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Continentalic acid (CA, (-)-pimara-8(14), 15-diene-19-oic

acid) was isolated from the roots of Aralia cordata

(Araliaceae) using bioassay-guided fractionation of a crude

chloroform extract. The antibacterial activity of CA against

Enterococcus faecalis and Enterococcus gallinarium was

estimated by determining minimum inhibitory concent-

rations (MICs) and minimum bactericidal concentrations

(MBCs). CA exhibited potent activity against standard

vancomycin-resistant enterococci (VRE) and vancomycin-

susceptible enterococci (VSE), with MICs and MBCs values

between 4 and 8 µg/mL and 4 and 16 µg/mL, respectively.

This compound exhibited potent activity against strains of

VRE, which are highly resistant to clinically useful

antibiotics. These findings suggest that continentalic acid

may be useful in controlling enterococcal infection.
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Introduction

Enterococci are occurring in opportunistic infections

involving the oral cavity. Due to the low sensitivity to

antimicrobial agents, enterococci may be selected in root

canals undergoing standard endodontic treatment and

significantly contribute to endodontic treatment failures

(Dahlen et al., 2000). The patients with refractory

periodontitis constituted a heterogeneous group based on

their subgingival microbiota including Enterococcus

faecalis (Colombo et al., 1998).

Enterococci may acquire resistance against vancomycin

during treatment with vancomycin for diseases caused by

methicillin-resistant Staphylococcus aureus (MRSA)

infections. The rapid emergence of vancomycin-resistant

entrococci (VRE) is believed to be caused by the excessive

use of vancomycin. VRE has been emerging worldwide as

one of the most important hospital and community

pathogens. Therefore, the emergence of these resistant

bacteria has created a major concern and an urgent need for

new antibacterial agents(American Society for Microbiology,

1995; Davis, 1994; Spratt, 1994). Researchers have been

interested in biologically active compounds isolated from

plant species for the elimination of pathogenic microor-

ganisms because many plants have defense systems against

phytopathogenic bacteria. Medicinal plants that have been

used for a long time may be good sources of safe

antibacterial agents (Sinclair, 1998). There were some trials

about the dental use of herbs such as chemotherapeutics

(Baek, 2007; Kim et al., 2007). 

During the course of our continuing screening studies for

natural antibacterial agents, we recently found that the roots

of Aralia cordata (A. cordata) have antibacterial activity

against VRE (Hur et al., 2004; Jeong et al., 2006; Kim et al.,

2004; Kim et al., 2005). The root of Aralia cordata

Kitagawa (Araliaceae), known as ‘Dokwhal’ in Korea has
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been used widely in oriental folk medicine as analgesia,

antirheumatic, neuralgia and as a cure for arthralgia,

rheumatism, lumbago and lameness (Kim et al., 1998). In

this present study, bioassay-guided fractionation and

purification of the active chloroform soluble extract resulted

in the isolation of the continentalic acid (CA) as active

principles.

Continentalic acid ((-)-pimara-8(14),15-diene-19-oic acid)

is a major component isolated from the roots of A. cordata,

which has been used as analgesic and anti-inflammatory

agents (Okuyama et al., 1991; Han et al., 1983). Phytoche-

mically, A. cordata contains diterpenes, polyacetylenes,

lipid glycerol and sterols (Dang et al., 2005). However,

limited information is available on the antibacterial activity

of A. cordata. The purpose of this study was to investigate

the antimicrobial activity of continentalic acid from Aralia

cordata against Enterococcus, a opportunistic pathogen

involving oral cavity. 

Materials and Methods

Extraction and Isolation

The extraction and isolation of active principles from the

root of A. cordata were conducted according to our previous

report (Jeong et al., 2006). In brief, the root of A. cordata

was extracted with methanol and partitioned chloroform,

ethyl acetate and butanol. The active chloroform soluble

extract yielded a diterpenic acid as the active principles after

chromatography in silica gel and 1H (GPC). The structure

of the compound was determined by its physico-chemical

and spectral data, which are in agreement with those

reported in literature (Han et al., 1983).

Bacteria

Enterococcus faecalis CDC-286 (vanA), Enterococcus

faecalis CDC-583 (vanB), Enterococcus gallinarium CDC-

45 (vanC) and Enterococcus faecalis ATCC 29212 (VSE)

from Centers for Disease Control and Prevention (CDC)

were used in this study. 

Screening 

The confirmation of the strain was done by detection of

vancomycin resistance gene (van) with PCR analysis. The

minimum inhibitory concentrations (MICs) and minimum

bactericidal concentrations (MBCs) were determined in

triplicate using microdilution techniques according to

current Clinical and Laboratory Standards Institute (CLSI)

(formerly the national Committee for Clinical Laboratory

Standards [NCCLS]) recommendations (Wikler et al., 2008).

Results

In order to identify herbs with antibacterial properties

against VRE, medicinal herb traditionally used for

gasterointestinal infection in Korea was tested against VRE.

Among the herbal extracts tested, A. cordata extracts

(methanol extraction, chloroform fraction, ethyl acetate

fraction, and butanol fraction) showed some antimicrobial

activities against Enterococcus faecalis and Enterococcus

gallinarium as determined by the agar dilution method. As

shown in Table 1, the chloroform soluble fraction demonst-

rated a higher inhibitory activity (MICs/MBCs, 32/32 µg/mL)

than ethyl acetate (MICs/MBCs, 32/64 µg/mL), methanol

(MICs/MBCs, 64/64 µg/mL) and butanol (MICs/MBCs,

128/128 µg/mL) soluble fractions against VRE. Therefore,

the chloroform soluble fraction was further subjected to

silica gel column chromatography in an attempt to isolate

the active guided fractionation. From these active fractions,

a white compound was purified by repeated silica gel

column chromatography followed by prep-HPLC. The

compound was characterized by 1D-NMR and 2D-NMR,

which gave a spectrum that matched perfectly with that of

the previously described continentalic acid (Han et al.,

1983). Table 2 shows the MICs/MBCs of vancomycin and

CA against VRE. CA exhibited potent activity against standard

Table 1. Antibacterial activity of extracts and fractions from A. cor-
data against E. faecalis CDC-286 and E. faecalis CDC-583.

sample MIC(µg/mL)  MBC(µgmL)

Methanol extract  64 64

Chloroform soluble fraction 32 32

Ethyl acetate soluble fraction 32 64

Butanol soluble fraction  128 128

VRE: vancomycin-resistant enterococcus.
MIC: minimum inhibitory concentration.
MBC: minimum bactericidal concentration.

Table 2. Antibacterial activity of continentalic acid isolated from
roots of against standard VSE and 3 VRE strains (µg/mL).

Strains
Continental acid Vancomycin

MIC MBC MIC MBC

E. faecalis  CDC-286 
(vanA)   

8 16 256 512

E. faecalis  CDC-583 
(vanB)      

8 16 32 64

E.gallinarium CDC-45 
(vanC)   

8 16 16 16

E. faecalis  
ATCC29212(VSE)    

8 8 4 4

VRE: vancomycin-resistant enterococcus.
VSE: vancomycin-susceptible enterococcus.
van: vancomycin-resistant gene. 
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VRE and vancomycin-susceptible enterococcus (VSE),

with an MICs and MBCs values of 4 to 8 and 4 to 16 µg/mL,

respectively. 

Discussion

Strains of enterococcus are capable of causing a variety of

opportunistic infection, such as periodontology, endodonto-

logy nephrology, hematology and oncology patients

(Dahlen et al., 2000; Colombo et al., 1998; Moellering, 1992).

In order to identify herbs with antibacterial properties

against VRE, medicinal herb traditionally used for

gasterointestinal infection in Korea was tested against VRE.

Among the herbal extracts tested, A. cordata extracts

(methanol extraction, chloroform fraction, ethyl acetate

fraction, and butanol fraction) showed some antimicrobial

activities against Enterococcus faecalis and Enterococcus

gallinarium as determined by the agar dilution method. As

shown in Table 1, the chloroform soluble fraction demonst-

rated a higher inhibitory activity (MICs/MBCs, 32/32 µg/

mL) than ethyl acetate (MICs/MBCs, 32/64 µg/mL),

methanol (MICs/MBCs, 64/64 µg/mL) and butanol (MICs/

MBCs, 128/128 µg/mL) soluble fractions against VRE.

Therefore, the chloroform soluble fraction was further

subjected to silica gel column chromatography in an attempt

to isolate the active guided fractionation. From these active

fractions, a white compound was purified by repeated silica

gel column chromatography followed by prep-HPLC. The

compound was characterized by 1D-NMR and 2D-NMR,

which gave a spectrum that matched perfectly with that of

the previously described continentalic acid (Han et al.,

1983). Table 2 shows the MICs/MBCs of vancomycin and

CA against VRE. CA exhibited potent activity against

standard VRE and vancomycin-susceptible enterococcus

(VSE), with an MICs and MBCs values of 4 to 8 and 4 to

16 µg/mL, respectively. CA has been reported to have

various biological activities including anti-inflammatory

activity, cytotoxic and COX-2 inhibitory activity (Han et al.,

1983; Lee et al., 2006). In conclusion, these results suggest

that CA from A. continentalis might be an effective inhibitor

of VRE. However, for medicinal purposes, the safety and

toxicity of this CA need to be addressed.

Conclusion

These findings suggested that continentalic acid might be

useful in controlling enterococcal infection.
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