate fraction of
Rhodiola sachlinensis.
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Thin-layer chromatography

Silica-gel chromatographyS 3§3ta chloroform-methanol(8:2,
vivyoll A L2 subfraction® £3589 TLC plates]) #A7)A17)
A3}, Fig 39 o] 9/he) BAFE 9% & YUY Rf
0.13% AYg ZE band7} 254 nmol X AU, 7 =
Rf 0.959] band= 254 nm, 365 nmol|x] Zo] FHelsigic) Rf
0.139] band= 365 nmolAMyE ERIEGIon, o5& ZZ
methanolol] 8-t YF B S BRI B} Table 60) 49}
o] Rf 048, Rf 0.15 ¢ Rf 00994 3H7&Ao] vehdg
¢ & Ak

Table 6. Antimicrobial activities of the subfraction of ethyl
acetate extract fractionated by TLC against Staphylococcus
aureus ATCC 13301 & Escherichia coli ATCC 10536

. Ddetecting wavelength Dantimicrobial activity
Sibfraction — < dsmm | S awas  E col
Rf 095 D D
Rf 090 D ND -
Rf 056 D ND -
Rf 048 D ND + ++
Rf 033 D ND -
Rf 023 D ND -
Rf 015 D ND ++ +
Rf 0.13 ND D -
Rf 0.09 D ND ++ +

" D:Detecting, ND:Not detecting 2 -No inhibition, +:Slight
inhibition(8~11 mm), ++Moderate inhibition(11~14 mm),
+++Heavy inhibition(>14 mm).

High performance liquid chromatography

TLCAlA d-FEo] 299 Rf 048, Rf 0.15 2 Rf 0.099]
subfraction Z}24-5 RopX HEE dto EWlE AAR ¥
R0 =9 semi preparative HPLCE o]-83] HE o=
TTEolsith L 2% Fig 4, Fig. 5 % Fig. 69 74 82
of g AHF chromatograme AL & Yon, zi7te)
chromatogramol| 4]  Fig.39] TLC Rf 048] £23+ RT
3817, 7.485, Fig. 49} Rf 0.15¢]4 §%3 RT 10.138, 10.795,
Fig59] Rf 009914 £%3 RT 6.766, 8.5559] 2 peakE-<
EBHste] IS U 2 Rf 048 bande] RT 3817
peak, Rf 0.15band®] 10.138 peak, Rf 0.09 band®] RT 8555
peakl] M F7#e2 B<¢13ko] prep. HPLCE £ 4&E]

eAES sEAxS F2E AT

[1) peake] +=E£4

&4 EYE RT 3.187[1] peakd] AR 1 mgd
&4+ methanole] o] GC/MS(EI) spectrume ZA3+ A} z}
ZF BAEE mz 170MI 1182 BT
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'HNMR, "C-NMR spectum& 243 2z 'HNMRG00
MHz, CDCl;) &7.22QH) “C-NMR(300 MHz, CDCl) &
170.5(C00), 146.2(C-3), 145.7(C-5), 139.4(C-4), 121.7(C-1),
1103(C2), 1107(C-6)o2 BM5lo] 7+ &4 peaks} mass
spectrumg %3183 Wiley/NBS mass library & ¥l 3151 2.
standard B2 HPLCZ &3 A [I] & gallic
acid(3,4,5- Trihydroxybenzoic acid)Z 1=k
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Fig. 4. HPLC chromatogram of TLC Rf 0.48 subfraction of
Rhodiola sachlinensis extract.
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Fig. 5. HPLC chromatogram of TLC Rf 0.15 subfraction of
Rhodiola sachlinensis extract.
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Fig. 6. HPLC chromatogram of TLC Rf 0.09 subfraction of
Rhodiola sachlinensis extract.

(1) peakel #Z&=4

2= methanolol] ¢ GC/MS(ED spectrume 233t Ax} zvzt
EA myz 290M] (D122 B = S0

[O] 22 'HNMRGO MHz, D0) 66.79(H-2"),
6.72(H-5), 665(H-6), 602(H-8), 597(H-6), 525(H-2),
478(H4), “C-NMR(@600 MHz, D,0) 5156.2(C-5), 155.6(C-7),
155.2(C-9), 144.8(C-4"), 1304(C-3), 1183 (C-17), 115.1(C-6",
1143(C-5), 1069(C-2"), 98.3(C-10), 96.1(C-6), 95.0(C-8),
78.1(C-2), 69.1(C-3), 274(C4)Z A=Yk

£ peak®} mass spectumS ZF8}3l Wiley/NBS

mass libraryS Bl 23}9] 0.0 standard 2& HPLCE ¥QIgH
A3 [0] E2& ()-epicatechin (cis-2-[3,4-Dihydroxyphenyl]-
3,4-dihydro-2H-1-benzopyran-3,5,7-trio) .2 3} 2]c}.

() peake| FxZE4

Fa-el® RT 8.555[[M]peake] FaAEE 94 22 W
o2 GCMSED spectumS A3 23 myz 286[M]'[1]
=xg900, 'H-NMR@EW0 MHz, DO) §8.07(H-2), 806
H-6), 6.89(H-3"), 6.88(H-5"), 6.37(H-8), 6.1(H-6), 4.8(H-5),
BC-NMR (600 MHz, D,0) §177.3(C-4), 165.5(C-7), 162.4(C-5),
160.5(C-4"), 158.2(C-9), 148.0(C-2), 137.0(C-3), 130.8(C-2"),
130.6(C-6"), 1237(C-1"), 116.4(C-3"), 1162(C-5"), 104.5(C-10),
99.2(C-6), 944C-8)2 EAHNL}. Z+ F4 peak® mass
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spectrum-s- Z 33131 Wiley/ NBS mass libraryE v wa}
B, standard 23S HPLCE &3 AF [ =
kaempferol (3,5,7-Trihydroxy-2-[4-hydroxyphenyl]-
1-benzopyran- 4-one)2 1% ¢t}
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=2 gHE gradel FHaNsTEH

T7AHY &, B2 2 A 34E AA FAd 3744
gaEde H2ANTEE aAuACNA <l A,
Table 77} o] FFd we} Asfe 2ol YA A E
100~500g/meo| A A3NE ERR AL

Table 7. Minimum inhibitory concentrations of gallic acid,
(-)- epicatechin and kaempferol against microorgarnisms
(60 pL lodaing on paper disk)

Strains Gallic acid

100 pg 500 ug 1mg Smg 10mg
Bacillus cereus Y - - + +
Bacillus subtilis - - + + ++
Staphylococcus aureus - + + ++ 4
Streptococcus faecalis - t + +
Salmonella typimurium - + + ++
Listeria monocytogenes + + ++ 4+
Escherichia coli + + ++
Escherichia coli 0157 - - - + +

(-)-Epicatechin

10 pg 500 pg 1mg Smg 10mg
Bacillus cereus - - - + ++
Bacillus subtilis - - - + ++
Staphylococcus aureus £ + ++ 4 +H+
Streptococcus faecalis - - - - +
Salmonella typimurium - - - + =+
Listeria monocytogenes t + + ++ +H
Escherichia coli + ++
Escherichia coli 0157 - - - + +

Kaempferol

100 ug 500 pg Img Smg 10mg
Bacillus cereus - - - * +
Bacillus subtilis + +
Staphylococcus aureus t + +1+ 4
Streptococcus faecalis - - - - +
Salmonella typimurium - - - - +
Listeria monocytogenes + + ++ 4
Escherichia coli - - - . +
FEscherichia coli 0157 - - - ; +

" No inhibition, +:Very slight inhibition8~9 mm), +Slight
inhibition(10~11  mm), ++:Moderate inhibition(12~13  mm),
+++Heavy inhibition(>14 mm).
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2872 BaE Hd4ge] 4 EAQ liquiritigenin(6),
isorhamnetin (13), benzoic acid, salicylic acid, 3-hydrobenzoic,
guaiacol, 4-vinylphenol 52] phenolic compound(21) S} v]n
ate] 953 AaEe Jehl Ao

o) T2 FA, LA 2 FA] JaAE AT Had
A Z catechin $}ako] Be IAajolA AN} A3 Ao
Budigel Sxjo 9] catechin®  3Heke (-)-epigallocatechin-
gallate(EGCG),  (-)-epigallocatechin  (EGC),  (-)-epicatechin
-gallate(ECG), (-)epicatechin(EC) <9 oz vlehgdA) gt
non-gallate 3}3H8-<91 ECY EGC Rt} gallate?|7} A3
ECGU EGCG7} 2% 8285 JehH, ©]E catechin®
o] @t AtE-9] H7)= catechin ¥4} 5 Bringe] 3° 4" % 5
"9l Aol EA13l= 371¢] OH, & gallic acidol| A 733+ &
TAE-E HehdT EJ.EP%E}(”)-

2 o

T78% HY HEFIAMY o]&AE HES] Hd
7E SR TRH FEES AXsn F4o wet &t
3, silica-gel chromatography, thin-layer chromatography, high
performance liquid chromatography®] E&]#AHE AHA &£

29 Z B8-S GCMSED spectrum, 'H-NMR spectrum,
PCNMR spectrum$ o] €3l FFERL £ ey
2 ARE Aotk

%7349 3l acetone, ethyl acetate, ethanol, methanol,
chloroform, water®] zt @uj2 F&¢ 43 Ja42y F&
8] 2= methanolo] 7} 48l H T T4 methanol 5%
E-& n-hexane, chloroform, ethyl ether, ethyl acetate, n-butyl
alcohol2 £&3t A} ethyl acetate?} n-butyl alcohol ¥ &4
A $4% FEAE deR $33 mehanol F2EL
O2YA 4759k 284 4Tl sl A wizle AS
HAZ 500 pgmlellA HAAAHNE Jepdon, daju)xol

A% 100 pgiml Wolo)H H2AHE Ui

Slhca gel column chromatographyol]lA] £1j 9] B] &L =of
7} 823 A3} chloroform . methanol(8:2, v/v)e] B]&-olA]
Fadgel 7P BA vebgoh 8 RS silica-gel
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