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ABSTRACT

The effect of four dose levels of piroxicam administered during differ
ent stages of colon tumor development was studied in male F344 rats to
obtain a data base on the efficacy of piroxicam as an inhibitor of colon
carcinogenesis. Piroxicam was added at levels of 25, SO,75, and 150 ppm
to the M !1-07 open-formula diet and fed to male F344 rats starting 1,
13, and 23 wk after the carcinogen administration. At 7 wk of age, while
the animals were consuming the control diet, all animals except the
vehicle-treated controls were given s.c. injection of azoxymethane
(CAS:25843-45-2; 29.6 mg/kg body weight, once) to induce intestinal
tumors. Forty wk after AOM injection, all animals were necropsied, and
tumor incidences were compared among the various dietary groups. Colon
tumor incidence (percentage of animals with tumors) was inhibited in a
dose-dependent manner in rats fed the diets containing 25, 50, 75, and
150 ppm piroxicam starting 1 and 13 wk after carcinogen treatment. The
colon tumor incidences in animals fed the diets containing 0, 25, 50, 75,
and 150 ppm of piroxicam starting at 1 wk after carcinogen treatment
were 89, 61, 58, 50, and 39%, respectively. When the diets containing 0,
25, 50, 75, and 150 ppm were fed 13 wk after carcinogen treatment, the
colon tumor incidences were 89,69, 69,44, and 33%, respectively. Colon
tumor multiplicity (tumors/animal; tumors/tumor-bearing animal) was
also significantly inhibited in animals fed the diets containing 25 to 150
ppm piroxicam starting 1 and 13 wk after carcinogen administration. The
number of colon tumors/animal was inhibited by about 80 to 84% in
animals fed the 150 ppm piroxicam diet. When the diets containing
different levels of piroxicam were fed 23 wk after carcinogen treatment,
the colon tumor incidence was significantly inhibited in animals fed the
75 and 150 ppm piroxicam diets. The colon tumor incidences in animals
fed the diets containing 0, 25, 50, 75, and 150 ppm were 89, 78, 67, 64,
and 64%, respectively. The colon tumor multiplicity (colon tumors/
animal) was slightly but significantly inhibited in animals fed the diets
containing 25 to 150 ppm piroxicam. The results of this study demon
strate that increasing levels of piroxicam in the diet, when fed 1 or 13
wk after carcinogen insult, inhibit colon tumor incidence in a dose-
dependent manner.

INTRODUCTION

Large bowel cancer is the neoplastic disease that strikes men
and women in the United States with very high frequency (1).
Epidemiological and animal studies suggest that dietary factors
are of major importance in the etiology of colon cancer (2). It
is evident that the etiology is multifactorial and complex (3, 4).

Chemoprevention, which focuses on the inhibition of carci
nogenesis by chemical agents, is a concept that certain noncar-
cinogenic chemicals, in particular, synthetic antioxidants and
certain naturally occurring substances found in some foods,
could inhibit partially or totally the carcinogenic process or the
development of tumors (5). The relationship of neoplastic tu-
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mors to increased levels of prostaglandins has provided the
rationale for investigations on their role in the carcinogenic
process and tumor growth (6, 7). The use of NSAID,3 such as
piroxicam (4-hydroxy-2-methyl-Af-2-pyridinyl-2//-1,2-benzo-
thiazine-3-carboxamide-1,1-dioxide) and indomethacin, as po
tential Chemoprevention agents in colon carcinogenesis has
been based on the concept that these drugs may inhibit endog
enous prostaglandin synthesis which plays a role in the control
of neoplastic and nonneoplastic cell proliferation and of im
mune function (8-12). Piroxicam is the first chemically avail
able member of a new class of NSAID known as oxicams (8).

The effect of indomethacin and piroxicam on the inhibition
of chemically induced colon tumors was studied in rats and
mice (13-17). Indomethacin given in drinking water or admin
istered i.p. resulted in the inhibition of colon tumors in rats
induces by MAM acetate, 1,2-dimethylhydrazine, or MNU (13-
15). In another study, Pollard et al. (16, 17) demonstrated that
dietary piroxicam inhibited MNU- and MAM acetate-induced
colon tumors in male Sprague-Dawley rats.

The above studies, in general, stress the importance of
NSAID as inhibitors of colon carcinogenesis. Piroxicam is least
toxic of the two compounds with a longer half-life and is well
suited to encourage patient compliance with long-term disease
management. Because no dose-related study of piroxicam in
hibition on colon cancer has been reported in any of the previous
studies, it is necessary to evaluate the efficacy of this compound
in the inhibition of colon carcinogenesis using different levels.
The length of time that piroxicam treatment can be delayed
after carcinogen administration in experimental carcinogenesis
is very important in a Chemoprevention program for possible
clinical use of piroxicam in colon cancer prevention. Therefore,
experiments were designed to study the effect of four dose levels
of piroxicam administered during different stages of colon
tumor development in animal models to obtain a data base on
the efficacy of piroxicam as an inhibitor of colon carcinogenesis.

MATERIALS AND METHODS

Animals, Diets, and Carcinogen. A total of 648 weanling male F344
rats was purchased from Charles River Breeding Laboratories (Wil
mington, MA). AOM (CAS:25843-45-2) was obtained from Ash-Ste
vens (Detroit, MI). Piroxicam was kindly donated by Pfizer Central
Research (Croton, CT).

Male F344 rats received at weaning were quarantined for 10 days
and had access to NIH-07 open-formula diet (control diet). They were
then randomly allocated by weight to one of 5 dietary groups (control
diet and 25, 50, 75, and 150 ppm piroxicam diets). Each dietary group
was divided into AOM-treated (36 animals per subgroup) and vehicle-
treated (12 animals per subgroup) subgroups and housed in plastic
cages with filter tops in the animal holding room under controlled
conditions of a 12-h light-dark cycle, 50% humidity, and 21 "<'.

Since the frequency of preparation of experimental diets will depend
on the stability of piroxicam in the diet, piroxicam at concentrations

1 I IK-abbreviations used are: NSAID, nonsteroidal antiinflammatory drugs;

AOM, azoxymethane; MAM. methylazoxymethanol: MNU, methylnitrosourea.
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of 25, 50, 75, and 150 ppm was mixed with NIH-07 diet (control diet),
and aliquots taken from the diet were analyzed daily for 7 days to
determine the stability of this compound in the diet. Aliquots of feed
samples containing different levels of piroxicam were extracted with a
solvent mixture containing acetonitrile:glacial acetic acid (90:10, v/v),
followed by clarification via centrifugation. The extract was concen
trated and analyzed by high-pressure liquid chromatography (Cig-^Bon-
dapak column) using an isocratic mobile phase of citric acid:sodium
phosphate buffer (pH 4.0) and methanol (50:50, v/v). UV detection at
365 nm was used. The results indicate that greater then 92% of
piroxicam could be accounted for in feed samples stored for 7 days.
Based on these data, all experimental diets were prepared weekly in
our laboratory and stored in a cold room.

Experimental Procedure. The experimental design is summarized in
Table 1. Beginning at 7 wk of age, while the animals were on the
control diet, groups of animals intended for carcinogen treatment were
treated s.c. with a single dose of AOM (29.6 mg/kg body weight),
whereas the animals intended for vehicle treatment were given an equal
volume of normal saline. AOM was dissolved in normal saline before
use.

There was a concern that a high concentration of piroxicam in the
diet might impair the food consumption and thus confound the exper
imental results. Therefore, additional groups (Nos. 6, 11, 16, and 22)
were introduced into the experimental design. These groups (Nos. 6,
11, 16, and 22) consuming the control diet were pair-fed with Groups
5, 10, 15, and 21 consuming the diet containing 150 ppm piroxicam,
respectively, and are designated as control diet restricted to 150 ppm
piroxicam groups (Nos. 5, 10, 15, and 21; CDRG5, CDRG10,
CDRG15, and CDRG21) (Table 1). This experimental procedure was
followed until the termination of the experiment.

One wk after AOM or vehicle treatment, animals in Groups 2 to 6
and 18 to 22 were transferred from control (NIH-07) diet to their
respective experimental diets containing various levels of piroxicam
and continued on these diets until the termination of the experiment.
Animals in Groups 7 to 11 and 12 to 16 which were consuming the
control diet were transferred to experimental diets containing various
levels of piroxicam at the beginning of the 14th and 24th wk after
AOM or vehicle treatment, respectively, and continued on these exper
imental diets until the termination of the experiment. Animals in Group
1 were fed the control diet until the termination of the experiment.

Body weights were recorded weekly throughout the study. Animals
that were dying or moribund were necropsied. The experiment was
terminated at 40 wk after the AOM vehicle treatment. Both AOM- and
vehicle-treatment animals were sacrificed by <"O:,euthanasia as sched

uled. At autopsy, all organs, including intestines, were examined grossly
under the dissection microscope for tumors. Tissues were fixed in 10%
buffered formalin embedded in paraffin blocks, and processed by rou
tine histolÃ³gica!methods with the use of hematoxylin and eosin stains.
The stained sections were examined histologically for tumor types. The
histolÃ³gica! criteria used for intestinal tumor classification were as
described previously (18). Adenocarcinomas of the colon and small
intestine were usually well-differentiated and poorly differentiated ma
lignant tumors with invasion across the line of muscularis mucosa,
whereas adenomas were benign tumors which showed no evidence of
invasion through muscularis mucosa but showed mild or moderate
epithelial atypia. Small intestinal tumors were all localized in the
duodenum. The ear duct tumors were squamous cell carcinomas.

RESULTS

General Observations. There is no evidence of toxicity in
animals fed high levels of piroxicam in the diet. The level of
piroxicam in the diet had no significant effect on body weights
(Table 2). Body weights of animals treated with AOM and fed
the control and experimental diets were comparable. Similarly,
there were no differences in body weights of animals treated
with vehicle and fed various diets. As expected, the body weights
of AOM-treated animals in all dietary groups were lower than
the vehicle-treated animals during the terminal part of the study

because of tumor burden and consequent reduction in body
weight.

The food consumption and body weights of animals in Group
1 consuming the control diet and animals in Groups 5, 10, and
15 consuming the diet containing 150 ppm piroxicam were
similar. Although Groups 6, 11, and 16 consuming the control
diet were pair-fed with Groups 5, 10, and 15 consuming the
150 ppm piroxicam diet, Groups 1, 6, 11, and 16 could be
considered as one group for all practical purposes because they
were all consuming the same amount of control diet and gained
similar body weights.

Small Intestinal and Ear Duct Tumor Incidence in Animals
Fed Piroxicam during Different Stages of Tumor Development.
Table 3 summarizes AOM-induced small intestinal and ear
duct tumor incidences in male F344 rats fed various levels of
piroxicam starting 1,13, and 23 wk after carcinogen treatment.
In vehicle-treatment animals, there was no evidence of any
tumors. Feeding of 150 ppm piroxicam 1 wk after AOM
treatment significantly reduced the small intestinal tumor in
cidence (percentage of animals with tumors) and tumor multi
plicity (tumors/animals) as compared to animals in Group
CDRC5. There was a slight but significant difference among
the other dietary groups. In general, dietary piroxicam had no
effect on AOM-induced small intestinal carcinogenesis. No
consistent differences were found in the incidence of ear duct
tumors in animals fed the control and experimental diets.

Colon Tumor Incidence in Animals Fed Piroxicam 1 Wk after
Carcinogen Treatment. Table 4 summarizes the incidence and
multiplicity of colon tumors in animals fed the control and
experimental diets. None of the vehicle-treated animals devel
oped colon tumors (not shown in the table). The incidence of
total tumors (adenomas plus adenocarcinomas) in the colon
was significantly inhibited in a dose-dependent manner in ani
mals fed the diets containing 25,50,75, and 150 ppm piroxicam
compared to that found in animals fed the control diet. These
results were analyzed by the linear correlation method, and a
correlation coefficient (r) of â€”0.88,which is significant at P <
0.05, was obtained, suggesting a dose-dependent inhibition in
colon tumors incidence with increasing levels of piroxicam in
the diet. A significant inhibition in the incidence of colon
adenocarcinomas was observed in animals fed the diets contain
ing 25, 50, 75, and 150 ppm piroxicam, whereas the incidence
of adenomas was inhibited in groups receiving the diets con
taining 50, 75, and 150 ppm piroxicam. With regard to inhibi
tion of colon tumor multiplicity, the number of total colon
tumors, the number of adenomas, and the number of adenocar
cinomas per animal were significantly inhibited in animals fed
the diets containing 25, 50, 75, and 150 ppm piroxicam. A
significant inhibition in the development of adenocarcinomas
per tumor-bearing animal was observed in animals fed the diets

containing 25, 50, 75, and 150 ppm piroxicam. The number of
adenomas per tumor-bearing animals was significantly lower in
rats fed the diets containing 75 and 150 ppm piroxicam than
in animals fed the control diet; however, the difference in the
number of adenomas per tumor-bearing animal between the
groups fed the control diet and the diets containing 25 and 50
ppm piroxicam did not reach a statistical significance (/' >

0.05).
Colon Tumor Incidence in Animals Fed Piroxicam Starting at

the 14th Wk after Carcinogen Treatment. The incidence and
multiplicity of colon tumors in animals fed the experimental
diets starting at 14th wk after carcinogen treatment are sum
marized in Table 5. The incidences of total tumors were signif
icantly lower in rats fed the diets containing 25, 50, 75, and
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Table 1 Experimental design

Experimental groupMale
F344

rats/groupCarcinogen or saline dosage/animalDose frequencyMethod ofadministrationAOM
treated: piroxicam starting 1 wk after carcinogentreatment"\.

Controldiet2.

Piroxicam, 25ppm3.

Piroxicam, 50ppm4.

Piroxicam, 75ppm5.

Piroxicam, 150ppm6.

Control diet restrictedtoGroup
5 (CDRG5)*363636363636AOM,

29.6mg/kg
bodywtAOM,

29.6mg/kg
bodywtAOM,

29.6mg/kg
bodywtAOM,

29.6mg/kg
bodywtAOM,

29.6mg/kg
bodywtAOM,

29.6mg/kg
bodywtOnceOnceOnceOnceOnceOnceS.C.s.c.i.e.s.c.S.C.S.C.

7. Piroxicam, 25 ppm

8. Piroxicam, 50 ppm

9. Piroxicam, 75 ppm

10. Piroxicam, 150 ppm

11. Control diet restricted to
Group 10(CDRC 10)*

12. Piroxicam, 25 ppm

13. Piroxicam, 50 ppm

14. Piroxicam, 75 ppm

15. Piroxicam, 150 ppm

16. Control diet restricted to
Groupl5(CDRG15)*

AOM treated: piroxicam starting at 14th wk after carcinogen treatmenf

36 AOM, 29.6 Once
mg/kg body
wt

36 AOM, 29.6 Once
mg/kg body
wt

36 AOM, 29.6 Once
mg/kg body
wt

36 AOM, 29.6 Once
mg/kg body
wt

36 AOM, 29.6 Once
mg/kg body
wt

AOM treated: piroxicam starting at 24th wk after carcinogentreatmenf*3636363636AOM,

29.6mg/kg
bodywtAOM,

29.6mg/kg
bodywtAOM,

29.6mg/kg
bodywtAOM,

29.6mg/kg
bodywtAOM,

29.6mg/kg
bodywtOnceOnceOnceOnceOnce

17. Control diet
18. Piroxicam, 25 ppm
19. Piroxicam, 50 ppm
20. Piroxicam, 75 ppm
21. Piroxicam, 150 ppm
22. Control diet restricted to

Group 21 (CDRG21)*

12
12
12
12
12
12

Vehicle (saline)-treated

Normal saline
Normal saline
Normal saline
Normal saline
Normal saline
Normal saline

Once
Once
Once
Once
Once
Once

S.C.
s.c.
s.c.
s.c.
S.C.
s.c.

" Groups 1 to 6 were on the control diet until 1 wk after carcinogen treatment and then transferred to their respective experimental diets.
* Groups 6, 11, 16, and 22 were pair-fed with Groups 5, 10, 15, and 21, respectively.
' Groups 7 to 11 were on the control diet until the end of the 13th wk after carcinogen treatment and then transferred to their respective experimental diets.
J Groups 12 to 16 were on the control diet until the end of the 23rd wk after carcinogen treatment and then transferred to their respective experimental diets.

150 ppm piroxicam. The incidence of colon tumors was inhib
ited in dose-dependent manner in animals fed the diets contain
ing 25 to 150 ppm piroxicam (r = -0.94). A maximum inhibi
tion in the incidence of adenomas and adenocarcinomas was
observed in groups fed the diets containing 75 and 150 ppm
piroxicam. The number of colon adenomas per animal was
significantly reduced in animals fed the diets containing 25 to
150 ppm piroxicam, whereas the number of adenocarcinomas
per animal was inhibited in groups fed the diets containing 50,
75, and 150 ppm piroxicam. Feeding of diets containing 50,

75, and 150 ppm significantly reduced the number of adeno
carcinomas per tumor-bearing animals. The number of adeno
mas per tumor-bearing animal was significantly lower in ani
mals fed the diets containing 75 and 150 ppm than in animals
fed the control diet.

Colon Tumor Incidence in Animals Fed Piroxicam Starting at
the 24th Wk after Carcinogen Treatment. Table 6 summarizes
the incidence and multiplicity of colon tumors. A significant
inhibition in the incidence of total colon tumors as well as
adenomas was observed in animals fed the diets containing 75
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Table 2 Body weights of male F344 rats
Body wt (g) on experimental diets at the followingwk"Experimental

groupAnimals/group 01917253340Piroxicam

starting 1 wk after AOMtreatment\.

Controldiet2.
Piroxicam, 25ppm3.
Piroxicam, 50ppm4.
Piroxicam, 75ppm5.
Piroxicam, 150ppm6.
Control diet restrictedtoGroup

5363636363636216

Â±15'212

Â±9213Â±
12213Â±
13214

t12217
Â±13236

Â±16233
Â±10231
Â±13231
Â±15231

Â±13237
Â±15314

Â±20312Â±
13308

Â±17313
Â±19311

Â±17313Â±16355

Â±27354
Â±15347
Â±19351

Â±21351
Â±20354

Â±16382

Â±32374
Â±19372
Â±19380
Â±22377
Â±22383
Â±19402

Â±27387
Â±28396
Â±22396
Â±23393
Â±25403
Â±20412

Â±29406
Â±30402

Â±22412
Â±24406
Â±21411

Â±25Piroxicam

starting at the 14th wk after AOMtreatment7.

Piroxicam, 25ppm8.
Piroxicam, 50ppm9.
Piroxicam, 75ppm10.
Piroxicam, 150ppm11.
Control diet restrictedtoGroup

103636363636218

Â±12210Â±
13213Â±
12215Â±
12212Â±11230

Â±13227
Â±12233
Â±13235
Â±13230
Â±18308

Â±18308
Â±16305
Â±17313
Â±14307
Â±15345

Â±21345
Â±26349

Â±21353
Â±17349

Â±18372

Â±24379
Â±26374
Â±34382
Â±18380
Â±21392

Â±25405
Â±25401
Â±28402
Â±20403
Â±20402

Â±29418
Â±32412

Â±30414
Â±31414

Â±30Piroxicam

starting at the 24th wk after AOMtreatment12.

Piroxicam, 25ppm13.
Piroxicam, 50ppm14.
Piroxicam, 75ppm15.
Piroxicam, 150ppm16.
Control diet restrictedtoGroup

153636363636209

Â±13213
Â±13214
Â±12211
Â±11204
Â±11231

Â±13241
Â±17234
Â±11230
Â±11222
Â±11301

Â±16307
Â±18313
Â±14308
Â±14300
Â±15343

Â±18347
Â±20341

Â±16338
Â±18347
Â±19376

Â±18382
Â±24383
Â±20373
Â±26378
Â±28399

Â±19406
Â±27407

Â±26402
Â±28405
Â±31408

Â±28412
Â±26419
Â±34412
Â±29416

Â±32Vehicle

(saline) treatedanimais17.

Controldiet18.
Piroxicam, 25ppm19.
Piroxicam, 50ppm20.
Piroxicam, 75ppm21.
Piroxicam, 150ppm22.
Control diet restrictedtoGroup

21121212121212234

Â±14222
Â±12219Â±

15220
Â±11219Â±11220

Â±13254

Â±16222
Â±10244
Â±15250

Â±13245
Â±12253
Â±14325

Â±19315Â±
17320

Â±22322
Â±17322

Â±19328
Â±18361

Â±23353
Â±21358
Â±25358
Â±20358
Â±17364
Â±16394

Â±21385
Â±23389
Â±28387
Â±19387
Â±19396
Â±19420

Â±24410
Â±24415
Â±30413Â±
17410
Â±21418

Â±17435

Â±25424
Â±26430
Â±29429
Â±28430
Â±25431
Â±28

"Body weights were recorded weekly. In order to simplify the table, 8-wk body weights are reported.
* Mean Â±SD starting 1 wk before the animals were on experimental diets (denoted as "0") during the week the animals received AOM or saline.

Table 3 Azoxymethane-induced small intestinal and ear duct tumors in male F344 ratsfed piroxicam

Animals with small intestinal tumors
(incidence)GroupDietary

regimenNo.
of ar

mals/groiTotal*ii-upNo.Ad% No. %AdeNo. %Small

intestinal tumor multiplicity
(tumors/animal)TotalAdAdeEar

duct
tumorsNo.%Piroxicam

starting 1 wk after carcinogentreatment123456Control

dietPiroxicam,
25ppmPiroxicam,
50ppmPiroxicam,
75ppmPiroxicam,
150ppmControl

dietrestrictedto
Group 536363636363611101012818312828332250ePiroxicam

startingat7891011Piroxicam,
25ppmPiroxicam,
50ppmPiroxicam,
75ppmPiroxicam,
150ppmControl

dietrestrictedto
Group 103636363636191116171253314447331

31
30
00
00
00

010

2810
2810
2812
338

2218
500.42

Â±0.8*0.33

Â±0.60.31
Â±0.50.36
Â±0.50.25
Â±0.50.67
Â±0.8Â°0.03

Â±0.20.06
Â±0.300000.39

Â±0.80.27
Â±0.40.31

Â±0.50.36
Â±0.50.25
Â±0.50.67
Â±0.8C213335638881414th

wk after carcinogentreatment0

00
00
00
00

019

5311
3116
4417
4712

330.56

Â±0.60.39
Â±0.60.50
Â±0.60.53
Â±0.60.36
Â±0.5000000.56

Â±0.60.39
Â±0.60.50
Â±0.60.53
Â±0.60.36
Â±0.532350868140Piroxicam

starting at 24th wk after carcinogentreatment1213141516Piroxicam,
25ppmPiroxicam,
50ppmPiroxicam,
75ppmPiroxicam,
1SOppmControl

dietrestrictedto
Group 1536363636361016141817284439SO470

00
00
02
60

010

2816
4414
3916
4417

470.31

Â±0.50.50
Â±0.60.56
Â±0.80.53
Â±0.60.61
Â±0.7000000.31

Â±0.50.50
Â±0.60.56
Â±0.80.53
Â±0.50.61
Â±0.77534319148118

"Total, adenomas plus adenocarcinomas; Ad, adenoma; Ade, adenocarcinoma.
* Mean Â±SD.
c Significantly different from Group 5, P < 0.05.

and 150 ppm piroxicam. The incidence of adenocarcinomas per animals were slightly but significantly inhibited in animals
was significant ly inhibited in animals fed the 75 ppm piroxicam consuming the diets containing 25 to 150 ppm piroxicam. There
diet. The mean numbers of total colon tumors and adenomas was a significant decrease in the number of colon adenocarci-
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nomas per animal in groups fed the diets containing 50 to 150
ppni piroxicam. The number of adenomas and adenocarcino-
mas per tumor-bearing animal was slightly inhibited in animals

fed the piroxicam diet.

DISCUSSION

The results of the present study are of considerable interest
because long-term administration of piroxicam in the diet, even
at a concentration of 150 ppm, does not induce gross or
histopathological changes in any organ of vehicle-treated ani
mals. In addition, the mean body weights of animals fed the
control diet and the diets containing piroxicam were compara
ble. These results confirm the observations of Pollard and
Luckert (16).

Recent studies demonstrated that male Sprague-Dawley rats
fed 130 to 195 ppm piroxicam in the diet had fewer AOM-,
MAM acetate-, or MNU-induced intestinal tumors (16,17,19).
In these studies, piroxicam was fed 1 wk after carcinogen
treatment (16. 17) or 1 wk before, during, and after carcinogen
treatment (19). The present study confirms the above studies
and extends that dietary piroxicam given 1 wk after carcinogen
administration at concentrations of 25 to 150 ppm protects
against colon carcinogenesis in a dose-dependent manner. An
important finding of the present study was that the inhibitory
effect of dietary piroxicam on colon carcinogenesis was also
observed when the feeding of piroxicam was delayed until 13
wk after the administration of carcinogen. It is also of interest
that a slight inhibition of colon carcinogenesis was noted when
the piroxicam was given 23 wk after carcinogen treatment. Our
past experience on AOM-induced colon carcinogenesis suggests
that the colon tumors would have developed by wk 13 following
carcinogen administration. We are not aware of any previous
study of a potential colon tumor inhibitory effect by piroxicam
when fed several weeks after carcinogen treatment, i.e., during
the development or progression of colon tumors. Studies con
ducted by Pollard and Luckert (13), Narisawa et al. (14), and
Kudo et al. (15) also indicate that the late administration of
indomethacin, a NSAID, inhibited chemically induced colon
carcinogenesis. The effect of late administration of indometh
acin has been found to be therapeutic (13).

Although the mechanism by which piroxicam inhibits the
AOM-induced colon carcinogenesis has not been established,
the effect of this compound might be mediated through the
inhibition of prostaglandins (11. 20) and/or inhibition of co-
Ionic ornithine decarboxylase activity (21). Increased prosta-
glandin synthesis and increased levels of ornithine decarboxyl
ase activity and of polyamines have been found in tumor pro
motion (11, 22, 23). Our recent studies demonstrated that
dietary fish oil rich in omega-3 fatty acid (inhibitor of biosyn
thesis of prostaglandins) inhibited colon carcinogenesis in rats
(24). Piroxicam exerts its inhibition at the cyclooxygenase step
and inhibits prostaglandins synthesis (25). In humans and in
experimental animals, piroxicam led to a significant decrease
in serum concentrations of prostaglandins F,,. F.... and \ ?, (8,
25). A large number of experimental animal tumors and human
cancers have been shown to contain and/or produce large
quantities of prostaglandins, particularly those of the E series
(6, 7, 26). In addition, NSAID have been shown to inhibit the
induction of ornithine decarboxylase activity (21). Thus, the
antitumor effect of piroxicam may be attributed to: (a) interfer
ence with the synthesis of an essential metabolite, prostaglan-
din, involved in tumor development; (/>) immunological en
hancement since prostaglandin is an immunosuppressive agent;
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and (c) inhibition of induction of ornithine decarboxylase activ
ity. Piroxicam could act at one or more of these loci and cause
the inhibition of AOM-induced neoplasia.

In conclusion, the present study demonstrated that increasing
levels of piroxicam in the diet, when fed 1 wk or 13 wk after
carcinogen treatment, inhibited colon tumor incidence in a
dose-dependent manner. A high level of piroxicam in the diet
when fed 23 wk after carcinogen treatment induced fewer colon
tumors than did the control diet.
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