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Fig. 1. Co-infection with non-lethal Plasmodium berghei (Pb) XAT strain suppresses
the acute severe parasitemia caused by Pb ANKA strain infection in mice and
prolongs their survival. Mice were infected with 1 x 10 parasitized red blood cells
{pRBC) of Pb ANKA or Pb XAT. In the co-infected group, mice were infected with Pb
XAT 1day before infection with Pb ANKA. (A) Survival rates. (B) Course of
parasitemia. An asterisk indicates a statistically significant difference compared
with co-infected mice or Pb XAT-infected mice (P <0.05). Results are expressed as
means + SD of three mice, Experiments were performed three times with similar
results.

2.8. Statistical analysis

When comparing two groups, a Mann-Whitney U-test was used
and when comparing more than two groups, a Kruskal Wallis test
was used. Survival curves were compared using a log-rank test. All
statistical analyses were performed using the Statcel program
(OMS Ltd., Saitama, Japan). P < 0.05 was set as a statistically signif-
icant difference.
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3. Results

3.1. Co-infection with Pb XAT prevents the development of ECM caused
by Pb ANKA infection

To investigate whether the presence of non-lethal malaria
parasites affects the outcome of Ph ANKA infection, B6 mice were
co-infected with Pb ANKA and Pb XAT. Mice singly infected with
Pb ANKA showed high levels of parasitemia and died within 8 days
although mice singly infected with Pb XAT cured spontaneously at
around 3 weeks p.i. (Fig. 1A and B). On the other hand, mice co-in-
fected with Pb ANKA and Pb XAT survived longer than mice in-
fected with Pb ANKA (Fig. 1A) and their parasitemia was
suppressed until day 11 (Fig. 1B). In the late phase of infection,
high levels of parasitemia developed in co-infected mice.

As shown in Fig. 2, hemorrhages confaining pRBCs were
observed in Pb ANKA-singly infected mice (number of hemor-
rhages, 8.83 + 6.43/4 mm? in cerebellum, Fig. 2C) and pRBCs and
leukocytes accumulated within cerebral microvessels {Fig. 2D). In
contrast, neither hemorrhages nor accumulation of pRBCs and
leukocytes within cerebral microvessels were observed in mice
co-infected with Pb ANKA and Pb XAT (Fig. 2E and F) similar to
mice singly infected with Pb XAT (data not shown). In mice co-in-
fected with Pb ANKA and Pb XAT, ECM was not apparent before
mice died. These results suggest that co-infection with Pb XAT pre-
vents the development of ECM caused by Pb ANKA infection.

3.2. Severe anemia is caused by co-infection with Pb ANKA and Ph XAT

Next, we determined levels of hematocrit during co-infection
with Pb ANKA and Pb XAT. Co-infected mice showed low levels
of hematocrit compared with those of Pb ANKA-singly infected
mice on day 6 p.i. (Fig. 3A), The levels of hematocrit in co-infected
mice were comparable to those in Pb XAT singly infected mice. In
the late phase of infection, co-infected mice showed much lower
levels of hematocrit than Pb XAT singly infected mice (Fig. 3A, on
day 18 p.i.). These results suggested that mice co-infected with
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Fig. 2. The presence of Plasmodium berghei (Pb) XAT strain suppresses the development of experimental cerebral malaria (ECM) caused by Pb ANKA strain infection. Mice
were infected with malaria parasites as described in the legend to Fig. 1. Brains were obtained from infected and co-infected mice on day 8 p.i. with Pb ANKA, and histological
analyses performed. Typical results of uninfected mice (A and B), mice singly infected with Pb ANKA (C and D), and mice co-infected with Pb ANKA and Pb XAT (E and F) are
shown. (A, C and E) Analyses of hemorrhages in cerebellum. H & E, magnification 20x. Open arrows indicate hemorrhages. (B, D and F) Analyses of hemorrhages and
microvessels containing parasitized red blood cells (pRBC) and leukocytes. H & E, magnification 400 x. Closed arrows indicate pRBCs, Experiments were performed three times

with similar results and the representative data are shown.
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Fig. 3. During co-infection, lower levels of hematocrit and comparable percentages
of crisis-form parasites are observed compared with Plasmodium berghei (Pb) XAT
strain infection. Mice were infected with malaria parasites as described in the
legend to Fig. 1. (A) Levels of hematocrit. Blood (50 ul) was collected from infected
and co-infected mice on days 3, 6, 9 and 18 p.i. with Pb ANKA and hematocrit values
were determined. Asterisks indicate a statistically significant difference (‘P <0.05
compared with Pb ANKA strain-infected mice; P < 0.05 compared with Pb XAT-
infected mice). (B) The percentage of crisis-form parasites. The results were
obtained from blood smear samples from infected and co-infected mice on day 6 p.i.
with Pb ANKA. The percentage of crisis-form parasites was calculated as follows:
[(number of pRBC containing crisis-form parasites)/(total number of RBCs
counted) x 100]. N.D., not detected; pRBC, parasitized red blood cells. Asterisks
indicate a statistically significant difference (P < 0.05 compared with Pb ANKA-
infected mice). Results are expressed as means +SD of three mice. Experiments
were performed three times with similar results.

Pb ANKA and Pb XAT showed severe anemia and died in the late
phase of infection.

3.3. Non-lethal malaria parasites alter the immune response involved
in development of ECM

It has been shown that some murine malaria parasites which
are more virulent can competitively suppress less virulent para-
sites during co-infection (Van Baalen and Sabelis, 1995). To con-
firm the existence of Pb: XAT during co-infection, we determined
the proportion of crisis-form parasites.. Crisis-form parasites are
known to be morphologically and physiologically moribund malar-
ia parasites (Jensen et al, ' 1987) and observed in the descending
phase of the first peak of parasitemia during Pb XAT infection but
not Pb NK65 infection (Waki et al., 1985). A morphological exami-
nation showed that crisis-form parasites were observed in Pb XAT
singly infected mice but not in Pb ANKA-singly infected mice on
day 6 p.i. (Fig. 3B). Importantly, mice co-infected with Pb XAT
showed the same proportion of crisis-form parasites as Pb XAT sin-
gly infected mice on day 6 p.i. (Fig. 3B). These results indicate the
existence of Pb XAT during co-infection and suggest that Pb XAT
may alter the immune response involved in development of ECM.

3.4. Production of inflammatory cytokines is suppressed during co-
infection

Inflammatory cytokines such as TNF-o. and IFN-y have been
shown to be associated with development of ECM caused by Pb
ANKA (Yafiez et al., 1996; Amani et al,, 2000; Rudin et al,, 1997;
Engwerda et al., 2002). To examine whether production of these
cytokines is suppressed by co-infection with Pb XAT, we deter-
mined the levels of cytokines in plasma from uninfected and in-
fected mice. Pb ANKA-singly infected mice showed significantly
higher levels of TNF-« and IFN-y than uninfected mice on day 6
p.. (Fig. 4). Although the levels of TNF-o and IFN-y in plasma from
co-infected mice or Pb XAT singly infected mice also increased on
day 6 p.i., their levels were significantly lower than those in Pb
ANKA-singly infected mice. These results suggest that co-infection
with Pb XAT may suppress the production of inflammatory cyto-
kines which are involved in development of ECM.

3.5. The severity of Pb ANKA infection in IL-10-deficient mice is not
reduced, even when they are co-infected with non-lethal malaria
parasites

In a previous study, we found that [L-10 plays a role in suppres-
sion of the exacerbation of symptoms in mice co-infected with Pb
NK65 and Pb XAT (Niikura et al., 2008). To examine whether IL-10
is associated with the reduction in severity induced by co-infection
with Pb ANKA and Pb XAT, we determined the mortality, parasite-
mia and body weight of IL-10-deficient mice co-infected with Pb
ANKA and Pb XAT. All wild-type mice co-infected with Pb ANKA
and Pb XAT survived to day 21 p.i. (Fig. 5D), confirming the data ob-
tained in Fig. 1. IL-10-deficient mice co-infected with Pb ANKA and
Pb XAT began to die from day 7 p.i. and all mice died by day 11 p.i.
(Fig. 5D). Their body weights were significantly lower than co-in-
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Fig. 4. Co-infection with Plasmodium. berghei: (Pb) XAT strain suppresses the
production of inflammatory c¢ytokines which are associated with development of
experimental cerebral malaria (ECM). Mice were infected with malaria parasites as
described in the legend to Fig, 1. Plasma was collected from uninfected and infected
mice on day 6 p.i. with Pb ANKA. Leveis of TNF-a or IFN-y were determined by
ELISA. (A) Levels of TNF-o in plasma, (B) Levels of IFN-y in plasma. Asterisks
indicate a statistically significant difference ('P<0.05 compared with uninfected
mice; “P<0.05 compared with Ph ANKA-infected mice), Results are expressed as
means £ SD of three mice, Experiments were performed three times with similar
results.
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fected wild-type mice (Fig. 5F) although their parasitemias had al- wild-type mice and IL-10-deficient mice (Fig. 5A-C and G-1I). These
most the same pattern as those of wild-type mice at day 10 p.. results suggest that IL-10 may be involved in the suppressive effect
(Fig. 5E). On the other hand, the mortality, parasitemia and body of co-infection with Pb XAT on the outcome of lethal Pb ANKA
weight were not significantly different between singly infected infection.
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Fig. 5. 1L.-10 may be involved in the suppressive effect of co-infection with Plasmodium berghei (Pb) XAT strain on the outcome of lethal Pb ANKA strain infection. IL-10-
deficient mice (IL-10 KO) and age-matched wild-type mice were infected with Pb ANKA. In the co-infected group mice were infected with Pb XAT was 1 day before inoculation
with Pb ANKA. Shown are results of infection with Pb ANKA (A-C), co-infection with Pb ANKA and Pb XAT (D-F) and infection with Pb XAT only (G-1). (A, D and G) Survival
rates. (B, E and H) Course of parasitemia, (C, F and I) Body weight. Asterisks indicate a statistically significant difference ('P < 0.05 compared with wild-type mice). Results are
expressed as means  SD of three mice. Experiments were performed three times with similar results.
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Fig. 6. 1L-10 plays a crucial role in suppression of experimental cerebral malaria (ECM) during co-infection with Plasmodium berghei (Pb) XAT strain. 1L-10-deficient mice
(IL-10 KO) and age-matched wild-type mice were co-infected with Ph ANKA strain and Pb XAT. Mice in the co-infection group were infected with Pb XAT 1 day before
infection with Pb ANKA. Brains were obtained from infected IL-10-deficient mice after development of ECM on day 8 p.i. with Pb ANKA, and histological analyses were
performed (A and B). Plasma (C and D) and blood (E and F) were collected from uninfected and infected mice on day 6 p.i. with Pb ANKA. (A) Analysis of hemorrhages in
cerebellum. H & E, magnification 20x. Open arrows indicate hemorrhages. (B) Analyses of hemorrhages and microvessels containing parasitized red blood cells {pRBC) and
teukocytes. H & E, magnification 400x. Closed arrows indicate pRBCs. (C) Levels of TNF-« in plasma. (D) Levels of IFN~y in plasma. (E) Levels of hematocrit. {F) Levels of crisis-
form parasites. N.D., not detected. Asterisks indicate a statisticaily significant difference ('P< 0,05 compared with co-infected wild-type mice). Results are expressed as
means + SD of three mice, Experiments were performed three times with similar results and the representative data are shown.
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3.6. The prevention of ECM by co-infection with Pb XAT does not occur
in IL-10 deficient mice

To investigate whether the co-infected IL-10-deficient mice de-
velop ECM, we performed histological examinations of brains. In
brains from co-infected IL-10-deficient mice, hemorrhages con-
taining pRBCs were observed (number of hemorrhages,
13.0 £6.92/4 mm? in cerebellum, Fig. 6A). Moreover, accumula-
tions of pRBCs and leukocytes were observed within cerebral
microvessels (Fig. 6B). The plasma from co-infected 1L-10-deficient
mice contained significantly higher levels of TNF-o, and IFN-y com-
pared with those of co-infected wild-type mice on day 6 p.i.
(Fig. 6C and D). Co-infected IL-10-deficient mice showed the same
levels of hematocrit or crisis-form parasites as co-infected wild-
type mice on day 6 p.i. (Fig. 6E and F). These results suggest that
IL-10 may suppress the high levels of TNF-a and IFN-y and mediate
the suppression of ECM during co-infection with Ph XAT.

3.7. Early IL-10 response may be important for the prevention of
pathogenesis

To examine when IL-10 is induced and whether its levels differ
between singly infected and co-infected mice, we determined the
levels of cytokine mRNA in spleens from singly infected or co-in-
fected mice (Fig. 7). Although Pb ANKA-singly infected mice
showed only weak expression of IL-10 mRNA on day 3 p.i,, mice
co-infected with Pb ANKA and Pb XAT showed strong IL-10 mRNA
expression, which was comparable to that observed in mice dur-
ing Pb XAT single infection (Fig. 7A). In contrast, strong 1L-10
mRNA expression was detected in the spleens of Pb ANKA-singly
infected mice and co-infected mice, compared with that observed
in Pb XAT singly infected mice on day 6 p.i. (Fig. 7A). These re-
sults suggest that the enhanced levels of IL-10 in spleens on
day 3 p.i. may be involved in suppression of pathogenesis during
co-infection.

Next, we examined IL-10R-expressing cells during infection by
flow cytometry. The numbers of CD3™ IL-10R" cells in spleens from
Pb ANKA-infected mice were much lower than those in co-infected
or Pb XAT-infected mice on day 6 p.i. (Fig. 7B). In contrast, the CD3"
IL-10R" cell population significantly increased in Pb ANKA-infected
mice by day 6 p.i. compared with co-infected or Pb XAT-infected
mice (Fig. 7B and Table 1), On day 3 p.i., neither CD3~ IL-10R" cells
nor CD3" IL-10R* cells were significantly different between singly
infected mice and co-infected mice (Table 1). On the other hand,
CD3" IL-10R” cells from IL-10-deficient mice were significantly ex-
panded (Fig. 7C) and the number of the cells were much higher

Table 1
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than those from co-infected wild-type mice and Ph ANKA-singly
infected mice (Table 1). These results suggest that CD3* IL-10R*
cells may be involved in development of pathogenesis such as
ECM.

4, Discussion

In the present study, we investigated the influence of co-infec-

tion with non-lethal Pb XAT on the outcome of lethal Ph ANKA

infection which caused high parasitemia and ECM in mice.
Although several groups have examined the effect of the simulta-
neous presence of different Plasmodium species and/or strains dur-
ing Pb ANKA infection (Snounou et al., 1992; Mitchell et al., 2005;
Voza et al,, 2005), there is little understanding of the mechanisms
by which ECM is suppressed during co-infection. We found here
that co-infection with Pb XAT suppressed high parasitemia during
early infection (Fig. 1) and prevented the development of ECM
(Fig. 2) caused by Pb ANKA infection. Since the higher proportion
of crisis-form parasites in the descending period after the first peak
of parasitemia, such as day 6 p.i,, was observed in Pb XAT singly in-
fected and co-infected mice but not in Pb ANKA-singly infected
mice (Fig. 3B), we considered that Pb XAT parasites must be pres-
ent during the co-infection, and these results drove us to examine
whether early immune responses, which had mediated develop-
ment of ECM, were modified by the presence of Pb XAT.

From our results demonstrating that the production of inflam-
matory cytokines was suppressed in co-infected mice compared
with that in Pb ANKA-singly infected mice (Fig. 4), we postulated
that IL-10 might be associated with the suppression of ECM in-
duced by co-infection with Pb ANKA and Pb XAT. As expected,
the suppressive effect of co-infection with non-lethal Pb XAT on
mortality, severe body weight loss and ECM during Pb ANKA infec-
tion was abrogated in IL-10-deficient mice (Figs. 5 and 6). In plas-
ma from co-infected IL-10-deficient mice, the levels of TNF-o and
IFN-y were significantly higher than those in wild-type mice co-in-
fected with Pb XAT on day 6 p.i. (Fig. 6). IL-10 inhibits inflamma-
tory cytokines such as IFN-y, TNF-o. (Mosmann and Moore, 1991)
and IL-12 (Xu et al., 2001). In malaria, IL-10 as well as TGF-p have
been shown to be critical for host survival during Pb ANKA (Tan
et al, 2000; Kossodo et al., 1997) and Plasmodium chabaudi AS
strain (Li et al., 2003) infection. Moreover, our previous study sug-
gested that IL-10 plays a role in the reduction in liver injury by co-
infection with non-lethal malaria parasites (Niikura et al., 2008).
Altogether, our results suggest that IL-10 plays a crucial role in pre-
vention of ECM resulting from co-infection with Pb ANKA and Pb
XAT.
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The development of ECM is associated with early immune re-
sponses (Mitchell et al., 2005). As shown in Fig. 7A, high expression
of IL-10 mRNA was observed in spleens from co-infected mice or
Pb XAT-infected mice on day 3 p.i, compared with that in Pb
ANKA-infected mice. On the other hand, the expansion of CD3*
IL-10R* cells on day 6 p.i. was suppressed in spleens from Pb
XAT-infected mice or co-infected wild-type mice, compared with
that from Pb ANKA-infected mice (Table 1). These results suggest
that the presence of Pb XAT may suppress the expansion of CD3"
IL-10R* cells by inducing IL-10 production in early infection and
subsequently prevents development of ECM in mice. In fact, high
levels of CD3* IL-10R* cell expansion was observed in co-infected
1L-10-deficient mice which developed ECM and died earlier. On
the other hand, the population of CD3~ IL-10R" cells decreased in
spleens from Pb ANKA-infected mice on day 6 p.i., compared with
that of Ph XAT-infected mice or co-infected mice (Table 1). These
results initially led us to postulate that CD3~ IL-10R" cells would
be associated with prevention of ECM. However, it was negated
by the data showing that the population of CD3™ IL-10R" cells from
IL-10-deficient mice was not decreased but was instead much
higher than that from co-infected wild-type mice. At the least, it
is possible that the reduction of the CD3™ IL-10R" cell population
induced by Ph ANKA infection may be prevented by presence of
Pb XAT.

High levels of IL-10-mRNA were also observed on day 6 p.i. in
spleens from co-infected mice and levels were comparable to
those of Pb ANKA-singly infected mice (Fig. 7A). IL-10 has been
shown to down-regulate antigen presenting cell function by
decreasing cytokine production and major histocompatibility
complex class 1l expression through binding to IL-10R (O'Farrell
et al. 1998; Fiorentino et al. 1991a,b). As co-infected wild-type
mice showed high levels of parasitemia in the late phase of infec-
tion (Fig. 5E), it is postulated that enhanced levels of IL-10-mRNA
on day 6 p.i. observed in co-infected mice might suppress the ac-
quired immunity which should be induced later and protect
hosts from malaria parasites. Although IL-10 plays an important
role for prevention of ECM, it may also have undesired effects,
such as suppressing the clearance of malaria parasites during
infection.

In the present study, we showed that co-infection with Pbh XAT,
which is the same species as Pb ANKA, protects hosts from ECM
caused by lethal Pb ANKA infection in an [L-10-dependent manner,
In contrast, IL-10-deficient mice co-infected with P. yoelii yoelii and
Pb ANKA did not show any ECM symptoms (unpublished data). It is
also reported that the suppression of ECM by co-infection with
P. yoelii yoelii was not altered by neutralization of IL-10 (Voza
et al., 2005). The mechanism of the prevention of ECM by co-infec-
tion with P, yoelii yoelii, which is a different species from Pb ANKA,
would be different from that in co-infection with Pb XAT. The
development of ECM and liver injury by lethal murine malaria par-
asites has been shown to be induced by excessive inflammation
(Waki et al,, 1992; Yaiiez et al., 1996; Rudin et al,, 1997; Yoshimoto
et al,, 1998; Amani et al,, 2000). Co-infection with Pb XAT may pro-

>

Fig. 7. Analyses of splenic IL-10 mRNA expression and 1L-10 receptor (R)-express-
ing cells in spleen. Total RNA was isolated from spleens of infected and co-infected
mice on days 3 and 6 p.i. with Pb ANKA and subjected to reverse transcription (RT)-
PCR using cytokine-specific primers. The samples without RNA template were used
as controls (A). Spleen cells were harvested from singly infected and co-infected
mice (B) or co-infected wild-type and co-infected IL-10-deficient (IL-10 KO) mice
(C) on day 6 and were subjected to flow cytometry for CD3 and [L-10R expression.
(A) Expression of 1L-10 mRNA in spleens on days 3 and 6. (B) Analysis of IL-10R-
expressing cells in spleens from uninfected or infected mice. (C) Analysis of IL-10R-
expressing cells in spleens from co-infected wild-type mice or IL-10-deficient mice.
Experiments were performed three times with similar results and the representa-
tive data are shown,

vide a good experimental model for understanding immunopathol-
ogy such as ECM and liver injury caused by lethal murine malaria
parasites. Results obtained from in vivo models of co-infection
with murine malaria parasites will contribute to understanding
the suppression of lethal pathogenesis during Plasmodium spp.
infection.
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Phx-3, one of the phenoxazine derivatives, is reported to have inhibitory effect on Mycobacterium species
and Chlamydia pnenmoniae but not Escherichia coli, Salmonella Typhimurium, Pseudomonas aeruginosa,
Staphylococcus aureus, Listeria monocytogenes. The bactericidal activities of Phx-3 against Helicobacter pylori
strains have not been assessed. Then, we measured minimum inhibitory concentration of Phx-3 for Helicobacter
strains and assessed the morphological and biochemical effects of Phx-3 on H. pylori. In present study, it has
shown that H. pylori strains including clarithromycin resistant strain and Helicobacter musterae were Killed effec-
tively by the treatment with Phx-3. Furthermore, severe morphological changes such as membrane blebbing and
formation of hollows in H. pylori were detected. In addition, induction of heat shoek protein 60 was observed,
Taken together, Phx-3 has antibacterial activity against Helicobacter pylori.

Key words

Phonoxyazine derivatives which are produced by microor-
ganisms' ™ and found in insect” possess various biological
activities such as anti-tumor® and anti-microbial activi-
ties.">™® Although biological activity of actinomycin was
elucidated, other phenoxyazine derivatives have not been ex-
amined well. We have been studied the anti-bacterial effects
of Phx-1 (2-amino-4,4alpha-dihydro-4alpha-7-dimethyl-3H-
phenoxazine-3-one), Phx-2 (3-amino-1,4alpha-dihydro-
4alpha-8-dimethyl-2H-phenoxazine-2-one) and Phx-3 (2-
amino-phenoxazine-3-one), which are produced by the reac-
tion of o-aminophenol or its derivatives with bovine hemo-
globin.” Additionally, the chemical structure of Phx-3 (Fig.
1) is identical to questiomycin A, which was isolated from
the culture fluids of Strepromyces by Anzai et al." as a com-
pound with bactericidal activity against Mycobacterium
tuberculosis. Subsequent studies showed that Phx-3 also
inhibits the growth of non-tuberculosis Mycobacterium
species.” In contrast, some other Gram-negative and Gram-
positive bacteria were resistant to as much as 100 ug/ml of
Phx-3" except for facultative intracellular bacteria Chlamy-
dia pneumoniae.¥

Helicobacter pylori, which infects approximately 50% of
the population worldwide, is a causative agent for chronic
gastroduodenal ulcer, and possibly gastric cancer. Triple ther-
apy consisting of amoxicillin, clarithromycin (CAM) and a
proton pump inhibitor has proven to be effective for the erad-
ication of H. pylori so far.” As in the case of other bacteria,
however, there has been an increase in the appearance of
drug-resistant strains of H. pylori. It has been reported that
failure of eradication of H. pylori infection with triple ther-
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X 2
8] 8]
Fig. 1. Chemical Structure of Phx-3 as Identified by Shimizu ef al.”

The structure, 2-amino-phenoxazine-3-one is identical to that of questiomycin A.2
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apy was approximately 20% of infected patients in Japan.'®
With the increase in the frequency of CAM-resistant H. py-
lori, there is rising concern about the potential decline in the
eradication rate of this infection,!"” Therefore, it is important
to develop new drugs to combat this bacterium. In the pres-
ent study for further investigation of possibility of phenox-
azine derivatives as bactericidal compound, we examined the
effects of Phx-3 on H. pylori.

MATERIALS AND METHODS

Bacteria and Cultivation We used three standard
strains of H. pylori (American Type Culture Collection
[ATCC] 43504, ATCC 43579, and The National Collection
of Type Cultures NCTC [NCTC] 11638 and three clinical
isolates (TK 1029, 1047, and 1402). Brucella broth (Difco
Laboratories, Inc., Detroit, MI, U.S.A.) supplemented with
7% horse serum was used for the liquid culture of H. pylori
strains. For the plate culture, 1.5% of bacto agar (Difco Lab-
oratories, Inc. Detroit, MI, U.S.A.) was supplemented to the
medium. Bacteria were incubated at 37 °C under microaero-
bic atmosphere produced by the AnaeroPack®-MicroAero
(Mitsubishi Gas Chemical Co., Inc., Tokyo, Japan).

Chemicals Phx-1, Phx-2 and Phx-3 were synthesized
from 2-amino-5-methylphenol, 2-amino-4-methylphenol or
o-aminophenol, respectively, with bovine hemoglobin ac-
cording to the method described in.'” Phx-3 was dissolved in
methanol as a stock solution at the concentration of 25 mm
and was stored at —20°C until use. The chemical structure
of Phx-3 is illustrated in Fig. 1.

Measurements of the Minimal Inhibitory Concentra-
tion (MIC) for H. pylori We evaluated the ability of Phx-3
to inhibit the growth of H. pylori by determining the MICs as
described by the guidelines of the Clinical and Laboratory
Standards Institute for Clinical Laboratory Standards.'”
Briefly, the 72-h old subcultures diluted and adjusted to the
1X107 to 1X10® colony forming units per ml were replicated
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directly on the Phx-3-containing agar dilution plates. The
MICs were determined after 3 d-cultivation. The sensitivities
of these strains to CAM were measured by the E-test® ac-
cording to the manufacturer’s instructions (AB Biodisk,
Solna, Sweden).

Electro Microscopy The bacterial cells were collected
and prefixed in an aqueous solution of glutaraldehyde in
50 mm phosphate buffer (pH 7.4) at 4 °C. Following washing,
the bacterial cells were fixed with OsO, in Veronal-acetate
buffer (pH 6.0) for 16 h at room temperature. After treatment
with 0.5% uranyl acetate, the samples were subsequently de-
hydrated in a graded series of alcohol. Micrographs with
scanning electron microscope were observed with model
JSM-5600LV (Japan Electron Optics Laboratory, Tokyo,
Japan).

Western Blotting H. pylori ATCC 43504 strain was cul-
tured for 8h, and 12 ug/ml of Phx-3 was added. Following
the 6-h, bacteria cells were harvested by centrifugation at
8500Xg for 10min and washed with phosphate buffered
saline (PBS). The bacterial cells were disrupted by ultra-
sonic waves {Sonifier, Bronson Ultrasonics Co., Danbury CT,
US.A)). Cell debris was removed by centrifugation at
8500xg for 20 min. The cell lysates were developed with
12.5% acrylamide gel and transfer to the polyvinylidene di-
fluoride (PVDF) membrane. Following to the reaction with
primary and secondary antibodies, reacted proteins with pri-
maty antibodies were detected with DAB (3,3'-diaminoben-
zidine). The anti-Ompl9 (Biodesign International, Saco,
ME, U.S.A.) and H20" monoclonal antibodies were used for
the detection of Omp19 and HSP60, respectively.

RESULTS AND DISCUSSION

We assessed the anti-microbial effect of Phx-3 on H. py-
lori ATCC 43504, ATCC 43579, NCTC 11638, TK 1029,
1047, and 1402. None of H. pylori strains were able to grow
in the presence of 1ug/ml or more of Phx-3 (data not
shown). Among examined strains, H. pylori TK 1047 was
considered CAM-resistant according to the CLSI guidelines
as the MIC of CAM against this strain was 1.5 ug/ml for
CAM. Therefore, Phx-3 was able to prevent the growth of
CAM resistant strain as well as sensitive strains.

in addition, we found that the MIC of Phx-3 against Heli-
cobacter musterae ATCC 43772 was 0.5 ug/mi, which was
similar to the MICs of Phx-3 for the H. pylori strains. There-
fore, it appears that Phx-3 inhibits the growth of Helicobac-
ter species including H. pylori.

To further examine the antibacterial effect of Phx-3 on H.
pylori, we counted the number of colonies of bacteria in the
culture at selected time points after the addition of various
concentrations of Phx-3. As shown in Fig. 2, Phx-3 killed H.
pylori at the concentrations equal to or higher than the MIC.
After 48h, Phx-3 reduced the numbers of bacteria to below
the limit of detection (Fig. 2). Unlike other bacteria to which
Phx-3 has, weak antibacterial activity,” our results suggest
that Helicobacter species are highly susceptible to Phx-3.

Anti-H. pylori agents have been shown to cause a variety
of morphological changes."”™" We therefore examined the
morphological changes of H. pylori ATCC 43504 cells after
a 6-h culture in the presence or absence of 6 ug/m! of Phx-3
using scanning electron microscopy. The electron micro-
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Fig. 2. Bactericidal Effect of Phx-3 on H. pylori ATCC 43504

The cells were treated with Phx-3 at 0.5 yg/ml (solid circles), 1 yg/ml (solid trian-
gles), 2 pg/ml (solid diamonds), 4 prg/ml (solid squares) or 8 yg/ml (crosses). The cel-
lular viability was determined at 0, 3, 24, and 48 h by the viable cell counting on Bru-
cella agar supplemented with 7% horse serum. The number of bacteria in the culture in
the absence of Phx-3 was also measured (open circles). All experiments werte per-
formed in duplicate.

Fig. 3.
or without (A) Treatment of 6 tig/ml Phx-3

Scanning Electron Microscopy of H. pylori Treated with (B and C)

Formation of spherical cells and membrane blebbing were observed (arrows) in Phx-
3-treated cells. Bars represent | pm.

graphs shown in Fig. 3 revealed that Phx-3 caused severe
morphological changes, including membrane blebbing, the
formation of hollows and the formation of spherical cells. In-
terestingly, no coccoid cells were observed until 8h after
treatment with Phx-3. Because the membrane-like structures
were attached to the surface of the bacterial cells treated with
Phx-3, the exfoliation of outer membrane was suspected.

We next examined the localization of outer membrane
protein in the H. pylori cells. The lysates were separated
on polyacrylamide gel electrophoresis and stained with
Coomassie brilliant blue (Fig. 4C). The Omp!l9 protein was
detected using monoclonal antibody against Ompl19. We de-
tected no differences in the amounts of Opm19 proteins be-
tween Phx-3 treated and un-treated H. pylori (Fig. 4A). The
result showed that the outer membrane was not exfolitated by
the addition of Phx-3 contrary to our expectation. We also
compared the amount of HSP60, general stress protein of H.
pylori after treatment with Phx-3. It was shown that Phx-3
treated cells produced more heat shock protein 60 than un-
treated cells (Fig. 4B). The damages of the bacterial cells
caused by Phx-3 may be generated in not only the surface of
the cells but also whole cells. As shown in Fig. 4B (lane 2),
H20 monoclonal antibody used in this study to detect HSP60
of H. pylori reacted with unidentified proteins of H. pylori.

- 100 —



A (B
12 1 2 1

©
2 M

Fig. 4. Whole Cell Lysates of H. pylori ATCC 43504 with or without
Treatment of Phx-3 Were Examined by Polyacrylamide Gel Electrophoresis,
followed by Western Blotting with Anti-Omp19 (A) and Anti-HSP-60 Anti-
bodies (B) or Staining with Coomassie Brilliant Blue (C)

Lane 1, A pylori ATCC43504; lane 2 H. pylori ATCC43504 treated with Phx-3; lane
M: protein molecular weight markers. Numbers at the left of Tane M indicate the molec-
ular weights of the markers.

Yamaguchi and coworkers' purified H. pvlori HSP60 using
affinity chromatography with H20 monoclonal antibody.
After loading of the purified HSP60 fraction in Western blot
analysis, several proteins except for the HSP60 were still de-
tected with H20 monoclonal antibody as minor bands. These
results suggest that they may be degraded HSP6O protein or
cross-reacting antigen induced by various stresses.

Motility of H. pylori during colonization in the gastric mu-
cosa is an important factor for the pathogenesis following H.
pvlori infection," We therefore assessed the possibility that
Phx-3 affects the motility of H. pylori by measuring s arming
motility on the soft agar medium containing 0.4% agar. We
found that pretreatment or simultaneous treatment with Phx-
3 at concentrations below the MIC did not alter the swarming
of H. pylori (data not shown).

The three-dimensional structure of chemical substances
sometimes provides clues to their mechanism of action. Phx-
3 is a planar molecule with 2-amino and 3-ketone residues.
These features provide structural rigidity, which could allow
Phx-3 to intercalate into the double-stranded DNA. Phx-3
could form hydrogen bonds with deoxyguanosine between
the GpC pairs. We therefore extracted the genomic DNA of
H. pylori and examined the DNA patterns by agarose gel
electrophoresis. By staining with ethidium bromide, we did
not detect any changes until 8 h after the treatment with Phx-
3 (data not shown).

Furthermore, we examined the bactericidal effect of Phx-1
and Phx-2 on H. pylori strains, and the MICs of these com-
pounds against tested nine H. pylori strains and H. mustelae
strain were between 50 pug/ml and 100 pg/ml, and 20 pg/ml
and 100 pg/ml, respectively. These results indicate no bacte-
ricidal activities of Phx-1 and Phx-2 against Helicobacter.
Difference of structures between Phx! or Phx-2, and Phx-3
was the presence of methyl residues which give to the exten-

Vol. 33, No. 2

sion to three-dimensional change. It is possible that the pla-
nar structure of Phx-3 is important to its bactericidal activity.
Bendic and Volanschi evaluated the intermolecular interac-
tions between the drug-nucleic acid complexes by modeling
based on molecular mechanics optimization.'” Their molec-
ular modeling of questiomycin A (Phx-3) suggested that it
can bind in the minor groove after intercalation in double-
stranded DNA. The bactericidal activity of Phx-3 might be
therefore due to interaction with the genomic DNA of H. py-
lori.

It is not clear why Phx-3 shows the specificity of the bacte-
ricidal activity for Helicobacier. Specie specific intrinsic
drug resistance is thought to be determined by several factors
such as size of porin(s), efflux pump, modification of drug,
affinity of active point and surface charge. Exner er al’”
identified four pore forming outer membrane proteins related
to porin, and the channel size of porin in H. pylori was rela-
tively small. This could contribute to the resistance of H. py-
lori to hydrophilic antibiotics. Among them, the efflux of the
toxic drugs is an important factor controlling the intrinsic
sensitivity. H. pylori is highly sensitive to many hydrophilic
and hydrophobic agents despite relatively low susceptibilities
to the polycation polymyxin B and cationic antimicrobial
peptides.?” Bina et al?® proposed that reasonable uptake of
hydrophobic substances coupled with nonfunctioning efflux
systems could explain the relatively high susceptibility of H.
pylori to hydrophobic antibiotics. Phx-3 might therefore be-
have like other hydrophobic antibiotics with respect to up-
take into and efflux from bacterial cells. After accumulation
of Phx-3, the molecules may intercalate into the double-
stranded DNA and inhibit transcription.

In summary, we demonstrated the specific bactericidal ac-
tivity of Phx-3 against H. pylori in vitro. This specific sensi-
tivity of H. pylori seems to be due to the genus specific struc-
ture of cell-surface. And, possible mechanism of bactericidal
activity of Phx-3 is interaction with bacterial DNA and inhi-
bition of its transcription. On the other hand, effects of Phx-3
on the eukaryote cells were previously assessed by Yama-
guchi and colleagues.” They described that concentrations of
less than 10 um of Phx-3 did not show cytotoxicity to HEp-2
and THP-1 cells. ‘

These results obtained provide important information for
development of novel anti-H. pylori drugs.
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Background: Japanese longevity is the highest in the world. This is partly explained by low occurrence of
cardiovascular diseases, which in turn is attributed to the Japanese traditional diet (JTD). Recent research
demonstrates that nitric oxide (NO), a key regulator of vascular integrity, can be generated from nitrate
(NO37), abundantly found in vegetables. It can reduce blood pressure (BP) via its serial reduction to nitrite
(NO;") and to bioactive NO. Interestingly, JTD is extremely rich in nitrate and the daily consumption is

Keywaords: ditional food higher than in any other known diet.
J;;il: ?:[e:e traditional foo Objective and design: In a randomized, cross-over trial we examined the effect of a 10-day period of JTD
Nitrite on blood pressure in 25 healthy volunteers. Traditional Japanese vegetables were encouraged to be con-

sumed and avoided during the control period. Daily nitrate intake was calculated.

Results: Nitrate naturally provided by the JTD was 18.8 mg/kg/bw/day, exceeding the Acceptable Daily
Intake by five times (ADI, 3.7 mg/kg/bw).

Plasma and salivary levels of nitrate and nitrite were higher at the end of the JTD period. Diastolic BP
decreased on average 4.5 mm Hg during JTD compared to the control diet (P=0.0066) while systolic
BP was not affected. This effect was evident in normotensive subjects and similar to that seen in the
recent studies.

Conclusions: An ordinary nitrate rich diet may positively affect blood pressure. Our findings further sup-
port the importance of the role of dietary nitrate on BP regulation suggesting one possible explanation of

Diastolic blood pressure

healthy aspects of traditional Japanese food.

© 2009 Elsevier Inc. All rights reserved.

Background

At an age when the average European person is predicted to die
- 77 years for men and 81 for wornen - inhabitants of Okinawa in
Japan usually have many more years of good health, Not only do
the Japanese live longer, they age successfully, are lean, energetic
and have low occurrence of chronic illnesses like heart disease
and cancer [1]. This has partly been attributed to Japanese tradi-
tional diet rich in vegetables and fish, A typical Japanese meal con-
sists of a rice dish complimented with soybean products, fish,
seafood, and a variety of vegetables, Among the vegetables eaten
every day, there are a variety of green leafy vegetables, mushrooms
and seaweed, Interestingly, the population who lives longest (Oki-
nawans), has the highest consumption of kombu (seaweed) in Ja-
pan [2]. Furthermore, the vegetable diet pattern in Japanese is
associated with a significantly lower blood pressure, and serum

* Corresponding author. Address: Division of Pediatrics, CLINTEC, Barnendokrin-
labb, B62 Karolinska Institutet, 5-141 86 Stockholm, Sweden. Fax: +46 8 585 87 200.
E-mail address: tanja.sobko@ki.ce (T. Sobke).

1089-8603/$ - see front matter © 2009 Elsevier Inc. All rights reserved.
doi: 10.1016{[.piox.2009.10.007

triacylglycerides | 3]. Specific foods that could reduce cardiovascu-
lar diseases have recently been identified |{4-6] but more research
is obviously required to identify what particular components in
fruit and vegetables are associated with this decrease,

NO is a key regulator in vascular integrity, Recently a funda-
mentally different pathway for NO generation in addition to the
classical NO synthase-dependent pathway has been described.
NO can be generated from inorganic nitrate and nitrite, abundantly
found in green leafy vegetables |7,8]. In humans, after absorption
in the upper gastrointestinal tract, approximately 25% of circulat-
ing nitrate is actively taken up by the salivary glands and is con-
centrated up to 20-fold in saliva. Once in the oral cavity,
commensal bacteria on the dorsal surface of the tongue reduce ni-
trate to nitrite by the action of nitrate reductase enzymes {8-10].
Swallowed nitrite is then reduced to NO and other bioactive nitro-
gen oxides in the acidic environment of the stomach. Nitrite that
survives the acid conversion can enter the systemic circulation
and increase its storage pool in blood and tissues, Studies in hu-
mans show increased plasma nitrite concentrations after oral
ingestion of nitrate and use of an antibacterial mouthwash after
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consumption of dietary nitrate attenuates the rise in plasma
nitrite, showing the importance of the oral bacteria in the nitrate
conversion to nitrite |11},

However, beyond this “prokaryotic pathway” of nitrite genera-
tion in blood and tissue an “eukaryotic pathway” has also been
recently described by Lundberg's group: also mammalian cells
are capable of nitrate reduction to nitrite via the involvement of
a nitrate reducing enzyme, XOR | 12]. Nitrite accumulation in blood
and tissues represent a biological pool for NO generation since sev-
eral different mammalian enzymes and metalloproteins possess
nitrite reductase activity such as xanthine oxidoreductase (XOR),
aldehyde oxidase (AQ), heme proteins and mitochondrial respira-
tory chain enzymes [11-13].

The measurable biological effects of nitrate derived NO include
rapid local vasodilatation and acute reduction in blood pressure
[5,13]. It also enhances gastroprotection [14-16], plays a role in
mitochondrial respiration {17], cardiac function [18] and exerts
antiapoptotic effects |[19].

Significant physiologic benefits may be associated with the die-
tary nitrate, The content of inorganic nitrate in certain vegetables
and fruits can provide a physiological substrate for reduction to ni-
trite and NO that produces vasodilatation, decreases blood pres-
sure and supports cardiovascular function [20-22].

The Dietary Approaches to Stop Hypertension {DASH) studies
found that diets rich in vegetables can lower blood pressure to lev-
els similar to those achieved with single hypotensive medications
[23,24]. This protection has been attributed to the high content
of antioxidants, yet large clinical trials have failed to provide evi-
dence in support of this theory [25,26). The strongest protection
against coronary heart disease was associated with the consump-
tion of green leafy vegetables (e.g. spinach, lettuce) [27]. These
vegetables commonly have a high inorganic nitrate content [28].
Interestingly, the BP reduction described after ingestion of beetroot
juice decreased BP only if saliva was continuously swallowed,
demonstrating the critical involvement of an enterosalivary circu-
lation of nitrate for its bioactivation |5}, Other foods rich in nitrate-
nitrite are mushrooms and seaweed. Asian population, especially
Japanese, consume a diverse range of mushrooms and seaweed
on a daily basis, Overall, the traditional Japanese diet contains a
great number of green, leafy vegetables, making it exceptionally
rich in nitrate, and the daily consumption higher than in any other
known diet, We therefore aimed to examine if the Japanese tradi-
tional food, reflected in ingestion of dietary nitrate, affects plasma
nitrate/nitrite and arterial blood pressure.

Experimental procedures

The 25 participants of the study were physically active, healthy
Japanese volunteers (10 men and 15 women; mean age
36 + 10 years, BMI <18.5). They gave informed consent and the
study was granted full ethics approval by the Local Research Ethics
Committee at Kyorin University School of Medicine and was regis-
tered at clinicaltrials.gov, NCT 00928824, The study had a random-
ized cross-over design with two dietary intervention periods
during which the subjects received either Japanese or control
(non-Japanese) diet. The exclusion criteria were any serious ili-
nesses, infectious diseases and use of systemic medication. Study
subjects had an overnight fast on the morning of saliva and blood
collection and blood pressure recording. There were two smoking
participants and they were instructed not to change their smoking
habits during the study period.

Common Japanese vegetables, identified as the daily source of
nitrate |29,30], were encouraged to consume during the conse-
quent 10 days. To avoid the concentration differences in nitrate/ni-
trite in locally produced foods, the participants were provided with

fresh vegetables and staple foods from the same store twice a week
during both intervention periods. During the control period, partic-
ipants were instructed to avoid these vegetables. Instead, the study
subjects received and followed the instructions how to replace tra-
ditional Japanese meals; for example, by having cornflakes, muesli,
yogurt or sandwiches for breakfast. The control diet was designed
to eliminate the risk of any major differences between diets in total
protein, carbohydrates, saturated and unsaturated fat. The control
diet was controlled for nitrate and nitrite sources and those were
excluded from the consumption. The mean total intake of energy
was approximately 1900 kcal per day. Each participant was asked
to recall and fill in all food and drink items consumed daily during
the study periods of 10 days, including detailed information about
recipe ingredients. Daily nitrate/nitrite intake calculations were
based on the dietary recall, body weight information and referred
nitrate/nitrite concentrations of ingested foods {29]. Nitrate con-
tents in various vegetables and Japanese foods (examples are
shown in Table 1) were based on the calculations by Tsuji et al. (as-
sessed by ion exchange HPLC-UV chromatography) [29]. Blood
pressure was measured manually in a sitting position by the
blinded physician according to a standard protocol. There was no
wash-out period between the study periods. Measurements were
taken before breakfast three times: at baseline, at the shift of diets
in the middle and at the end of the study. Blood samples (3 mL)
were collected and treated for plasma nitrate and nitrite measure-
ment according to procedure previously described in detail [31].
Blood samples were centrifuged immediately at 2200g for 10 min
at 4 °C and the plasma stored at —80 °C until measurement of ni-
trite and nitrate concentration. Saliva samples were collected at
the same time in tubes containing EDTA (final concentration
2 mM) and stored at —80 °C for later nitrate and nitrite determina-
tion. Samples were analyzed for nitrite and nitrate concentrations
by ion chromatography (ENO 20 Analyzer; Eicom, Kyoto, Japan).
Sample concentrations reflect the mean value from triplicate
analyses,

The data were analyzed using the Graph Pad Prism Software,
Group differences were tested with Mann-Whitney (independent
groups) and Wilcoxon's signed rank (paired measurements) tests.
In all cases, P < 0.05 was considered statistically significant.

Resuits

Healthy Japanese individuals participating in the study followed
proposed dietary schemes without significantly loosing or gaining
body weight (mean [tSD}, 58.7+93 at the start of the trial,
58.9 + 9.1 kg after the non-Japanese and 58.7 + 9.3 after the Japa-
nese diet). The trial subjects did not express any inconvenience fol-

Table 1
Example of nitrate levels (NO3~, mg/kg) in some typical Japanese foods included in
daily diets, based on dietary recall [29].

Vegetable NO3~, mg/kg
Ta cai 5670 £1270
Chin gin cai 31501760
Garland chrisantemum 4410 £ 1455
Osaka shirona 2500+ 753
Spinach 3560 552
Burdock 2350 £ 438
Sayaingen beans 945 + 141
Chinese cabbage 1040 + 289
Winter mushrooms 983+93
Honghimeji mushrooms 1836 + 48
Shiitake mushrooms 454 %38
Purple laver 282542200
Laver 3990 3940
Nozavana pickles 217035
Water dropwort 504 + 187
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lowing the Japanese diet; on the contrary, it was associated with an
old-fashioned Japanese diet consumed at participants’ parents/
grandparents homes. At the same time it was difficult to follow
the control diet, Therefore, a dietary expertise was used to adjust
the control diet and to ensure its nitrate levels to be within the
ADI range. Individually consumed daily nitrate intake was approx-
imated to a mean concentration of 18.8 mg/kg of body weight/day
during the Japanese diet study phase, Nitrate, naturally derived
from Japanese diet exceeded five times the Acceptable Daily Intake
(ADI = 3.7 mg/kg/body weight),

After 10 days of Japanese diet, the circulating plasma nitrate
levels were higher than after period of control diet (imean [+SD],
432+ 174 and 153.9 149 uM, respectively; P <0.001), as were
plasma nitrite levels (131.5 £ 75.34 and 203.5 + 102.3 nM, respec-
tively; P=0.0063) (Fig. 1). Fasting salivary nitrate levels were
(median (range), 569.6 (14.4-5778)uM after Japanese diet
(P=0.0008) and 199.7(0.1-703.7) uM after control; nitrite levels
were 134.2 (1.2-1411) pM at the end of the Japanese diet, and
71,9 (0.4-453.2) pM at the end of the control phase P < 0.0018.

The mean diastolic blood pressure was 4.5 mm Hg lower after
Japanese diet compared with non-Japanese diet, 71.3+7.9 and
75.8 + 7.8, P = 0,0066) (Fig. 2). There were no significant differences
in systolic blood pressure (data not shown).

Discussion

Until recently, it has been commonly agreed that NO in vivo
could only be synthesised by NOS with nitrite and nitrate as inert
biological end-products of NO metabolism. However, it was dem-
onstrated in 1994, that nitrite derived from dietary nitrate was a
substrate for NOS-independent generation of NO in the acidic con-
dition of the humnan stomach |8,9]. Despite the demonstration of a
pharmacological role for nitrite in vascular and immune function,
the potential health aspects of food sources of nitrates and nitrites
have not received much attention {22},
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Fig. 2. Effects of 10-Day Japanese traditional foods or control diet on diastolic blood
in 25 healthy volunteers. The mean diastolic pressure was by 4.5 mm Hg lower
during Japanese traditional food intake (P = 0.0066).

The WHO reported in 2002 that the harmful effects of chronic
hypertension stand for the ca 11% of all following diseases. ldenti-
fying dietary components that might protect against cardiovascu-
lar diseases will therefore be important for public health
worldwide, Nitrate has been highlighted to be such a component
[5.14]: administration of sodium nitrate (0.1 mmol/kg/d) to
healthy volunteers over 3 days reduced diastolic BP by 3.7 mm
Hg [13] and Webb an co-workers showed similar effects with a
vegetable juice rich in nitrate [S}. In the present study, ordinary
Japanese diet increased intravascular stores of nitrite probably
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Fig. 1. Effects of 10-Day Japanese traditional foods or contrel foed on salivary and plasma nitrate and nitrite in 25 healthy volunteers. After overnight-fasting (10 h), plasma
nitrate and nitrite concentrations were higher during Japanese traditional diet (P < 0.001 and P < 0.05).
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due to bioconversion. As a result, the BP decreased, because the ni-
trite was further converted to a potent vasodilator, NO [32]. Blood
pressure decrease in normotensive Japanese volunteers was simi-
lar to that seen in the Webb and Larsen studies |5,13,23] and sug-
gests that NO provided in the form of dietary nitrate, found in the
Japanese traditional diet, would likely have a cardioprotective
effect,

It is argued that the BP lowering effect of Japanese foods could
be attributed to antioxidants, vitamins, polyphenols and high K*
content of fruit and vegetables |33], although recent large scale
clinical trials have failed to provide evidence in support of this
hypothesis [25,26]. At the same time, nitrite reduction to NO is
greatly enhanced by reducing compounds such as vitamin C and
polyphenols, both of which are abundant in the Japanese foods
and in the DASH diet.

Further, Webb an co-workers elegantly showed that the lower-
ing effect of vegetable juice on BP was independent of K* levels,
since the rise in plasma K* was unaffected by spitting, while nitrate
effect on BP were abolished by these procedure [5]. Moreover,
since dietary sodium nitrate supplementation in the present study
has similar effects as shown by Larsen et al. [ 13}, this convincingly
suggests that it is nitrate and not antioxidant, polyphenols or
potassium that is responsible for the BP effect.

In the present study the amount of nitrate naturally provided by
the Japanese diet exceeded the ADI by four times and could there-
fore be questioned, Although seemingly high, these levels were
easy to reach when the participants ate vegetables that corre-
sponded to a typical traditional Japanese diet, Green leafy vegeta-
bles present in Japanese food (chingensai, komatsuna and garland
chrisantemum etc.) contain on average a similar amount of nitrate
as European spinach, and Japanese are high consumers of a variety
of mushrooms and seaweed, also rich in nitrate/nitrite (Table 1).
The variety and amounts of nitrate rich vegetables eaten every
day in the traditional Japanese diet is much greater than in a Euro-
pean diet: almost all the foods shown in Table 1 were included in
the daily diet, which corresponded an ordinary Japanese diet, Alto-
gether, these eating habits explain the high daily intake of nitrate,
Nitrate intake from dietary sources in our study is similar with the
recent report from Bryan’s group, who has calculated that the
DASH diet could result in the consumption of up to 1222 mg ni-
trate per day thereby exceeding by 550% the WHO's ADI for nitrate
in adults {34]. The concentration of nitrate in a single vegetable
species varies depending on the soil and growth as well as storage
and transport conditions [35]. In our study, we handled the possi-
ble variation in concentrations by providing the participants with
the foods from the same store.

Sorme nitrogenous compounds, such as nitrate, since long have
been and still are considered potential human health hazards;
especially when given to infants, nitrates in bacterially contami-
nated well water could be reduced to nitrite and cause the condi-
tion known as methemoglobinemia [20]. However, the exposure
studies on children and adults have not confirmed that nitrate
intake is associated with methemoglobinemia [36,37|, and alterna-
tive explanations for methemoglobinemia in infants has been sug-
gested such as gastroenteritis and associated iNOS-mediated
production of nitric oxide induced by bacteria contaminated water
[38). The data supporting the toxicity of nitrates and nitrites for
healthy adolescent and adult populations is questionable, as is
the scientific basis for exposure regulations for nitrate and nitrite
120.21,39]. Another issue, especially in Japan, is that ingested ni-
trites may react with secondary amines or N-alkylamides to gener-
ate carcinogenic N-nitroso compounds (NOCs) |40] and the
prevalence of gastric cancer in the Japanese population is very
high. Although shown in animal models |41}, the proof in humans
has not been substantiated, Furthermore, the nitrites in foods may
be “neutralized” if accompanied by vitamin C, an antioxidant that

inhibits the nitrosation effect of nitrites on secondary amines [42].
Clearly, more research is needed to address whether nitrate and ni-
trite intake is associated with increased cancer risk,

Today we are facing a paradigm shift, and the recent description
of the vasoprotective, blood pressure-lowering, and antiplatelet
aggregation properties of nitrite suggests that a re-examination
of these health effects would be beneficial {5,43,44]. Of the recent
studies describes increased plasma nitrite and nitrate concentra-
tions of natives in the high-altitude of Tibet as a natural physiology
not associated with harmful physiological effects [45]. The DASH
diet study led to the public dietary health recommendations in
the United States [46].

We are aware of our study’s limitations and the findings there-
fore should be generalized cautiously. First, the sample size was
small. Second, the compliance was difficult to access, since the die-
tary recalls do not always guarantee accuracy due the risk of
underreporting. Despite of this, the strength of the present study
is that it is an ordinary diet and could therefore be recommended
as a preventive strategy if further confirmed in longer studies also
including subjects with cardiometabolic risk factors.

We conclude that Japanese traditional diet, rich in nitrate re-
duces diastolic blood pressure in healthy volunteers, Our results
show effects of an easy to follow, diverse diet and suggest a possi-
ble explanation of healthy aspects of Japanese food. By highlighting
the daily nitrate and nitrite contents of vegetables our study
strengthens the existing evidence to advise vegetable consumption
for health benefits. Tirne might have come to re-evaluate the ADI
recommendations regarding nitrate consumption,
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ey BIEFZERENS — v 2R LR OAT Y 7T
T4 OERBRIIEL

A4 a7 v A ECE
RNA 10 ug & Hw 72,

B HH SN total
# LT, HP26695 4-plex array

{NimbleChip, Roche NimbleGen) % > 42T T, 16

2 YR fTolk

mRNA

>

HMNA 7Y T A E—3 . GenPix 4000B

[mmn

microarray scanner ¥ T 2 llE Lz,

VacA O cyioioxic assay

AR BITEIA 707 LA EORSEEHRITT S
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BEZ B Lz, VacA DBEFRFHEOWZE T, WHEHEO
SHPLELSNIEE LFTHV -, EHIRTO5EE
FETAGS AT R L T, BEMET Mzt y
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Helicobac

Ha X A AT

EARRHE" HIE B PR B

BUEBROBHIEEZ,» 5 v 12T 53X~ (Mycoplasma) PHEHEh, v 2375 X BELD Heli-
cobacter pylori (H. pylori) B & & HICBHMBOXEEFEL TV ANV HBES L. £4, B
FEIE#E D 5 T 2 BED Mycoplasma hyorhinis "ERICREBEN L OBESF G S h T3, BER
EPBIRBLEIC B U A1 3T 5 X7 & H pylori DBERPIRETTENH, H pylori BEEZ 5D
BRRORBILEBESEZTVW3bOEEEZIOWEN o/, Hopylon S EEMRETATEREOEE
HHHETRTWVDBY, YA AT SXAVBEEOY L TICDWTIETETH S, Hopylori 427
FATLOEUERBAIEREAGRRES ATV A PILDVWTORNY SHEIBE SN S,

KEY WORDS

Helicobacter pylori, ¥4 375 X<, dual infection (EHERY)

FLOHIC

v A4 275 2<% (Mycoplasma) (IHINBER R L 775 A
BEET, RAOMBETHE, vfaT5AvDHb
Mycoplasma pneumonice (3¢ b OFIFELBEBM % (w1
a7 XA<idk) EBERITHREMECH L. o
WETIE, & PEEESI YL 375 X ERIHR
MaEhsids, v FERELERI L RO a7
FACHPCREFICL VM EN TS, BRCERT
% Helicobacter pylori (H. pylori) £ <A 23759 A<EDE
BRERCHETHREZO IR ZENL, TEOR
FRReEFT S,

1. ¥4 377 XD

®A4 3T 5 A2IEHEE 03~0.8 um OB F 23T
HMART 77 ABHET, MERARLT B8LELE
DMOMBETH L MIELREE LWL BETH B,
MK IGEG & RO 3 BRI X Dl S Na, Bl
B TOREFEEERY SN~ LEBI wikE & )12
WY 5., ~4 377 AZH0ER, BEESK 3
R Eoan=—%2BETs (RO). HMiEA7
O—NVAERTE, oA 275X TH5E Myco-
plasma pneumoniae D4 ) LA Xk 816,394bp TdH
D, ARREFERLTRSBVHEREEL LCdRhe R 5.
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