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Chemopreventive Effect of N-(2-Cyclohexyloxy-4-nitrophenyl)methane
Sulfonamide (NS-398), a Selective Cyclooxygenase-2 Inhibitor, in Rat Colon

Carcinogenesis Induced by Azoxymethane
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Non-steroidal anti-inflammatory drugs (NSAIDs) such as sulindac and indomethacin inhibit colon
carcinogenesis, and selective cyclooxygenase (COX)-2 inhibitors are considered to be potential
chemopreventive agents without the side effects of usual NSAIDs. We reported that NS-398, N-(2-
cyclohexyloxy-4-nitrophenyl)methane sulfonamide, suppressed the formation of preneoplastic
lesions, aberrant crypt foci (ACF), induced by azoxymethane (AOM) in a short-term assay of rat
colon carcinogenesis. In this study, we examined the effects of long-term NS-398 administration on
rat colon carcinogenesis. After three AOM treatments at weekly intervals, a dose of 10 mg/kg of
NS-398 in 5% Arabic gum solution was administered by gavage three times per week in group 2
until the termination of the experiment. Rats in group 1 were fed in a basal diet and given 5%
Arabic gum solution alone after AOM treatment. At 40 weeks after the first AOM treatment, all
rats were killed and the whole intestines including colon were examined. While the incidences of
whole intestinal and colon neoplasms in group 1 were 84.6% and 80.8%, respectively, those in
group 2 (given NS-398) were 51.9% and 44.4% respectively (P=0.0177 and P=0.0103 by Fisher’s
exact test, respectively). The multiplicities in group 2 (0.67+£0.78 and 0.48+0.58) were also
decreased significantly compared with those (1.39+1.10 and 1.08+0.74) in group 1 (P<0.01 by
Welch’s method and P<0.002 by Student’s't test, respectively). In immunohistochemistry for pro-
liferative cell nuclear antigen (PCNA), the PCNA-stained cell index (7.40+0.5) in group 2 was sig-
nificantly decreased from that in group 1 (14.03+£0.82) (P<0.001 by Welch's method). The results
suggest that NS-398, a selective COX inhibitor, has a chemopreventive activity against colon car-

cinogenesis without side-effects such as gastric ulceration.
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Colorectal cancer is one of the causes of increasing
world-wide cancer mortality.V Recently, emphasis has
been placed on the identification of high-risk families and
on appropriate surveillance regimens for normal and high-
risk groups.2® In parallel, studies have been done on the
chemoprevention of colorectal cancer with NSAIDs.+®
In addition, experimental models have provided means
for examining cancer-preventive effects and obtaining
insights into the early stages of tumor growth.”® Among
the experimental models, there is the Min/+ mouse, which
carries a fully penetrant dominant mutation of the murine
Apc gene and devel ops adenomas throughout its intestinal
tract, mostly in the small intestine, without carcinogen
treatment, as is seen in human familial adenomatous poly-
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posis. This model has also demonstrated the cancer-pre-
ventive potential of NSAIDs.2> 1)

At present, the mechanisms by which NSAIDs reduce
colon carcinogenesis is considered to involve the inhibi-
tion of PG synthesis by inhibition of COX, which is one
of the key enzymes in the arachidonic acid cascade to
produce PGs.!? Two isozymes of COX, COX-1 and
COX-2, have recently been identified.®® COX-2 is
induced by some mitogens, cytokines and growth factors,
and is responsible for production of PGs in inflamma-
tion.**'® Furthermore, several researchers have reported
that its expression is increased in human and animal colon
cancers. |t is, therefore, suggested that COX-2 expres-
sion is selectively increased during carcinogenesis and
that its inhibition may account for the ability of NSAIDs
to inhibit cancer development.

NS-398, synthesized by Taisho Pharmaceutical Co.
(Tokyo), is a selective COX-2 inhibitor.2Y Other selective
COX-2 inhibitors, nimesulide and SC-58635, inhibited the
development of ACF, putative preneoplastic lesions in rat
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colon carcinogenesis, in rats treated with the carcinogen
AOM.% 2 We have also reported similar results with NS-
398.2 In this study, we examined the chemopreventive
potential of NS-398 in rat colon carcinogenesis using a
long-term assay.

MATERIALS AND METHODS

Chemicals AOM was purchased from Sigma (St. Louis,
MO) as the carcinogen for colon carcinogenesis. NS-398,
N-(2-cyclohexyloxy-4-nitrophenyl)methane  sulfonamide,
was supplied by Taisho Pharmaceutical Co. through Dr.
N. Futaki (Research Center, Taisho Pharmaceutical Co.,
Saitama). The molecular structure of NS-398 is shown in
Fig. 1.

Animal treatment We used two different protocols. The
experimental designs are shown in Fig. 2. Eighty-three
male F344 rats, 4 weeks old, purchased from Japan SLC
Inc. (Hamamatsu) were used. The rats were divided into
four groups (Table 1), and kept in a room controlled at
23+2°C, 50%+10% humidity and a 12 h light/dark cycle.
Groups 1 and 2 were treated with AOM, 15 mg/kg b.w.,
s.C., a 6, 7 and 8 weeks of age. Groups 2 and 3 were
administered NS-398, 10 mg/kg b.w., in 5% Arabic gum
solvent, by oral gavage, 3 times (Monday, Wednesday and
Friday) per week during the experiment. Groups 1 and 4
were treated with only 5% Arabic gum without NS-398.
At 40 weeks after first AOM treatment, all rats were
killed and the entire intestines from duodenum to anus
were removed, opened and flushed with saline. Neo-
plasms were counted in the entire intestine, including the
colon. Each neoplasm was measured and the size was cal-
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culated as 417/3x(the product of the lengths along three
perpendicular axes). Then each colon was fixed flat on a
paper filter in 10% buffered formalin to observe ACF. All
neoplasms were removed. The neoplasms and remaining
intestines were embedded in paraffin for histological
examination according to the criteria of Ward.?

Identification of ACF The fixed colons were stained
with 0.5% methylene blue in saline. ACF were recorded
according to the procedure of Bird®® and our laboratory,?
but some colons with large neoplasms were omitted,
because the number of ACF in the whole colon could not
be counted accurately. ACF were distinguished from the
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Fig. 1. The chemical structure of NS-398, N-(2-cyclohexyloxy-
4-nitrophenyl)methane sulfonamide.
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Fig. 2. Experimental protocol. | AOM, 15mg/kg, s.c. injection; A killed; T3 basal diet (CE-2) and 5% Arabic gum agueous solu-
tion by oral gavage, 3 times a week; mm basal diet and NS-398, 10 mg/kg in 5% Arabic gum agueous solution by oral gavage, 3

times a week.
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surrounding normal crypts by their swollen character and
discernible pericryptal zone. The occurrence and the mul-
tiplicity of ACF were assessed. The crypt multiplicity
means the number of aberrant crypts in each focus and
foci were categorized as those containing four to ten, and
those containing eleven or more aberrant crypts/focus.
The scores were checked by two observers in a double-
blinded fashion.

PCNA immunohistochemistry  The colonic mucosa
(except neoplasms) was used for PCNA immunohis-
tochemical analysis after observation of ACFs. The immu-
nohistochemical stainings were performed according to
the methods in our previous paper.?”? The embedded tis-
sues were cut into 4 um sections, then stained by using
PCNA antibody (Novocastra Lab., Newcastle, UK) and an
ABC kit (Vector Lab., Burlingame, CA). The number of
PCNA-positive nuclei in crypts per section was counted
as described in previous papers.?”®

Statistical analysis Data obtained in this study are pre-
sented as mean+SD, and Student’s t test, Welch's method
or Fisher's exact test was used to determine the signifi-
cance of differences between groups. Differences were
considered to be significant at the P<0.05 level.

RESULTS

There were no differences of body weight, liver weight
and the relative ratio of liver weight to body weight

among groups at the experimental termination (Table I).
Histopathologically, no differences were seen between
groups treated with and without NS-398. In this study, no
stomachs had erosive or ulcerative changes, and there were
no toxic changes in the liver and kidney.

The incidence and multiplicity of the neoplasms in each
group are summarized in Table 1. While the incidences of
neoplasms in small intestine, colon, and entire intestine of
group 1 treated with AOM aone were 26.9%, 80.8% and
84.6%, respectively, those in group 2 given both AOM
and NS-398 were 14.8%, 44.4% and 51.9%, respectively.
There were significant differences in colon and total inci-
dences between these groups (P=0.0103 and P=0.0177
by Fisher's exact test, respectively). The multiplicities of
the neoplasms in colon, and entire intestine of group 2
(0.48+0.58 and 0.67=0.78, respectively) also were signif-
icantly lower than those of group 1 (1.08+0.74 and
1.39£1.10, respectively) (P<0.002 by Student’s t test and
P<0.01 by Welch's method, respectively). Histopathol ogi-
caly, 17 adenomas and 19 adenocarcinomas in group 1
and 10 adenomas and 8 adenocarcinomas in group 2 were
induced under overall observation, and there were no his-
tological differences even in the small intestine and colon.
The sizes of neoplasms in both groups were not different
(105311525 and 98611715 mm?, respectively).

The ACF counts at 40 weeks after AOM treatment in
groups 1 and 2 are summarized in Table Ill. Total num-
bers of ACF per colon, the number of ACF containing 4—

Table |. Body Weight, Liver Weight and the Relative Ratio of Liver Weight to Body Weight
at Experimental Termination
G ) . . Relative ratio
roup Treatment No. of rats Body weight (g) Liver weight (g) (L/BX100)
1 AOM aone 26 32632 11.1+14 34104
2 AOM+10 mg/kg NS-398 27 314+30 10.8+1.9 3.4+0.6
3 10 mg/kg NS-398 alone 10 343+25 11.5+£15 3.3+05
4 Non treatment 10 338+32 11.2+15 3.3+0.2
There were no significant differences between any of the groups.
Table Il. Incidence and Multiplicity of Intestinal Neoplasms in Each Group
Incidence (%) Multiplicity
Group Treatment No. of rats
Small intestine Colon Entire intestine  Small intestine Colon Entire intestine
1 AOM aone 26 7 (26.9) 21 (80.8) 22 (84.6) 0.31+0.55 1.08+0.74 1.39+1.10
2  AOM+10 mg/kg NS-398 27 4 (14.8) 12 (44.4)% 14 (51.9)? 0.19+0.48 0.48+0.58° 0.67+0.789
3 10 mg/kg NS-398 alone 10 0 0 0 0 0
4 Non treatment 10 0 0 0 0 0

a) Significantly different from group 1 by Fisher’s exact test (P=0.0103).
b) Significantly different from group 1 by Fisher’s exact test (P=0.0177).
¢) Significantly different from group 1 by Student’'st test (P<0.002).
d) Significantly different from group 1 by Welch's method (P<0.01).
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Table 11l.  Occurrence of AOM-induced ACF Formation at Experimental Termination
No. of foci No. of foci
No. of Total number of ;- .
Group Treatment p containing 4-10  containing 11 or
examined rats ACF/colon crypts more crypts
1 AOM aone 17 115.4+54.2 45.1+234 5.65+£6.50
2 AOM - 10 mg/kg NS-398 21 84.3+38.49 30.3+15.7" 1.52+1.819

a) Significant difference from group 1 by Student’s t test (P<0.05).
b, ¢) Significant difference from group 1 by Welch’s method (P<0.05 and P<0.02, respectively).

Table IV. PCNA-staining Index of Colonic Crypts in Each Group

Group Treatment No. of rats PCNA-staining index (%)
1 AOM alone 26 14.03+0.829
2 AOM+10 mg/kg NS-398 27 7.40+0.56"9
3 10 mg/kg NS-398 alone 10 6.27+2.09
4 Non treatment 10 5.97+1.92

a) Significantly different from group 4 by Welch's method (P<0.001).
b) Significantly different from group 1 by Welch's method (P<0.001).
c) Significantly different from group 4 by Welch’'s method (P<0.05).

10 crypts and the number of ACF containing 11 or more
crypts in group 2 (84.3£38.4, 30.3+15.7 and 1.52+1.81,
respectively) were significantly reduced as compared with
those in group 1 (115.4+54.2, 45.1+23.4 and 5.65+6.50,
respectively) (P<0.05 by Student’s t test and P<0.05 and
P<0.02 by Welch's method, respectively).

In immunohistochemistry for PCNA, the appearance of
PCNA-stained cells in groups 1 and 2 was increased by the
exposure to AOM, compared with that in group 4 (Table
V). However, the PCNA-stained cell index (7.40+0.5) in
group 2 was significantly decreased from that in group 1
(14.03+£0.82) (P<0.001 by Welch's method). It is sug-
gested that NS-398 inhibited the cell proliferation induced
by AOM.

DISCUSSION

Although NSAIDs are highly effective for the relief of
inflammatory disease as COX inhibitors, their use is lim-
ited by adverse effects, particularly on the gastrointestinal
tract and kidneys. COX is one of the rate-limiting
enzymes in PG synthesis,® and two isozymes, constitu-
tive COX-1 and inducible COX-2, are known.*® Since
COX-1 exists universally in most tissues and is involved
in the physiological function of PGs under normal
homeostasis,’>? the adverse effects are considered to be
related to the inhibition of the physiological expression of
COX-1 in stomach and kidney. Therefore, selective COX-
2 inhibitors have been sought.?’ NS-398 is one of these,
and has been reported to be a strongly selective COX-2
inhibitor.3>%? 1t produced little gastric ulceration and did
not damage the duodenum of rats,3

In the previous paper, we reported the inhibitory effect
of NS-398 on the development of ACF in rat colon
carcinogenesis®? as well as the results for other selective
COX-2 inhibitors?>2 In this study, we confirmed the
chemopreventive effect in rat colon carcinogenesis. Reddy
et al. have aready reported the chemopreventive activity
of SC-58635, celecoxib, in rat colon carcinogenesis.®®
They observed powerful inhibition of tumorigenicity in
the colon (93% inhibition). They used 1500 ppm of the
chemical in diet, while we administered 10 mg/kg of
NS-398 by gavage, 3 times a week. Other researchers
have reported the chemopreventive activity of another
selective COX-2 inhibitor, nimesulide, against tumorige-
nicity in mouse intestines and rat urinary bladder.39

The results, including our data, suggest that tumorige-
nicity in the intestina tract is related to the overexpres-
sion of COX-2, since this isozyme is known to be
overexpressed in human and anima neoplasms.t2% In
fact, Oshima et al. showed that COX-2 inactivation sup-
pressed polyp growth rather than polyp initiation by using
COX-2 gene knockout mice containing a mutated Apc
gene.®® Therefore, the inhibition of PG synthesis appears
to be an important component of the mechanism of action
of selective COX-2 inhibitors, including NS-398. In addi-
tion to the inhibition of PG synthesis, since the overexpres-
sion of COX-2 in rat intestina epithelial cells induces a
G1 delay and renders the cells resistant to the induction of
apoptosis by sodium butyrate,* %2 the inhibitory effects of
NS-398 may be related to restoration of normal apoptotic
mechanisms. We have aready observed the apoptotic
potential of NS-398 in human colon cancer cultured
cells® and other reports have noted similar results.* %
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In this study, we found that the increase of ACF contain-
ing 11 and more crypts, which were considered as preneo-
plastic lesion, was significantly inhibited in rats treated
with NS-398. The findings may be related to the induc-
tion of apoptosis in addition to the inhibition of cell
growth by NS-398. Furthermore, it has recently been
reported that cyclooxygenase regulates angiogenesis in
colon cancer cell lines.*® COX-2 modulated the production
of angiogenic factors by colon cancer cells, while COX-1
regulated angiogenesis in endothelial cells, suggesting a
possible mechanism whereby COX-2 inhibitors inhibit
tumor growth. In conclusion, we have shown that NS-398,
a selective inhibitor, has potential as a chemopreventive
agent in colon carcinogenesis. Selective COX-2 inhibitors
may be effective in colorectal cancer prevention, because
these agents are likely to be less toxic than usud
NSAIDs, including aspirin and sulindac. However, since it
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