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Figure 1. Morphological characteristics of non-differentiated and differentiated HL-60, NB-4, and THP-1 cells cultured with the
different concentration of glucose. The cell lines were maintained in RPMI 1640 medium containing 11 mM glucose (A: HL-60, E:
NB-4, I: THP-1). Differentiated cells were prepared by treatment with 1 uyM ATRA for 2 days (dHL-60: B—D and dNB-4: F=H), or
with 1 pM ATRA and 1 ng/mL GM-CSF for 2 days (dTHP-1: J-L). The differentiated cells were further cultured for 4 days with
11 mM glucose (B, F, and J), 35 mM glucose (C, G, and K). and 24 mM mannitol-11 mM glucose (D, H, and L). All cells used were

stained with Diff-Quik.

of cells in aggregates = [aggregated cells/total cells] x 100.
Each individual experiment was repeated at least three
times.

2.6 NBT reducing assay

The cells (0.4-1x10°) were centrifuged at 700 x g for
5 min, suspended with 1 mL PBS containing 2 mg/mL of
NBT and 10 ng/mL of PMA, and incubated for 60 min at
37°C. The reaction was terminated by the addition of
0.4 mL of 2 N HCI and kept cooling on ice for 30 min. After
centrifugation at 700 x g for 5 min, the formazan deposits
in the pellets were dissolved with 1 mL of DMSO, and the
absorbance at 540 nm was measured. Each individual
experiment was repeated at least four times. In some experi-
ments, after NBT treatments with or without stimulation of
PMA, the formazan-stained or non-stained cells were
directly observed under a phase contrast microscope.

2.7 Phagocytosis of yeast by differentiated cells

Yeast particles (Saccharomyces cerevisiae; Sigma-Aldrich,
Missouri, USA) were added to the suspension of differenti-
ated cells in HBSS containing 5% fresh human serum and
left in contact with the cells for 30 min at 37°C [27]. The
final concentrations of yeast and differentiated cells were
6.25x 107 particles/'mL. and 2.5 x 10° cells/mL, respec-
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tively. After centrifugation, the cell pellets were stained
with Ziehl's carbolfuchsin solution (Sigma-Aldrich). The
yeast particles outside the cells were stained red, and the
yeast particles completely ingested by the cells were pro-
tected from taking up the stain. The cells containing
unstained yeast particles were considered as cells capable
of phagocytosis.

2.8 Statistical analysis ?

Data are presented as mean = SD. Differences between
mean values were determined by ANOVA. Differences with
p < 0.05 were considered statistically significant.

3 Results

Three human myeloid leukemia cell lines, HL-60, NB-4,
and THP-1, which were differentiated with ATRA alone or
with ATRA and GM-CSF in the cell-maintaining medium
containing 11 mM glucose for 2 days, showed PMN-like
cell morphologies and the ratio of cytoplasm to nucleus was
increased (Figs. 1A, B, E, F, I, and J). These differentiated
cells, dHL-60, dNB-4, and dTHP-1, acquired NBT reduc-
ing abilities and their CD11b expressions were increased by
FACS analysis (data not shown). By further treatment of the
differentiated cells with 35 mM glucose or 24 mM manni-
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Figure 2. Effect of glucose on the cell concentration of dHL-
60. After differentiation, the cells were exposed to the condi-
tions of 5.5 mM glucose, 11 mM glucose, 35 mM glucose, and
24 mM mannitol-11 mM glucose for 4 days. The number of liv-
ing and dead cells was determined by trypan blue dye exclu-
sion under a phase contrast microscope and the sum is shown
as the cell concentration (cells/mL). Data are mean = SD from
three or more independent experiments performed in quadru-
plicate. *, p < 0.005.

tol-11 mM glucose for 4 days, there were little morphologi-
cal differences between those glucose- and mannitol-treated
cells (Figs. 1C, D, G, H, K, and L), and the cellular fragility
under high glucose condition with 35 mM was reduced in
the dHL-60 and dTHP-1 cells after PMA stimulation as
described later,

In healthy human blood, the glucose concentration is in
the range of 5—6 mM (in vivo), but the established cell lines
such as HL-60, THP-1, and NB-4 were usually maintained
with 11 mM glucose in RPMI 1640 medium (in vitro).
Therefore, we first examined the effects of three different
concentration of glucose, 5.5 mM (physiologic concentra-
tion), 11 mM (in vitro cell-maintaining concentration), and
35 mM (high concentration), on the differentiated cells. In
the cell concentration of dHL-60 (Fig. 2), no significant dif-
ference was found among the differentiated cells treated
with 5.5 mM glucose, 11 mM glucose, and 24 mM manni-
tol-11 mM glucose during the cultures for 4 days, whereas
the cell concentration in dHL-60 treated with 35 mM glu-
cose decreased approximately up to 65% of those in cells
treated with the other concentration of glucose (p < 0.005).
No effect of dNB-4 and dTHP-1 cells by treatment with
35 mM glucose for 4 days on the cell concentration was
found (data not shown). Cell viabilities (a ratio of living/
dead cells) of dNB-4 and dTHP-1 cultured for 4 days with
5.5mM glucose were significantly increased when com-
pared with those of the other concentrations of glucose
(Fig. 3, p < 0.05), but there was no significant difference
among the viability of dHL-60 cells treated with any differ-
ent concentration of glucose. These results suggest that the
culture for 4 days with higher glucose concentration (up to
35 mM) did not induce mortal damages such as cytotoxicity
in those cell lines.

By treatment of dHL-60 with 35 mM glucose for 4 days,
the cellular aggregation was increased (Fig. 4). The mean
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Figure 3. Effect of glucose on the cell viabilities of dHL-60,
dNB-4, and dTHP-1. After differentiation, the cells were
exposed to 5.5 mM glucose, 11 mM glucose, 35 mM glucose,
and 24 mM mannitol-11 mM glucose for 4 days. The numbers
of living and dead cells were determined by trypan blue exclu-
sion under the phase contrast microscope. The ratio of living/
dead cells was estimated as “cell viability". Data are mean =
SD from three or more independent experiments performed in
quadruplicate. *, p < 0.005.
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Figure 4. Effect of glucose on the cellular aggregation of dHL-
60. The cells were exposed to 11 mM glucose, 35 mM glu-
cose, and 24 mM mannitol-11 mM glucose for 4 days. The
numbers of aggregated and total cells were counted under
microscope and the percentage was determined. Data are
mean + SD from three to six replicate cultures. Each individual
experiment was repeated a minimum of three times. b
0.05.

value of aggregation under the high glucose condition with
35 mM was estimated to be 62.1 + 8.4%, while the corre-
sponding values under the conditions with 11 mM glucose
and 24 mM mannitol-11 mM glucose were 37.3 + 0.3% and
27.8 + 4.0%, respectively. Statistical analysis revealed that
the high glucose condition with 35 mM significantly
enhanced the cellular aggregation (p < 0.05). Further PMA
stimulation did not affect the cell aggregation of dHL-60
cells (data not shown). The dNB-4 and dTHP-1 cells

" showed no differences in the cell aggregation among treat-

ments with 35 mM glucose, 11 mM glucose, and 24 mM
mannitol-11 mM glucose. However, additional PMA stimu-
lation of dNB-4 and dTHP-1 cells treated with 35 mM glu-
cose promoted the cellular aggregations (data not shown),
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Figure 5. Effect of glucose on the intracellular vacuolation of dNB-4. The cells were exposed to 11 mM glucose (A), 35 mM glucose
(B), and 24 mM mannitol-11 mM glucose (C) for 4 days. After stimulation with 10 ng/mL of PMA for 10 min, the exposed cells were

stained with Diff-Quik. Arrows show cytoplasmic vacuoles.
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Figure 6. Effect of glucose on the cellular fragility of dHL-60
(A) and dTHP-1 (B). The cells were exposed to 11 mM glu-
cose, 24 mM mannitol-11 mM glucose, and 35 mM glucose for
4 days. After stimulation with 10 ng/mL of PMA for 10 min, the
exposed cells were stained with Diff-Quik and counted. The
percentage of the cellular fragility was estimated by equation
in Section 2. Data are mean + SD from three to six replicate
cultures. Each individual experiment was repeated a minimum
of three times. *, p < 0.02.

By PMA stimulation after incubation with 35 mM glu-
cose for 4 days (arrows in Fig. 5), the intracellular vacuola-
tion of dNB-4 cells was induced. An equal amount of
24 mM mannitol-11 mM glucose did not enlarge vacuoles,
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suggesting that osmotic pressure did not affect such vacuo-
lation. When the dNB-4 cells were not stimulated with
PMA, no difference of vacuolation was observed among the
cells treated with 35 mM glucose, 11 mM glucose, and
24 mM mannitol-11 mM glucose.

Since many fragile cells of dHL-60 and dTHP-1 were
observed by PMA stimulation, the effect of glucose on the
cellular fragility after PMA stimulation was examined. In
dHL-60 and dTHP-1 cells, the fraction of fragile cells was
reduced in the cultures with 35 mM glucose compared to
the cultures with 11 mM glucose and 24 mM mannitol-
11 mM glucose for 4 days (Fig. 6, p < 0.02). In both dHL-
60 and dTHP-1 cells, the fragilities due to osmotic shock
were not observed as shown in treatment with 24 mM man-
nitol-11 mM glucose. The suppressions of cellular fragility
by the cultures with 35 mM glucose were observed only
when the cells were triggered with PMA.

Production of reactive-oxygen species (ROS), especially
superoxide anion, was determined by NBT reducing assay
in cells cultured with different concentration of glucose. In
all three differentiated cells cultured with 11 mM glucose
for 24 h, the superoxide production by PMA stimulation
were markedly increased compared to the culture with
5.5 mM glucose (Fig. 7A, p < 0.0002). In dHL-60 cultured
with 35 mM glucose for 24 h, the superoxide production of
the cells by PMA stimulation wasl.5-fold increased com-
pared to the cultures with 11 mM as well as 5.5 mM glucose
(Fig. 7B, p < 0.0001). However, the short-term treatment
for 5 h with 35 mM glucose did not affect the superoxide
generation of dHL-60 (Fig. 7C). The superoxide generation
of dNB-4 and dTHP-1 cells in culture with 35 mM glucose
for 24 h, 1 1 mM glucose, and 24 mM mannitol-11 mM glu-
cose was significantly increased compared with 5.5 mM
glucose (Fig. 7B, p < 0.0001). The induction of superoxide
production was not observed when these differentiated cells
were cultured with concentrations of glucose withont the
PMA stimulation (Fig. 7A, and the microscopic observa-
tion of dHL-60 cells treated with 35 mM glucose asa repre-
sentative in Fig. 7D).
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Figure 7. Effect of glucose on the superoxide generation of dHL-60, dNB-4, and dTHP-1 with or without PMA stimulation. The super-
oxide generation of differentiated and glucose-treated cells was evaluated by NBT reduction assay. Data are mean = SD from three
or more independent experiments. (A) Superoxide generation of the PMA-stimulated or non-stimulated cells after the culture for24 h
with 5.5 mM glucose (shaded bar) and 11 mM glucose (hatched bar). *, p < 0.0002. (B) Superoxide generation of the PMA-stimu-
lated cells after the culture for 24 h with 5.5 mM glucose (shaded bar), 11 mM glucose (hatched bar), 24 mM mannitol-11 mM glu-
cose (open bar), and 35 mM glucose (solid black bar). *, p < 0.0001. (C) Superoxide generation of the PMA-stimulated cells afterthe
culture for 5 h (short-term) with 11 mM glucose, 24 mM mannitol-11 mM glucose, and 35 mM glucose, no significance was observed.
(D) Morphological characteristics of the PMA-stimulated and non-stimulated dHL-60 cslls cultured for 24 h with 11 mM glucose (a
and d), 35 mM glucose (b and &), 24 mM mannitol-11 mM glucose (c and f). The blue-colored dHL-60 observed under the phase
contrast microscope shows the formazan-deposited cells due to superoxide generation after PMA stimulation.

© 2008 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.mnf-journal.com

'y




v e "
i
T. Oya-lto etal.

Al

150
e & 5.5 mM Glucose
= 7z 11 mM Glucose
2 120 * O 24 mM Mannitol-
= T . 11 mM Glucose
8 90 woa N 35 mM Glucase
o 60F é
g .
o 30 g
£ 7
& g .7

dHL-60 dNB-4 dTHP-1

Figure 8. Effect of glucose on the phagocytosis activities of
dHL-60, dNB-4, and dTHP-1. After differentiation, the cells
were exposed to different concentrations of glucose (5.5 mM,
11 mM or 35 mM) for 24 h. Phagocytosis activity is expressed
as the percentage of the cells ingesting. Data are mean = SD
from four independent experiments. *, p < 0.001.

The effect of glucose on the cellular phagocytosis was
investigated. By culture with 35 mM glucose for 24 h, the
phagocytosis of yeast particles by dHL-60 cells signifi-
cantly decreased compared to the cultures with 11 mM glu-
cose as well as 24 mM mannitol-11 mM glucose (Fig. 8,
p <0.001). In dTHP-1 cells incubated with 35 mM glucose
for 24 h, phagocytosis activity extremely decreased com-
pared to the cultures with the lower concentration of glu-
cose and 24 mM mannitol-11 mM glucose (p <0.001).

4 Discussion

To our knowledge, this study for the first time demonstrated
that exposure of PMN-like differentiated cell lines to higher
concentration of glucose (up to 35 mM) caused (i) the
enhancement of cellular aggregation in dHL-60, (ii) the
reduction of cellular fragility in dHL-60 and dTHP-1, (iii)
the enlargements of intracellular vacuoles by PMA stimula-
tion in dNB-4, (iv) the impairments of phagocytosis activ-
ities in dHL-60 and dTHP-1, and (v) the induction of super-
oxide generation by PMA stimulation. Because the culture
of differentiated cell lines with 24 mM mannitol-11 mM
glucose did not influence the aggregation, fragility or
vacuolization, the osmotic effect can be excluded. The
other studies showed that GM-CSF, which has a priming
effect, stimulates neutrophil aggregation [28], but does not
stimulate adherence to endothelial monolayers [29]. In con-
trast, tumor necrosis factor-a (TNF-a) and lipopolysacchar-
ide, which are triggers, enhance neutrophil adherence to
endothelium [30], but do not promote neutrophil aggrega-
tion [31]. Our study suggests that the expression of CD11b
was not enhanced by high glucose treatment (data not
shown). Vedder ef al. [32] suggest that, as with adherence to
endothelium, increased surface expression of CD11b is not
the mechanism responsible for aggregation. Taken together,
hyperglycemic conditions may play a role similar to GM-
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CSF in triggering immune responses of ATRA-induced dif-
ferentiation.

The cytoplasmic vacuolization and/or toxic granulation
of neutrophils have been demonstrated more often in bac-
teremic patients with high NBT reduction capacity [33].
Malcolm et al. [34] have reported that no significant dif-
ferences in the extent of vacuolization were found among
healthy donors, toxic patients without bacterial infections,
and patients with bacterial infections in the absence of
documented bacteremia. The extent of vacuolization was
significantly greater in bacteremic patients when com-
pared with the other patients, including patients with bac-
terial infection without bacteremia [34]. In our study, the
effect of high glucose on the vacuolation of neutrophil-
like cells by PMA stimulation to mimic bacterial infection
was investigated. The dNB-4 cells under high glucose con-
dition with 35 mM were extensively vacuolated by PMA
stimulation, suggesting that the high glucose may enhance
the ability of vacuolization due to some stimulation in
neutrophil-like cells. The patients with type I diabetes
mellitus were characterized by a significant impairment of
the PMN-mediated phagocytosis [5, 35]. In our study, the
phagocytosis activities of dHL-60 and dTHP-1 were sig-
nificantly impaired in the cultures with high glucose for
24 h, suggesting the association with the pathogenicities in
diabetes.

Oliveira ef al. [36] have indicated that NBT reduction in
incubation of rat pancreatic islets as well as neutrophils
with 5.6, 8.3, and 16.7 mM of glucose for 1 h increased
when compared with the absence of glucose. They further
confirmed the involvement of NAD(P)H oxidase activation
through protein kinase C (PKC) in the stimulatory effect of
glucose by incubation with PMA (a PKC activator), bysin-
doylmaleimide (GF109203X) (a PKC-specific inhibitor),
and diphenylene iodonium (an NAD(P)H oxidase inhibitor)
to abolish the increase of NBT reduction induced by glu-
cose. Although we do not know whether the NBT reduction
in incubation of neutrophil-like cells with 5.5 mM glucose
increases when compared with the absence of glucose,
without PMA stimulation no superoxide production of dif-
ferentiated cells was observed in incubation with any con-
centration of glucose in this study. Furthermore, the super-
oxide production by dHL-60, dNB-4, and dTHP-1 cells in
incubation with higher glucose (11 or 35 mM) for long-
term treatment (24 h) significantly increased when com-
pared with 5.5 mM glucose (physiological concentration),
in particular, the NBT reduction of dHL-60 in incubation
with 35 mM glucose was extremely induced. However, no
significant superoxide production in response to PMA was
observed in the short-term treatment (5h) of dHL-60
treated with 35 mM glucose, suggesting that longer-term
treatment with high glucose seems to more enhance the
induction of superoxide production. Since without PMA
stimulation the NBT reduction of dHL-60 cells cultured
with high glucose was not observed, the high glucose condi-
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tion probably promotes the priming of neutrophil-like cells
rather than the direct triggering.

Osmotic pressures of glucose-free RPMI, 5.5 mM glu-
cose-containing RPMI, 11 mM glucose-containing RPMI,
and 35 mM glucose-containing RPMI, which were esti-
mated are approximately 250-290, 255-2935, 265-300,
and 300-350 mOsm/kg, respectively. In most of tissue cul-
ture media that are supplied by manufactures, the osmotic
pressure is usually adjusted to the range of 260-
320 mOsm/kg to keep isotonic condition. Osmotic pres-
sures of 5.5 mM glucose- and 11 mM glucose-containing
media are almost in the range. Only 35 mM glucose-con-
taining medium may give the cell lines a little hypertonic
shock. Therefore, we used 24 mM mannitol-11 mM glu-
cose as such hypertonic control. In dHL-60 as shown in
Fig. 7B, the ROS induction of 35 mM glucose (a little
hypertonic)-treated cells was significantly increased by
PMA stimulation when compared with those of the cells
treated with 5.5 mM glucose (isotonic) and 11 mM glucose
(isotonic), and 24 mM mannitol-11 mM glucose (the same
osmotic condition as 35 mM glucose). This suggests that
the increase of ROS production is dependent on very high
glucose condition. In the cases of dNB-4 and dTHP-1, the
ROS productions of 11 mM glucose (isotonic), 24 mM
mannitol-11 mM glucose (a little hypertonic), and 35 mM
glucose (a little hypertonic) were significantly increased by
PMA stimulation when compared with 5.5 mM glucose
(isotonic), suggesting that the increase of glucose concen-
tration from 5.5 to 11 mM, but not hypertonic shock, seems
to be related to the ROS induction. Thus, dHL-60 appears
to become more sensitive by treatment with very high con-
centration of glucose such as 35 mM on ROS production by
PMA stimulation, but dNB-4 and dTHP-1 are likely more
sensitive by moderately high concentration (more than
5.5 mM and less than 35 mM) of glucose. The degree of
effect may be dependent upon the sensitivity differences of
those three cell lines against glucose concentration or treat-
ment time, etc.

The reduction of NBT dye and the generation of ROS are
thought to measure indirectly the bactericidal function of
neutrophils. There is evidence demonstrating that bacterici-
dal ROS production by activated PMN is reduced in dia-
betic patients with or without any infections [9] and in dia-
betic rats [37]. However, there is also evidence that it is nor-
mal [38] or increased [39] in patients with type 1 diabetes
mellitus. Additionally, Nabi ef al. and Bellinati-Peies ef al.
have suggested that reduction of NBT by neutrophils is not
correlated with their bactericidal activity [35, 40]. They go
on to suggest that only the complete absence of NBT reduc-
tion reflects low bactericidal activity in neutrophils. Based
on those reports, a question is how we can explain exactly
what the present findings of glucose-induced ROS produc-
tion means in relation to bactericidal function of neutro-
phils in patients with type 1 diabetes. One of explanations is
that the type 1 diabetes is much more complicated, because
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the patient blood with the diabetes included increased gly-
cated proteins due to Maillard reaction, e.g. AGEs, aswell
as high glucose. Wong ef al. [41] showed that AGEs stimu-
late an enhanced neutrophil respiratory burst mediated
through the activation of cytosolic phospholipase A2 and
generation of arachidonic acid. Moreover, De Toni ef al.
[42] have represented that in patients with diabetes the
impact on PMN function is of multifactorial origin, and is
probably correlated to the glucose level and to glycation of
PMN protein, such as NADPH oxidase or myeloperoxidase.
Alternatively, glucose in PMN may be reduced by aldose
reductase to polyols, and this pathway requires NADPH,
the coenzyme for the respiratory burst. They further found
that superoxide production in response to opsonized zymo-
san was reduced in diabetic patients. The activation of pro-
tein tyrosine kinase is an important mechanism underlying
transmembrane signaling and, the protein tyrosine phos-
phorylations, stimulated by zymosan receptor-mediated
activation, might be caused by the activation of specific
protein tyrosine kinase, whereas activation by PMA is prob-
ably mediated through another PKC type. In our smdy,
therefore, we focused on the effect of high glucose alone
(not including AGEs etc.) in ROS production at the mim-
icked initial step of maturated neutrophils released from
bone marrow to blood using three differentiated cell lines.

Taken together, in response to glucose, HL-60 cells out
of three cell lines seem to be better as a neutrophil model,
but NB-4 and THP-1 (as well as HL-60) are still expected to
have the potential responses similar to in vivo neutrophils
under the consideration of sensitivity difference against
glucose among those cell lines. By this possibility, we think
that the three cell lines (HL-60, NB-4, and THP-1) are prob-
ably useful for better understanding of neutrophil function
as a model in vitro experiment for long-term treatments
(24 h or longer). Thus, this study provides significant and
basic information regarding the effect of high glucose on
the functional abnormalities of neutrophil-like differenti-
ated cell lines.
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3,3 -Dinitrobisphenol A (dinitro-BPA) is formed in a
mixture of bisphenol A (BPA) and nitrite under acidic
conditions. It shows genotoxicity in male ICR mice on a
micronucleus test, but its estrogenic activity has not
been examined in vivo. We examined its estrogenic
activity using goldfish (Carassius auratus) by measuring
plasma levels of vitellogenin (VITG) by the ELISA
method. Expression of VIG didn’t increase in the
plasma of goldfish intraperitoneal injected with dinitro-
BPA at a dose of 10 mg/kg of body weight.

‘We also examined the genotoxicity of dinitro-BPA by
single-cell gel electrophoresis (comet assay) and a
micronucleus test using goldfish. The DNA tail moment
of blood cells increased after intraperitoneal injection of
dinitro-BPA. Dinitro-BPA at the same dose significantly
increased micronucleus frequency in gills of goldfish. On
the other hand, BPA did not significantly increase the
frequency of micronucleated cells.

In conclusion, we found that dinitro-BPA did not
show estrogenic activity, but had genotoxic potency
stronger than that of BPA.

Key words: goldfish; 3,3'-dinitrobisphenol A; vitelloge-
nin; comet assay; micronucleus test

It is known that various chemicals in our environment
show substantial influences on aquatic animals and
mamimals, including humans. Among these compounds,
bisphenol A (2,2-bis(4-hydroxyphenyl)propane, BPA),
which is used as an ingredient in the manufacture of
epoxy carbonate, polycarbonate and polyester styrene,
exhibits estrogenic activity. The estrogenic activity of
BPA has been demonstrated using various assays.
Krishnan er al. found that BPA showed estrogenic
activity in a culture assay using MCF-7 human breast
cancer cells.” Hashimoto er al. revealed estrogenic
activity of BPA using the yeast two-hybrid system.? It
has been reported that BPA bound with human estrogen

receptor alpha, beta, and gamma.> Hence it is said to
be an endocrine-disrupting chemical (EDC). It is also
used in food packaging and can-coating agents and
in dental sealants, and is readily orally-ingested by
humans. Consequently, it is important to examine the
toxicity of BPA in human body after oral intake.

BPA has not been recognized as a mutagen by several
in vitro and in vive mutagenicity assays. Haworth et al.
reported that it showed negative results in bacterial
reverse mutation tests using Salmonella typhimurium
TA98, TA100, TA1535, and TA1537.9 Ivett ef al.
reported that it did not exhibit mutagenic activity in
an in vitro genotoxicity test with Chinese hamster
ovary cells.” Gudi er al. also reported that it did not
increase the frequency of micronucleated reticulocytes
(MNRETS) in bone marrow of mice.®) Recently, how-
ever, there have been positive results to the effects that it
shows mutagenic activity. Hilliard er al. reported that
BPA exhibited positive effects in an in vitro chromo-
some aberration test using CHO cells without S9 mix.”
Tayama ef al. demonstrated that it induced genotoxicity
in CHO-K1 cells using sister-chromatid exchange and
comet assay.'” Tsutsui et al. found that quinone
compounds formed from BPA formed DNA adducts in
an in vitro 32P-postlabeling assay.'” Thus BPA shows
opposite effects on mutagenic activity in different test
systems.

Humans regularly consume nitrite and nitrate through
vegetables and tap water, and in their daily diet as food
additives.'? Nitrate is readily reduced to nitrite by oral
bacteria. Some scientists have reported that mutagenic/
carcinogenic nitrosamines are formed by the reaction of
nitrite and secondary amines in foodstuffs under acidic
conditions.'? Several phenolic compounds also show
mutagenic activity after nitrite treatment. Wakabayashi
et al. found that some phenol and indole derivatives
present in the environment are changed to mutagenic
compounds by nitrosation.'® Kikugawa and Kato found
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that diazoquinone compounds, which showed strong
mutagenicity, were formed by interaction between
phenol and nitrite.!>!® We have found that BPA showed
mutagenic activity on treatment with nitrite under acidic
conditions, and dinitro-BPA, which induced micronuclei
in peripheral erythrocytes of ICR male mice, was
formed in a reaction mixture of BPA and nitrite.!”
Additionally, we found that dinitro-BPA did not show
estrogenic activity on in vitro assay. However, we have
not yet determined whether dinitro-BPA shows estro-
genic activity on an in vivo assay.

Some scientists have examined the estrogenic activity
of endocrine disruptors by in vive tests using aquatic
organisms. Warner et al. demonstrated the estrogenic
activity of BPA using fathead minnow.'® Tabata er al.
used Japanese medaka (Oryzias latipes) to confirm the
endocrine disrupting action of BPA.!? Ishibashi et al.
also confirmed the estrogenic activity of nonylphenol by
detecting the vitellogenin concentration in plasma of
goldfish.?” Goldfish can be bred easily and cheaply and
are available all over the world. We have also examined
the genotoxicity of various chemicals in river water
using goldfish. Judging by these reports, goldfish is a
useful organism in investigating the mutagenic and
estrogenic activities of various chemicals.

In the present study, we examined the mutagenic and
estrogenic activities of BPA and dinitro-BPA with
goldfish.

Materials and Methods

Chemicals. BPA, 17 8-estradiol (E2), acridine orange,
methyl metahnesulfonate (MMS), and dimethylsulfox-
ide (DMSO) were purchased from Wako Pure Chem-
icals (Osaka, Japan). 3.3'-Dinitro-bisphenol A (dinitro-
BPA) was synthesized as described by Masuda et al.'”
Figure 1 shows the chemical structure of dinitro-BPA.
Low melting point (LMP) agarose and normal melting
point (NMP) agarose were from Sigma-Aldrich (St
Louis, MO). Fetal bovine serum (FBS) was from Gibco
BRL (Grand Island, NY). Mitomycin C (MMC) and
ethidium bromide were from Kyowa Hakko Kogyo
(Tokyo) and Merck (Darmstadt, Germany) respectively.

Fish. We obtained goldfish weighing 11 =2 g from a
local dealer in Hamamatsu, Japan. Before the experi-
ment, goldfish were acclimatized for 2 weeks in a well-
aerated aquarium at 18 +2°C.

3,3’-dinitrobisphenol A (dinitro-BPA)

Fig. 1. Chemical Structure of Dinitro-BPA.

Treatment of fish. In a previous study, we injected
chemicals from a river intraperitoneally to examine their
mutagenic activities.” In a similar way, BPA and
dinitro-BPA were dissolved in DMSO and injected
intraperitoneally once at 1 and 10 mg/kg of body weight.
Three to 5 fish were used in each group. In the negative
control group, DMSO was injected intraperitoneally in
place of the test chemical. In the positive control group,
we injected intraperitoneally E2 (1.0mg/kg of body
weight), MMS (50mg/kg of body weight) and MMC
(4.0 mg/kg of body weight) for VTG determination and
in comet assay and micronucleus test. For determination
of VTG in plasma, at 96h after injection blood was
collected and centrifuged at 3,000 rpm for 20 min, and
the plasma was divided into aliquots and stored at
—20°C until use. In the comet assay, 3 h after injection of
chemicals, peripheral blood was collected. Peripheral
blood and gills were obtained at 96 h after injection of
chemicals in the micronucleus test.

Vitellogenin analysis. Several researchers have found
that the VTG molecule structure of carp (Cyprinus
carpio} is similar to that of other cyprinid fish. Zhong
et al. determined VTG production of hepatocytes in a
rare minnow (Gobiocypris rarus) by ELISA using an
antibody against carp (Cyprinus carpio) VTG.2? This
antibody has been found to bind to VTG produced by
other cyprinid species, such as goldfish and fathead
minnow.”” Hence the carp VTG antibody is used to
measure VTG concentration in plasma of a wide variety
of cyprinid fish, such as goldfish. In this study, a Carp
VTG ELISA Kit (Trans Genic, Japan) was used to
determine VTG contents in plasma of goldfish according
to the manufacturer’s instructions. The concentrations
of VIG were calculated from the linear part of the
log-transformed VTG standard curve. The detection
limit of VTG was 0.04 pg/ml plasma.

Alkaline comet assay. The alkaline comet assay was
performed according to the method of Tice et al., with
some modifications.>® Five ul of blood was diluted with
Ca®* and Mg**-free phosphate-buffered saline (PBS(-):
7.5g of NaCl, 0.2g of KCI, and 0.2g of sodium
bicarbonate dissolved in 1 liter of water), and samples
were mixed with 75 ul of 1% low melting point (LMP)
agarose. The mixture (75 ul) was layered on a.1% LMP
agarose layer and covered with 75ul of 1% LMP
agarose. After preparation, the slide was immersed in
lysing solution and refrigerated at 4°C for 1h. After
lysis, the slide was placed in alkaline electrophoresis
buffer for 10 min to allow salt equilibration and further
DNA unwinding. Electrophoresis was performed at
30V, 300mA for 15min at 4°C. The slide was then
neutralized with 0.4 M Tris buffer (pH 7.5) for 10min,
The cells were stained with 50 ul of ethidium bromide
(20 pg/ml). Comet images were analyzed using a
fluorescence microscope (magnification 200x) equipped
with CCD camera. One hundred cells were examined
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Fig. 2. VTG Concentration of Plasma in Goldfish by Injection of BPA and of Dinitro-BPA.
Mean values were obtained from three to five fish. The bars represent SD values. *p < 0.01 (vs. control).

per fish. The tail moment of DNA was measured using
Comet Analyzer Youworks Bio Imaging Software.

Micronucleus test. The micronucleus test was per-
formed according to the methods of Ueda et al.,*> and
Hayashi et al.’® with some modifications. Peripheral
blood of goldfish was collected from a caudal vein using
a heparinized syringe. Ten pl of peripheral blood was
diluted with 40pl of fetal bovine serum. Nine ul of
diluted blood was spread on an acridine orange-coated
glass slide. Three gills on each side of the were excised
and washed with PBS(-). Gills were transferred to Sml
of PBS(-) and broken up with forceps. Tissue clumps
and gill arches were removed and discarded. Free cells
were collected by centrifugation (1,000 rpm, 5min) and
treated with 2ml of 75 mm KCI hypotonic solution for
5 min. Then 0.1 ml of Carnoy fixative A (acetic acid and
methanol, 1:3 by vol.) was added and centrifuged at
1,000 rpm for Smin. A half volume of the supernatant
with cells was suspended in 5ml of Carnoy fixative B
(acetic acid and methanol, 1:99 by vol.) and centrifuged.
Then three fourth of the supernatant was removed and
the cell suspension was dropped on a slide glass smeared
with 0.0025% acridine orange solution. At least 1,000
erythrocytes and gill cells were observed with a
fluorescence microscope (magnification, 400x) and the
numbers of micronucleated cells were recorded.

Statistical analysis. Dunnett’s test after one-way
ANOVA was used to evaluate the significance of
differences in VTG contents, tail moment in the comet
assay, and micronucleus frequency in the micronucleus
test between fish treated with BPA and with dinitro-BPA
and the untreated group, A p-value lower than 0.05 was
considered to be statistically significant.

Results and Discussion
VTG a phospholipoglycoprotein precursor of egg

yolk protein, is synthesized in the liver of sexually
mature oviparous females.”” It is normally undetectable

in the plasma of males and immature females. However,
when male fish were treated with EDCs, VIG was
detectable in their plasma. Hence VTG in plasma of
male and juvenile fish treated with chemicals is used as
a biomarker in evaluation of estrogenic activity of
chemicals.?®

In this study, we examined the estrogenic activities
of BPA and dinitro-BPA by quantifying of VTG by the
ELISA method with carp VTG antibody. The VTG
concentration (113.5ug/ml) in plasma of goldfish was
significantly increased by treatment with BPA (10
mg/kg of body weight) (p < 0.01) (Fig. 2), but dinitro-
BPA did not show any significant expression of VTG
protein in plasma (n.d.). We have also found that the
estrogen () binding potency of dinitro-BPA was weaker
than that of non-treated BPA by in vitro assay.” In
addition, we have reported that the estrogenic activity of
2-nitro-17p-estradiol, which is formed in a reaction
mixture of 178-estradiol and nitrite, was weaker than
that of E2 using an ELISA kit.*® Hence it is possible
that binding potency to the estrogen receptor changed
because the physico-chemical properties of BPA were
transformed by nitration.

Comet assay is a rapid and sensitive method of
detecting DNA single-strand breaks and alkali-labile
sites in individual cells. Since these types of DNA
damage can be the initial damage induced by genotoxic
chemicals, comet assay is generally used as a method of
detecting DNA damage due to exposure with mutagens
and carcinogens.>” Figure 3 shows the mean values of
DNA tail moment in peripheral erythrocytes induced by
dinitro-BPA and BPA. The mean tail moment values
were increased by intraperitoneal injection of BPA
(5.06 +0.37) and dinitro-BPA (8.20 £0.67) at 10
mg/kg of body weight. Variance analysis (p < 0.01) of
these values showed a significant difference in DNA
damage as between the dinito-BPA treated group and
BPA-treated group.

Figures 4 and 5 show the frequencies of micronuclei
in peripheral erythrocytes and gills of goldfish respec-
tively. .
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Fig.3. Tail Moment of Peripheral Erythrocytes in Goldfish Due to Injection of BPA and of Dinitro-BPA.
One hundred cells were counted per fish. The mean values were obtained from 500 cells. The bars represent S.E.M. values.
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Fig. 4. Change in Frequency of Micronuclei in Peripheral Erythrocytes of Goldfish Injected with BPA and with Dinitro-BPA.
Mean values were obtained from five fish. The bars represent S.D. values.
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Fig.5. Change in Frequency of Micronuclei in Gills of Goldfish Injected with BPA and with Dinitro-BPA.
Mean values were obtained from five fish. The bars represent S.D. values. *p < 0.01 (vs. control).

The frequency of micronuclei in gills increased
significantly after intraperitoneal injection of dinitro-
BPA at a dose of 10mg/kg of body weight
(8.00 £1.00) as compared with the control group
(p < 0.01), but dinitro-BPA did not induce micronuclei
in peripheral erythrocytes. Hayashi er al. have reported
that mutagen-treated fish showed higher frequencies of
micronucleated cells in gills than in peripheral eryth-
rocytes, and recommended the use of gill cells in fish
micronucleus assays.”® BPA did not induce micronuclei
in either gills or erythrocytes. Michael et al. have
reported that BPA caused DNA damage due to apoptosis

induced by BPA.*" In this study, BPA showed DNA-
damaging potency on the comet assay, but did not
induce micronuclei on the micronucleus test at signifi-
cant frequency. On the other hand, dinitro-BPA showed
DNA damaging potency and induced micronuclei.
These results suggest that the toxicity of BPA is
different from that of dinito-BPA. Therefore, dinitro-
BPA is assumed to induce abnormal chromosomes and
to act as a genotoxic chemical.

The genotoxic effects of nitro compounds are gen-
erally linked to nitrate reductase. There are several kinds
of NADPH-cytochrome ¢ reductase,’® xanthine oxidase,
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DT-diaphorase,**" and other enzymes. Nitro com-
pounds show genotoxic activity through two pathways.
The first reduction step is the formation of the nitrogen
radical anion. Under aerobic conditions, this radical is
reoxidized by O, and produces superoxide and hydroxyl
radical anions. Under anaerobic conditions, reductive
reaction leads to the formation of nitroso and hydroxyl-
amine derivatives. Hydroxyl radicals cause DNA strand
breaks.” Hydroxyl amino groups induce the trans-
formation of DNA adducts.’® These metabolic respons-
es can cause DNA damage and abnormal chromosomes
in vivo. Hence it is necessary to measure nitrogen
reductase activity in goldfish.

Recently, many problems of nitrogen pollution have
appeared in the water environment,”” in acid rain,*®
and in the acidification of freshwater.*” When these
environmental conditions occur simultaneously, a nitro
compound might be generated in the environment.
Telscher er al. reported the formation of a nitrogen
metabolite of nonylphenol isomer in soil/sewage sludge
mixtures.*” In the water phase, nitrated polycyclic
aromatic hydrocarbons (nitro-PAHs) can be formed by a
photochemical reaction of PAH, with nitrite donating
the nitro group.*’*” There are various nitro compounds
in the urban air and soil. %

The present study indicates that the estrogenic activity
of dinitro-BPA was lower than that of BPA in goldfish.
However, the genotoxic potency of dinitro-BPA was
stronger than that of BPA. We also found that E2 and
nitro-E2 showed similar behaviors.”” Other nitro com-
pounds might be formed and flow into the water
environment. As a result, it is possible that aquatic
organisms and human beings are exposed to nitro
compounds. Hence we must investigate the formation
of nitro compounds and evaluate their estrogenic and
genotoxic activities in wvivo. In addition, we must
monitor dinitro-BPA and other nitro compounds in the
environment.
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Summary In this study, we examined the inhibitory effect of green tea extract and catechins
on the growth of Helicobacter pylori (H. pylori) and also on the improvement efficiency in H.
pylori infected Mongolian gerbils. The possibility of eradication of H. pylori by oral adminis-
tration of the catechins was also investigated. By administration of catechin adsorbed sucral-
fate for 10 days to H. pylori infected Mongolian gerbils, the colony forming units of H. pylori
was significantly decreased. The combined effect of catechins and omeprazole, a proton pump
inhibitor, was observed in an increase of pH as well as decrease of the mucosal hemorrhage.

These results are supported by the epidemiological studies in green tea producing and non- 1
producing area.

Key Words: H. pylori, green tea, catechin, gastric ulcer ‘1

The correlation between Helicobacter pylori (H. pylori) . Male i Female
infection and gastric diseases, such as chronic gastritis, g ol e ey g ot T o
peptic ulcers, intestinal metaplasia and gastric cancer, has g j ‘ot § oy
been widely investigated. In 1994, the World Health Organi- 2! I g s T 2
zation/International Agency for Research on Cancer (WHO/ ] i " 3
IARC) concluded that H. pylori is one of the definite T ® bl
carcinogens based on the epidemiological findings. An m“ s i m" £ adied
epidemiological study shows that half numbers of Japanese | ;;;_gf)“ ] i &Z:f’
are infected with H. pylori. % N{’\ i T
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antibiotics and lansoprazole of proton pump inhibitor. In 30 : 30 . .
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fore, usage of natural products has been desired for the 5 (p<005) 53 20 f & L
eradication of H. pylori infection diseases. Several investi- i oo} P i ol % 2
gators demonstrated the suppression effects of daily food § . § 'l .
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Table 1. Combined effect of green tea catechins and anti-H. pylori agents
a) Combined effect of green tea catechins and anti-H. pylori agents

Test systems ARSI

NCTC YS50
AMPC + GTC (1.25 mg/ml) 0.186 0.047
AMPC 0.186 0.186
CAM + GTC (1.25 mg/ml) 0.8 0.8
CAM 6.4 6.4

MBC: Minimal Bactericidal Concentration
GTC: Polyphenon 70S (Tokyo Food Techno, Tokyo Japan) contains 73.4% catechins
(EGC: 33.5%, ECG: 10.1%, EGC 17.4%, EC: 8.6%)

b) Combined effect of green tea catechins and sucralfate in H. pylori infected mongolian gerbils

Experimental gro GTC administration . Bacterial count
GI:T:;. of animgzlsl)lp (mg daily) R L (log CFU/stomach)®
1 Control (4) 0 27+09 5.690 + 0.268

II Sucralfate (4) 0 28+05 5.655+0.071

I GTC solution (4)° 20 33403 5.353+£0.197

IV GTC-Sucralfate (6)° 35 26+04 5.538+0.197

V GTC-Sucralfate (6)* 10 28+07 5.088 + 0.339

VI GTC-Sucralfate (6)* 20 28+04 3.839 = 0.476*

*Significantly reduced compared with the Control group, at p<0.05 Sucralfate: Anti-gastritis for gastric
membrene erosion GI'C, green tea catechin; Polyphenon 708

* The average pH of the stomach contents. The values for results are expressed as means = SDs.
Bonferroni’s test was used for statistical analysis.

®1 The average bacterial count each group was calculated. The values for results are expressed as
means + SDs. Bonferroni’s test was used for stastistical analysis

¢ The contcentration of GTC solution was 20 mg Polyphenon 70S/ml distilled water. The animals were
orally administered 1 ml of the solution daily for 10 days

“ The contcentration of GTC-Sucralfate was 20 mg Polyphenon 70S/ml Ulecermin suspension. The
animals were administered 0.25 ml (group IV), 0.5 ml (group V), and 1 ml (group VI) of GTC-Sucralfate
daily for 10 days .

etal., 2003, H. Masuda et al., 2004, T.Y. Oh er al., 2005).
Recently, it was found that tea catechins inhibited the growth
of H. pylori under the neutral condition (K. Mabe ef al.,
1999). H. pylori was eradicated in 10 to 36% of the catechin
treated Mongolian gerbils with significant decreases in
mucosal hemorrhage and erosion.

In this study, we present the inhibitory effect of green tea
extract and catechins on the growth of H. pylori and also on
the improvement efficiency in H. pylori infected with
Mongolian gerbils. The possibility of eradication of H.

Vol. 43, Supplement 1

pylori by the oral administration of the catechin was also
investigated. By Oral administration of catechin adsorbed
sucralfate for 10 days to Mongolian gerbils infected with H,
pylori, the colony forming units of H. pylori was signifi-
cantly decreased. The combined effect of catechins and
omeprazole, was demonstrated by the increase of pH as well
as decrease of the mucosal hemorrhage. These results are
supported by the epidemiological data in tea producing and
non-producing areas.
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Functional Properties of Sawa-Wasabi ( Wasabia japonica)

Naohide KINAE, Shuichi MASUDA

School of Food & Nutritional Sciences, Univercity of Shizuoka

Sawa-wasabi (Wasabia japonica Matsumura) is a traditional spice and a pungent food in Japan, and contains vari-
ous components, such as isothiocyamates, vitamin C and polyphenols in roots, stems and leaves. They are known to
exert some functional properties to bacteria and mammals including humans.

Wasabi extracts show antibacterial activity to some pathogens. The growth of fungus on foods is inhibited by
wasabi stems, too. The activities are attributed to several isothiocyanates, such as allyl and 6 -methylsulfinylhexyl
isothiocyanates, and expressed by the binding potency of isothiocyanates to peptides or proteins in cell membrane
and cytoplasm of wasabi. Wasabi also shows bactericidal activity to Helocobacter pylori. The extract shows inhibitory
effect on urease activity of H.pylori. Gastric mucosa injury of H.pylori-infected Mongolian gerbil was suppressed by
administration of wasabi samples. Furthermore, the combined inhibitory effect between wasabi extracts and medi-
cines on gastric mucosa injury was confirmed. Wasabi extracts also inhibited gastric mucosa injury in stomach of
rats induced by shackled stress.

Wasabi also has radical scavenging activity and inhibitory effect on lipid peroxidation in vitro. In vivo test, oral ad-
ministration of wasabi samples to ICR mice inhibited oxidative abnormal chromosome induced by gamma-ray irradi-
ation. Wasabi contained vitamin C and antioxidative polyphenols, such as kaempferol, myricitrin, luteolin.

Wasabi was also found to inhibit mutagenic activity of 2 -amino- 3, 8 -dimethlimidazo[ 4 . 5 f1-quinoxaline (MeIQx)
or 3-chloro- 4 -dichlomethyl- 5 -hydroxy- 2(5 H)-furanone (MX), and compounds containing ally isothiocyanate were
identificated as active components. Isothiocyanates strongly restrained the cancer cell proliferation. It is thought that
isothiocyanates might show various potencies, such as, detoxification of carcinogens, modification or deletion of can-
cer cells and immunostimulatory activity.

Moreover, wasabi shows inhibitory effect on Maillard reaction, orexigenic effect, enhancing action on vitamin B,
synthesis, inhibitory effect on platelet aggregation, enhancing of gastric absorption, the effect on secretory property
of colon electrolyte, antiallergic action.

Therefore, wasabi may be positioned as various functional foods, and the development of new food products with
wasabi is promising.
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Tablel HEIVICEETIhIM VFF T R— MOBHEEE (ES. 1990)

o R7H¥¥ BEDHE fETHYE

shikia RE " ™ i i
T 370 62 76 322 230
o= TF N .8 1 L2 -1.4 =
I=TF=N 6.1 0.2 0.9 2.7 24
4-R¥F=j)v 13 2.2 Al ) 2.2 74
5-AFE=N 3.4 1 1.9 0.6 51
B-7xiFN .- - - 75 200
S-AFNFFRYFN (5-MTITC) 1.6 0.9 0.4 -
G- AFNFFAFIIN (6-MTITC) 6.3 8.8 3.8 - trace
7~ AFNMFEAATF N (T-MTITC) 4.8 2.0 1. B 2.9
5-AFNANT 4 =¥ F ) (5-MSITC) 6.6 1:0 1.4 2.7
6= AFNANT 4 = AF Lk (6 -MSITC) 26 8.4 18 3.0
T-AFNANT 4 =T F N (7 -MSITC) 4.7 1.5 3.6 2.8 36

AITC B L D bAFRETHEHICEMT 22 L T
CAFZHEHELY, BH. H»CSORBEHIHTLTD
Pl AEmEE R . AMCBVTIZ 7T ABEML Y
b7 ARMEICH L THERESE. T BED
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VF A BT AR IS, R I ASEIE L TR,
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A (qu=—%) PEECHLLEY, BREiZTY
BALARDEUVBRESLTHROF2—-FTA0bET, o
HELLMBEERAZATACLEZHR LTV A, BEEISG
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AITC A7 =4 3% 13 LT 2LE A R B4 B R [ %
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Table2 EOVEKHTZROIVEENE 7 ULY S LAOREERE

T TUAFE LM RoEC (mg ERER /ml)
(mg/m) mE = =
1563 156.3 312.5
NCTC 11637 2.00 ST el o
625 .0 625.0 6250
Ysz1 4.00 <0.736> <0.232> <0.256>
: 156 3 156.3 312.5
Y550 1.00 <0.18> <0.058> <0.128>
ERRIBEBRELR LTV,

< SOERTIVILLBOSEEERL TV A,
NCTC11637 : $RH#®. VS27:+ 3B mEHE, YS50: BAHSE

Worfel 513, BAFRY v— 3 — M AITC #%F =
VABEHIOWT, FRBREDERICHT 2022 8RR
U #8323 A3 (Lasioderma serricorne) + &
G52 XRAMEFY (Tribolium confusium) 58P
HERLZZLEBEL TS Y, S5I2bS RS
RAE~OBREM T T. BESCEBL Y ICHET 27
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HADRRBEDT) 7R BT CEMTZZ L 2HRL
o DEUVBRABMATHEW- AFNLFATLFNAL Y
FEITRA—PE TR FNA VFF VTR~ P AEIZ
BOCBRBARERLALY,

2. MEOVUEER
BEOBFEICX Y, BikE, +T-HRBIRE, BEEE
2EDRECE OV E (Helicobacter pylori) MR
CHESELTWAZLPREZN., BFAREDERO—
DELTERALNTV 5, 1994, ERSAARFEERE
(TARC) TRYOVHEFL PCHLTERARTA L
IBEBERVAI 777 ¥ —LABSHTWE, R4 id
3EOKOYE (BEHENCTC11637, & FEHARSE
¥EYS50. & PHTHRBBREBERE YS27) 2HwT,
ROEUVDRELE, ZIIoWT, FNLHEDEI—F I
MR o) By L TREFER2TT 250 24E
L%, wihomiihd o) BicH L, Beisl
FEERL. B AITCEAEO 2 WER TR
ZME L AREOREFEEZ R LA L 3ERE .
ITCUNDOHMMER P HFET A LHNTFHE N

(Table 2). '

ZEERFICIEpHY 1 ~ 21 2 2 REEOENT. Yo
THEY VT —¥ (RRSMEER) CIVREEZSBRL
TTvE=TRERL, EHFEPHALTEEL TV,
Lzd>T, Kooy L7 —¥iEErEETL
N C0)VHRERATEET AL BEEELE L 50,
RAFDOITHEBPOY L7 - FHEEELREL:
5, RE E ZEThIBVHEERELRL:.
o BARGTHD AITC FRVHHEHR LR LN,
AITC PSS D7 LT — Y HENROFEL TR E NS,

FARBYOVE (ATCC43504) IoBPeL7=RF 3%
3 (MGS/Sea) ZHWT, invivo B 2RHLEUE
DIMED ) HERERELL Y, T—F MlisE 14
BRERHMICENCERES T2 L. Yo ) BOER MR
SEmERL, BHEOHIDE BHEEE TRy
BNl COZLIRED) BREERPICRET S 0
EHLIVEI-TVHEDAEET L L, in vivo R
RICBWTHRL—F MBS o) Bz L 2R
BEZHBLLLDLEITVWE, X512, bEUED
FAEERY T ERARCRES L CERER S22+ 2
AIDBHMTIZ, £BHORL,. BIOZEL &1z
FEZENBEEEOMHLEREL: (Fig 3. oo
BRPG, ROSTEWNTA2Z L2, Yoy
N ARETFHCEMEEEORMSBECEIZLED
n3,

RE CoVHORERRI7O MRy THEHO
FHVTIS-NEHERRTHBTEX VLYV, &
JURAOTA Y VDEAEDEFBEVLSRTRY., 334
FRBELFIEN TV S, BF. “hoEHEAVER
Wi & D LS ERO TR bhTwvd, L

o




