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from Aureobasidium, in Bone Marrow Cells of Male ICR Mice
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In this research the genotoxic effect of Polycan™ pB-glucans originated from Aureobasidium pullu-
lans SM-2001, was evaluated using the mouse micronucleus test. Polycan™ was administered once
a day for 2 days by oral gavage to male ICR mice at doses of 1000, 500 and 250 mg/kg. Cyclo-
phosphamide was used as a known genotoxic agent in a positive control group. The appearance of
a micronucleus is used as an index for genotoxic potential. The results obtained indicated that Poly-
can™ shows no genotoxicity effect up to 1000 mg/kg dosing levels. In addition, it is also considered
that there were no problems from cytotoxicity of Polycan™ tested in this study because the poly-
chromatic erythrocyte ratio was detected as > 0.47 in all tested groups.
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INTRODUCTION

B-Glucan is a fiber-type complex sugar (polysaccha-
ride) derived from the cell wall of baker’s yeast, oat and
barley fiber, and many medicinal mushrooms. The pri-
mary uses of B-glucan are to enhance the immune sys-
tem (Czop, 1986), lower blood cholesterol levels (Lia et
al., 1995) and to treat tumor (Gu et al.,, 2005). In addi-
tion, like other sources of soluble fiber, B-glucan is,
according to preliminary studies, helpful in reducing the
elevation in blood sugar levels that typically follow a
meal. It produces this effect by delaying gastric empty-
ing so that dietary sugar is absorbed more gradually, as
well as by possibly increasing the tissue sensitivity to
insulin. In turn, this will be helpful to control blood sugar
levels in peoples suffer from diabetes (Braaten et al.,
1994; Bourdon et al., 1999).

The preclinical safety tests for human trails of p-glu-
can have been studied in various types having different
origins, and there are no toxicological evidences and no
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drug-drug interactions (Chihara, 1983; Feletti et al.,
1992; Spicer et al., 1999; Delaney et al., 2003). There-
fore, it has been used as ingredients of food, cosmet-
ics and various types of drugs (Bais et al., 2005;
Douwes, 2005; Plat and Mensink, 2005). However, the
potential safety of B-glucan have still not been fully
understood because they showed somewnhat different
characteristics according to origin (Seo et al., 2002).

Bone marrow cytogenetics, micronucleus test is a
useful short-term technique for elucidating the mecha-
nism as well as to identify the substances for their clas-
togenic and anticlastogenic activity (Renner, 1990). In
Korea Food and Drug Administration (KFDA) guideline
(2005-60, 2005), the genotoxicity should be tested prior
to develop a new drug even though they have natural
origin. Most of the mixtures having natural origin, geno-
toxicity has been performed using in vivo like micronu-
cleus test (Kalantari et al., 2007).

Polycan™ is purified from Aureobasidium pullulans
SM-2001 (half of the dry material is -1,3/1,6-glucans), a
UV induced mutant of Aureobasidium pullulans and
they showed somewhat different characteristics from
other B-glucan derived from other origins (Seo et al.,
2002). Recently the anti-osteoporotic (Shin et al., 2007)
and anti-inflammatory (Kim et al., 2006, 2007) effects of
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Table 1. Experimental design used in this study

Group Dosing materials (route) No. of animals Animal No. Total dose (mg/kg)
GO* Distilled water (oral) G0-01~G0-06 0
G1** CPA (intraperitoneal) G1-01~G1-06 70
G2 Polycan™ (oral) G2-01~G2-06 1000
G3 Polycan™ (oral) G3-01~G3-06 500
G4 Polycan™ (oral) G4-01~G4-06 250

*Vehicle control; **Positive control; All test articles were taken once a day for coupled days; CPA, cyclophosphamide.

Polycan™ were at variance form the other purified f-
glucans. Although mouse single oral dose toxicity test
was performed (Lee et al., 2005), there are no geno-
toxic studies about Polycan™ even if they have some-
what different characteristics.

The objective of the present study, therefore, was to
obtain the genotoxic information about Polycan™, newly
purified B-glucan from Aureobasidium pullulans SM-
2001 and further clarify their safety for clinical use.

MATERIALS AND METHODS

Animals and husbandry. Thirty male ICR mice (6-
wk old upon receipt, Jung Ang Lab. Animal Co., Seoul,
Republic of Korea) were used after acclimatization for 9
days. Animals were allocated six per polycarbonate
cage in a temperature (20~25°C) and humidity (30~
35%) controlled room. Light : dark cycle was 12h:12h
and feed (Samyang, Seoul, Republic of Korea) and
water were supplied free to access. Animals were
marked by picric acid.

Test articles and formulation. Polycan™ (Glucan
Corp. Ltd., Pusan, Republic of Korea) is a brownish-
sticky homogenous solution. It was stored in a refrigera-
tor at 4°C. The test article was orally administered at a
dosage volume of 20 ml/kg, once a day for 2 days by
oral gavage to mice; total 1000, 500 and 250 mg/kg
using distilled water as vehicle. Cyclophosphamide-H,O
(CPA; Sigma, St. Louis, MO, USA) was used as an
identified genotoxic agents in positive control group.
CPA was dissolved in saline and once intraperitoneally
administered at a volume of 10 ml/kg.

Grouping and dosing. The animals were allocated
into five groups 6 mice each. The fixed highest dosage
level of 1000 mg/kg oral dosing was chosen in accor-
dance to the results of single dose toxicity test in mice
(Lee et al., 2005), and 500 and 250 mg/kg was selected
using the common ratio 2 according to the KFDA guide-
lines (2005). Control negative (taken vehicle) and con-
trol positive (CPA; 70 mg/kg-single treatment) were
included by recommendation of KFDA guidelines (2005)

and Organization for Economic Co-Operation and
Development (OECD) guidelines (1997). The adminis-
tered doses and schedule of these drugs are listed in
Table 1.

Observation of clinical signs. All abnormal clinical
signs were recorded before and after dosing at least
twice a day.

Body weight changes. Body weights were mea-
sured once a day.

Bone marrow preparation. All animals were sacri-
ficed 24 h post administration using carbon dioxide, and
bilateral femur was separated. Bone marrow prepara-
tions were made according to Schimid (1975). In brief,
bone marrow cells were collected from aforementioned
femur in 3 ml of inactivated fetal bovine serum (Gibco
BRL, Grand Island, NY, USA), centrifuged, and smeared
on slides. Preparations were dried, and fixed by sub-
merging in absolute methanol (for 10~20 min). Fixed
slides were stained as follows;

May-Grunwald stain 3 min

May-Grunwald stain (1: 1 diluted) 2 min

Giemsa stain (1 : 6 diluted) 10 min

Observation and recoding of micronuclei. Slides
were randomly coded and examined under x 1000
magnification by two different experts. Small round or
oval shaped bodies, size of which ranging from 1/5 to
1/20 diameter of polychromatic erythrocytes (PCE),
were counted as micronuclei (MN). Attention was given
to discriminate micronuclei from artifacts. Results were
expressed as the number of MNPCEs in 2000 PCEs.
Mean number of MNPCE + standard deviation was cal-
culated for each treatment group. In addition, PCE/
(PCE+normochromatic erythrocytes (NCE)) ratio were
also calculated by counting 500 erythrocytes, for detect-
ing the possibility of cytotoxicity (Heddle et al., 1984).

Statistical analyses. All MNPCE and PCE/(PCE +
NCE) ratio were analyzed by Mann-Whitney U-Wil-
coxon Rank Sum W test (MW test) compared to that of
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vehicle control. The result of statistical evaluation was
regarded significantly when the P value was less than
0.05. In addition, the study was accepted when all of
the PCE/(PCE + NCE) ratio are greater than 0.20 (Hed-
dle et al., 1984). Statistical analyses were carried out
using SPSS for Windows (Release 6.1.3., SPSS Inc,,
USA).

RESULTS

Mortalities. No test article-treatment related unsched-
uled mortalities were detected in all tested doses dur-
ing the observation periods.

Clinical signs. During the observation period, no
abnormal clinical signs were observed from Polycan™-
treatment.

Body weight changes. No meaningful changes on
body weights were detected in CPA and all the tested
doses of Polycan™ treated groups as compared to that
of control negative group (taken vehicle only) (Table 2).

Changes on MNPCE numbers and PCE ratio.
Significantly (p <0.01) increase of number of MNPCEs
among 2000 PCEs was detected in CPA 70 mg/kg a
positive control group. However, no significant changes

Table 2. Changes on the body weights

Day after dosing

Group"

Day 0? Day 1 At termination

Male GO 36.10+1.20 36.25+1.12 36.80 £ 0.51
ICR G1 3550+147 3540+1.63 35.83+1.39
Mice G2 36.05+0.93 36.60+0.89 36.73+0.79
G3 3512+141 3573+1.27 36.05+1.83

G4 3597+1.27 36.28+1.03 36.42 +1.54

Values are expressed as mean + SD, g (n = 6).
"Groups were listed in Table 1.
AStart day of test article administration

Table 3. Changes on MNPCE numbers and PCE (PCE +
NCE) ratio observed in mice

PCE(PCE+NCE) ratio

1)
Group MNPCEs/2000 PCEs PCE+NCE = 500 cells
Male GO 1.17+0.68 0.47 £0.01
ICR G1 40.00 + 12.56* 0.48 +0.02
Mice G2 1.17 £0.52 0.48 +0.01
G3 1.50 £0.45 0.49 +0.01
G4 0.67 +0.61 0.48 £ 0.01

Values are expressed as mean + SD, g (n =6).
YGroups were listed in Table 1.
*p <0.01 compared to that of GO by MW test

on MNPCE numbers were detected in all three differ-
ent Polycan™ treated groups tested as compared with
vehicle control (Table 3). The PCE/(PCE + NCE) ratio in
total 500 erythrocytes was detected above 0.47 in all
tested groups including negative and positive control
(Table 3).

DISCUSSION

Micronucleus assays were first introduced in the early
1970's for the examination of genotoxic activity of
chemical agents (Matter and Schmid, 1971; Heddle,
1973). The procedure is based on the observation that
mitotic cells with chromatid breaks or incomplete ex-
changes or with malfunction of the spindle apparatus
suffer from disturbances in anaphase distribution of their
chromatin. After telophase, a sizable portion of this dis-
placed chromatin is not included in the nuclei of the
daughter cells but forms single or multiple micronuclei in
the cell cytoplasm. The frequency of the appearance of
micronuclei depends both upon the rate of chromo-
some breakage or loss and the rate of cell division (Von
Ledebur and Schmid, 1973; Heddle et al, 1984).
Although micronuclei can occur in almost all dividing
cells, mouse bone marrow is usually the tissue used for
the micronucleus test, and any agent which induces
chromosomal aberrations can also produce micronuclei
(Heddle et al., 1983, 1984).

Because of its simplicity and efficacy, the micronu-
cleus test has become a popular and useful in vivo pro-
cedure for the detection of chemically-induced chromo-
some damage. The number of reports from micronu-
cleus testing has increased dramatically in the scientific
literature during the past decade (Ashby, 1985), and the
value of this test for examining the mutagenicity and
carcinogenicity of chemicals has been emphasized, par-
ticularly when it is used in combination with other cyto-
genetic assays (Heddle et al., 1984).

In the present study, the genotoxic effects of Poly-
can™ were evaluated using the mouse micronucleus
test. As the results obtained in the present study, Poly-
can™ shows no genotoxicity effect upto 1000 mg/kg
dosing levels. The highest dosage used in the present
study was selected as total 1000 mg/kg, based on the
results of single dose toxicity test in mice (Lee et al.,
2005), and vehicle and positive control were added
according to the recommendation of KFDA (2005) and
OECD (1997) guidelines.

The PCE/(PCE + NCE) was used as index of cytotox-
icity and the study was accepted when all of the PCE/
(PCE + NCE) ratio are greater than 0.20 (Heddle et al.,
1984). The PCE/(PCE + NCE) ratio was detected as
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> 0.47 in all tested groups including negative and posi-
tive control in the present study. That is no problem
from cytotoxicity of the tested articles used in this work.

CPA is a widely used anti-neoplasic drug, employed
either alone or in combination with other products (Gro-
chow, 1996). The parent drug is biologically inactive,
however after biotransformation by microsomal enzymes
a number of active metabolites capable of alkylating
nucleic acids (Miyauchi et al., 1990), damage the chro-
mosomes (through generation of free-radicals) and/or
alkylating the DNA thereby producing mutagenicity (El-
Bayoumy, 2001) were produced. In the present study,
CPA used as a positive control, and it showed a signifi-
cant increases of MNPCE ratios. This indicates that the
experiment protocol and the results of the present study
are acceptable, and no meaningful increases of MNPCE
were reported up to 1000 mg/kg of Polycan™.

Based on the results, it is concluded that Polycan™
shows no genotoxicity effect up to 1000 mg/kg dosing
levels. In addition, it is also considered that there were
no problems from cytotoxicity of Polycan™ because the
polychromatic erythrocyte ratio was estimated as > 0.47
in all tested groups.
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