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Abstract: A hot water extract of Sasa veitchii is a health-promoting food in general use. To analyze the structure and
function of the polysaccharide fraction of the extract, a macromolecular fraction was obtained by dialysis (HMF) and two
polysaccharide fractions (NPS and APS) were separated by DEAE-Sephadex chromatography. HMF strongly reacted with
human sera and immunoglobulin preparations. All of the IgM, IgG, and IgA classes of antibodies were reacted with HMF.
Comparing the reactivity of NPS and APS, NPS showed significantly stronger reactivity to the sera. From
physicochemical analysis, their molecular weights are 20,000 and 8,000, respectively. Sugar analyses of the acid
hydrolysates indicated rhamnose, arabinose, xylose, mannose, glucose, and galactose in the molar ratio of 1.0 : 2.3 : 1.5 :
3.8:0.6:53forNPSand 1.0:3.0:2.6:0.8:6.3: 3.0 for APS, and suggested major differences in the ratio of hexoses.
APS also contained 2.6% galacturonic acid. Methylation analyses suggested that 1) both NPS and APS have a highly
branched structure, 2) only NPS contains galactofuranose residue at the non-reducing terminal. Partial acid hydrolysis of
HMF and subsequent dialysis recovered a high molecular weight fraction, but the resulting product had significantly low
immunochemical reactivity. Considering the physicochemical and immunochemical analyses, the major epitope structure
of NPS was suggested to be galactofuranose residues. Immunochemical reactivity of the polysaccharide is a key
molecular mechanism for the health promoting activity of S. veitchii.
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INTRODUCTION

The subject of this article is the chemical as well as
immunochemical characterization of a hot water extract of
Sasa veitchii (Hoshis Striped Bamboo Extract, HSBE),
which has been used for more than forty years as a health-
promoting food in Japan. It is an industrial product, prepared
from bamboo leaves through a unique procedure, in which
the foliate substance is halfway decomposed through a
controlled treatment with hot water at 103°C. Some in vivo
pharmaceutical studies have shown various HSBE effects.
We previously reported its anti-tumor effect in in vivo
experiments of a high molecular weight fraction containing
polysaccharides of HSBE [1]. The polysaccharide fraction
also enhanced the activities of primary host defense against
microbial infection [2]. Oral administration of HSBE
exhibited anti-ulcer effects [3-5]. Histochemical studies on
gastric ulcers suggested that a membrane-stabilizing effect of
HSBE might be responsible for the prevention of gastric
lesions [4]. We have recently reported that edema caused by
inflammatory mediators such as carrageenan, serotonin and
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prostaglandin E, was suppressed by the oral administration
of HSBE [6]. It was found in those experiments that HSBE
reduced inflammatory cytokines such as interleukin-6 and
tumor necrosis factor-a. Leaf extracts of genus Sasa spp.
have also been reported to show various biological activities,
such as antibacterial, antiviral, and antioxidative effects
[7,8]. It has been shown that lower molecular weight
substances such as tricin in genus Sasa extract exhibited
anti-human cytomegalovirus activity [9].

Polysaccharides in the extract might have an effect on the
host-immune system; however, the molecular entity remains
unclear. In the present study, we prepared a high molecular
fraction (HMF) by dialysis of HSBE and neutral
polysaccharide (NPS) and acidic polysaccharide (APS)
fractions by ion-exchange chromatography of HMF. To
clarify the structure-activity relationship of NPS and APS,
the structures of these polysaccharides were analyzed by
chemical methodologies such as determination of sugar
constituents by gas chromatography and linkage of sugar
residues by methylation analysis. In addition, immunological
activities such as reactivity with human sera and gamma-
globulin preparation were examined by ELISA, and the
antigenic features were analyzed with monoclonal antibodies
against plant polysaccharides. On the basis of the evidence
obtained here, possible molecular structures have been
proposed for NPS and APS.
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MATERIALS AND METHODS
HSBE

(Hoshi Kumazasa Bamboo Extract) was supplied by
Hoshi Pharmaceutical Co., Ltd. (Tokyo, Japan). HSBE has
been used as a herbal medicine derived from the leaves of a
particular type of bamboo, Sasa veitchii, in which the foliate
substance is halfway decomposed through controlled
treatment with hot water at 103°C. The product is presently
sold as a supplement. HSBE is a dark-brown syrup
containing 50% water with a unique flavor and bitter taste,
and is weakly acidic (pH4-5).

Enzyme Treatment

An HMF was prepared by dialysis of HSBE. An aliquot
of HMF solution was treated with ribonuclease at 37°C for
48 h, and then protease at 45°C for 48 h. After the treatment,
the enzyme reaction was terminated by heating. After
extensive dialysis, the non-dialyzable fraction was
designated as the polysaccharide fraction, PSF (yield, 6.1 g
from 248 g of HSBE).

Preparation of NPS and APS

An aliquot of PSF was applied to a DEAE Sephadex A-
25 column, and eluted with 450 ml of 10 mM phosphate
buffer (pH 6.0) followed by a 600 ml linear NaCl gradient (0
to 1 M). The neutral polysaccharide fraction appeared as a
single sharp peak in fraction 9, while acidic polysaccharide
fractions were eluted as a sharp peak in fraction 93, a smaller
peak in 103, and several even smaller peaks. The peak
fractions of 9, 93, and 103 appeared in every case
irrespective of the growing districts of the bamboo and of
their harvesting seasons. We recovered two polysaccharide
fractions from the main peak fractions 9 and 93, named NPS
and APS, respectively. Yields of NPS and APS were 0.10 g
and 0.076 g from 0.84 g PSF. For immunochemical
examinations, NPS and APS were prepared directly from
HMF.

Preparation of CSBG

CSBG is a beta-glucan having B-1,3 and B-1,6 glucosidic
linkages (solubilized candida cell wall beta-glucan). It was
prepared according to the method described by Uchiyama
and others [10].

Determination of Molecular Weights

First, 10-30 mg NPS or APS was dissolved in 1 mL of
0.1 N NaOH, centrifuged (4000 rpm, 10 min) if necessary,
and the solution was applied to a Sepharose CL-6B column.
The molecular weight was determined by the use of standard
dextrans with known molecular weights of 12,000,
50,000,and 150,000.

Analysis of Neutral Sugars

The polysaccharide fraction (5 mg) was hydrolyzed using
2 M trifluoroacetic acid for 4 h at 100°C. The hydrolyzate
was evaporated to dryness, converted to the corresponding
alditol acetate [11], and subsequently analyzed by gas
chromatography (GC) using a TC-1701 column from GL
Science (60 m x 0.25 mm, 220°C, carrier gas N,).
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Analysis for Uronic Acid

APS (20 mg) was hydrolyzed with 0.5 M sulfuric acid for
14 h at 100°C, and the hydrolyzate was neutralized with
barium carbonate and filtered. The filtrate was passed
through a small Dowex-1 column (acetate form). The acidic
sugar eluted from the column with 6 M acetic acid was
identified by GC according to the method of Perry and
Hulyalkar [12]. The content of uronic acid was measured by
the method of Blumenkrants and Asboe-Hansen [13]. GC
was carried out on a HITACHI GC-3000 gas chromatograph
equipped with a hydrogen flame ionization detector. GC-
mass spectrometry (MS) analysis was carried out on a Jeol
JMS 700 mass spectrometer (EI mode, 70 eV), using an
Aglient Technologies 19091J-413 HP-5 capillary column (30
m x 0.320 mm).

Methylation of Polysaccharide Fractions

NPS was methylated twice by Hakomori’s method [14].
APS was reduced twice by sodium borodeuteride with the
aid of carbodiimide reagent [15], and the resulting neutral
polysaccharide was methylated twice by Hakomori’s method
[14]. After being hydrolyzed, reduced, and acetylated using
the method of Lindberg [11], the partially methylated alditol
acetates were analyzed by GC-MS. For GC, a Varian CP-Sil
5CB column (50 m x 0.25 mm, 200°C, carrier gas He) was
used. The molar ratio of partially methylated alditol acetates
was calculated from GC peak areas by the method of Sweet
etal. [16-18].

ELISA of Anti-NPS and Anti-APS Antibodies

A 96-well plate (Sumiron MS-8596F; Sumitomo Bakelite
Co., Tokyo, Japan) was coated with a antigen candidate
(12.5 pg/mL) and the titer was examined with human sera or
an immunoglobulin preparation (dilution: 0, 104, 5x103, 103,
5x10%). As the secondary antibody, anti-human IgG+M+A,
IgG, IgM, or IgA was used. Relative amounts of titers of
NPS and APS were determined by the use of CSBG as a
standard antigen.

RESULTS
Immunochemical Characteristics of HMF

To demonstrate the biological importance of the
polysaccharide fraction of Sasa veitchii, the HMF was
prepared by dialysis of the hot water extract of S. veitchii,
HSBE. To test the immunochemical reactivity, an aqueous
solution of HMF coated on an ELISA plate was reacted with
human sera and detected with antibodies against human IgM,
IgG, and IgA. Fungal beta-glucan, CSBG, was used as a
reference substance. As shown in Fig. (1), both HMF and
CSBG strongly reacted with human sera. Comparing the
reactivity between HMF and CSBG, the relative titer to each
antibody was different as follows: HMF reacted stronger
with the IgM class antibody and CSBG reacted stronger with
IgG and IgA antibodies. Because of the general
understanding that polysaccharides produce the IgM class
antibody easier than other classes, the polysaccharide
fraction in HMF might be immunochemically active. In
addition, from the viewpoint of class switching of
immunoglobulin, regulation of HMF might be different from
that of CSBG.
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Fig. (1). Reactivity of human sera to HMF. ELISA plate was coated with HMF or CSBG. After blocking non-specific binding sites, diluted
sera was added to each well, and then the bound antibody was detected by anti-human IgM, 1gG, or IgA.

Preparation of Polysaccharide Fractions

To prepare the PSF, HMF was treated with enzymes to
remove nucleic acids and proteins. Chemical analysis of PSF
showed 2.6 % of N and 5.4 % of ash. To fractionate the PSF,
it was applied to a DEAE Sephadex A-25 column
equilibrated with 10mM phosphate buffer. After collecting
the pass-through fraction (NPS), the column was eluted with
a linear NaCl gradient (0 to 1 M) in 10mM phosphate buffer.
The elution profile is shown in Fig. (2). It was evident that
HMF contained both neutral and acidic polysaccharides.
Repeated experiments using various lots of HSBE showed
similar elution profiles; therefore, we recovered two
polysaccharide fractions from the neutral and acidic fractions
and named them NPS and APS, respectively.
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Fig. (2). A representative elution profile of PSF from a DEAE-
Sephadex A-25 column equilibrated with 10mM phosphate buffer.
See Materials and methods for experimental details. NPS and APS
were prepared from the pass-through and adsorbed fraction,
respectively.

Aliquots of NPS or APS were dissolved in 0.1 N NaOH
and applied to a Sepharose CL-6B column. The molecular
weight was assessed using standard dextrans with known
molecular weights of 12,000, 50,000, and 150,000. A typical
elusion pattern is shown in Fig. (3). Both NPS and APS
showed symmetrical elution profiles and the average
molecular weight of NPS was assessed to be 2.0 x 10* and
APS to be 0.8 x 10",
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Fig. (3). A representative elution profile of NPS and APS from a

Sepharose CL-6B column. See Materials and methods for

experimental details. Elution pattern of blue dextran and the

regression curve of the estimated molecular weight prepared from

the standard dextrans are also shown.

Chemical Characterization of NPS and APS

Component sugars of NPS and APS were analyzed by
alditol acetate derivatives after complete acid hydrolysis and
were demonstrated to be rhamnose, arabinose, xylose,
mannose, glucose, and galactose in the molar ratio of 1.0 :
23:15:3.8:0.6:53forNPSand1.0:3.0:2.6:0.8:6.3
: 3.0 for APS. APS also contained 2.6 % of uronic acid,
which was identified to be galacturonic acid by GC. The
results were analyzed from the total carbohydrate content,
i.e., the ratio of each component sugar was calculated from
the total number as summarized in Fig. (4). Comparing NPS
and APS, the ratio of pentoses (rha/ara/xyl) was similar, but
that of hexoses (man/glc/gal) was significantly different, i.e.,
major hexoses in NPS were mannose and galactose, and
those in APS were galactose and glucose, respectively.

Linkage of sugar residues was characterized by
methylation analysis (Table 1). For NPS, the rate of non-
reducing terminal residues (the sum of trimethyl Ara, Xyl,
and Rha, and tetramethyl Glc, Man, and Gal) in Table 1 to
total residues was 32%, whereas the rate of the branching
point was 21%. Since methylation analysis of a
polysaccharide should give an equimolecular amount of
methylsugars derived from branched and terminal residues, it
was concluded that about 10% (32%-21%) of the branched
residues in NPS escaped methylation analysis. For APS,
about 30% of branched residues seemed to resist
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Table 1. Methylation analysis of NPS and APS
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residues NPS APS
2,3,4-Me3 Rha 0.58
2,3,5-Me3Ara 2.8 13
2,5-Me, Ara 0.35 0.46
2,3-Me, Ara 11 0.88
2,3,4-Me3XyI and/or Ara 0.29 0.67
2,3-Me, Xyl 1 2
2-Me Xyl 0.81
2,3,6-Me, Glc 17 0.49
2,3-Me, Glc 0.8 1.7
2,34,6-Me, Glc and/or Man 3.9
2,3,5,6-Me4 Gal 12
2,3,4,6-Me4 Gal 1 1
2,3,6-Me3 Gal 0.45
2,4,6-Me3 Gal 0.47
2,3,4-Me3 Gal 1.3
3,4-Me, Glc and/or Gal 1.7
2,4-Me, Glc and/or Gal 13
2,3,4-Me3 Man 1.9 1.4
2,3,4,6-Me4 Glc and/or Man 2.3
3,4,6-Me3 Man 13
3,6-Me2 Man 1.2
2,3-Me2 Man 0.61

methylation,. The results of methylation analyses showed
that both NPS and APS might be highly branched (Table 2).
From these findings, the tentative structures of NPS and APS
are proposed in Fig. (5).

Table2. Comparison of architecture of NPS and APS as
revealed from methylation analyses
Molar ratio calculated from the data in
Table 1 (%)
Residues of NPS APS
Non-reducing terminal 8.2(32) 6.9 (33)
Linear 9.6 (37) 6.9 (33)
Branching point 5.6 (21) 0.8(4)
In Core (not detected) 2.6 (11) 6.1(29)

Immunochemical Characterization of NPS and APS

As shown in Fig. (1), HMF reacted with antibodies in
human sera, and all the classes of IgM, 1gG, and IgA were
included. The high titer of IgM suggested that the
polysaccharide component is at least in part the major
antigen. To confirm the contribution of the polysaccharide
part as an antigen, the reactivity of HMF, NPS, and APS to
human sera was compared. All these antigens were coated on
ELISA plates and the reactivity was compared by adding
serially diluted sera and was detected by anti-human IgM,
anti-human IgG, and anti-human IgA. As shown in Fig. (6a,
6b, and 6¢), human sera reacted with both NPS and APS, but
the reactivity was significantly high in NPS detected with all
three classes of IgM, IgG, and IgA.

A similar experiment was performed using a gamma-
globulin preparation for clinical use (IV1g) and human sera
from 20 volunteers. The results of 1VIg were quite similar
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Fig. (6d). Fig. (7) shows the reactivity of sera from
individuals, and it was found that all the sera reacted with
HMF, NPS, and APS, but the titer was significantly
different.
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Fig. (4). Rate of component sugars in NPS and APS, calculated
from GC analysis of alditol acetate derivatives.

To characterize the immunochemical properties more
precisely, the reactivity was demonstrated by a competitive
ELISA assay using HMF, NPS, and APS as soluble antigens

(Fig. 8).
Using an HMF-coated plate with anti-lgG antibody,
HMF and NPS inhibited the reaction almost equally, and
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APS showed only slight inhibition. Similar results were
obtained using an NPS-coated plate. With an APS-coated
plate, 1) reactivity to the sera was low, as assessed by the
maximum absorbance, 2) the inhibitory activity of NPS was
also high, whereas 3) the activity of APS was low. From
these findings, APS might have weak antigenicity. In
addition, the inhibition rate of APS, detected by anti-human
1gG was significantly low compared with that by anti-human
IgM. Overall, NPS is suggested to be the major antigenic
substance in the extract. In addition, the antigenic substance
of APS reacted only with the IgM class antibody, suggesting
that the epitope of NPS and APS would be partly different.

In the previous section, it was evident that the major
difference in the structure of NPS and APS is the component
of hexoses, i.e., mannose is dominant in NPS and glucose in
APS. Galactose is also rich in NPS. Configuration of these
residues was not determined in this study; however, in the
preliminary study, reactivity of HMF was tested against
various plant lectins, i.e., HMF bound to PSA (from Pisum
sativum), LCA (from Lens culinaris), Calsepa (from
Calystegia sepium), and GSL-I-B4 (from Griffonia

simplicifolia). PSA, LCA, and Calsepa, all recognized alpha-
linked mannose, and GSL-I-B4 recognized alpha-linked
galactose, suggesting that Man and Gal residues in HMF
have an alpha configuration.

Fig. (5). Proposed architecture of NPS and APS. Each symbol represents a sugar residue, and the name of the sugar is given on the left side.
The "core" is the portion which could not be methylated by the Hakomori method.
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Fig. (6). Reactivity of human sera and immunoglobulin preparation to HMF, NPS, and APS. Reactivity to human sera was detected by anti-
human IgM (a), 1gG (b), and IgA (c) antibody. Reactivity to immunoglobulin preparation was detected by anti-human 1gG antibody (d).
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Fig. (7). Anti-HMF, NPS, and APS reactivity of sera from volunteers. Reactivity to human sera was detected by anti-human IgM (a), 1gG

(b), and 1gA (c) antibodies.

Further Immunological Characterization of NPS and
APS

To demonstrate the antigen structure, several standard
polysaccharide antigens and commercially available
monoclonal antibodies against plant polysaccharides were
analyzed. Figs. (9a and 9b) show the inhibition of antibody
binding to HMF, NPS, and APS by mannan (CAWS) and
xylan, respectively. It was clearly demonstrated that
commercially available xylan competed with HMF and NPS.
To further analyze the epitope structure, monoclonal
antibodies, CCRC-M133 and CCRC-M138, were applied.
Epitopes of M133 and M138 were arabinogalactan and
xylan, respectively. In the preliminary investigation, M133
did not react with HMF at all (data not shown). Fig. (9c)
shows the competition of M138 to HMF with several
fractions. Reactivity of M138 most strongly competed with
commercial xylan. In addition, all the fractions of HMF,
NPS, and APS competed with the antibody binding. These
findings strongly suggested that xylan moiety, at least in
part, showed antigenicity.

In the results of methylation analysis, it was evident that
a large proportion of arabinofuranose residue, 2,3,5-Me; Ara
and 2,5-Me, Ara, and galactofuranose residue, 2,3,5,6-Mey
Gal, was present in NPS, especially on the non-reducing
terminus (Table 1). To demonstrate the contribution of
furanose residues on antigenicity, mild acid hydrolysis was
performed on HMF and the immunoreactivity was
compared. As shown in Fig. (10), the resulting substance lost
significant antigenicity both to HMF and NPS. Comparing
the composition of furanose residues in NPS and APS,
galactose residue is present only in NPS. From these
findings, galactofuranose might be the major epitope of NPS.

DISCUSSION

Illness types change due to the development of society,
i.e., increased risk of new infectious diseases due to people
traveling all over the world, changing eating habits from
traditional Japanese to western style increases the risk for
metabolic syndrome, and the development of new medicines
for various diseases increases the mean lifespan, resulting in
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an older society. Herbal medicine has long been clinically
applied throughout the world for the treatment of various
illnesses. In addition, combination use of western modern
medical treatment and traditional herbal medicine has
recently been emphasized for the treatment of chronic
intractable diseases.

The function of polysaccharide components in medicinal
plants has been extensively investigated all over the world
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and evidence has suggested their pharmacological
importance. For example, anti-ulcer polysaccharides have
been characterized from various plants, such as Panax
ginseng, Bupleurum falcatum, Maytenus ilicifolia, Lycium
barbarum, and Decalepis hamiltonii. Sakurai et al. precisely
characterized the polysaccharides from B. falcatum and
suggested the distribution of these polysaccharides in the
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Fig. (8). Assessment of the specificity of immunoreactivity by adding soluble antigen. Each ELISA plate was coated with HMF (a, d, g), NPS
(b, e, h), and APS (c, f, i), respectively. Immunoglobulin (a, b, ¢) or human sera (d, e, f, g, h, i) was added to each well in the presence or
absence of various concentrations of soluble HMF, NPS, or APS, and detected with anti-human I1gG (a, b, ¢, d, e, f) or IgM (g, h, i).
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Fig. (9). Examination of antigenic specificity of HMF, NPS, and APS assessed by mannan (a) or xylan (b, c). ELISA plate was coated with
HMPF, NPS, or APS, and human sera added in the presence or absence of mannan (a, CAWS) or xylan (b), and binding of human sera to the
ELISA plate was detected by human anti-lgG. ELISA plate was coated with xylan, and monoclonal anti-xylan antibody and CCRC M138
were added in the presence or absence of HMF, NPS, APS, or xylan, and detected with anti-mouse 1gG.
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Fig. (10). Characterization of the major epitope of HMF by mild acid hydrolysis. ELISA plate was coated with HMF(a) or NPS(b) and
human sera added in the presence or absence of HMF, NPS, or partially acid hydrolyzed HMF (H-HMF), and detected by anti-human IgG.

liver and Peyer’s patch by oral administration [19]. Srikanta
characterized the molecular mechanisms of D. hamiltonii
due to the combination of free radical scavenging,
antioxidants, anti-H pylori, inhibition of H+ and K+-ATPase
and gastric mucosal protective activities [20]. Currier et al.
reported that a neutral arabinogalactan from larch enhanced
the activity of immune cells, natural killer cells, as well as
hemopoietic cells in the bone marrow and spleen [21].

We have previously demonstrated that HSBE shows
various pharmacological activities, such as antitumor
activity, antimicrobial activity, antiulcer activity, and anti-
inflammatory activity. HSBE is the hot water extract of Sasa
and contains several chemical constituents having various
chemical structures. HSBE is now known to have two
polysaccharide fractions, NPS and APS, each of which has a
very complex chemical structure, and no unequivocal
chemical formula has been assigned. It has been established,
however, that they each have a very complicated hard core,
with a high number, and a great variety, of oligosaccharide
side chains (Fig. 5). Because of the variety of such side-
chains, HSBE can bind to many antibodies, lectins, and/or
antibodies to initiate many different immune reactions. This
reactivity may differ according to the individuality of the
patient, as may be suggested from our experimental results,
shown in Fig. (7) above. It may be suggested further that
such a core with many oligosaccharide side-chains might be
a protocol for herbal medicine that can initiate many
immunological reactions.
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