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ABSTRACT

The chemopreventive action of 40 and 80% maximum tolerated dose
(MTD) levels of piroxicam, n,i -a-difluoromethylornithine (DMFO),
16a-fluoro-5-androsten-17-one(DHEA analogue 8354), and ellagic acid

(EA) administered in diet individually and in combination before and
during initiation and postinitiation phases of azoxymethane-induced neo

plasia of the intestine was studied in male F344 rats. The MTD levels of
piroxicam, DFMO, DHEA analogue, and EA were determined in male
F344 rats and found to be 500, 5,000, 500, and 10,000 ppm, respectively,
in modified AIN-76A diet. When these agents were fed in combination,

the MTD levels were: piroxicam plus DEMO, 250 and 2500 ppm;
piroxicam plus DHEA analogue, 250 and 250 ppm; piroxicam plus EA,
250 and 5000 ppm; piroxicam plus DEMO plus DHEA analogue, 250,
2500, and 250 ppm; and piroxicam plus DFMO plus EA, 250, 2500, and
5000 ppm. From these MTD values, 40 and 80% MTD levels were
calculated and tested for their efficacy. At 5 weeks of age, animals were
fed the modified AIN-76A (control) diet and experimental diets contain

ing 40 and 80% MTD levels of piroxicam, DEMO, DHEA analogue,
and EA individually and in combination. At 7 weeks of age, all animals
except the vehicle-treated groups were administrated s.c. injections of

azoxymethane (15 mg/kg body weight/week for 2 weeks). Animals in
tended for vehicle treatment received s.c. injections of an equal volume
of normal saline. Fifty-two weeks after azoxymethane and saline treat

ment all the animals were necropsied, and colon and small intestinal
tumor incidence (percentage of animals with tumors) and multiplicity
(tumors/animal) were compared among various dietary groups. The re
sults indicate that 40 and 80% MTD levels of dietary piroxicam and
DEMO significantly (/' < 0.001) inhibited colon and small intestinal

tumor incidence and multiplicity. DHEA analogue at 40% MTD level
significantly decreased the small intestinal and colon tumor incidences
( /' < 0.05), whereas 80% MTD of DHEA analogue inhibited only small

intestinal tumor incidence. EA at 40 and 80% MTDs had no significant
effect on colon tumor incidence (P > 0.05), but 80% MTD of EA showed
a significant inhibitory effect on the incidence of small intestinal adeno-

carcinomas (P < 0.01). In the combination study, 40 and 80% MTD
levels of piroxicam plus DFMO significantly (P < 0.001) inhibited colon
adenocarcinoma incidence (8.3%) and multiplicity (0.08 Â±0.04) (SE)
when compared to colon adenocarcinoma incidence (72.2%) and multi
plicity (1.14 Â± 0.18) in control diet-fed animals. These results also

demonstrate that low levels of piroxicam and DFMO administered
together possess an effective chemopreventive action. Administration of
DHEA analogue or EA in combination with piroxicam and DEMO had
no additional effect on colon and small intestinal tumorigenesis.

INTRODUCTION

Colon cancer is one of the leading causes of cancer deaths in
western countries including North America. In the United
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States alone, the estimated 157,500 new cases and about 60,500
deaths in 1991 are due to cancer of the large bowel (1). Several
epidemiolÃ³gica! and laboratory animal model studies indicate
that etiology of colon cancer is multifactorial and complex
(2-4).

Chemoprevention refers to the administering of certain nat
urally occurring substances found in foods and related noncar-
cinogenic synthetic chemicals which could partially or totally
prevent the development of tumors (5). Several naturally occur
ring substances and synthetic chemicals, namely inorganic and
organic selenium salts, tocopherols, ascorbic acid, phenolic
antioxidants, nonsteroidal antiinflammatory drugs, and ODC3

inhibitors, to cite a few, have been intensely investigated pre
viously for their chemopreventive action on chemically induced
colon cancer (6-11).

The relationship of neoplastic tumors to either increased
levels of prostaglandins (12-14) and polyamines (15) or low
levels of ketosteroids (16) and glutathione (17) have provided
the rationale to investigate their role in tumorigenesis. Several
experimental animal and human tumors have been shown to
contain high levels of prostaglandins (12-14) and polyamines
(15,18,19). Therefore, it is reasonable to assume that inhibition
of colonie prostaglandins and polyamine synthetic activity by
specific substances may inhibit the tumorigenicity of the colon.
Nonsteroidal antiinflammatory drugs such as piroxicam (4-hy
droxy-2-methyl-A^-2-pyridinyl-2//-l,2-benzothiazine-3-car-
boxamide-1,1-dioxide) and indomethacin that are known to
interfere with prostaglandin synthesis (20) have been tested as
inhibitors of colon Carcinogenesis (8, 21-25). DFMO is an
enzyme-activated irreversible inhibitor of ODC, the first and
rate-limiting enzyme in polyamine biosynthesis, that has been
shown to possess chemopreventive action on skin (26, 27),
colon (11, 28), bladder (29), and mammary gland (30). Our
recent study demonstrated that increasing levels of piroxicam
and DFMO in the diet, when fed individually and in combina
tion after carcinogen treatment (during postinitiation phase),
inhibited colon adenocarcinomas in a dose-dependent manner
(11). Because no dose-related studies of piroxicam and DFMO
administered individually and in combination during initiation
and postinitiation phases of colon Carcinogenesis have been
reported previously, it is necessary to evaluate the efficacy of
these compounds given both during and after carcinogen
treatment.

Several studies indicate that DHEA, a human adrenal steroid
involved in the biosynthesis of several hormones including
testosterone and estradici-17/3, has a role in cancer inhibition
(16, 31, 32). Administration of DHEA p.o. to mice and rats
produced a broad spectrum of cancer preventive action, includ
ing the inhibition of cancer of the mammary gland (33, 34),

1The abbreviations used are: ODC, ornithine decarboxylase; MTD, maximum
tolerated dose; AOM, azoxymethane; DFMO, D.L-a-difluoromethylornithine;
DHEA, dehydroepiandrosterone; DHEA analogue, 16-n-fluoro-5-androsten-17-
one; EA, ellagic acid; TPA, 12-O-tetradecanoylphorbol-13-acetate; G6PDH, glu-
cose-6-phosphate dehydrogenase.
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CHEMOPREVENTION OF COLON CANCER

colon (35), thyroid (36), and liver (36, 37). In addition, DHEA
treatment reduced methylation of colonie epithelial cell DNA
and suppressed the TPA stimulation of thymidine incorpora
tion in mouse epidermis and TPA-promoted skin papilloma
formation (38), suggesting an antiinitiating and antipromoting
effect of DHEA in carcinogenesis. However, a recent study by
Hamilton et al. (39) suggested that DHEA had no chemopre-
ventive action in AOM-induced colon carcinogenesis. In addi
tion, administration of DHEA p.o. produced certain side effects
such as uterine enlargement, and increased appearance of ba-
sophilic foci of liver have emerged following feeding of DHEA
to mice and rats (40). In view of these side effects by DHEA,
Schwartz et al. (41) developed a synthetic analogue of DHEA,
i.e., 16a-fluoro-5-androsten-17-one (DHEA analogue 8354),
which lacked the side effects of DHEA and possessed significant
chemopreventive action against experimental carcinogenesis at
different target sites (34, 38).

EA, a naturally occurring plant phenol present in a variety
of fruits and nuts (42), was initially shown to inhibit the
mutagenicity of benzo(a)pyrene in the Ames Salmonella tester
system (43). The in vivo relevance of EA has been explored in
a number of experimentally induced cancer models. Recent
studies have demonstrated the ability of EA to inhibit skin and
lung tumorigenesis induced by benzo(a)pyrene and 3-methyl-
cholanthrene-induced skin carcinogenesis (44, 45, 46). In con
trast, Smart et al. (47) showed that topical application of EA
in mice had no inhibitory effect on 3-methylcholanthrene-
induced skin tumorigenesis. Finally, dietary EA significantly
inhibited A'-nitrosobenzylmethylamine-induced esophageal tu
morigenesis in rats (48).

The above studies stress the importance of piroxicam,
DFMO, DHEA analogue, and EA as chemopreventive agents
against carcinogenesis at a diverse group of organ sites. Since
each of these agents may inhibit carcinogenesis by a different
mechanism, it is important to evaluate the efficacy of these
compounds, individually and in combination on several organ
sites including colon, in the expectation of enhancing the chem
opreventive action of these compounds. Since our interest falls
in the area of colon carcinogenesis, the present experiments
were designed as an initial step to test the efficacy of 40 and
80% MTD levels of piroxicam, DFMO, DHEA analogue, and
EA administered individually and in combination during initi
ation and postinitiation phases of AOM-induced colon carci
nogenesis in male F344 rats. It is hoped that the results gener
ated from this study provide a rationale for additional studies
to test the inhibitory effect of these agents administer together
in small quantities.

room. They were housed in plastic cages with wood chip bedding and
filter tops (3 rats/cage), under the controlled conditions of a 12-h light,
12-h dark cycle, 50% humidity, and 21Â°C.Piroxicam, DFMO, DHEA

analogue, and EA were administered to animals in the modified AIN-

76A diet (11). All control and experimental diets were prepared weekly
in our laboratory and stored in a cold room. The purity of piroxicam,
DFMO, DHEA analogue, and EA were analyzed by high-performance
liquid chromatography and gas chromatography and found to be greater
than 98%. Animals were allowed free access to food and water at all
times, and food cups were replenished with fresh diet three times
weekly.

Determination of Maximum Tolerated Doses of Piroxicam, DFMO,
DHEA Analogue, and EA. The purpose of this study was to determine
the MTD of piroxicam, DFMO, DHEA analogue, and EA individually
and in combinations. At 35 days of age, groups of male F344 rats (IO/
group) were fed the modified AIN-76A diet containing the various
levels of chemopreventive agents individually and in combination (Ta
bles 1 and 2). Body weights were recorded twice weekly for 6 weeks.
All animals were examined daily for any symptoms of toxicity. At the
end of 6 weeks, all animals were sacrificed, and colon, small intestine,
stomach, liver, and kidney were examined grossly under a dissection
microscope for any abnormalities. The MTD is defined as the highest
dose that causes no more than a 10% weight decrement as compared
to the appropriate control diet group and does not produce mortality
or any external signs of toxicity that would be predicted to shorten the
natural life span of the animal. These external signs of toxicity include
roughened coat, ill-kept appearance, chromodacryorrhea, rhinitis, and
prostration, to cite a few. The MTD values obtained are reported in
Tables 1 and 2.

Experimental Procedure for Efficacy Study. The experiment was
designed to determine the efficacy of 40 and 80% MTD levels of
piroxicam, DFMO, DHEA analogue, and EA when fed individually
and in combination during initiation and postinitiation phases of colon
carcinogenesis. Beginning at 5 weeks of age, animals were randomized
by weight into 23 groups and fed the modified AIN-76A (control) diet
and the experimental diets containing 40 and 80% MTD levels of
chemopreventive agents individually and in combination (Table 3).
After 2 weeks on control and experimental diets, groups of animals
intended for carcinogen treatment (36 animals/group) received AOM
s.c. once weekly for 2 weeks at a dose rate of 15 mg/kg body weight/
week. Animals intended for vehicle treatment (12 animals/group; not
shown in table) received an equal volume of normal saline. Body weights

Table 1 Determination of maximum tolerated doses of chemopreventive agents
administered individually

Chemopreventive
agentsPiroxicam

DFMO
DHEA analogue
EALevels

of chemopreventive agents used(ppm)32

313
6362563

625125

1.2501251,250
250

2,500250

2,500
500"

5.000500Â°

5,000Â°

1,000
7,50010,000Â°

' Estimated maximum tolerated dose.

MATERIALS AND METHODS

Animals, Diets, and Chemopreventive Agents. Weanling male inbred
F344 rats were purchased from Charles River Breeding Laboratories
(Kingston, NY). Piroxicam (Pfizer Central Research, Croton, CT),
DFMO (Merrill-Dow Research Institute, Cincinnati, OH), and DHEA
analogue (Fort Washington Resources, Hatboro, PA) were kindly do
nated. EA was purchased from Fluka Chemical Corp. (Ronkonkoma,
NY), and AOM (CAS: 25843-45-2) was obtained from Ash-Stevens
(Detroit, MI). All ingredients of the semipurified diet were obtained
from Dyets, Inc. (Bethlehem, PA) and stored at 4Â°Cprior to preparation

of the diets.
A total of 1440 male F344 rats were used in this study. Male F344

rats received at weaning were maintained in isolation for 10 days and
had access to a modified AIN-76A semipurified (control) diet (11).
After the quarantine, all animals were randomly distributed by weight
into experimental dietary groups and transferred to an animal holding

Table 2 Determination of maximum tolerated doses of chemopreventive agents
administered in combination

Experimental
group\Â°23Â°4S"6T89Â°1011"1213Â°14Piroxicam(ppm)250500250500250500250500250500DFMO

DHEA analogue EA
(ppm) (ppm)(ppm)2.5005.0002,5005,0002,5005,0002.5005,0002,5005.0002505002505002505005.00010,0005.00010.0005,00010,000

1Estimated maximum tolerated dose.
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CHEMOPREVENTION OF COLON CANCER

were recorded every 2 weeks for the first 10 weeks and then every 4-6
weeks. The experiment was terminated at 52 weeks after the AOM
treatment.

Both vehicle-treated and AOM-treated animals were sacrificed by
CO2 euthanasia as scheduled. Following laparotomy, the entire gas
trointestinal tract was resected and opened longitudinally, and the
contents were flushed with normal saline. Using a dissection micro
scope, tumors were noted grossly for their location, number, and size.
All other organs including kidney and liver were also grossly examined
under the dissection microscope. The tumors were confirmed by his-

topathologic examination (8). The tumors were classified as adenomas
and adenocarcinomas. The criteria used for tumor classification have
been described previously (11). The end points used in this study were
tumor incidence, multiplicity, and diameter.

Statistical Analysis. The data were analyzed statistically by the \2
method, Fisher's exact test (tumor incidence), and Student's / test

(tumor multiplicity and body weights). Interrelationships among the
variables were also evaluated by analysis of variance and Duncan's

multiple range test.

RESULTS

General Observations

The body weights of animals fed the chemopreventive agents
individually and in combination were comparable with those of
the group fed the control diet except that, starting at week 35,
the animals fed 200 ppm piroxicam plus 2000 ppm DFMO
plus 200 ppm DHEA analogue (group 21) and 200 ppm pirox
icam plus 2000 ppm DFMO plus 4000 ppm EA (group 23)
showed slightly but significantly lower body weights (about 7%)
than those fed the control diet (Table 3). In vehicle-treated

groups, body weights of animals were similar to those of the
animals fed the control diet throughout the study (data not
shown).

Tumor Incidence

Effect of Chemopreventive Agents When Fed Individually. The
tumor data were calculated in terms of incidence (percentage
of animals with tumors) and multiplicity (tumors/animal). Ta
ble 4 summarizes the incidence of colon and small intestine
tumors and the statistical significance of differences among the
dietary treatments of chemopreventive agents. Piroxicam at
200 and 400 ppm in the diet significantly (P< 0.001) inhibited
the incidence of colon and small intestinal adenocarcinomas in
a dose-dependent manner when compared to those fed the
control diet. This inhibitory effect on colon and small intestinal
tumor incidence was more pronounced with 400 ppm than 200
ppm piroxicam, although the difference between the dose levels
did not reach statistical significance. DFMO at 2000 and 4000
ppm levels significantly inhibited adenocarcinomas of the colon
and small intestine (P < 0.001). The rates of colon and small
intestinal adenocarcinoma appearance were similar in the ani
mals fed 2000 and 4000 ppm DFMO. Interestingly, 4000 ppm
DFMO totally inhibited small intestinal adenocarcinomas.

DHEA analogue at a level of 200 ppm in the diet inhibited
significantly small intestinal and colon tumor incidences (P <
0.05), and feeding of 200 and 400 ppm DHEA analogue sup
pressed small intestinal tumor incidence in a dose-dependent
manner. EA at 4000 or 8000 ppm had little or no effect on
colon tumor incidence (P > 0.05), but 8000 ppm EA showed a
significant inhibitory effect on the incidence of small intestinal
adenocarcinomas (P< 0.01).

The data summarized in Table 5 show that colon and small
intestinal tumor multiplicity followed the same pattern as tu
mor incidence summarized in Table 4. Dietary piroxicam at
200 and 400 ppm and DFMO at 2000 and 4000 ppm signifi
cantly suppressed the multiplicity of adenocarcinomas of the
colon and small intestine (P< 0.001). Although dietary DHEA
analogue at 200 or 400 ppm had no significant effect on the
multiplicity of colon adenocarcinomas, it significantly inhibited

Table 3 Body weights of male F344 rats fed chemopreventive agents

Experimental groups and
chemopreventive agents

Body weights of animals (in g Â±SE)

Weeks on experimental diet

Piroxican
DHEA

DFMO analogue EA 17 35
123456789101112131415161718192021222320040010020010020010020010020010020020004000100020001000200010002000100020001000200020040010020010020010020084Â± .3 175 Â±1.4 221 Â± .7 247 1.9 281 Â±2.1 340 Â±2.6 402 3.3 440 Â±3.982

Â± .4 173 Â±1.7 216 Â± .9 248 2.4 280 Â±3.0 338 Â±3.5 413 4.6 450 Â±4.983
Â± .3 165 Â±2.1 213 Â± .7 238 2.5 274 Â±2.9 332 Â±3.7 414 4.7 442Â±5.182
Â± .2 170 Â±1.5 216 Â± .7 245 1.7 277 Â±2.1 332 + 2.7 401 4.8 440 Â±4.983
Â± .4 168 Â±1.5 213 Â± .7 242 2.0 271+2.3 320 + 2.9 389 3.9 435 Â±4.384
Â± .0 171 Â±1.3 217+ .7 243 1.9 273 + 2.3 332 + 2.8 397 4.3 438 Â±4.883+

.4 169Â±1.9214+ .8 236 2.1 268Â±2.5 319Â±3.3389 4.8 432+5.04000
82+ .2 170 Â±2.3 220+2.1 243 2.1 276 + 2.6 339 Â±2.9 410 4.1 456 +4.38000
82 Â± .3 172 Â±1.7 221 Â±1.7 242 1.8 277 + 2.1 335 + 2.9 416 4.2 452 Â±4.783

Â± .4 170 Â±1.9 218 Â±2.1 239 2.1 276 Â±2.3 332 Â±2.8 408 3.8 442 Â±4.583+
.6 168 + 2.2 216 + 2.4 239 2.4 274 + 2.6 333 + 2.8 408 3.9 455 +4.483

Â± .4 169+1.7 215+1.7 241 1.7 277 + 2.1 337 Â±3.1 406 4.2 439 Â±4.883+
.4 167+1.9 213 + 2.0 239 2.3 276 Â±2.6 330 Â±3.2 401 4.5 440 +5.12000

83+ .2 171 + 1.7 216 Â±2.1 242 2.0 278 + 2.8 338 + 3.1 419 4.1 456 +4.84000
83 Â± .1 173 Â±2.1 215 + 2.4 244 + 2.7 279 Â±3.1 328 Â±3.4 415 4.4 454 Â±5.282+

.0 170 Â±1.2 213 Â±1.6 243 Â±2.2 278 Â±2.4 331 Â±2.5 406 4.1 439 Â±4.983
Â± .2 169+1.5 212+1.4 241 Â±1.7 276 Â±1.8 339 Â±2.8 403 3.9 440 +4.42000

83+ .5 171 Â±1.6 216 Â±1.8 247 2.2 283 + 2.7 341 + 3.4 411 4.8 455 Â±5.34000
82 Â± .4 173 Â±2.2 216 Â±2.7 245 3.1 280 Â±4.1 348 + 4.2 423 5.1 458 Â±5.583

Â± .0 170 Â±2.2 212 Â±1.7 242 2.1 277 + 2.5 336 + 3.6 395 4.4 429 Â±4.884
Â± .1 165+1.4 208 Â±2.6 236 2.2 270 Â±2.7 323 Â±4.0 384 5.1Â°-* 406 Â±5.3C2000

83 Â± .1 169 Â±1.6 220+1.8 248 1.9 284 Â±2.3 348 Â±3.5 399 4.3 424Â±5.14000
83+ .1 167 Â±1.5 211 Â±2.1 241 2.3 275 + 2.6 330 + 3.9 380 Â±4.8'' 408 Â±5.9d

" Significantly different from diet.

..
d P< 0.001.
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CHEMOPREVENTION OF COLON CANCER

Table 4 Effect of chemopreventive agents administered individually and in combination on AOM-induced intestinal tumor incidence in male F344 rats

Experimental groups and
chemopreventiveagents1234567891011121314151617181920212223PC200400100200100200100200100200100200DFMO200040001000200010002000100020001000200010002000DHEA

analogue200400100200100200100200EA40008000200040002000400020004000Intestinal"

tumor

incidence
(% animals

withtumors)8944.4*30.5*25.0*22.2*69.4''66.6d77.775.022.2*'

'13.8*-'61.

Ie30.
5*'f63.8e66.6d3Â».S"-f38.8*'

'27.7*'
*16.6*'e19.4*-p19.4*'f19.4*-rColon

tumor incidence
(% animals withtumors)Adenoma13.82.75.50"2.78.35.58.32.70"0a0"0"5.55.52.7ff12.70aff10*o*0"Adenocarcinoma72.230.5*22.2*16.6*22.2*SO.O''61.163.863.811.1*Â«8.3*'

'52.725.0*'

'55.555.519.4*'/33.3*'

'16.6*-*27.7*'

Â«11.1*Â«11.1*Â«13.8*-''16.6*-'Total75.033.3*22.2*16.6*22.2*52.7''63.366.663.811.1*Â«8.3*'

'52.7*25.0*-

f58.355.519.4*-733.3*-'19.4*-"27.7*'

*11.1*11.1*13.8*16.6*Small

intestinal tumor incidence
(% animals withtumors)Adenoma2.70000000000000000000000Adenocarcinoma50.016.6e8.3*11.1*0*27.716.6e36.127.711.1*5.5*16.6e5.5*13.8e19.4e16.6e13.8e19.4e5.5*8.3*8.3*8.3*2.7*'

'Total52.716e8.3*11.1*0*21.1d16.6e36.121.T111.1*5.5*16.6e5.5*13.8e19.4e16.6e13.8e19.4e5.5*8.3*8.3*8.3*2.7*''

Â°Intestinal tumors represent colon and small intestinal tumors.
* Significantly different from the control group by x2 test, P < 0.001.
c Significantly different from the control group by x2 test, P < 0.01.
d Significantly different from the control group by x2 test, P s 0.05.
' Significantly different from group 2, P < 0.05.
â€¢^Significantlydifferent from group 7. P < 0.05.
* Significantly different from groups 8 and 9, P < 0.05.

Table 5 Effect of chemopreventive agents administered individually and in combination on AOM-induced intestinal tumor multiplicity (no. of tumors/animal) in male
F344 rats

Experimental groups and
chemopreventiveagents1

2
3
4
5
6
7
8
9

10
11
121314151617181920212223PC200

400100

200
100200100200100200100200DFMO2000

40001000

200010002000100020001000200010002000DHEAanalogue200

400100200100200100200EA4000

8000200040002000400020004000Intestinal

tumor"

multiplicity
(mean Â±SE)1.83

Â±0.20
0.50 Â±0.10*
0.47 Â±0.13*
0.33 Â±0.10*
0.25 Â±0.08*

1.31 Â±0.21
1.19 Â±0.20
1.50 Â±0.20
1.38 Â±0.19
0.22 Â±0.07*
0.13 Â±0.05*
0.91 Â±0.15e0.36

+0.09*1.0
Â±0.15e1.03
Â±0.16e0.38

Â±0.11*0.64
Â±0.16e0.38
Â±0.08*0.33
Â±0.09*0.25

Â±0.10*0.22
Â±0.08*0.27
Â±0.09*0.19
+ 0.06*Colon

tumor multiplicity
(mean Â±SE)Adenoma0.14

0.03
0.090.03

0.08
0.06
0.08
0.030.080.080.030.03Â±0.05

Â±0.02*

Â±0.06
0*
+ 0.02*

Â±0.04
Â±O.Qld

Â±0.04
Â±0.02*
0*
0"
0*0*Â±0.06Â±0.06Â±

0.02*0*Â±

0.02*0*0*0Â»0*0*Adenocarcinoma1.14

Â±0.180.31
Â±0.07*

0.29 Â±0.09*
0.22 Â±0.09*
0.22 Â±0.07*

0.94 Â±0.19
0.97 + 0.16
1.02 + 0.18
1.02 + 0.17
0.11 Â±0.05*
0.08 Â±0.04*
0.75 Â±0.14e0.30

Â±0.09*0.77

Â±0.130.72
Â±0.12e0.19
+0.06*0.44

Â±0.12''0.16
+0.06*0.27
Â±0.07*0.14

Â±0.07*0.14
Â±0.07*0.18
Â±0.08*0.16

Â±0.06*Small

intestinal tumor
(mean Â±SE)Adenoma0.03

Â±0.02
0
0
0
0
0
0
0
0
0
0
000000000000Adenocarcinoma0.53

+ 0.09
0.17 Â±0.06*
0.09 Â±0.05*
0.11 Â±0.05*

0*
0.27 Â±0.07e
0.17 Â±0.06*

0.39 Â±0.09
0.33 Â±0.09
0.11 Â±0.05*
0.05 Â±0.03*
0.16Â±0.06*0.05
+0.22
Â±0.13
Â±0.16
Â±0.19
Â±0.19
+0.05
Â±0.11
Â±0.08
Â±0.09
Â±0.03

Â±0.03*0.08*0.06*0.06*0.09e0.06e0.03*0.06*0.04*0.05*0.02*
" Intestinal tumors represent colon and small intestinal tumors.
* Significantly different from the control group by t test, P < 0.001.
c Significantly different from the control group by t test, P < 0.05.
d Significantly different from the control group by I test, P < 0.01.

the multiplicity of small intestinal adenocarcinomas. Dietary
EA at 4000 or 8000 ppm had no significant effect (P > 0.05)
on the multiplicity of colonie and small intestinal adenocarci
nomas, but at a dietary level of 8000 ppm it significantly
reduced the multiplicity of colon adenomas.

Effect of Chemopreventive Agents When Fed in Combination.
The levels of chemopreventive agents tested in various combi
nations were based on MTD values. When compared to animals

fed the control diet, the incidence (Table 4) and multiplicity
(Table 5) of colon and small intestinal adenocarcinomas were
significantly inhibited in animals fed 100 ppm piroxicam plus
1000 ppm DFMO or 200 ppm piroxicam plus 2000 ppm
DFMO. An important finding of this study was that the lowest
dose levels of piroxicam (100 ppm) and DFMO (1000 ppm)
when administered together were more effective in inhibiting
the incidence and multiplicity of colon adenocarcinomas than
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when these agents were administered individually even at higher
levels (400 ppm piroxicam and 4000 ppm DFMO). Also, a
dose combination of 200 ppm piroxicam and 2000 ppm DFMO
appeared to be more effective in inhibiting the incidence of
colon adenocarcinomas than 400 ppm piroxicam or 4000 ppm
DFMO (8.3% versus 22.2%) administered individually (Table
4). Furthermore, the size of colon and small intestinal tumors
measured as mean diameter was much smaller in animals fed
200 ppm piroxicam plus 2000 ppm DFMO as compared to
those fed individually (not shown in table). On the other hand,
EA or DHEA analogue in combination with piroxicam and
DFMO had no additional protective effect on colon and small
intestinal tumorigenesis when compared to piroxicam and
DFMO administered together (Table 4). It is possible that the
combination of piroxicam and DFMO was already so effective
in tumor inhibition that no further tumor suppression was
observed in the groups fed a combination of piroxicam, DFMO,
and DHEA analogue.

DISCUSSION

The results of the present study are of considerable interest
because they provide comprehensive data on the efficacy of
piroxicam, DFMO, DHEA analogue, and EA individually and
in combination in the inhibition of colon carcinogenesis. The
dose levels of chemopreventive agents tested individually and
in combination were based on the MTD values. The results
indicate that long-term dietary administration of piroxicam and
DHEA analogue at 100-400 ppm, of DFMO at 1000-4000
ppm, and of EA at 2000-8000 ppm individually and in com
bination were not toxic under the experimental conditions. In
addition, the data herein reported are, to our knowledge, the
first to show the chemopreventive action of DHEA analogue
8354 on intestinal carcinogenesis.

A number of animal model studies have already demonstrated
that dietary piroxicam inhibits methylazoxymethanol acetate-,
methylnitrosourea-, and AOM-induced intestinal tumors (8,
10, 11, 24, 25). Our recent study of male F344 rats demon
strated that piroxicam administered 1 and 14 weeks after AOM
treatment significantly inhibited colon carcinogenesis (8).
DFMO administered in drinking water significantly inhibits
mammary and colon carcinogenesis in animal models (10, 28,
30, 49). In addition, dietary administration of DFMO during
postinitiation phase significantly reduced AOM-induced colon
tumor incidence (11). The results of the present study, which
indicate that piroxicam and DFMO administered during the
entire period of initiation and postinitiation phases of carcino
genesis inhibit colon carcinogenesis, provide further evidence
for possible use of piroxicam and DFMO as chemopreventive
agents.

DHEA analogue has been shown to be effective in the pre
vention or delay of the onset of the development of carcinogen-
induced mammary, colon, lung, and skin neoplasms in rodents
(33-35, 50, 51). On the other hand, 0.5% DHEA had no
inhibitory effect on AOM-induced colonie tumorigenesis and
premalignant colonie epithelium of male F344 rats (39). In this
study, DHEA also resulted in retardation of body weight gain
(39). Earlier studies demonstrated that 0.1 to 0.2% DHEA or
DHEA analogue in the diet significantly inhibited body weight
gain without having any effect on food consumption (52). In
the present study, in which the dose levels of DHEA analogue
used were based on MTD values, 200 ppm (0.02%) DHEA
analogue had no effect on body weight gain but significantly

inhibited intestinal carcinogenesis. We are not aware of any
previous study of a potential intestinal tumor inhibitory effect
of DHEA analogue without an effect on body weight gain.

In contrast to piroxicam, DFMO, or DHEA analogue, EA
produced no significant reduction in colon tumor incidence.
Previous studies have demonstrated that dietary EA inhibited
benzo(a)pyrene-induced pulmonary adenomas in A/J mice and
7,12-dimethylbenz(a)anthracene-induced skin tumorigenesis in
mice (44, 45), methylcholanthrene-induced skin tumorigenesis
in mice (46), and jV-nitrosobenzylmethylamine-induced esoph-
ageal cancer in rats (48). It is likely that the organospecificity
of EA could have contributed to the disparate results between
the colon model and other carcinogen models.

In the current study, dietary piroxicam and DFMO, when
administered together, induced greater inhibition of colon tu
morigenesis as compared to individual doses of these agents. It
is noteworthy that none of the animals in the group treated
with 100 ppm piroxicam plus 1000 ppm DFMO showed AOM-
induced colon adenomas. In addition, this group showed only
4 small adenocarcinomas as against 41 adenocarcinomas in the
animals fed the control diet. These observations are particularly
important because this can pave the way for the use of a
combination of small amounts of these agents which differ in
mode of action and whose added chemopreventive effect would
be significant. The observed interaction between piroxicam and
DFMO in colon models suggests a need for further investiga
tion of this combination in other target organs.

The mechanisms responsible for the inhibition of intestinal
carcinogenesis by these agents have not been completely eluci
dated. Increased levels of polyamines and prostaglandins have
been observed in tumor promotion and in tumors (53, 54). It is
possible that the antitumor effect of piroxicam, a prostaglandin
synthesis inhibitor, may be mediated through its effect on the
inhibition of prostaglandin production through the cyclooxy-
genase pathway (53-58) and ODC activity (59). The most likely
mechanism of tumor suppression by DFMO is the lowering of
colonie mucosal polyamine levels and cell proliferation by spe
cific inhibition of colonie mucosal ODC by DFMO (15, 26,
27).

While the mechanism of inhibition of intestinal carcinogen
esis by DHEA analogue is not understood, it is likely that the
effect of this agent might be mediated through the inhibition of
G6PDH, the first enzyme in the hexose monophosphate shunt
(41), and/or through its effect on prostaglandins (38). The
hexose monophosphate shunt is the primary extramitochon-
drial pathway to generate NADPH, which is required in a
number of biochemical reactions including xenobiotic metabo
lism and fatty acid synthesis. It is also a pathway by which
hexose phosphates are converted to ribose and deoxyribose
phosphates for the synthesis of nucleic acids. There is also
evidence to suggest that DHEA-induced inhibition of TPA
stimulation of epidermal ['Hjthymidine incorporation results
from lowering the NADPH and ribose-5-phosphate cellular
pools as a consequence of G6PDH inhibition by DHEA (60).
DHEA analogue when administered in the diet to CD-I mice
inhibited the TPA-induced stimulation of epidermal prosta
glandin E2 levels (61). A recent study by Gordon et al. (62) also
suggests that inhibition of G6PDH is probably responsible for
the antimitotic and anticarcinogenic action of this compound.
Thus, the DHEA analogue could act at one or more of these
loci and cause the inhibition of AOM-induced intestinal

neoplasia.
In conclusion, the results of this study demonstrate that (a)
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low levels of piroxicam and DFMO administered individually
and in combination during the initiation and postinitiation
phases of carcinogenesis inhibited intestinal carcinogenesis and
that these agents administered together possess greater chem-
opreventive action than when administered individually and (b)
DHEA analogue acts as a chemopreventive agent in intestinal
carcinogenesis independently of body weight gain. The data
generated in this and earlier studies support the view that the
use of combinations of chemopreventive agents possessing di
verse actions may have applications in human cancer chemo-
prevention trials and provide a rationale for additional efficacy
studies to test the suppressing effect of these agents adminis
tered together in small quantities.
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