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Recent epidemiological studies have demonstrated that consumption
of certain natural products can lower cancer risk in humans. For
example, plant-derived lignans have been shown to exert chemo-
preventive effects against cancer in vitro and in vivo. In the present
study, the effects of three such lignans, termed arctiin, arctigenin,
and nordihydroguaiaretic acid (NDGA), on the proliferation of
Helicobacter pylori and the prevention of H. pylori-associated
gastric cancer were investigated in Mongolian gerbils. To examine
the effects of arctigenin and NDGA on stomach carcinogenesis,
specific pathogen-free male, 5-week-old gerbils were infected with
H. pylori, administered 10 p.p.m. N-methyl-N-nitrosourea in their
drinking water and fed diets containing various concentrations
of lignans until they were killed after 52 weeks. At a dietary level
of 0.25%, NDGA significantly decreased the incidence of gastric
adenocarcinomas. Arctigenin, in contrast, failed to attenuate neoplasia
at a level of 0.1%. Both NDGA and arctigenin significantly reduced
serum 8-hydroxy-2′′′′-deoxyguanosine levels at doses of 0.25 and
0.05% (NDGA), and 0.1% (arctigenin). Administration of 0.25% NDGA
significantly suppressed the formation of intestinal metaplasia both
in the antrum and the corpus. Although all three lignans dose-
dependently inhibited the in vitro proliferation of H. pylori, there
were no differences in the titers of anti-H. pylori antibodies or the
amount of the H. pylori-specific urease A gene among all H. pylori-
infected groups. These results suggest that NDGA might be effective
for prevention of gastric carcinogenesis. The possible mechanisms
appear to be related to inhibitory effects on progression of gastritis
and antioxidative activity rather than direct antimicrobial influence.
(Cancer Sci 2007; 98: 1689–1695)

Lignans, one of the main groups of plant compounds
classified as phytoestrogens, are characterized by possession

of a diphenolic structure and have attracted interest as possible
chemopreventive materials for cancer in recent years.(1) A number
of epidemiological, in vitro and animal model studies have
provided evidence that naturally occurring plant products,
including lignans, are effective for cancer prevention in parts of
the body such as the breast, colon and prostate gland.(1–3) The
mechanisms of the anti-carcinogenic effects of plant lignans
may involve the hormonal influence on the estrogen-mediated
carcinogenic pathway, antioxidative activity to scavenge free
radicals and block generation of carcinogenic precursors, and/or
anti-proliferative/pro-apoptotic effects.(1)

Nordihydroguaiaretic acid (NDGA) is a plant lignan derived from
the creosote bush (Larrea tridentata DC Coville, Zygophyllaceae),
a common shrub of North America and traditionally used in folk
medicine.(4) NDGA is a potent antioxidant and has been used as
an additive to preserve foods and oils. Several studies have demon-

strated that NDGA can prevent tumor cell growth in vitro and
inhibit in vivo carcinogenesis in the skin, bladder and colon.(5–7)

In addition to its antioxidative effects, NDGA has been shown
to inhibit the activity of lipoxygenase, which is an important
enzyme in the arachidonic acid cascade along with cyclooxyge-
nase.(8) While cyclooxygenase-2 inhibitors have been reported to
exert suppressive effects on gastric carcinogenesis in rodents,(9,10)

the influence of lipoxygenase inhibitors in animal models remains
unclear. Arctiin and arctigenin are generally derived from
Arctium and Artemisia species (Compositae) and possess similar
structures. Several studies have indicated that they may exhibit
inhibitory effects in vitro or in vivo on skin, pancreas and lung
carcinogenesis.(11–13)

Helicobacter pylori is a major causative factor for gastric disorders
and epidemiological evidence has accumulated that indicates a
significant relationship with chronic active gastritis, peptic ulcers,
atrophic gastritis, intestinal metaplasia, and lymphoma or cancer
development.(14,15) In 1994, the World Health Organization/
International Agency for Research on Cancer concluded that
H. pylori is a ‘definite carcinogen’ based on the epidemiological
findings.(16) Triple therapy with a proton pump inhibitor and two
antimicrobials, amoxicillin and clarithromycin, is usually
recommended as the general therapy for H. pylori eradication.(17)

However, considering the occurrence of strains resistant to these
antimicrobial drugs and the persistence of gastric inflammation
even after eradication of H. pylori, the search for new agents for
alternative therapies continues to be very important.(18) The major
determining factor of stomach carcinogenesis is the severity of
H. pylori-induced gastritis. It has been suggested that oxidative
stress associated with inflammation plays an important role
in gastric carcinogenesis as a mediator of DNA damage and
carcinogenic compound formation.(19) Therefore, prevention of
H. pylori-induced gastritis and oxidative stress is a possible
approach by which to inhibit gastric carcinogenesis.

Mongolian gerbils can readily be infected with H. pylori, and
the resultant chronic active gastritis, peptic ulcers, intestinal
metaplasia, and gastric cancer resemble the lesions that are apparent
in humans.(20,21) The authors have previously demonstrated that
a fruit-juice concentrate of Japanese apricot has suppressive
effects on H. pylori-induced gastritis in the gerbil model.(22) Several
natural products, such as turmeric, garlic and green tea extract,
have been also found to inhibit H. pylori-associated gastric dis-
orders.(23–25) Therefore, in the present study, the effects of three
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plant lignans, arctiin, arctigenin, and NDGA, on H. pylori pro-
liferation in vitro and H. pylori-associated gastric carcinogenesis
were investigated in Mongolian gerbils.

Materials and Methods

Lignans. NDGA was purchased from Cayman Chemicals
(Ann Arbor, MI, USA; Fig. 1). Arctiin was kindly donated from
Alps Pharmaceutical Ind. Co. Ltd. (Gifu, Japan), and arctigenin
was obtained by acid hydrolysis of arctiin at Yomeishu Seizo,
Co. Ltd. (Nagano, Japan; Fig. 1). Identification of isolated
arctigenin was performed using high-performance liquid
chromatography (HPLC), infrared spectrometry, 1H/13C nuclear
magnetic resonance analysis and thin-layer chromatography and
the purity was determined to be more than 98% using HPLC.
The lignans were all prepared as 100 mM solutions in dimethyl
sulfoxide (DMSO) immediately before use for in vitro experi-
mentation. NDGA and arctigenin were pelleted into AIN93G
diet (CLEA Japan, Tokyo, Japan) for the in vivo carcinogenesis
experiment at the following concentrations: NDGA, 0.25%,
0.05%, and 0.01%; arctigenin, 0.1%.

Bacterial culture. H. pylori were prepared using the same method
as described previously.(26) Briefly, H. pylori strain ATCC43504
(American Type Culture Collection, Rockville, MD, USA) was
inoculated on Brucella agar (Merck, Darmstadt, Germany)
plates containing 7% v/v heat-inactivated fetal calf serum (FCS)
and incubated at 37°C under microaerobic conditions using an
Anaero Pack Campylo (Mitsubishi Gas Chemical Co. Inc.
Tokyo, Japan) at high humidity. Two days later, the bacteria
grown on the plates were introduced into Brucella broth (Becton
Dickinson, Cockeysville, MD, USA) supplemented with 7%
FCS and incubated under the same conditions for 24 h. The
broth cultures of H. pylori were checked under a phase contrast
microscope for bacterial shape and mobility.

Colony forming units (c.f.u.) of H. pylori. To assess the influence
of lignans on H. pylori proliferation, the c.f.u. were determined for
the various concentrations of lignans. H. pylori grown on Brucella
agar plates for 2 days were introduced into Brucella broth with
7% FCS containing arctiin, arctigenin, or NDGA (1, 10 and 100 μM)
or 0.1% DMSO as the vehicle control and incubated as mentioned
above. After 24 h, serial diluted broth cultures were seeded on
segregating agar plates for H. pylori (Nissui Pharmaceutical,
Tokyo, Japan) and incubated as described above for 5 days.
Then, the c.f.u. was determined for each group by counting
numbers of colonies.

In vivo carcinogenesis. The experimental design is illustrated
in Fig. 2. A total of 178 specific pathogen-free male, 5-week-old
Mongolian gerbils (Meriones unguiculatus; MGS/Sea, Kyudo,
Fukuoka, Japan) were used in the present study. They were
housed in plastic cages on hardwood-chip bedding in an air-
conditioned biohazard room with a 12-h light/12-h dark cycle,

and were allowed free access to food and water. The gerbils
were divided into eight groups (groups A–H). Animals of groups
A–E were inoculated with 1.0 mL of broth culture containing
H. pylori (1 × 108 c.f.u./mL) intragastrically and given a chemical
carcinogen, N-methyl-N-nitrosourea (MNU; Sigma Chemical,
St Louis, MO, USA) in their drinking water at the concentration
of 10 p.p.m. for 20 weeks, while gerbils of groups F–H were
inoculated with Brucella broth. From weeks 8–52, the animals
in groups A and F, B and G, C, and D received AIN93G diet
containing 0.1% arctigenin, 0.25% NDGA, 0.05% NDGA, and
0.01% NDGA, respectively. Groups E and H were maintained
on normal AIN93G diet. At week 52, all animals were killed
under deep anesthesia and had their stomachs resected and
blood samples collected from the inferior vena cava. Internal
organs, including the liver, spleen, kidney, heart, lung, pancreas
and testis of groups F–H were also excised for morphological
observation. The experimental design was approved by the
Animal Care Committee of the Aichi Cancer Center Research
Institute, and the animals were cared for in accordance with
institutional guidelines.

Histological and serological examination. The excised stomachs
were fixed in 10% neutral-buffered formalin and sliced along
the longitudinal axis into 4–8 strips of equal width, and
embedded in paraffin. Tissue sections were stained with HE.
The degree of chronic active gastritis was graded according to
criteria modified from the Updated Sydney System,(27) by scoring
the infiltration of neutrophils and mononuclear cells, intestinal
metaplasia, and heterotopic proliferative glands, on a four-point
scale (0–3: 0, normal; 1, mild; 2, moderate; 3, marked). Blood
samples were centrifuged and separated sera were stored at –80°C
until use. The titers of anti-H. pylori antibodies were measured
as described earlier.(28) The sera were also centrifuged (10 000g
for 50 min at room temperature) through centrifugal filter devices
(Microcon YM-10; Millipore, Bedford, MA, USA) and used for
the measurement of 8-hydroxy-2′-deoxyguanosine (8-OHdG)
using enzyme-linked immunosorbent assay (high-sensitive 8-OHdG
check; Japan Institute for the Control of Aging, Shizuoka,
Japan).(9)

Fig. 1. Chemical structures of the plant lignans used in the present
study. Arctiin is a glycosidic form of arctigenin, a dibenzylbutyrolactone
lignan. Nordihydroguaiaretic acid (NDGA) is a member of the dibenzy-
lbutane lignans. Glc, glucose.

Fig. 2. Experimental design for in vivo carcinogenesis. Five-week-old
male Mongolian gerbils were inoculated with Helicobacter pylori
(ATCC43504; groups A–E) or broth (groups F–H). After 2 weeks, animals
of groups A–E were administered 10 p.p.m. N-methyl-N-nitrosourea
(MNU) in their drinking water for 20 weeks. The animals were given
AIN93G diets containing 0.1% arctigenin (groups A and F), 0.25%
nordihydroguaiaretic acid (NDGA; groups B and G), 0.05% NDGA
(group C) and 0.01% NDGA (group D) from weeks 8–52.
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Real-time polymerase chain reaction and relative quantitative
analysis. Genomic DNA was extracted from glandular stomach
mucosa at the border between the antrum and corpus using a
DNeasy tissue kit (Qiagen, Hilden, Germany). For H. pylori
quantification, relative quantitative real-time polymerase chain
reaction (PCR) of urease A was performed using a LightCycler
system (Roche Diagnostics, Mannheim, Germany) with the gerbil-
specific glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
gene as an internal control. This was performed basically as
described earlier, using QuantiTect SYBR Green PCR (Qiagen)
with the optimal Mg2+ concentration at 2.5 mM.(22,29) The primer
sequences of each marker are listed in Table 1. Specificity of the
PCR reaction was confirmed using a melting program provided
with the LightCycler software. To further confirm that there was
no obvious primer dimer formation or amplification of any extra
bands, the samples were electrophoresed in 3% agarose gels and
visualized with ethidium bromide after the LightCycler reaction.
Relative quantification of the H. pylori urease A gene was
performed as previously established using the internal control
without the necessity for external standards.(29) The amounts of
the H. pylori urease A gene were expressed relative to 100% in
the H. pylori-infected control group (group E).

Statistical analysis. Fisher’s exact test was used to assess the
incidence of gastric adenocarcinomas. The Mann–Whitney U-test
was applied to determine the significance of differences in the
c.f.u., microscopic scores for gastritis, body weights, serological
results, and the amount of H. pylori genomic DNA using urease
A locus. P-values <0.05 were considered to be statistically
significant.

Results

Inhibitory effects of lignans on H. pylori proliferation. All three
lignans decreased the numbers of H. pylori colonies in a dose-
dependent manner, and the suppressive effects of each lignan
were significant at the dose of 100 μM (Fig. 3). Arctigenin
showed the highest inhibitory effect of all three lignans, and
colony formation was also significantly inhibited at the dose of
10 μM. Inhibition by NDGA was slightly stronger than that by
arctiin.

Average body weights, total lignan intake, titers of anti-H. pylori
antibodies and serum 8-OHdG levels in each experimental group.
Data for average body weights at week 52, total lignan intake,
titers of anti-H. pylori antibodies and serum 8-OHdG levels
are summarized in Table 2. The average body weights for 0.25%
NDGA-treated groups (groups B and G) were significantly
lower than those of the corresponding control groups (groups E
and H, respectively). Total lignan intake by each group
essentially corresponded to the proportion of lignan in their
food. All H. pylori-infected groups (groups A–E) demonstrated
significantly higher values for anti-H. pylori antibody titers than
the non-infected groups (groups F–H). There were no significant
differences between the H. pylori-infected groups. Serum 8-OHdG
levels in the 0.1% arctigenin-treated and H. pylori-infected
group (group A), 0.25% NDGA-treated and H. pylori-infected
group (group B) and 0.05% NDGA-treated and H. pylori-
infected group (group C) were significantly lower than that in
the H. pylori-infected control group (group E; P < 0.01).

Incidences of glandular stomach adenocarcinomas. The incidences
of gastric adenocarcinomas are summarized in Table 2. The value
for group B (39.4%) was significantly lower than that in group
E (65.5%, P < 0.05). In contrast, there was no significant
difference in the incidence between groups A and E. In groups
F–H, no gastric tumors were observed. Both differentiated and
undifferentiated adenocarcinomas were found in groups A–E
(Fig. 4). All of the glandular stomach adenocarcinomas generated
in the present study developed in the pyloric gland area. No
macroscopic lesions were observed in liver, spleen, kidney,
heart, lung, pancreas and testis of all groups. In the histological
examination for groups F–H, no pathological findings were
recognized in the internal organs except for a renal hemangioma
in 0.25% NDGA-treated group (group G).

Status of gastritis. Data for the status of gastritis in each group
are summarized in Table 3. The gastric mucosa of groups A–E
was generally thickened and edematous, occasionally with erosions,
ulcers, and polypoid lesions. Such macroscopic findings were
not recognized in the stomachs of groups F–H. Groups A–E
showed significantly higher scores for infiltration of neutrophils
and mononuclear cells, intestinal metaplasia, and heterotopic
proliferative glands than those of groups F–H. Scores for
intestinal metaplasia both of antrum and corpus in group B and
that for heterotopic proliferative glands of antrum in group A were
significantly lower than those of group E (P < 0.05). There were
no significant differences in scores for infiltration of neutrophils
and mononuclear cells between lignan-treated groups (groups
A–D) and group E.

Quantification of H. pylori. Average relative urease A gene levels
in the glandular stomachs in each group are shown in Fig. 5.
There were no significant differences in the amount of H. pylori
genomic DNA levels at the urease A gene locus among groups
A–E. No amplification of the urease A gene was detected in
groups F–H.

Table 1. Primer sequences for relative quantitative real-time polymerase chain reaction using the LightCycler

Gene Sequences Product length (bp) EMBL/GenBank/DDBJ Accession no.

GAPDH 5′-AACGGCACAGTCAAGGCTGAGAACG-3′ 118 AB040445
5′-CAACATACTCGGCACCGGCATCG-3′

Urease A 5′-TGTTGGCGACAGACCGGTTCAAATC-3′ 120 M60398
5′-GCTGTCCCGCTCGCAATGTCTAAGC-3′

GAPDH, glyceraldehyde-3-phosphate dehydrogenase.

Fig. 3. Inhibitory effects of arctiin, arctigenin and nordihydro-
guaiaretic acid (NDGA) on Helicobacter pylori proliferation, as assessed
by counting the numbers of c.f.u. Each value represents the mean ± SD
of three independent experiments. *P < 0.05 compared with vehicle
control (0.1% dimethyl sulfoxide [DMSO]).
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Discussion

In the present study, it was demonstrated that arctigenin and
NDGA exert inhibitory effects on H. pylori proliferation in vitro,
and NDGA was found to decrease the incidence of H. pylori-
associated gastric adenocarcinomas in Mongolian gerbils. In

Fig. 4. Histology of gastric adenocarcinomas. (a) Well differentiated
adenocarcinoma and (b) poorly differentiated adenocarcinoma from
group E.

Fig. 5. Quantitation of the Helicobacter pylori using DNA specific for
urease A in glandular stomachs of Mongolian gerbils. The value was set
at 100% in group E and data are means ± SE.
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in vitro culture, all three lignans reduced the c.f.u. of H. pylori
in a dose-dependent manner, with arctigenin being the most
effective. Arctiin is a glycosidic form of arctigenin and its
relatively low effect might be explained by low permeability
due to the conjugated glucose. The present result is consistent
with previous reports that arctigenin has stronger suppressive
effects than arctiin on heat shock responses in mammalian
cells and 4-nitroquinoline-N-oxide/glycerol-induced mouse
pulmonary tumors.(11,30) The weak suppressive effect of arctiin
at the highest concentration might reflect spontaneous hydrolysis
and conversion to arctigenin rather than actual influence of the
glycosidic form.

Based on the results of inhibitory effects in vitro, the chemo-
preventive effects of NDGA and arctigenin on H. pylori-associated
gastric carcinogenesis in Mongolian gerbils were investigated,
and it was found that administration of a 0.25% NDGA diet sig-
nificantly decreased the incidence of gastric adenocarcinomas at
week 52. NDGA concentrations in the non-toxic range of ≤0.25%
were chosen because a previous study in rats demonstrated no
significant toxicity at 0.5% and 1.0% NDGA given for 2 years.(31)

We also set a dose of 0.1% for arctigenin, based on the amount
in the dried seed of Arctium lappa (0.05–0.6%), which is tradi-
tionally used as a folk medicine.(13,30) To the authors’ knowledge,
this is the first demonstration that NDGA can prevent stomach
carcinogenesis. Although the basic mechanisms for the inhibitory
effects of NDGA remain unclear, the present results are in line
with previous epidemiological studies suggesting that anti-
oxidants reduce the risk of gastric cancer.(32,33)

NDGA has a long history as an antioxidant to preserve foods
and oils and is known to be a potent scavenger of peroxynitrite,
singlet oxygen, hydroxyl radicals, and hypochlorous acid.(34)

H. pylori infection has been demonstrated to cause production
of reactive oxygen species in human gastric epithelial cells, and
antioxidative supplements such as vitamin C or E lead to pro-
tective effects on H. pylori-induced gastric lesions.(35,36) Several
studies have pointed to the suppressive effects of NDGA on in vivo
carcinogenesis in the skin, urinary bladder, kidney, and colon in
rodent models.(4–6,37) In these studies, the antioxidative ability of
NDGA was thought to be responsible for the cancer preventive
effect. In the present case, although both NDGA and arctigenin
reduced the serum 8-OHdG levels, a marker of oxidative stress,
only 0.25% NDGA-treatment exhibited a preventive effect on
gastric cancer development in Mongolian gerbils. In contrast,
0.25% NDGA significantly inhibited development of intestinal
metaplasia both in the antrum and corpus, which has been
extensively studied as a pre-neoplastic lesion in the human
stomach, and is strongly associated with gastric cancer develop-
ment.(38) The multistep morphogenesis from H. pylori infection
to gastric cancer development includes sequential stages of
chronic atrophic gastritis, intestinal metaplasia and focal dyspla-

sia.(39,40) Therefore, the present results indicate that the inhibitory
mechanism of NDGA against gastric carcinogenesis in gerbils
might be associated not only with antioxidative activity, but also
with inhibitory effects on the progression of gastritis.

NDGA is a well-known inhibitor of lipoxygenase that converts
arachidonic acid and other polyunsaturated fatty acids into biologi-
cally active molecules, including leukotriene and hydroxylated
arachidonic acid derivatives, associated with inflammatory responses
and carcinogenesis. These arachidonic acid metabolites have been
identified as mediators of tumor development and progression in
various organs.(8) Therefore, lipoxygenase has been proposed
as a putative target for cancer chemoprevention.(41) A previous
study has suggested that H. pylori-induced gastritis is associated
with an increased capacity to generate leukotriene.(42) In addition,
Park et al. recently reported that H. pylori increased the bio-
synthesis of leukotriene by the 5-lipoxygenase pathway in a gastric
epithelial cell line, and that NDGA suppressed this H. pylori-
mediated 5-lipoxygenase signaling.(43) Thus, one of the underlying
mechanisms of NDGA against gastric carcinogenesis might be
considered to be an inhibitory effect on progression of H. pylori-
induced gastritis through the lipoxygenase signaling pathway.
Further studies are required to clarify the association between
progression of H. pylori-induced gastritis and lipoxygenase-
mediated leukotriene synthesis.

The incidence of gastric cancer in women is approximately
half that recorded in men. Recent epidemiological studies have
showed that postmenopausal women are at increased risk of
gastric cancer, suggesting an inverse association between estro-
genic activity and stomach carcinogenesis,(44,45) although this
hypothesis is still controversial.(46) Furukawa et al. reported that
N-methyl-N′-nitro-N-nitrosoguanidine-induced gastric cancer in
rats was also predominant in males, and that estrogens reduced
the incidence.(47) Plant lignans, generally not estrogenic themselves,
are converted to mammalian lignans (enterodiol and enterolactone)
that have weak estrogenic activities, through a series of metabolic
reactions by the intestinal microflora.(1,48) Furthermore, previous
studies have demonstrated that NDGA itself can bind to the sex
steroid binding protein, as well as estrogen receptors α and
β.(49,50) These observations indicate a possible hormonal effect of
NDGA and/or its derivatives on gastric carcinogenesis, although
this remains to be confirmed.

Arctigenin failed to reduce the incidence of gastric adenocar-
cinomas at the dose used in this study, despite the strong inhibitory
effect of H. pylori proliferation in vitro. Serological examination
showed that there were no significant differences in the titers of
anti-H. pylori antibodies among all H. pylori-infected groups.
Moreover, relative quantitative analysis for H. pylori using DNA
specific for urease A in the gastric mucosa, known to be a highly
sensitive and specific marker for the detection and quantification
of H. pylori,(51,52) also supported this observation. More continuous

Table 3. Histopathological evaluation of gastritis

Group
Effective
number

Infiltration of 
neutrophils

Infiltration of 
mononuclear cells

Intestinal 
metaplasia

Heterotopic 
proliferative glands

Antrum Corpus Antrum Corpus Antrum Corpus Antrum Corpus

A 30 2.37 ± 0.11 2.40 ± 0.11 2.97 ± 0.03 3.00 ± 0.00 1.90 ± 0.15 1.87 ± 0.13 2.57 ± 0.10* 2.87 ± 0.06
B 33 2.61 ± 0.12 2.45 ± 0.14 2.91 ± 0.05 2.91 ± 0.05 1.40 ± 0.14* 1.12 ± 0.09* 2.73 ± 0.08 2.70 ± 0.08
C 29 2.66 ± 0.10 2.79 ± 0.09 3.00 ± 0.00 3.00 ± 0.00 2.00 ± 0.16 1.62 ± 0.13 2.90 ± 0.06 2.86 ± 0.07
D 28 2.43 ± 0.11 2.71 ± 0.10 2.93 ± 0.07 2.93 ± 0.05 1.54 ± 0.14 1.61 ± 0.15 2.79 ± 0.09 2.79 ± 0.08
E 29 2.38 ± 0.15 2.48 ± 0.15 3.00 ± 0.00 3.00 ± 0.00 1.97 ± 0.14 1.79 ± 0.13 2.90 ± 0.06 2.83 ± 0.07
F 7 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00
G 8 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00
H 14 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00

*P < 0.05 versus group E. Values for results are expressed as averages ± SD.
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and/or highly concentrated exposure to NDGA and arctigenin
might be necessary to inhibit H. pylori proliferation directly in
vivo. It is well established that arctiin is rapidly transformed to
arctigenin by intestinal microflora of rat and human, and the
arctigenin is then also converted to enterolactone through a stepwise
reaction.(53,54) Thus, drug-specific pharmacokinetic differences
might account for the lack of effects and it is possible that a
higher dietary dose of arctigenin might exhibit anti-carcinogenic
activity against H. pylori-associated gastric cancer development.

Although NDGA has been used as a food and pharmaceutical
preservative for its antioxidative effect, it has been banned in
some countries because of reports of toxicity in the liver and
kidney with high-dose use.(55,56) The reported LD50 (oral) of
NDGA is 0.8–5.5 g/kg body weight in rodents.(4) In the present
study, the average body weights of 0.25% NDGA-treated groups
(groups B and G) were significantly lower than those of the
control groups (groups E and H, respectively). However, the
total food intake of group B (831.4 ± 21.8 g; means ± SD) was
also significantly reduced compared with that of group E
(1073.7 ± 35.2 g; P < 0.01). Similarly, the total food intake of
group G (1029.2 ± 42.1 g) showed a decreasing tendency
compared with that of group H (1133.5 ± 39.9 g; P = 0.064). In
addition, histological examination for groups F–H revealed no
pathological findings in the liver, spleen, kidney, heart, lung,
pancreas, and testis, except for a microscopic renal hemangioma

in group G, which has been reported as a spontaneous neoplasm
in aging Mongolian gerbils.(57) No macroscopic lesions in the
internal organs, including kidneys, were observed in any other
groups. Therefore, it was considered that NDGA toxicity was
relatively low at the dose used in the present study. The body-weight
loss of group B was unlikely to influence the incidence of
gastric tumors because previous epidemiological studies have
demonstrated that body weight is not associated with risk of
non-cardiac gastric adenocarcinoma.(58,59)

In conclusion, the present study showed a chemopreventive
effect of NDGA on MNU-initiated and H. pylori-promoted gastric
carcinogenesis in Mongolian gerbils. While NDGA failed to reduce
H. pylori proliferation in vivo, H. pylori-associated intestinal
metaplasia was suppressed by NDGA treatment. The results
indicate that the anti-carcinogenic effects of NDGA might be
due to inhibition of the progression of gastritis and to antioxida-
tive properties, rather than to direct antimicrobial activity.
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