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Abstract
AIM: To observe the anti-cancer effect of iNOS selective
inhibitor (aminoguanidine, AG) and investigate the relationship
between iNOS inhibitor and angiogenesis, infiltration or
metastasis in MFC gastric cancer xenografts.
METHODS: Fifty athymic mice xenograft models were
established by inoculating gastric cancer cell MFC
subcutaneously. Twenty-four hours later, 0.9% sodium
chloride solution, mitomycin, low dosage AG, high dosage
AG, mitomycin and AG were administered by intraperitoneal
injection respectively. Thus these mice were divided into
five groups of 10 each randomly: control group, MMC group,
AGL group, AGH group, MMC+AGH group. Two weeks later
the mice were killed, and the tumor weight, inhibitory rate
were evaluated. Greiss assay was used to detect the nitric
oxide levels in plasma. HE and immunohistochemistry
staining were used to examine microvessel density (MVD)
and the expression of iNOS, VEGF, and PCNA. Apoptosis
was detected by using TUNEL assay.
RESULTS: The inhibitory rates in MMC+AGH group and
AGH group were 52.9% and 47.1% respectively, which is
significant statistically compared with that of control group
(0). In treatment groups, the cell proliferation index (PI)
was lower and apoptosis index was higher than those of
control group. Microvessel density, iNOS, and VEGF in
MMC+ AGH group were 8.8±2.6, 2.4±1.1, and 2.1±1.4
respectively, which is significant statistically compared
with those of control group (68.3±10.6, 11.3±1.3, and
10.3±1.6). The NO level in plasma of MMC+ AGH and AGH
group were 12.7±2.1 and 12.9±2.0 µmol/L. Compared with
that of control group (46.6±2.3 µmol/L), the difference is
statistically significant.
CONCLUSION: AG has anticancer effect on gastric cancer,
and it has positive synergistic effect with chemotherapeutic
drugs. It may play important inhibitory roles in angiogenesis
of gastric cancer. The anticancer effect of iNOS inhibitors
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INTRODUCTION
The incidence of gastric cancer is high in China, and more
than 170 000 people die of it each year[1]. It is significant if
certain drugs are found to lower its incidence, even prevent it.
To date, we know that carcinogenesis has intimate
correlation with angiogenesis[2-4]. So to reduce angiogenesis
probably may inhibit the growth and development of tumors[5].
It is well known that vascular endothelial growth factor
(VEGF) is an important angiogenesis factor[6,7]. We have
proved that inducible nitric oxide synthase (iNOS) can induce
the expression of VEGF in gastric cancer, and microvessel
density (MVD) can increase with the enhancement of iNOS
and VEGF [8-10]. So VEGF and iNOS both can induce
angiogenesis. So if the activity of iNOS is inhibited, tumor
angiogenesis may be reduced. As a result the growth and
development of tumors will be inhibited. Although the roles
that iNOS inhibitors play in various tumors and their
mechanisms are being widely studied recently, few people
have gone deep into in vivo experiment. Based on in vitro
cytologic experiments, this study went further into in vivo
experiment to confirm the anticancer effect of iNOS inhibitor
(aminoguanidine, AG).
MA
TERIALS AND METHODS
MATERIALS
Animals and cell line
Fifty Kunming mice (25 females, 25 males) weighing 20-25 g
were purchased from Experimental Animal Center of Jilin
University. Mice were maintained under specific pathogenfree conditions and fed with sterilized food and autoclaved
water. Human gastric cancer cell line MFC was purchased
from Shanghai Tumor Cell Research Institute.
Agents
Greiss reagent and AG were purchased from Sigma (St.
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Louis, USA). Immunohistochemical S-P kit and polyclonal
antibodies to iNOS, VEGF, PCNA, and FVIIIRag were all
from Fuzhou Maxim Biotechnical Company (Fuzhou, China).
Animal experiment procedure
Each mouse was inoculated with a subcutaneous injection
of MFC cells (2×106 in 0.2 mL PBS) into the left hind legs.
Then these mice were divided into 5 groups of 10 each
according to different agents which were administered to
mice by intraperitoneal injection for 14 d. These agents
included 0.9% sodium chloride solution (control group),
mitomycin (MMC group, twice a week 0.7 mg/kg), low
dosage of AG (AGL group, 50 mg/(kg d)), high dosage
of AG (AG H group, 150 mg/(kg d)) and MMC+AG H
group (MMC twice a week 0.7 mg/kg, AG 150 mg/(kg d)).
On the 15th d the mice were killed. The blood was taken
from abdominal aorta, then centrifuged for plasma to detect
NO level by Greiss assay. All tumors were resected from
the body and weighed. The inhibitory rate was deduced
according to the formula: inhibitory rate (%) = (1-tumor
weight of treatment group/tumor weight of control group)
×100%. Then the tumors were fixed in 40 g/L phosphatebuffered formaldehyde.
HE and immunohistochemical staining
Streptavidin-peroxidase (SP) method was used to detect
MVD and the expression of iNOS, VEGF and PCNA.
The formalin-fixed tissues were embedded in paraffin, and
sectioned at a thickness of 4 µm. The sections were
deparaffinized and hydrated gradually and examined by
histology of HE staining, immunohistochemistry, and TUNEL
technique respectively. Sections were heated in a microwave
oven for 15 min to retrieve antigens. Endogenous peroxidase
was blocked with 3 mL/L hydrogen peroxide methanol for
10 min at room temperature. After washing with phosphatebuffered saline (0.01 g/L, pH 7.4) for 3 min×5 min, the tumor
sections were incubated with normal non-immune serum
from bull for 15 min at room temperature to eliminate
non-specific staining. The sections were then incubated with
the primary antibody against iNOS, VEGF, PCNA, and
FVIIIRag (dilution 1/100) for 60 min at room temperature,
washed with PBS for 3 min×5 min, and incubated with the
secondary antibody for 15 min followed by avidin-biotinperoxidase for 15 min at room temperature. Finally, the
slides were washed for 3-15min with PBS, visualized with
DAB reagent and counterstained with hematoxylin. Negative
and positive controls were used simultaneously to ensure
specificity and reliability of the staining process. The negative
controls were performed by substituting the primary antibody
with PBS, and a positive section supplied by the manufacturer
of the staining kit was taken as positive control. Sections
were observed under microscope after being mounted. High
vessel density was found in 100×sights. Microvessels in 10
hot regions were counted in 400×sights, and the average
of microvessels with FVIIIRag staining in 10 hot regions
was calculated as MVD. Positive staining with iNOS, VEGF
and PCNA were defined by brown staining of cytoplasm.
The staining degree was calculated quantitatively with CIMA400 Colorful Image Assay System which can calculate the
percentages of positive staining region of the whole region.
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The percentage of positive cells with PCNA staining in five
400×sights was counted as proliferation index (PI).
Apoptosis detection by TUNEL method
The reagent kit for apoptosis detection, TdT-FragEL DNA
fragmentation detection kit was bought from ONCOGENE.
Test procedures consisting of the following sections were
provided in the brochure of the kit. The specimens were
deparaffinized and hydrated gradually, and rinsed with
1×TBS, then incubated with proteinase K (20 µg/mL
in 10 mmol/L Tris-HCl) for 20 min. After immersed in
30 mL/L H2O2 at room temperature for 5 min and in TdT
labeling reaction mixture at 37 for 1.5 h, specimens were
covered with 1×conjugate for 30 min, visualized by DAB
and counter-stained by hematoxylin afterwards. TBS took
the place of primary antibodies as a negative control. After
being mounted, sections were observed under microscope.
The results of staining were analyzed and evaluated with
American Image-Pro Plus software. The percentage of
positive cells with TUNEL staining in five 400×sights served
as apoptosis index (AI).
Statistical analysis
All data were presented as mean±SD. The results were
compared by one-way analysis of variance (ANOVA). All
statistical calculations were performed with the SPSS11.0
software package. A P value less than 0.05 was regarded as
statistically significant.

RESUL
TS
RESULTS
Effect of AG on tumor growth
The tumor volume of MMC group on the 7 th d was
(383.4±179.3) mm3, and on the 10th d those of AGH and
MMC+AG H groups were (382.8±132.8) mm 3 and (50.0
±16.6) mm3 respectively. The tumor cell proliferation was
almost completely suppressed. On the 14th d the tumor
weight of control group was (1.7±0.5) g, and those of MMC,
AGH and MMC+AGH groups were (1.0±0.2), (0.9±0.3) and
(0.8±0.2) g, respectively. Compared with control group, the
difference was significant statistically (P<0.01). The NO
level of plasma in AGL, AGH and MMC+AGH groups were
lower than that of the control group, and there was doseeffect relationship. The difference was significant statistically
(P<0.05, Table 1).

Table 1 Inhibitory effects of AG on transplanted stomach cancer in
mice (n = 10, mean±SD)
Group

Concentration of NO
in plasma (µmol/L)

Weight of tumor (g)

Inhibition rate (%)

Control
MMC

46.6±2.3
42.1±2.3

1.7±0.5
1.0±0.2b

41.2

AGL
AGH

17.3±2.0b
12.9±2.0b

1.1±0.3a
0.9±0.3b

35.3
47.1

MMC+AGH

12.7±2.1b

0.8±0.2b

52.9

a

P<0.05, bP<0.01 vs control group.

Expression of iNOS and VEGF and their correlation with MVD
MVD has positive correlation with iNOS and VEGF
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respectively. The coefficient of product-moment correlation
r VEGF = 0.80, r iNOS = 0.85, P<0.05. The linear regression
equation is YVEGF = 2.3565+0.1087X, n = 46, YiNOS = 1.8485
±0.1227X, n = 46. Student’s t test, P<0.05 (Table 2).

Table 2 Effects of AG on the microvessel density, the expression
of iNOS and VEGF in tumor (n = 10, mean±SD)
Group

iNOS

VEGF

MVD

Control
MMC

11.3±1.3
9.3±1.8a

10.3±1.6
8.9±2.1

68.3±10.6
56.9±10.3

AGL
AGH

7.1±1.7a
3.8±0.9b

7.6±1.2a
4.8±1.6b

44.4±16.5a
21.2±12.4 b

MMC+AGH

2.4±1.1b

2.1±1.4b

8.8±2.6b

P<0.05, bP<0.01 vs control group.

a

HE staining
In AG and MMC+AGH groups many necrotic cells were
seen and many inflammatory cells were invasive. The tumor
tissues were separated by necrosis regions. In MMC group
diffusely necrotic tissues could be seen. However, in control
group there were a few nuclear mitotic phases in tumor
cells and in tumor tissues few muscle fibers could be seen
(Figures 1A and B).
Immunohistochemical staining
MVD and the expression of iNOS and VEGF in AG groups
were apparently lower than those in the control (P<0.01).
The difference was significant statistically. This revealed
that AG could suppress angiogenesis of MFC xenografts.
(Table 2, Figures 1C-H).
Cell proliferation and apoptosis
PI of control group was significantly higher than that of AG
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group and MMC+AGH group (P<0.05), but the difference
was not notable between treatment groups. AI in treatment
groups was higher than that in the control group (P<0.05),
while there was also no difference between the treatment
groups. The AI/PI value was calculated and compared
among all groups. Consequently, it was apparently larger in
treatment groups (P<0.01), however no difference was
shown between them (data not shown).

DISCUSSION
NO which has many bilological functions is a cytokine in
mammifer[11]. It is synthesized from L-Arginine by iNOS
which is the only rate-limiting enzyme[12]. It involves a serial
physiological and pathological process, such as carcinogenesis.
NO can induce angiogenesis, but the mechanisms are not
clear[13-16]. However, several researches have revealed that
NO can regulate the roles of VEGF in inducing angiogenesis
by stimulating vascular endothelial cell proliferation and
migration and improving vascular penetration[17-20]. VEGF
can increase the activity of iNOS[6,7]. So iNOS and VEGF
have positive correlation[8-10]. It has been observed that iNOS
is highly expressed in many human tumors, such as colon
cancer, gastric cancer, ovarian cancer, breast cancer, etc.[21]. In
our previous study we have observed that the expression
of VEGF and iNOS in gastric cancer presents positive
correlation[8-10]. This indicates that iNOS plays an important
role in the expression and activity of VEGF. We also found
that iNOS and VEGF have positive correlation with the
clinicopathological characteristics of gastric cancer, such as
infiltration, lymphatic or hematogenous metastasis, etc. At
the same time MVD was higher with the enhancement of
VEGF and iNOS. This revealed that iNOS and VEGF can
induce angiogenesis in gastric cancer[8-10,21].
To explore the anticancer mechanisms of iNOS inhibitor
(aminoguanidine), in this study we evaluated the effect of
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Figure 1 HE staining: morphology of tumor cells in AG group (A, original
magnification x100) and control group (B, original magnification x200);
immunohistochemical staining of tumor cells: the expression of FVIIIRag (C),
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iNOS (E) and VEGF (G) in control group, and the expression of FVIIIRag (D),
iNOS (F) and VEGF (H) in AG group. (original magnification, x400).
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AG on tumor cell proliferation and apoptosis in xenografts.
The AI/PI, a value reflecting cytokinetics, showed a more
significant difference. Finally it is shown that compared with
control group, the inhibitory rate of treatment groups are
apparently higher. We also observed that AG obviously
decreases the expression of iNOS and VEGF, and reduces
MVD compared to that of control group. By immunohistochemistry (SP method) and Greiss assay we detected the
NO level in plasma. The results indicate that the anticancer
mechanisms of AG are mainly to inhibit the expression of
iNOS and reduce the NO level in plasma. Therefore, the
growth of tumor and angiogenesis are inhibited directly,
and MVD and the expression of VEGF are suppressed
indirectly. In this way the nutrition supply of the tumor is
impaired, and further cell proliferation is inhibited and cell
apoptosis is improved. These results are consistent with those
of Koh et al., They observed that AG could inhibit the activity
of iNOS in gastric cancer, and suppressed carcinogenesis.
At the same time AG and COX-2 selective inhibitors could
obviously inhibit the activity of iNOS and COX-2. So, the
primitive pathology of colon cancer (aberrant crypt foci,
ACF) is prevented.
Compared with traditional anticancer therapy, antiangiogenesis therapy has many superiorities. In this study the
effect of MMC group is similar to that of AG group.
However, the target of chemotherapeutic drugs is tumor
cells which have genetic instability and are apt to mutation
and drug-resistance, so the drug-resistance incidence of
chemotherapeutic drugs is 30%. And these drugs have many
toxic effects. In MMC+AGH group the anticancer effect is
the best which indicates that the effect of AG depends on
proper treatment opportunity and scheme. MMC and AG
have positive synergy. So certain drugs which can reduce
the NO level by inhibiting the expression and activity of
iNOS at cellular or genetic level probably may regulate the
NO level of tumor microvessel to inhibit carcinogenesis
and angiogenesis. And if combined with radiotherapy or
bioreactive modulators, it will play a more important role in
anticancer effect. This is the first part of a serial study, and
we will carry out the further study afterwards with molecular
biological technology, such as Southern blotting, Northern
blotting, RT-PCR, etc.
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