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Abstract. - BACKGROUND AND OBJECTIVES,
Methicillin-resistant Staphylococcus aureus (MRSA)
infections are a rapidly growing health problem
around the globe. Recently, there has been con-
siderable interest in the use of plant materials
as an alternative method to control pathogenic
microorganisms. In this study we evaluated the
antibacterial activity of bark of Alnus pendula
against MRSA.

MATERIALS AND METHODS, The MIC determi-
nation was done using the microdilution broth
method and bacterial growth was determined by
measuring optical density using spectrophotometer.

RESULTS, Alnus pendula bark EtOH extract
and fractions (F-1, -2, -3 and -4) were investigat-
ed against MRSA. The most active fractions (F-3
and F-4) led to the isolation of oregonin (ORE)
and hirsutanone (HIR). These compounds were
active against MRSA strains with minimum in-
hibitory concentrations (MICs) ranging from
31.25 to 250 pg/ml MIC and 2 MIC of HIR com-
pletely inhibited the growth of MRSA.

CONCLUSIONS, The bark EtOH extract of Al-
nus Pendula has potent antibacterial activity
against MRSA.
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Introduction

Staphylococcus (S.) aureus is an important hu-
man pathogen that can grow in inappropriately

stored food causing a wide variety of diseases in hu-
mans either through toxin production or invasion'.
This fatal pathogen is responsible for a variety of
infections like skin and soft tissue infections, surgi-
cal and catheter infections, pneumonia, osteoarticu-
lar and bloodstream infections, and also for nosoco-
mial infections?3. The emergence of antibiotic resis-
tant strains of S. aureus with infection outbreaks
among hospitalized patients is a serious problem
worldwide*>. Staphylococcus aureus acquires me-
thicillin resistance by the acquisition of the mecA
gene that encodes a penicillin binding protein
(PBP2a) with a low affinity for beta-lactams, usually
carried on a larger piece of DNA called a staphylo-
coccal cassette chromosome (SCCmec)®. Methicillin
was introduced in Europe in 1959 and in the United
States in 1961, and the initial cases of MRSA were
reported in the United Kingdom in 1961, thereafter
followed by reports in the world’ that infections
caused by MRSA are increasing in both hospital
and community settings®. Consequently, there has
been considerable interest in discovering and devel-
oping new anti-MRSA agents for potential thera-
peutic application®. Recently, there has been consid-
erable interest in the use of plant materials as an al-
ternative method to control pathogenic microorgan-
isms and many compounds of plant products have
been shown to be specifically targeted against resis-
tant pathogenic bacteria®!°.

Alnus pendula belongs to Betulaceae and can
be used as a water-erosion-control plant!!. Alnus
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species grows well in Korea and the barks of
these species have been used in folk oriental
medicine as remedies for diarrhea, fever, alco-
holism and hemorrhage'>. Alnus species have
various biological properties including antioxida-
tive'®, anti-inflammatory'* and anti-influenza'®.
Compounds isolated from Alnus plants include
numerous diarylheptanoids along with triter-
penoids and several biological activities of the di-
arylheptanoids, which are characteristic compo-
nents of the Alnus species, were reported!>!316,
Diarylheptanoids have various biological proper-
ties including anticancer!’, anti-inflammatory!4,
anti-influenza' and antioxidative avtivity'®. In
the present study, the bark EtOH extract of Alnus
pendula showed strong antibacterial activity
against Methicillin-resistant Staphylococcus au-
reus (MRSA). The fractionation of the most ac-
tive extracts F-3 and F-4 led to the isolation of
oregonin and hirsutanone (Figure 1). These com-
pounds were thereafter tested for their potential
antimicrobial activity against two strains of
Staphylococcus aureus and 16 other clinical iso-
lates from the Wonkwang University Hospital.
This study shows the isolation and antimicrobial
activity of active compounds from the bark of Al-
nus pendula against MRSA.

Materials and Methods

Isolation of Compounds from
Alnus pendula bark by EtOH Extraction
The dried and powdered bark (300 g) of Alnus
pendula was extracted using 80% edible EtOH at
room temperature for 3 days. After removing edi-
ble EtOH, the aqueous solution (46.73 g) and
non-aqueous solution (28.65 g) was filtered. The
filtrate (46.73 g) was concentrated and then ap-
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Figure 1. The chemical structure of oregonin (ORE) and

Hirsutenone
hirsutenone (HIR).
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plied to a column of Sephadex LH-20 (10-25 um,
GE Healthcare Bio-Science AB, Uppsala, Swe-
den) containing increasing proportion of MeOH
(80—100%) giving 4 fractions (F-1, F-2, F-3 and
F-4) after elution. Elution of F-3 containing an
increasing proportion of MeOH (30—80%) af-
forded 3 fractions (F-3-1, F3-2, and F3-3). Re-
peated column chromatography of fraction F3-2
on the MCI-gel CHP 20P (75-150 pm, Mit-
subishi Chemical, Tokyo, Japan) with a gradient
solvent system of 30-100% MeOH led to com-
pound 1 (13.26 g).

The second fraction showing the highest ac-
tivity (F-4) was applied on reversed-phase medi-
um pressure liquid chromatography (MPLC) us-
ing Waters 650 system controller (Waters, Mil-
ford, MA, USA) equipped with a Gilson
110UV/VIS detector (Gilson Inc., Middleton,
WI, USA) carried out on Daisogel (SP-120-
40/60-ODS-B, Daiso Co. Ltd, Osaka, Japan)
MPLC with MeOH (80-100%). The process af-
forded 4 fractions (F4-1, F4-2, F4-3 and F4-4).
Repeated column chromatography of fraction
F4-3 on the MCI-gel CHP 20P with a gradient
solvent system of 80-100% MeOH yielded com-
pound 1 (2.74 g) and compound 2 (0.23 g). Fi-
nally, the Fraction 4-4 was applied to a column
filled with Sephadex LH-20 containing increas-
ing proportion of MeOH (80—100%) afforded
compound 2 (0.02 g).

The two compounds were thereafter structural-
ly elucidated using Nulcear Magnetic Resonance
spectroscopy (NMR).

Oregonin (compound 1), Brown amorphous
powder, Negative FAB-MS m/z: 477 [M-H], 'H-
NMR (600 MHz, DMSO-d+D,0): 6 6.74-6.71
(4H in total, H-27,2°¢,5",5”"), 6.53-6.50 (2H in to-
tal, m, H-6”,6’), 4.31 (1H, d, J =7.8 Hz, xyl-1),
4.14 (1H, m, H-5), 3.86 (1H, dd, /=114, 6.1 Hz
xyl-5e), 3.54 (1H, m, xyl-4), 2.83-2.52 (8H in to-
tal, H-1,2,4,7), 1.80-1.76 (2H in total, m, H-06),
BC-NMR (125 MHz, DMSO-d+D,0): 210.6 (C-
3), 144.0-145.9 (C-4’,47,3°,3"), 120.5-120.4 (C-
67,6’), 116.1-116.5 (C-2°,2”,5,5), 104.0 (xyl-
1), 76.1 (C-5), 70.8 (xyl-4), 66.6 (xyl-5e), 38.3
(C-6), 48.2-29.7 (C-1,2,4,7), 'H-NMR and *C-
NMR data!61929,

Hirsutenone (compound 2), Brown oil, Nega-
tive EI-MS m/z: 328 [M]*, 'H-NMR (Acetone-
d6, 300 MHz): 6 6.92-6.85 (1H in total, m, H-5),
6.78-6.74 (4H in total, m, H-2",2,5°,5”"), 6.57-
6.53 (2H in total, m, H-6°,6), 6.11 (1H, d, J =
16.0 Hz, H-4), 2.84-2.45 (8H in total, m, H-
1,2,6,7),"*C-NMR (125 MHz, DMSO-d(+D,0):
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210.3 (C-3), 147.5 (C-5), 143.9-145.6 (C-
4°.4”.3°.37), 120.3-120.2 (C-67,6"), 116.1-115.9
(C-2°,2,5",5""), 34 (C-6), 29.9-131.1 (C-
1,2,4,7), '"H-NMR and *C-NMR data'®!%%,

Bacterial Strains and Growth Conditions
Among the 16 S. aureus strains used in this
study, 14 clinical isolates (MRSA) were obtained
from 14 different patients at Wonkwang Univer-
sity Hospital (Iksan, South Korea). The other 2
strains were Staphylococcus aureus ATCC 33591
(methicillin-resistant strain) and Staphylococcus
aureus ATCC 25923 (methicillin-susceptible
strain). ATCC 25923 (American Type Culture
Collection, Manassas, VA, USA) and ATCC
33591 were commercially purchased. Before use,
all bacteria were stored in 30% glycerol and
frozen at —70°C. The bacteria were cultured in
Mueller-Hinton broth (MHB) and Mueller-Hin-
ton agar (MHA) (Difco Laboratories, Baltimore,
MD, USA). The bacteria were suspended in
MHB and then incubated at 37°C for 24 h.
MSSA and MRSA strains were selected as test
microorganisms because for 2 decades the thera-
peutics options have been very limited. In the
case of MRSA, it is resistant not only to -lac-
tams but to other types of antibiotics as well.

Determination of the MecA Gene

Detection of the mecA gene in the MRSA
strains was performed by PCR (Polymerase
chain reaction) amplification. Prior to the DNA
extraction, frozen bacteria were subcultured
twice on Muller Hinton agar plates (MHA
plates). For rapid extraction, one to five bacterial
colonies were suspended in 300 pl of cell lysis
buffer and heated at 100°C for 20 minutes. After
centrifugation at 12,000 RPM for 10 minutes, 2
ul of the supernatant was used for the DNA ex-
traction. PCR reactions were performed using a
MRSA Primer Mix Kit (Genotek Co, Daejeon).
The PCR amplification consisted of 30 cycles
(94°C, 60 sec; 55°C, 60 sec; 72°C, 60 sec). The
PCR products were electrophoresed on 2%
agarose gel and stained with ethidium bromide.
We have previously reported the sequences of
these primers?!.

Minimum Inhibitory Concentration (MIC)

The minimum inhibitory concentration (MIC)
was determined using the broth dilution method?".
Briefly, a preparation of the microorganisms inoc-
ula was done on 24 h broth cultures and the sus-
pensions were adjusted to a 0.5 McFarland stan-

dard turbidity (approximately 10® CFU/ml). Final
inoculums were adjusted to the 10* CFU/ml. The
MHB was supplemented with serial ampicillin
and Alnus pendula bark EtOH extract and frac-
tions (F-1, F-2, F-3 and F-4), ORE and HIR con-
centrations. The MIC was defined as the lowest
concentration in which there is no visible growth
after 24 h of incubation at 37°C.

Measurement of Bacterial Growth

The test strains were grown in MHB at 37°C.
Overnight cultures were diluted with MHB and
the bacteria [approximately 1 x 10° CFU (colony
forming unit)] were grown at 37°C in 1 ml of the
fresh MHB, to which was added 2 MIC, MIC
and 1/2 MIC of HIR. The bacterial growth was
determined by measuring optical density after 24
h (up to 20 h) at 600 nm using spectrophotometer
(OD 600,,). The inhibition of bacterial growth
was indicated by the decreases in OD600,,,,.
0D600,,, of 1.5 corresponds to approximately
102 CFU/ml of medium and OD600,,, of 0 to
0.35 corresponds to no growth. The numbers of
viable cells were determined on an antibiotic-free
MHA plate after 24 h incubation. Colony counts
were performed on plates, yielding 30-300
colonies. The bacterial growth inhibition experi-
ments were performed at least thrice for confir-
mation of the result; the data presented are mean
+ standard deviation?.

Statistical Analysis

All the experiments were performed in tripli-
cates. The MIC data for each microorganism
were analyzed using one-way analysis of vari-
ance (ANOVA) and differences among group
means were analyzed using the Dunnett’s multi-
ple comparisons test. p value < 0.05 was consid-
ered as significant®.

Results

Antimicrobial Susceptibility

The aim of present study was to evaluate the
antibacterial effects of Alnus pendula bark EtOH
extracts against the MSSA and MRSA strains.
Alnus pendula EtOH extracts as shown in Table I
has a MIC ranging from 125 to 250 ug/ml. The
Alnus pendula EtOH bark extract were then frac-
tioned into fractions (F-1, -2, -3 and -4). The ex-
tracts along with ampicillin were used for MIC
determination using the microdilution broth
method. The results were recorded as MIC in
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Table I. The minimum inhibitory concentrations (MIC)s of
Alnus pendula EtOH extract (AJM) and ampicillin (AMP)
against S. aureus strains.

MIC (pg/ml)
Strain AIM AMP
S. aureus ATCC 25923 (MSSA) 125 0.12
S. aureus ATCC 33591 (MRSA) 250 125
Clinical isolates
DPS 1 (MRSA)? 250 125
DPS 2 (MRSA) 250 125

“DPS: indicates staphylococcal strains from the Department
of Plastic Surgery, Wonkwang University Hospital.

Table II. Among these fractions, F-3 and F-4 pre-
sent the best antibacterial effects for the all
strains of Staphylococcus aureus (Table II). This
is an encouraging result in regards to the ability
of MRSA to be resistant to most antibiotics. The
two fractions (F-3, -4) subsequently led to the
isolation of oregonin (ORE) and hirsutanone
(HIR) illustrated in Figure 1. The ORE and HIR
compounds were later tested against different
strains of S. aureus as shown in Table III. From
the fraction (F-3 and -4), ORE and HIR appear to
be the sole isolated compounds showing antibac-
terial activity with MICs ranging from 31.25 to
125 pg/ml.

Effects of Hirsutanone (HIR] on
Bacterial Growth

HIR greatly decreased the growth rate of
ATCC 33591 (MRSA), ATCC 25923 (MSSA)
and 1 strain of clinical isolates (DPS-1). Figure
2 shows that 1/2 MIC had weak effect on the
growth rate but that the simultaneous addition
of MIC and 2 MIC of HIR completely inhibited

the growth of ATCC 25923 (MSSA), ATCC
33591 (MRSA) and DPS-1. HIR decreased the
growth rate in all strains of MRSA examined.
This clearly demonstrates that MRSA can be
completely inhibited at MIC and 2 MIC by
HIR.

Discussion

Methicillin-resistant Staphylococcus aureus
(MRSA) is an increasing problem in human
medicine that may have catastrophic effects.
Therefore, there is an urgent need to develop
new drugs. Recently, there has been consider-
able interest in the use of plant materials as an
alternative method to control pathogenic mi-
croorganisms®!®. Here, we tested antibacterial
activity of Alnus Pendula against MSSA, MR-
SA and 14 of clinical bacteria. The bark of Al-
nus Pendula has never been tested for antimi-
crobial activity against MRSA. Its EtOH ex-
tracts as shown in Table I has a MIC ranging
from 125 to 250 pg/ml. The Alnus Pendula
EtOH bark extract were then fractioned into
fractions (F-1, F-2, F-3 and -4). Among these
fractions, F-3 and F-4 present the best antibac-
terial effects for the all strains of MRSA. This is
an encouraging result in regards to the ability of
MRSA to be resistant to most antibiotics. The
two fractions (F-3, -4) subsequently led to the
isolation of ORE and HIR illustrated in Figure
1. The ORE and HIR compounds were later
tested against different strains of MRSA as
shown in Table III. From the fraction (F-3 and -
4), ORE and HIR appear to be the sole isolated
compounds showing antibacterial activity with
MICs ranging from 31.25 to 125 pg/ml. This
shows HIR as a more potent antimicrobial than

Table Il. Antimicrobial activity of Alnus pendula EtOH extract and fractions -1 (F-1), fractions -2 (F-2), fractions -3 (F-3),

fractions -4 (F-4) and ampicillin (AMP) against S. aureus strains.

MIC (pg/ml)
Strain F-1 F-2 F-3 F-4 AMP
S. aureus ATCC 25923 (MSSA) 2000 500 250 125 0.12
S. aureus ATCC 33591 (MRSA) 2000 500 250 125 125
Clinical isolates
DPS 1 (MRSA)? > 2000 500 250 250 125
DPS 2 (MRSA) > 2000 500 250 250 125

2DPS: indicates staphylococcal strains from the Department of Plastic Surgery, Wonkwang University Hospital.
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Table IllI. Antimicrobial activity of oregonin (ORE), hirsutanone (HIR) isolated from Alnus pendula EtOH extract and ampi-

cillin (AMP) against S. aureus strain.

MIC (pg/ml)

Strain mecA gene ORE HIR AMP
S.aureus ATCC 25923 (MSSA) - 250 62.5 0.12
S.aureus ATCC 33591 (MRSA) + 250 62.5 125
Clinical isolates
DPS 1 (MRSA)? + 250 125 125
DPS 2 (MRSA) + 250 62.5 125
DPS 3 (MRSA) + 125 62.5 250
DPS 4 (MRSA) + 125 62.5 125
DPS 5 (MRSA) + 125 125 62.5
DPS 6 (MRSA) + 62.5 62.5 62.5
DPS 7 (MRSA) + 62.5 62.5 31.25
DPS 8 (MRSA) + 62.5 31.25 31.25
DPS 9 (MRSA) + 62.5 31.25 31.25
DPS 10 (MRSA) + 62.5 31.25 31.25
DPS 11 (MRSA) + 62.5 31.25 31.25
DPS 12 (MRSA) + 125 125 31.25
DPS 13 (MRSA) + 62.5 62.5 31.25
DPS 14 (MRSA) + 62.5 62.5 31.25

2DPS: indicates staphylococcal strains from the Department of Plastic Surgery, Wonkwang University Hospital.

ORE and thus the most active compound by its
complete inhibition of the growth of all the test
microorganisms. HIR greatly decreased the
growth rate of ATCC 33591 (MRSA), ATCC
25923 (MSSA) and 1 strain of clinical isolates
(DPS-1). Figure 2 shows that 1/2 MIC had weak
effect on the growth rate but that the simultane-
ous addition of MIC and 2 MIC of HIR com-
pletely inhibited the growth of ATCC 25923
(MSSA), ATCC 33591 (MRSA) and DPS-1.
HIR decreased the growth rate in all strains of
MRSA examined. This clearly demonstrates
that MRSA can be completely inhibited at MIC
and 2MC by HIR. Furthermore, biologically ac-
tive diarylheptanoids such as ORE and HIR are
isolated from Alnus spices!®*?* and Pinus flex-
ilis*. It has been shown that ORE and HIR have
antioxidant', anti-tumor?¢, anti-inflammatory
activities?’. This is the first study describing the
antibacterial activity of Alnus pendula bark
against MRSA. The results of the present inves-
tigation demonstrated that the EtOH extract of
Alnus pendula and its component, HIR and
ORE exert potent inhibitory effects on MRSA.
This compound also evidenced a significant in-
hibitory effect against MRSA. These results in-
dicate that HIR from Alnus pendula may be a
good candidate as an inhibitor of MRSA. While
the antimicrobial mechanism action is not yet
well understood, HIR appears to be a very good

natural product that can be used against multi
drug resistant bacteria in the likeness MRSA
awaiting further testing. Furthermore, we plan
to conduct additional researches into the mecha-
nisms underlying the inhibitory properties and
to study for in vivo activity, toxicity, and
bioavailability of this compound and EtOH ex-
tract of Alnus pendula bark.

Conclusions

Alnus Pendula bark EtOH extract has potent
antibacterial activity against MRSA. Because
Alnus Pendula has been used as a traditional
medicine in Korea, the EtOH extract of Alnus
Pendula bark as well as its active components
could have great potential for the MSSA and
MRSA. HIR and ORE markedly lowered the
MICs of ampicillin against the MSSA and MR-
SA. Namely, the results of this study are promis-
ing and may enhance the use of natural products
instead of antibiotics.
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Figure 2. Diversity of inhibition of growth by hirsutanone in S.aureus ATCC 25923 (A), S. aureus ATCC 33591 (B) and
DPS-1 (C). Bacteria were cultured at 37°C in MHB to which was added 1/2MIC, MIC and 2MIC of hirsutanone (HIR). The
bacterial growth was monitored with a spectrophotometer every hour for 24 hr. The control experiment was performed by us-
ing culture medium without hirsutanone. The results represent means of triplicate determinations undertaken on two separate
occasions.
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