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Abstract

The methanol extracts of Aralia elata bark showed antimicrobial activities against bacteria, yeast,
fungi. The solvent fractionated acidic fraction that showed the activity was then successively purified
with silica gel adsorption column chromatography, Sephadex LH-20 column chromatography, silica
gel partition column chromatography, HPLC and TLC. The isolated major active substance was identi-
fied as 3,4-dihydroxybenzoic acid by MS, GC-MS, IR, 'H-NMR and “C-NMR. The content of 3,4-dihyd-
roxybenzoic acid was 0.869 mg/g in dried bark of Aralia elata.
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FE119] 74l 294g-8 MeOH 310l 244173 A=A
% alafFe] MeOHs} 34 33 wlhE-3te] homogenizer
(NISSEI AM-7 homegenizer)Z w38+ F&3l5ch
o] 2ZE2 G3 Glass filter2 oJ#sle] dojzl ofall g
cooling aspirator(EYELA COOL ACE CA-111)7} %=
vacuum evaporator(EYELA TYPE N-N)& A}-8-3}e 37
TollA 7etsSste] MeOHE A A& ¥ EtOAcs} buf-
fer--94(0.2 M Na,HPO,-0.2 M NaH:.PQ,, pH 7522 4
AHbuffer fraction)} &4 FHEtOAc-soluble neutral fra-
ction) 2 Suiskglct F4+& 0.1 M HCIE o]&3le] pH
3022 4% FH oA EtOAcZ Fwiste] 44+
(EtOAc-soluble acidic fraction)s} <=8 <)3-(Aqueous
fraction)2 E38l3 o) & FATF, AT, FEYFe
slod ol gE AL Ak
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Silica gel adsorption column chromatography
Alg o] oF 10u)ekol| Abedsl= silica gel(45g, 70~230
mesh, column chromatography-, MerkAh2 CHCL2
2 slurry® 9H59] column(2.9X45 cm)ell 332171
MeOH-CHCl; £viA2 MeOH %5 5%l 10, 15,
20, 50, 100%7+2] WA o2 Z7A]H] step-wise $-F
ez gE¥-stel 84 AstU.

Sephadex LH-20 column chromatography
Sephadex LH-20(25~100 mesh, Pharmaciash-$
MeOH-CHCly(4 : 1, v/v) £l A2 s183F AlgA) 7 7,
column(2X95 cm, bed volume 250 m)ol 38t F
oA & ApEsle] £2FHsle &4S FA3 AT

Silica gel partition column chromatography

Silica gel(25g, 70~230 mesh, column chromatogra-
phy&, MerkAhell 16 m/9] glycine buffer(0.2 M-glycine
02M HCl, pH3)& 7}sled coating" #1711 #n-hexane
22 slurry® 9HEo] column(1.8X 26 cm)ol] F3 A7)
% p-hexane-EtOAc &9 4 & EtOAcz=E 0, 10, 20,
30, 40, 50, 60, 100%7}4] step-wise &Z&Wdjo2 &3

w8 B4 AYshch

HPLC
A 85 wp 2U9e] ubdel ajz} Sep-pak(Cys type) o=
A 7 e) &kt filter(GELMAN Acrodisc LC 13 PVYDF, 0.2

um)E o7& 3 100% MeOH £ A2 <]4-3F Radial-
Pak C15(0.8X10.0 cm)3} Delta-Pak C5(1.9>30.0 cm)-2-
Abgste] 24z 29 1mish 9mlE & F Y3l

Thin layer chromatography(TLC)

A|8E MeOHE =¢] TLC plate(Kieselgel 60 Fas,
20X 20 cm, 0.2 mm, MerkAPel| bending &%t} n-he-
xane-EtOAc(1: 1, v/v) 89 A 2} n-hexane-EtOAc-AcOH
(1:1:001, v/v) &9 A2 AJA) 7] L p-anisaldehyde &
F-Rate] 2l A7) UV(254 nm)E o] &3l HEg
3 Zajokibell npe} #3iste] EtOAcE £-&3%ch

MS, GC-MS

4 E4-e A HFYA=(Direct injection port, DIP)
9} GC(Hewlett packard 5890 Serise 11 Gas chromatog-
raph)& 4 21& Jeol JMS-AX 505 WA mass spectrome-
terE Al o, o]23} EI(70 eV), source tempera-
ture 200C, column DB-1(30 mX0.25 mm), injection
temp. 220C, column temp. 50Tell 4] 250C7}#] 7C/min
&5 g A4 carrier gas He(1 ml/min)e] ZZejA £
48l¢dct. methylation -4 8= diazomethane o=
Al A Eksd o)

IR
KBref9o] ejsled B-A3ldw 7]7]+= Nicolet 205
FT-IRS AH&-3tsich

'"H-NMR

Varian Jemini 2000300 MHz) 'H-NMR ~|7]& A4
sto] 3zl iy vl d-DMSOE <4 E+= DOY
£3sle] Al83hedch

3C-NMR
Varian Jemini 2000300 MHz) “C-NMR 7|71& A%
slel . &= d-DMSOS Ah4sle] EAslgich

ARS DIME

TRz 2280 FuAE 24 A4S A
A5l n] Y E-L GramPFA A TF 65(Staphylococcus au-
reus ATCC 6538, Staphylococcus epidermidis ATCC
12228, Bacillus subtilis ATCC 6633, Micrococcus luteus
ATCC 9341, Lactobacillus plantarum KCTC 3104, Leu-
conostoc mensenteroides KCTC 3100), Gram-3 Al 4%
(Escherichia coli ATCC 10536, Salmonella typhimurium
ATCC 19430, Pseudomonas aeruginosa ATCC 1628, Vi-
brio vulnificus CDC C7184), &2 23(Candida ablicans
ATCC 10231, Saccharomyces cerevisige 1FO 1850), &
o] 1%E(Aspergillus flavus KCTC 1375) 5 % 1355
Apgahadel.
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AFel A, Vibrio vulnificus’= LB A (Difco), R4+
& Lactobacilli MRS #} %) (Difco), = 8}t2} A]#-& Nut-
rient Wi x|(Difco)s AME-3tH L, X2} AS+= YMH|Z|
(Difco), %3°]2] 79+ Potato dextrose sl X|(Difco)E
AH8-shgdch
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dn o n@

MeOHF@ B2 2088 &4
Az FEIRAAUGFEYY 8270¢ MeOHZ +2

o] A B84 34-dihydroxybenzoic acid?) -] 809

sto] FEUF-ZA 05g7% 1.0gel A4dshs MeOHFZ%
2 v E 4L AAsich 2 A} Table 19
bl uie} 7ro] RAbE-S A3 o EE AAH AR
Zela FFolel dia S Bk

E3], Gram¥d AFFAA Staphylococcus aureus}
Staphylococcus epidermidis S| 4 Gram-2-4 /4]-}_?"‘0“
Escherichia coli®} Pseudomonas aeruginosa 5|4 =3}
Tgo)al Aspergillus flavusol] ML vl wd 75 sOL
g 844 Jehld.

Table 1. Antimicrobial activities of MeOH extracts
from bark of Aralia elata against various microorgani-
sms

Clear zone(mm)

Microorganism —
05g" 1.0g" B.A?

Staphylococcus aureus (ATCC 5638) 16 19 14
Staphylococcus epidermidis (ATCC 12228) 15 17 11
Bacillus subtilis (ATCC 6633) 11 16 12
Micrococcus luteus (ATCC 9341) 12 14 12
Lactobacillus plantarum (KCTC 3104) - - 10
Leuconostoc mesenteroides (KCTC 3100) — - 10
Escherichia coli (ATCC 10536) 13 16 11

Salmonella typhimurium (ATCC 19430) 12 15 1
Pseudomonas aeruginosa (KCTC 1628) 17 20 12

Vibrio vulnificus (CDC C7184) 13 156 11
Candida ablicans (ATCC 10231) - 13 12
Saccharomyces cerevisiae (IFO 1850) - 13 12
Aspergillus flavus (KCTC 1375) 13 18 16

V. Aralia elata bark extract of g eq./disc.
2: Benzoic Acid of 0.5 mg/disc.
-1 No inhibition.

Table 2. Antimicrobial activities of solvent fractionated fractions from bark of Aralia elata against various microor-

ganisms
Clear zone(mm)

Microorganism _A ‘

Aqueous fr." neutral fr. acidic fr.l BA?
Staphylococcus aureus (ATCC 5638) - 14 20 12
Staphylococcus epidermidis (ATCC 12228) — 14 18 17
Bacillus subtilis (ATCC 6633) -~ - 19 13
Micrococcus luteus (ATCC 9341) - 12 17 13
Lactobacillus plantarum (KCTC 3104) — - — 10
Leuconostoc mesenteroides (KCTC 3100) - - - 10
Escheérichia coli (ATCC 10536) - - 16 12
Salmonella typhimurium (ATCC 19430) - - 15 12
Pseudomonas aeruginosa (KCTC 1628) - — 16 12
Vibrio vulnificus (CDC C1628) - - 15 12
Candida ablicans (ATCC 10231) - - 13 13
Saccharomyces cervevisiage (IFO 1850) - - 13 1
Aspergillus flavus (KCTC 1375) - - 22 15

Y: The extract of Aralia elata bark 0.5g eq./disc.
2; Benzoic Acid of 0.5 mg/disc.
—~: No inhibition.
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Fig. 1. Distribution of antimicrobial activities after si-
lica gel adsorption column chromatography of the
EtOAc soluble acidic fraction from Aralia elata
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Fig. 2. Distribution of antimicrobial activities after Se-
phadex LH-20 column chromatography of the active
fraction from Aralia elata
BA: Benzoic acid(0.5 mg)
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Fig. 3. Distribution of antimicrobial activities after si-
lica gel partition column chromatography of the active
fraction from Aralia elata
BA: Benzoic acid(0.5 mg)

Al AbE 9l et :

Sephadex LH-20 column chromatography &4 &3+0.
425g)ell i 8le] EtOAcT n-hexan£vl A& o] 8§ silica
gel partition column chromatographyel| ¢j3] ¥33}z,
S. aureus®} E. colis thAto 2 Fv|QE AL AHA
atdch. 2 A} Fig 3¢ e niel 3Fo] n-hexan
gt EtOAc®] ¥%7} 40%~50%2 823%5(0.199,
185g eq)oll Al &Ad9) AFe] AAHoH, E o]ES
AR e mgow ¥k

Silica gel partition column chromatographyoljA] %
2]H 84549 &% ¢ AAL s MeOHS
wj A S o]-83&}e] reverse phase column(Radial-Pak Cg,
Delta-Pak Cys)®] HPLCE AlA)stsdch. 1 Ax} 77+ re-
tention time(tg) 3.85% 3} 6.85%-) 25 singledl| 7}7}-&
peaks viel A EAle] dids] AA S o, si-
lica gel partition column chromatography2] 40~50%
4% 4870 FAdEAR Heg Ak

HPLCel| o]a) A<l &4E4-S n-hexane-EtOAc(1 :
1, v/v) &viAlZ TLCZ Z3, R 012 $]Ad
spot& yEtd ot ML E Bl S-S | S Al(n-
hexane-EtOAc-AcOH, 1:1:0.01, v/v)Z u}¥-e| 31 4t
Eate]l AN ZHH, R 0.24 YAl tHREe] EAo]
EAsleds Ry 0.28 Aol wigdd el EA7) QA H
Ack

SYEEO AxE0|

TLCAA Fejd 84EAR 0245 A=A
Electron impact(El) mass¥#41-& ¥ A3} Fig 49} 7o)
molecular ion°] m/z 154l base peak® v}elyiow,
EA 4 el fragment iono] m/z 137(M-OH), 109(M-
COOH)oll ebste). o] spectrum & NIST library 7
M= Mg A3}, 34-dihydroxybenzoic acid®] 7}5A
(NIST entry No. 8982)c] AJx}bsjgjch.

=3k CH,N, & methylation F=#2 & F EI-GC-
MS RA& Alxgt #3}, retention time(z) 16.26%-o]|
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Fig. 4. Direct-EI-mass spectrum of the active substance
from Aralia elata
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Fig. 5. EI-GC-MS spectrum of methylated active subs-
tance(fz 16.26 min)

peakZ H.grl ol peak®] mass spectrum-& Fig 5l
vJehd wupe} 7ol molecular ion(M*)o] m/z 196(base
peak)ell 2], CHy7} B A}z m/z 18134 O-CHy7}
Yo)AL}7} m/z 1659 fragment iono] #&= it} o)
spectrum ©. 2 NIST library %4 443 A3, OH”)
¢} COOH~”]7} methylation® 3,4-dihydroxybenzoic acid
(NIST entry No. 17780)3! o2 @AY= S4EALS
methylationdted EI-GC-MS ¥4-& A% A3 H4]
o] Eao] 34-dihydroxybenzoic acidys #H<lsle] F
At

KBrif"9of ojsle] IR¥-A-& 7k A7}, 3400~3600
cm™! Alolo| x4 OH7] stretchingel 718lsls F58
velyon 1692 cm el Al benzyl®] C=07] stret-
chingel| 7}<lsl= &4} 22)a 1620, 1600, 1540 cm
5ol A aromatic®] o|FZH e 7|slske F571 B
o] benzoic acidel -OH>} AgHe v UYL A
Abaksdch.

d-DMSOE &2 Al43te] 'H-NMR-& &A& 451,
5: 6.78(1H, d, ]=8.36 Hz), 7.27(1H, dd, ] =6.22 and 1.92
Hz), 7.33(1H, d, J=1.92 Hz), 9.24(1H, br s), 9.62(1H,
br s)oll 4] protone] #HA= ¢ om D,0-d-DMSOE &vi
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Fig. 6. 'H-NMR spectra of the active substance from
Aralia elata

A: used in d-DMSO as solvent

B: used in d-DMSO-D,0 as solvent
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Fig. 7. "C-NMR spectrum of the active substance from
Aralia elata

ring proton(5: 6.78, 7.27, 7.33)3 2782] hydroxyl7]2]
proton(d: 9.24, 9.62)0] <l = cHFig. 6).

=3 d-DMSO &+|& }83}e YC-NMRS =A%
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t}. 22)31 o]E& spectrar 3,4-dihydroxybenzoic acid®]
Aldrich library spectra(2, 1116 B)2} <l #3}<dic)

o]42] IR, 'H-NMR, “C-NMR2] EAollx aleizl
spectra 3 34-dihydroxybenzoic acid¢] T+%2& #i
U Aoz vehl, FE5HE AHENE gudE &
qEdz 2ax g2 34-dihydroxybenzoic acid
2 FA=.

3,4-dihydroxybenzoic acid+ Alnus spp.(2-2lvh5- %)
Soll x4l EAl7} galgl EAWR ghaksl AW Fol
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