Antimicrobial Substances from Rhizomes of the Giant Knotweed
Polygonum sachalinense against the Fish Pathogen
Photobacterium damselae subsp. piscicida

Hironori Kumagai?®, Yuji Kawai®", Ryo Sawano®, Hideyuki Kurihara?,
Koji Yamazaki®, and Norio Inoue?®

2 Graduate School of Fisheries Sciences, Hokkaido University, Hakodate,
Hokkaido 041-8611, Japan. Fax: +81-138-40-5573. E-mail: kawai@fish.hokudai.ac.jp
® Daiichi Pharmaceutical Co., Ltd., Chuo-ku, Tokyo 103-8234, Japan

* Author for correspondence and reprint requests
Z. Naturforsch. 60 ¢, 39—-44 (2005); received September 17/October 21, 2004

The antimicrobial compounds against the fish pathogen Photobacterium damselae subsp.
piscicida were isolated from Polygonum sachalinense rhizomes. The structures of the antimi-
crobial compounds 1 and 2 were determined by 'H and *C NMR, 2D-NMR (COSY, HSQC,
HMBC and ROESY) and FAB-MS to be phenylpropanoid glycosides, vanicoside A and B,
respectively. Both compounds have feruloyl and p-coumaroyl groups bonded to a sucrose
moiety in their structures. Vanicoside A also has an acetyl group in the sucrose moiety. The
MIC values for vanicoside A and B against Ph. damselae subsp. piscicida DPp-1 were 32 and
64 ug/ml, respectively. The antimicrobial activities of these vanicosides were modest, in con-
trast to higher activities (MICs at <4 ug/ml) of antibiotics, florphenicol, ampicillin and amoxi-
cillin, which have been generally used for treating pasteurellosis. The activities of the vanico-
sides, however, were higher than those (MICs at 256 ug/ml) of ferulic acid and p-coumaric
acid. It was suggested that the structure of phenylpropanoids esterified with sucrose was
essential for higher antimicrobial activity of vanicosides and also acetylation of sucrose might
affect the activity against the bacterium.
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Introduction

Giant (Sakhalin) knotweed Polygonum sachali-
nense F. Schmidt ex Maxim. (Polygonaceae) is a
herbaceous perennial plant. This plant is native to
the northern part of Japan and is widely distrib-
uted over the North American and European con-
tinents. The rhizomes of this plant have been used
as a herbal folk medicine for emmenagogue, hy-
dragogue and aperients in China and for analgesic
and haemostatic purposes in Japan, as has its
closely related species, Japanese knotweed Polygo-
num cuspidatum Siebold & Zucc. (Okuda, 1986;
Mizuno and Yoneda, 1995). In general, the Poly-
gonum species have many kinds of bioactive com-
ponents (Nonomura et al., 1963; Kudo et al., 1966;
Arichi et al., 1980; Kimura et al., 1983; Vastano
et al., 2000; Yan et al., 2001; Xiao et al., 2002). Kon-
stantinidou-Doltsinis and Schmitt (1998) reported
that extracts from P. sachalinense had a fungicidal
activity against the fungi that cause powdery mil-
dew in cucumber. Saito et al. (1997) also reported
that extracts from the leaves and rhizomes of

P, sachalinense showed antimicrobial activity
against several gram-positive and gram-negative
bacteria. Furthermore, P. sachalinense and P. cus-
pidatum have been used as edible plants, and their
younger stems have been eaten as a vegetable
(Okuda, 1986).

It also appeared that the extracts from this plant
had antimicrobial activity against the fish patho-
gen Photobacterium damselae subsp. piscicida
(Kawai et al., 2004; Kumagai et al., unpublished
data). This bacterium is a causative agent for pas-
teurellosis, and a wide variety of marine fish are
natural hosts of this pathogen. Pasteurellosis has
resulted in great economic loss in worldwide aqua-
culture (Magarifnos et al., 1996; Romalde, 2002).
Some vaccines against pasteurellosis have been
developed. Further research, however, has been
required to improve the efficacy and suitability of
the vaccines for aquaculture.

The ethyl acetate-soluble fraction of the metha-
nol extracts from this knotweed has a potential
inhibitory activity against Ph. damselae subsp. pis-
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cicida. In the present work, two antimicrobial
compounds in the P. sachalinense rhizomes were
determined.

Results and Discussion

Of all the fractions separated with solvents from
a methanol extract, the ethyl acetate-soluble frac-
tion was consistently separated by silica gel col-
umn chromatography and reversed phase-high
performance liquid chromatography (RP-HPLC).
Ultimately, compounds 1 and 2, which had inhibi-
tory activity against Ph. damselae subsp. piscicida
DPp-1, were isolated. From the data of positive
and negative FAB-MS, compound 1 showed m/z
998. HR-FAB-MS gave a [M]~ ion at m/z 998.2899
(calculated m/z 998.2844 for Cs;Hs,0,;) and a
[M+Na]~ ion at m/z 1021.2737 (calculated m/z
1021.2742 for C5;Hs57O,Na). The UV spectrum of
compound 1 had absorption maxima [A.x (€)] in
methanol at 200 (1.16 x 10°), 230 sh (1.47 x 10%),
298 sh (2.31 x 10%) and 316 nm (2.78 x 10%).

The 'H and '*C 1D-NMR and 2D-NMR
(COSY, HSQC, HMBC and ROESY) spectra of
compound 1 suggested the presence of one fe-
ruloyl and three p-coumaroyl moieties in its struc-
ture. The anomeric proton signals at 6 5.704 and
0 5.561 in the 'H NMR spectrum (Table I) sug-
gested disaccharide moieties, a-glucose and fruc-
tose, respectively. The *C NMR signals appearing
from 6 65 to 6 80 were derived from the sucrose
moiety. The aromatic and olefinic signals derived
from the p-coumaroyl and feruloyl moieties ap-
peared between 0 110 and 6 160. The proton signal
at 0 2.098 and the carbon signals at ¢ 172.46 and
0 21.07 were assigned to the acetyl group. The pro-
ton singlet signal at 6 3.850 should indicate a me-
thoxyl moiety of the feruloyl group. Other 'H and
13C NMR signals were assigned from the results
of the 2D-NMR data. According to these analyses,
compound 1 was identified as vanicoside A
(Fig. 1) (Zimmermann and Sneden, 1994).

The UV spectrum of compound 2 showed signals
[Amax (€)] in methanol at 201 (2.87 x 10°), 229 sh
(1.82x10%), 298 sh (2.66x10*) and 315.5nm
(3.17 x 10%). From the data of positive and nega-
tive FAB-MS, the molecular weight of compound
2 was determined to be 956. HR-FAB-MS of com-
pound 2 gave a [M+H]~ ion at m/z 957.2828 (cal-
culated m/z 957.2817 for C4Hu30,0+H) and a
[M+Na]~ ion at m/z 979.2637 (calculated 979.2636
for C49H430,0Na), which indicate a molecular for-

R: -H : Vanicoside B
-COCH3 : Vanicoside A

Fig. 1. Chemical structures of vanicoside A and B iso-
lated from P. sachalinense rhizomes. The specific frag-
ment with m/z 601 in FAB-MS is shown by an arrow.

mula of C4H43055 The 'H NMR (Table 1) and
COSY spectra of compound 2 were almost the
same as those of compound 1, vanicoside A. How-
ever, compound 2 lacked signals of the acetyl
group. Consequently compound 2 was identified
as vanicoside B (Fig. 1) (Zimmermann and Sne-
den, 1994). Both compounds have one feruloyl
and three p-coumaroyl groups bonded to a sucrose
moiety in their structures. Vanicoside A also has
an acetyl group in the sucrose moiety.

A fragmentation ion at m/z 601 was clearly ob-
served in the FAB-MS for compounds 1 and 2.
This fragmentation is assigned to the tris-p-cou-
maroylfructose moiety (Fig. 1). Both compounds
are pale brown powders and are insoluble in water
and hexane, moderately soluble in methanol and
ethyl acetate, and easily soluble in dimethylsulf-
oxide (DMSO).

The MIC values for vanicoside A and B were
32 ug/ml and 64 ug/ml against Ph. damselae subsp.
piscicida DPp-1, respectively. The antibacterial
activities of these vanicosides are modest, in con-
trast to higher activities (MICs at <4 ug/ml) of the
typical antibiotics florphenicol, ampicillin and
amoxicillin which have been generally used for
treating pasteurellosis. The activities of vanicoside
A and B, however, were greater than those of feru-
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Table 1. Assignments of 'H (400 MHz) and 3C NMR (100 MHz) data (multiplicity, J in Hz) of compounds 1 and

2 in CD;0D.
Compound 1 Compound 2

Position (3]_1 6C 6]_[ CSC
C
1’ 4.286 (m) 66.36 4.527 (m) 66.34

4.180 (m) - 4.527 (m) -
2 - 103.60 - 103.43
3 5.561 (d, 8.30) 79.44 5.640 (d, 8.30) 79.16
4’ 4.609 (m) 74.29 4.729 (t, 8.30) 74.07
5 4.185 (m) 81.05 4.220 (m) 81.03
6’ 4.523 (m) 65.48 4.566 (m) 65.51

4.523 (m) - 4.566 (m) -
2-OCOCH; 2.098 (s) 21.07 - -
2-OCOCH; - 172.46 - -
1 5.704 (d, 3.42) 90.64 5.562 (d, 3.42) 92.95
2 4.674 (m) 74.29 3.466 (dd, 9.77, 3.91) 72.95
3 3.889 (d, 9.77) 72.25 3.657 (t, 9.28) 75.01
4 3.398 (t, 9.28, 8.79) 72.11 3.309 (m) 72.29
5 4.237 (m) 72.36 4.527 (m) 72.45
6 4.680 (m) 65.40 4.718 (d, 9.28) 65.80

4.237 (m) - 4.220 (m) -
la - 127.11 - 127.79
2a 7.207 (s) 111.64 7.205 (d, 1.46) 111.59
3a - 149.30 - 149.35
4a - 150.58 - 150.61
Sa 6.759 (m) 116.80 6.755 (d, 8.30) 116.35
6a 7.026 (dd, 1.46, 0.98) 124.51 7.007 (dd, 8.30, 1.46) 124.56
7a 7.619 (d, 16.11) 147.22 7.618 (d, 15.63) 147.21
8a 6.461 (d, 16.11) 115.31 6.481 (d, 15.63) 115.42
9a - 169.17 - 169.31
OCH; 3.850 (s) 56.48 3.840 (s) 56.50
1b - 127.02 - 127.12
2b, 6b 7.417 (d, 8.79) 131.29 7.422 (d, 8.30) 131.32
3b, 5b 6.759 (m) 116.35 6.755 (d, 8.30) 116.84
4b - 161.35 or 161.23 - 161.35
7b 7.643 (d, 16.11) 147.22 7.658 (d, 16.11) 147.21
8b 6.340 (d, 15.63) 114.58 6.351 (d, 15.21) 114.78
9b - 168.33 - 168.53
1c - 127.02 - 127.12
2c, 6¢ 7.499 (d, 8.30) 131.57 7.486 (d, 8.30) 131.32
3¢, 5¢ 6.806 (d, 8.79) 116.85 6.795 (d, 8.30) 116.84
4c - 161.53 - 161.35
Tc 7.723 (d, 15.63) 148.03 7.716 (d, 16.11) 147.21
8c 6.473 (d, 16.11) 114.22 6.422 (d, 15.63) 114.41
9c - 168.33 - 168.53
1d - 127.14 - 127.12
2d, 6d 7.354 (d, 8.79) 131.22 7.340 (d, 8.79) 131.24
3d, 5d 6.759 (m) 116.83 6.764 (d, 8.30) 116.84
4d - 161.35 or 161.23 - 161.30
7d 7.558 (d, 16.11) 146.91 7.580 (d, 15.14) 146.86
8d 6.281 (d, 15.63) 114.83 6.268 (d, 16.11) 114.89
9d - 168.87 - 168.93

lic acid and p-coumaric acid comprised in the vani-
coside structure. Ferulic acid and p-coumaric acid
had MIC values at 256 ug/ml, and their mixture
(1:1 w/w) did not show higher inhibition (Table II).
This suggests that the esterified structure of phe-

nylpropanoids with sucrose is essential for higher
antimicrobial activity of vanicosides. Furthermore,
considering the difference between the MICs of
vanicoside A and B, the acetyl group in the
sucrose moiety seems to affect the antimicrobial
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Table II. MICs of vanicosides, their related phenylpropa-
noic acids and typical antibiotics against Ph. damselae
subsp. piscicida DPp-1.

Compound MIC [ug/ml (mm)]
Vanicoside A 32 (0.032)
Vanicoside B 64 (0.067)
Ferulic acid 256 (1.32)
p-Coumaric acid 256 (1.56)

Ferulic acid + p-coumaric acid 256 (0.66 + 0.78)*

(1:1 wiw)

Florphenicol <4 (<0.011)
Ampicillin <4 (<0.011)
Amoxicillin <4 (<0.011)

* The concentrations (mm) of ferulic acid and p-cou-
maric acid are expressed individually.

activity against this bacterium. We have confirmed
that the ethyl acetate-soluble fraction from rhi-
zome extracts of P. sachalinense dissipated the
membrane potential of Ph. damselae subsp. pisci-
cida cells (Kumagai et al., unpublished data). Fur-
ther research is required to elucidate the mode of
antimicrobial action of vanicoside A and B.

In plant metabolism, it has been known that
phenylpropanoid compounds and their glycosides
are produced by the shikimate pathway from phe-
nylalanine as a starting substance (Waterman and
Mole, 1994). Vanicoside A and B are known com-
pounds isolated from Polygonum pensylvanicum
(Zimmermann and Sneden, 1994). The phenylpro-
panoid glycosides such as vanicosides have been
found in many plants belonging to the families
Polygonaceae (P. pensylvanicum, P. perfoliatum,
P. lapathifolium) (Zimmermann and Sneden, 1994;
Brown et al., 1998; Sun et al., 2000), Rosaceae,
Brassicaceae, Bignoniaceae (Gafner et al., 1997),
Ballotaceae (Seidel et al., 1997) and Liliaceae (Shi-
momura et al., 1986; Shoyama et al., 1987). It has
been reported that vanicoside A and B showed
cytotoxicity against MCF cell-line and protein
kinase C inhibitory activity (Zimmermann and
Sneden, 1994; Sneden et al., 1995). Vanicoside B
and lapathoside A, a vanicoside-related substance,
from Polygonum lapathifolium showed significant
anti-tumor-promoting effects on mouse two-stage
skin carcinogenesis induced by 7,12-dimethylbenz-
anthracene (Takasaki et al., 2001). However, there
have been no reports on the antimicrobial activity
of vanicosides. The present report is the first on
vanicoside A and B from giant knotweed P. sacha-
linense and their inhibitory activity against Ph.
damselae subsp. piscicida.

Recently, it has been reported that the anti-
biotic-resistant Ph. damselae subsp. piscicida has
often appeared in many countries. In fact, pasteu-
rellosis has been a severe problem in aquaculture
in the Mediterranean area and Japan (Thyssen and
Ollevier, 2001; Bakopoulos et al., 1995; Romalde,
2002). Giant knotweed has been recognized as
noxious weeds spread to several countries because
it can propagate so vigorously that it can wipe out
native plant species (USDA, NRCS, 2004). Giant
knotweed P. sachalinense might have the potential
to be useful for restricting pasteurellosis and limit-
ing large economic losses in aquaculture, as the
extract has a considerable inhibitory activity
against Ph. damselae subsp. piscicida.

Experimental
General

UV spectra of constituents were measured in
methanol using an UV-VIS spectrophotometer
(U-2000, Hitachi, Tokyo, Japan). 'H and '3C and
2D-NMR (COSY, HMBC, HSQC, NOESY,
ROESY) spectra were recorded at 400 MHz (*H)
and 100 MHz (**C) in CD30D using a NMR spec-
trometer (ECP-400, JEOL, Tokyo, Japan) with
tetramethylsilane (TMS) as an internal standard.
Positive and negative FAB-MS spectra were ob-
tained using a mass spectrometer (JMS-HX110,
JEOL). Wako Gel C-100 (Wako Pure Chemical
Industries, Osaka, Japan) and a glass column
(23 x 2.1 cm i.d.) were used for silica gel column
chromatography with a hexane/ethyl acetate
solvent system. The HPLC system included a
HPLC pump (880-PU, JASCO, Tokyo, Japan)
equipped with an automated gradient controller
(880-02, JASCO), an UV/VIS detector (UV-970,
JASCO) and a LiChrosorb RP-18 (7 um) column
(250 x 25 mm 1i.d.; Merck, Darmstadt, Germany).
Elution was carried out by a linear gradient system
with methanol/water containing 5% acetic acid.
The methanol/water composition was initially 20%
methanol/5% acetic acid and changed to 95%
methanol/5% acetic acid for 40 min at 9.0 ml/min
of flow rate at room temperature. Elution was de-
tected by absorbance at 280 nm.

Plant material

The rhizomes of fresh giant knotweed P. sachali-
nense were collected in a suburb of Hakodate,
Hokkaido, Japan in June 1999, washed with tap
water, dried at room temperature and cut into



H. Kumagai et al. - Antimicrobial Phenylpropanoid Glycosides from P. sachalinense 43

small pieces. This plant is very common in Japan
and could be surely identified using a weed man-
ual (Numata et al., 1978).

Extraction and isolation

Briefly, the dried rhizome pieces (1.0 kg) were
soaked with a 20-fold volume of methanol for one
month to create an extract. The methanol extracts
were filtrated through a filter paper (No. 5A; Toyo
Roshi, Tokyo, Japan), and the solvent was re-
moved in vacuo using a rotary evaporator to yield
methanol extracts (34 g). The obtained methanol
extracts were resuspended in water and parti-
tioned in turn with an equal volume of four kinds
of organic solvents, i.e. hexane, chloroform, ethyl
acetate and 1-butanol. The separated fractions
were filtrated through a filter paper and evapo-
rated in vacuo to remove the solvent. In this work,
the ethyl acetate-soluble fraction was used to iso-
late antimicrobial substances because it showed
greater antimicrobial activity than the other frac-
tions (Kawai et al., 2004; Kumagai et al., unpub-
lished data).

The ethyl acetate-soluble fraction (3.4 g) was
further separated by silica gel column chromato-
graphy eluted with hexane/ethyl acetate mixtures.
Fraction No. 2 (826 mg) eluted with hexane/ethyl
acetate (15:85 v/v), which followed fraction No. 1
eluted with hexane/ethyl acetate (20:80 v/v), was
subjected to preparative RP-HPLC to obtain com-
pounds 1 (25 mg) and 2 (54 mg).

Antimicrobial assay of fractions separated
by chromatography

The fish pathogenic bacterium Ph. damselae
subsp. piscicida strain DPp-1, which had been iso-
lated from the kidneys of diseased fish as a viru-
lent strain, was used for the antimicrobial assay.
The strain was maintained on Brain Heart Infu-
sion (BHI) agar (Difco Laboratories, Detroit, M1,
USA) containing 2% NaCl at 25 °C and freshly
cultured in BHI broth (Difco) containing 2%
NaCl at 25 °C for 24 h before use. Bacterial cells
in the stationary phase were suspended in 2%
NaCl/BHI broth to a cell density of 1 x 10* cells/ml

and added to a 96-well microplate. The fractions
separated from the rhizomes were dissolved in
DMSO or methanol and added to the cell suspen-
sion in the well. After incubation for 48 h at 25 °C,
the absorbance at 655 nm was measured using a
microplate reader (model 550, Bio-Rad Labora-
tories, Hercules, CA, USA). The antimicrobial ac-
tivity was judged based on the inhibition of
growth.

Minimum inhibitory concentration (MIC)
of isolated substances

The determination procedure for MIC was
based on the broth microdilution method de-
scribed by the National Committee for Clinical
Laboratory Standards (NCCLS, 2002). Briefly, the
isolated substances dissolved in methanol were
added to cation-adjusted Mueller-Hinton broth
(Difco) containing 2% NaCl (CAMHB-2) at final
concentrations of 4 ug/ml to 256 ug/ml to prepare
the test broth. Stationary cells of Ph. damselae
subsp. piscicida precultured in Mueller-Hinton
broth (Difco) containing 2% NaCl (MH-2) were
suspended in CAMHB-2 to a cell density of
1 x 107 cells/ml. The prepared test broth (100 wl)
and the cell suspension (5 ul) were mixed in each
well of a 96-well microplate. After 16 h-incubation
at 25 °C, the MIC values were determined to be
the minimum concentrations that could inhibit
bacterial growth. It was confirmed that the metha-
nol and DMSO concentrations used in each ex-
periment did not affect bacterial growth. For com-
parison of the antimicrobial activity, MICs of
florphenicol, ampicillin and amoxicillin (Sigma
Chemical, St. Louis, MO, USA), as effective anti-
biotics, and p-coumaric acid (ICN Biochemicals,
Aurora, OH, USA) and ferulic acid (Sigma), as
phenylpropanoic acids were determined.
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