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In our studies to find natural compounds with chemopreventive efficacy in foods, using azoxymethane
(AOM)-induced colonic aberrant crypt foci and colonic mucosal cell proliferation as biomarkers, a
xanthine oxidase inhibitor, 1'-acetoxychavicol acetate (ACA), present in the edible plant Languas
galanga from Thailand was found to be effective. This study was conducted to test the ability of ACA
to inhibit AOQM-induced colon tumorigenesis when it was fed to rats during the initiation or
post-initiation phase. Male F344 rats were given three weekly s.c. injections of AOM (15 mg/kg body
weight) to induce colonic neoplasms. They were fed diet containing 100 or 500 ppm ACA for 4 weeks,
starting one week before the first dosing of AOM (the initiation feeding). The other groups were fed
the ACA diet for 34 weeks, starting one week after the last AOM injection (the post-initiation
feeding). At the termination of the study (week 38), AOM had induced 71% incidence of colonic
adenocarcinoma (12/17 rats). The initiation feeding with ACA cansed significant reduction in the
incidence of colon carcinoma (54% inhibition by 100 ppm ACA feeding and 77% inhibition by 500
ppm ACA feeding, P=0.03 and P=0.001, respectively). The post-initiation feeding with ACA also
suppressed the incidence of colonic carcinoma (45% inhibition by 100 ppm ACA feeding and 93%
inhibition by 500 ppm ACA feeding, P=0.06 and P=0.00003, respectively). Such inhibition was
dose-dependent and was associated with suppression of proliferation biomarkers, such as ornithine
decarboxylase activity in the colonic mucosa, and blood and colonmic mucosal polyamine contents.
ACA also elevated the activities of phase II enzymes, glutathione S-transferase (GST) and quinone
reductase (QR), in the liver and colon. These results indicate that ACA could inhibit the development
of AOM-induced colon tumorigenesis through its suppression of cell proliferation in the colonic
mucosa and its induction of GST and QR. The results confirm our previous finding that ACA feeding
effectively suppressed the development of colonic aberrant crypt foci. These findings suggest possible
chemopreventive ability of ACA against colon tumorigenesis.
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Colon cancer is the third most important malignant
neoplasm in the world.” It is the second leading cause of
cancer deaths in USA and the third in Japan. The risk of
colon cancer is highly dependent on dietary factors as
well as genetic background.>® Since Japanese nutrition
has become increasingly “westernized” with a rising fat
intake, the incidence of colon cancer has been increasing
in Japan.>*® There is an inverse correlation between the
intake of fruits/vegetables and human colon cancer.” In
this context, chemoprevention of this malignancy is im-
portant.®

¢ To whom all correspondence and reprint requests should be
addressed at the present address: Department of Pathology,
Kanazawa Medical University, 1-1 Daigaku, Uchinada,
Ishikawa 920-02.

Free radicals, including oxyradicals, may contribute to
the development of certain types of cancer.” They can
induce permanent DNA sequence changes in the form of
point mutations, deletions, gene amplification, and rear-
rangements, which may result in the activation of pro-
tooncogenes and/or the inactivation of tumor suppressor
genes.'” Recently, an increased mucosal oxygen free
radical activity was found in azoxymethane (AOM)-in-
duced colonic tumor.!” Oxygen free radical activity was
also increased in histologically normal colenic mucosa of
AOM-treated rats.'” A highly versatile enzyme, xanthine
oxidase, which is widely distributed among species, in-
cluding humans,'? catalyzes the hydroxylation of many
purine substrates, and converts hypoxanthine to xanthine
and then uric acid in the presence of molecular oxygen to
yield superoxide anion (0,7).” An increase of this
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Fig. 1. Chemical structure of 1’-acetoxychavicol acetate

(ACA).

enzyme was reported in human brain tumors,'” chemi-
cally induced mouse skin tumors,'”® and mouse skin
hyperplasia induced by 12-O-tetradecanoylphorbol-13-
acetate.'® These findings suggest that alterations in free
radicals, presumably induced by elevated xanthine ox-
idase activity, may be implicated in tumorigenesis, in-
cluding colon carcinogenesis. If this is so, xanthine ox-
idase inhibitors may suppress colon carcinogenesis.
Several natural products in edible plants are known to
act as xanthine oxidase inhibitors and are reported to
have cancer-chemopreventive activity."'? 1’-Acetoxy-
chavicol acetate (ACA, Fig. 1) is present in seeds or
rthizome of Languas galanga (Zingiberaceae), which is
used as a ginger substitute and as a stomachic medicine in
Thailand.*® ACA is an inhibitor of xanthine oxidase?"
and inhibits tumor promoter-induced Epstein-Barr virus
activation in vitro.* Qur recent work has revealed a
strong cancer-chemopreventive effect of ACA on 4-nitro-
quinoline 1-oxide-induced oral carcinogenesis in rats.”
Aberrant crypt foci (ACF), which are present in car-
cinogen-treated rodent colon and in the colon of humans
at high risk for cancer development, are considered to be
preneoplastic lesions for colon cancer.??® This character
of ACF favors their use as a biomarker for investigating
modulation of colon carcinogenesis.?” A number of nat-
ural compounds that inhibit ACF development induced
by exposure to several colon carcinogens have been
proved to have chemopreventive activity against colon
cancer in rodents.””?® In our chemopreventive studies,
certain natural antioxidants from edible plants were
found to inhibit ACF development induced by colon
carcinogens and were proved to be inhibitors of colon
carcinogenesis in rats.'"”*>% However, some investiga-
tors have failed to find any correlation between ACF and
colon cancer.’" In a recent study by Kristiansen,*” a high
number of ACF with low crypt multiplicity (1-3 aber-
rant crypts/focus) in mouse colon after heterocyclic
amine treatment was not indicative for the end-point
colon cancer. Thus, it might be that only the presence of

822

a high number of ACF with high crypt multiplicity is
predictive for colon tumor outcome.®* Recently, pro-
tective effect of ACA on the development of ACF with
high crypt multiplicity was found in a shori-term iz vivo
assay,” suggesting a possible inhibitory effect of ACA on
colon carcinogenesis.

In the present study, chemopreventive ability of ACA
on large bowel tumorigenesis was investigated in a long-
term in vive assay using a rat colon carcinogenesis model
with AOM as a carcinogen. Cell proliferation biomark-
ers, such as colonic mucosal ornithine decarboxylase
(ODC) activity and blood and colonic mucosal poly-
amines levels,®*” were also examined. In addition,
activities of glutathione S-transferase (GST) and qui-
none reductase (QR) in the colonic epithelium were
assayed to assess whether ACA could modulate the ac-
tivities of these phase II detoxification enzymes in the
liver and colon, since these enzymes divert ultimate car-
cinogens from reacting with critical cellular macromole-
cules, and thus their induction is a causal mechanism of
protection.*®

MATERIALS AND METHODS

Animals, diet, and chemicals A total of 116 male F344
rats, 4 weeks old, obtained from Japan SLC Inc.,
Hamamatsu City, were used. Animals were housed three
or four to a wire cage in an experimental room under
controlled conditions of 23+£2°C (SD), 50+£10% hu-
midity, and 12 h light/dark cycle. They were allowed ad
libitum access to diet and water. Powdered CE-2 (CLEA
Japan, Inc., Tokyo) was used as a basal diet. AOM was
purchased from Sigma Chemical Co., 8t. Louis, MO.
ACA (>95% purity) was synthesized according to the
method described previously.™ Experimental diets mixed
with ACA at two concentrations (100 and 500 ppm)
were prepared by using a V-blender on a weekly basis and
stored in a cold room (<4°C) until used. The doses of
ACA used were 1/100 (100 ppm) and 1/20 (500 ppm) of
the maximum tolerated dose.’®

Experimental procedure After quarantine for 1 week,
rats aged 5 weeks were divided into 7 groups as shown in
Fig. 2 and the tables. Starting at 6 weeks of age, animals
in groups 1 through 5 were s.c. injected with AOM (15
mg/kg body weight) once a week for 3 weeks. Rats in
groups 2 and 3 were given the powdered basal diet
containing 100 ppm or 500 ppm ACA for 4 weeks,
beginning at 5 weeks of age. Groups 4 and 5 were fed the
diets containing 100 ppm and 500 ppm ACA for 34
weeks, respectively, starting one week after the last
dosing of AOM. Group 6 was fed the ACA diet (500
ppm) alone throughout the study and did not receive
AOM. Group 7 served as an untreated control. Animals
were carefully observed daily and weighed weekly until



38 wks

Group 4

Group 7 I ‘

Fig. 2. Experimental protocol. T AOM, 15 mg/kg body
weight, s.c. injection, ACA, 100 ppm in dict, Hll ACA,
500 ppm in diet, (1 Basal diet, CE-2.

they reached 14 weeks of age, and then every 4 weeks.
The consumption of experimental diets was also re-
corded. At the termination of the study (week 38), all
rats were killed by decapitation. At autopsy, five rats
from each group were used for measurement of colonic
mucosal ODC activity and polyamine levels in the co-
lonic mucosa and blood. After the macroscopic observa-
tion, the colonic tumors were resected for histological
examination and the remaining colonic tissues were
assayed for ODC and polyamine levels. The intestines of
the remaining rats were embedded in paraffin and sliced
at 3 pym thickness, after the analysis of ACF on 10%
buffered formalin-fixed samples, Intestinal and kidney
neeplasms were diagnosed according to the criteria de-
scribed previously.**)

ACF analysis The colons other than those used for
biochemical assay were used for scoring of ACFE. At
autopsy, the colons were flushed with saline, excised, cut
open longitudinally along the main axis, and then washed
with saline. The colons were cut into three sections
(about 4 cm each) starting from the anus, and after
having been placed between filter papers to reduce
mucosal folding, fixed in 109 buffered formalin for at
least 24 h. Fixed colon sections were dipped in a 0.2%
solution of methylene blue in distilled water for 5 min,
briefly washed with distilled water, and placed on a
microscope slide with the mucosal surface up. Using a
light microscope at a magnification of > 40, ACF were
distinguished by their increased size, their more promi-
nent epithelial cells, and their increased pericryptal space
from surrounding normal crypts.®* Crypts overlying
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lymphoid follicles were excluded from scoring, because
normal crypts in this area can sometimes be confused
with ACF. The number of ACF observed per colon, the
number of aberrant crypts observed in each focus, and
the location of each focus were recorded. Colons from all
groups were scored blindly for ACF by the same observer
(T. T.). After scoring, colons were processed for histo-
pathological examination.

ODC activity For measurement of ODC activity, the
colons were rapidly removed, slit open longitudinally,
freed from all the contents, and then rinsed in ice-cold
saline. They were laid flat on a glass plate with the
mucosal side up, and the mucosa was scraped with a
stainless steel disposable microtome bladed knife, 535
{Feather Safety Razor Co., Ltd., Osaka). Colon mucosa
from each rat was pooled and homogenized in 1.5 ml of
50 mM sodium phosphate buffer containing 5 mM
dithiothreitol, 0.1 mM EDTA, and 0.1 mM pyridoxal 5'-
phosphate using a Polytron. The homogenates were cen-
trifuged for 1 h at 100,000¢ at 4°C. The resulting cytosol
fraction was used for determination of ODC activity and
protein. ODC activity in the colonic mucosa was deter-
mined by the methods described previously. The incuba-
tion mixture in a final volume of 250 gl [50 mM sodium
phosphate, 2 mM pyridoxal phosphate, 5 mM dithio-
threitol, 20 mM L-ornithine, and 0.25 mCi of pL-[1-'*C]-
ornithine (specific activity, 58 mCi/mmol; Amersham)]
was incubated for 1 h at 37°C. The reaction was stopped
by adding 300 gl of 2 N sulfuric acid, and the "“CO,
released was collected on barium hydroxide-saturated
discs for another 30 min. The “C, in the form of
Ba*COs, was counted in a scintillation counter. The
results were expressed as pmol *CO,/h/mg protein.
Polyamine levels Polyamine levels in the colonic mucosa
were assayed by the method of Koide et al.* For mea-
surement of blood polyamine level, blood was collected
from all rats by heart puncture at termination and poly-
amine levels were assessed.*”

GST and QR assay To determine whether ACA can
modify the activities of GST and QR in the liver and
colon, 32 male F344 rats aged 6 weeks were divided into
4 groups and they were gavaged with ACA at a dose of
50, 100 or 200 mg/kg body weight in 0.5 ml of 5% gum
arabic (Sigma Chemical Co.) for 5 consecutive days. All
rats were killed by decapitation 30 min after the last
gavage. The livers and colons were excised immediately.
The liver was perfused with saline to remove blood and
minced into small pieces. The colon was slit longitudi-
nally and washed with phosphate-buffered saline (pH
7.4) and mucosa was collected by scraping the mucosal
surface with a microscope knife. Aliquots of minced liver
and mucosal scrapings were processed to obtain the
cytosolic fraction as described.* * The activities of GST
with l-chloro-2,4-dinitrobenzene (CDNB) and/or 1,2-
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dichloro-4-nitrobenzene (DCNB) as substrates and QR
with NADH and menadione as substrates were deter-
mined as described.*™*® All assays were performed by
spectrophotometry at 340 nm and all samples were mea-
sured in triplicate. One unit of enzyme activity is the
amount of enzyme catalyzing the conversion of 1 gmol
of substrate to product per min at 25°C. Cytosolic pro-
tein concentrations were determined by the Bradford
method*” using bovine serum albumin as the standard.
Statistical methods Where applicable, data were ana-
lyzed using Fisher’s exact probability test, Student’s ¢ test
or Welch’s ¢ test with P<{0.05 as the criterion of signifi-
cance.

RESULTS

General observations During the study, clinical signs of
toxicity, low survival, and poor condition were not ob-
served in any of the groups. This was confirmed by
histopathological examinations in liver, kidneys, and
lungs of the rats given the test compound, although mild
fatty metamorphosis was seen around the central vein in
the liver of a few rats fed 500 ppm ACA alone (group 6).
The mean daily intakes of diets with or without ACA per
rat were between 15.5-15.9 g/rat (mean intake of ACA/
rat/day: 100 ppm diet, 1.54 mg; and 500 ppm diet, 7.68
mg). Mean body and liver weights in all groups are
shown in Table I. The mean body weight at termination
in groups 4 (AOM—100 ppm ACA) and 5 (AOM—500
ppm ACA) were significantly smaller than that of group
1 (AOM alone) (P£<0.01 and P<0.005, respectively).
The mean liver weights of groups 3 (AOM+500 ppm
ACA) and 5 were significantly increased when compared
with group 1 (P<0.005). The mean percent liver weight
(g/100 g body weight) of groups 2 (AOM+100 ppm
ACA), 3, 4, 5 were significantly greater than that of
group 1 (P<0.001).

Table 1.

Incidence and multiplicity of intestinal neoplasms Mac-
roscopically, most tumors developed in the large intestine
(mainly in the middle and distal colon) and some in the
small intestine of rats in groups 1-5. Animals in groups 6
and 7 did not have neoplasms in any of the organs
examined. Colon tumors were sessile or pedunculated
tumors and histologically tubular adenoma, adenocarci-
noma or signet ring-cell carcinoma with a higher inci-
dence of adenocarcinoma. A few rats had renal mesen-
chymal tumors and/or altered hepatocellular foci in
groups 1 through 5, but these lesions were not found in
groups 6 and 7. The incidence and multiplicity of intesti-
nal tumors are shown in Table II. The frequencies of
Jarge intestinal adenocarcinoma in groups 2 (33%), 3
(16%), and 5 (5%) were significantly smaller than that
of group 1 (71%) (P=0.03, P=0.001, and P=0.00003,
respectively). The frequency of colon adenocarcinoma in
group 4 (39%) was lower than that in group 1, but the
difference was not significant (P=0.06). The incidences
of small intestinal tumors did not significantly differ
among the groups. As presented in Table III, in terms of
the multiplicity of colon carcinoma (number of carcino-
mas/Tat), significant inhibition in groups 3 and 5 was
found when compared with group 1 (P<{0.002 and P<
0.001). When colonic adenomas and adenocarcinomas
were combined, significant reduction in the incidence or
multiplicity of large intestinal tumors was found in rats
given 500 ppm ACA during the post-initiation phase
(group 5), because the incidence and multiplicity of
adenomas were slightly greater in rats of groups 35
(Tables II and III).

Frequency of ACF The incidence of ACF at the end of
the study is listed in Table 1V. ACF developed in rats
treated with AOM with or without ACA (groups 1-5),
while no ACF were present in rats not treated with AOM
(groups 6 and 7). The frequencies of ACF/colon, the
number of ACF/area (cm®), the number of aberrant

Body, Liver, and Relative Liver Weights of Rats Treated with AOM and/or ACA

Relative liver

Grou No. of rats Body weight Liver weight weight
o Treatment examined y(g) & ®) ’ (/100 & body
weight)
1 AOM alone 17 348 +179 11.5x1.1 3.29020.28
2 AOM+100 ppm ACA 18 332129 123122 3.78+0.48%
3 AOM-+500 ppm ACA 19 343122 1341239 3.9110.48%
4 AOM—100 ppm ACA 18 3261260 12.1+1.8 3.77%0.429
5 AOM—>500 ppm ACA 20 33117 13.3%229  4.10£0.51%
6 500 ppm ACA 12 344215 14.3+2.0 4.16-20.60
7 No treatment 12 352124 142£2.4 3.9910.47
@) MeanE8D,

b} Significantly different from group 1 by Welch’s ¢ test (b) P<(0.001, ¢) P<0.005, and d) P<0.01).
¢, f) Significantly different from group 1 by Student’s ¢ test ( e) P<<0.001 and ) P<0.005).
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Table I1. Incidence of Intestinal Neoplasms of Rats Fed ACA during or after AOM Exposure
No. of rats with intestinal neoplasms at: (%)
er;(())up Treatment l\Il-c;:t:f Entire intestine Small intestine Large intestine
' Total AD®  ADC  Total AD  ADC  Total AD ADC

1 AOM alone 17 13(76) 1(6) 13(76) 5(29) O 529 12(71) 1(6) 12(71)
2  AOM++100 ppm ACA 18 9(50) 2(1) 739 3AT) 1(6) 2(11)y 739 1(6) 6(33)
3  AOM+500 ppm ACA 19 10(53) 5(26) 9(@47) 5@26) 1(5) 5(26) 8(42) 5(26) 3 (16)¥
4  AOM—>100 ppm ACA 18 12(67) 4(22) 10(56) 4(22) 1(6) 317y 9(50) 37 7(39)
5  AOM—500 ppm ACA 20 6 (30)2 3(15) 3(15)H 2(0) 0O 2(10) 420 3(15 1( 5y»
6 500 ppm ACA 12 0 0 0 0 0 0 0 0 0
7 No treatment 12 0 0 0 0 0 0 0 0 0

a) AD, adenoma; and ADC, adenocarcinoma.
b-k) Significantly different from group 1 by Fisher’s exact probability test (2) P=0.02, ¢} P=0.03, d} P=0.001, ¢) P=0.003,
F) P=0.0002, g) P=0.002, and k) P=0.00003).

Table III. Multiplicity of Intestinal Neoplasms of Rats Fed ACA during or after AOM Exposure
Treatment Multiplicity (no. of neoplasms/rat) of neoplasms at:
G:;gup {no. of rats Entire intestine Small intestine Large intestine
’ examined) Total AD? ADC Total AD ADC Total AD  ADC
1 AOM alone (17) 1.12 0.12 1.00 029 0O 029 0.83 0.12 0.71
+0.83% +0.47 £0.69 =£0.46 1046 £0.68 047 046
2 AOM+ 100 ppm 0.61 0.11 0.50 017 0.06 0.11 0.44 0.06 0.39
ACA (18) +0.68 +0.31 £0.699 1£0.37 +023 +0.31 +0.60 *£0.23 =059
3  AOM+500 ppm 0.24 0.37 0.47 032 005 0.26 0.53 0.32 0.21
ACA (19) +1.04 1058 +0.609 12057 =022 044 060 046 0417
4  AOM—100 ppm 0.89 0.22 0.67 0.22 006 0.17 0.67 0.17 0.50
ACA (18) +0.87 *042 *075 053 =023 050 082 037 *0.69
5 AOM—500 ppm 0.40 0.25 0.15 010 O 0.10 030 0.25 0.05
ACA (20) +0.80¢ £0.70 +0.36"7 +0.30 +0.30 +0,78¢) 0,70 +0.220
6 500 ppm ACA (12) O 0 0 0 0 0 0 ¢] 0
7 No treatment (8) 0 0] 0 0 0 0 0 0 0

a) AD, adenoma; and ADC, adenocarcinoma.

b) Mean5D.

c-g) Significantly different from group 1 by Student’s ¢ test (¢) P<0.02, d) P<0.01, ¢) P<0.002,

f) P<0.001, and g) P<0.03).

Table IV. Effect of ACA on the Development of AOM-induced ACF

Group Treatment Incidence Neo. of No. of No. of aberrant No. of aberrant
no. (%) ACF/colon  ACF/cm? crypts/colon crypts/Tocus
1 AOM alone 12/12 (100) 93129 6.88%1.85 287162 3.09%0.18
2 AOM+100 ppm ACA 13713 (100) 6399 5.151+0.812 149+31% 2.362.0.249
3 AOM+500 ppm ACA 14/14 (100) 5429  4.62+0.23% 123+ 16% 2.28+0.099
4  AOM—100 ppm ACA 13/13 (100) 66=69 5.60£0.48°} 156+ 10% 2.35+£0.239
5 AOM—500 ppm ACA 15/15 (100) 5179 4.59+0.52¢ 107174 2.10%0.339
6 500 ppm ACA  O/7 ( 0) 0 0 0 0
7  No treatment o/7 ( Q) 0 0 0 0

a) Mean=*3D.

b-e) Significantly different from group 1 by Student’s ¢ test or Welch’s ¢ test (&) P<0.001, ¢) P<0.01,

d) P<0.002, and e) P<0.05).
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crypts/colon, and the number of aberrant crypts/focus
in groups 2 through 5 were significantly smaller than
those of group 1 (P<0.001, P<0.01, P<0.002 or P<
0.005).

Colonic mucosal ODC activity As shown in Fig. 3,
AOM treatment significantly increased the colonic muco-
sal ODC activity (P<0.001). ACA feeding during both
initiation (groups 2 and 3) and post-initiation phases
(groups 4 and 5) significantly reduced this increase (P<
0.02, P<0.001, P<0.01 or P<<0.002). The ODC activity
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Fig. 3. ODC activity in the colonic mucosa in each group.
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of rats in group 6 (ACA alone) was similar to that of
group 7 (untreated control).

Polyamine levels in the colonic mucosa and blood As
summarized in Table V, the total polyamine levels of
colonic mucosa and blood in group 1 were greater than
those of the untreated control (group 7). The increase of
tissue polyamine was significant (P</0.001). The mean
polyamine concentrations of colonic mucosa in groups 2,
3, and 5 were significantly lower than that of group 1
(£ <0.001}. Blood polyamine level in group 5 was signifi-
cantly smaller than that of group 1 (P<0.05). Spermi-
dine level of colonic mucosa in group 1 was significantly
increased when compared to that of group 7 (P<0.005)
and ACA feeding significantly reduced this increase (P<
0.02, P<0.001 or P<(0.01). Blood spermidine level of
group 5 was significantly smaller than that of group 1 (P <
0.05). The two values in groups 6 and 7 were comparable.
GST and QR activities GST and QR activities in the
liver and colon of rats gavaged with various dose levels of
ACA are presented in Table VI. Dosing of 50, 100, and
200 mg/kg body weight of ACA significantly increased
liver GST-CDNB activity (P<{0.01 or P<0.001), al-
though these treatments did not affect the activity of
GST-DCNB in the liver. Similarly, gavaged ACA signifi-
cantly elevated the QR activity in the liver (P<0.02, P<
0.002, and P<0.001). In the colonic mucosa, ACA treat-
ment significantly increased the GST-CDNB activity at
30, 100, and 200 mg/kg (P<0.05, P<0.001, and P<
0.005, respectively) and the QR activity at 100 and 200
mg/kg (P<0.002).

Table V. Tissue and Blood Polyamine Levels of Rats in Each Group

No. of rats Polyamine levels: tissue (nmol/mg protein)/
Glx;c;up Treatment examined blood (nmol/ml)

’ (tissue/blood) Total Diamine Spermidine Spermine

1 AOM alone 5/5 31.1+2.9%0 0711 24.0+4.19 641t22
/58,1295 /0000 /4331196 /148*11.5

2 AOM+ACA (100 ppm) 5/5 17.4+5.09 1.3+28 11.6+7.89 4.5+3.1

/370+11.8 /0000 /27.7%3.5 /93198

3 AOM+ACA (500 ppm) 5/5 14,2549 1.7+3.0 6.0x3.6% 6.512.8

/34119 /0.1£02 /259411 /8.21.2

4 AOM—>ACA (100 ppm) 5/5 24.26.5 1.1x1.8 14.4 4,50 8.814.3

/31.5+2.9 /0000 /256335 /59115

5 AOM—ACA (500 ppm) 5/5 18.3+3.29 09+2.1 94479 7.9+£1.7

/25.1£3.49 /0103 /18.5+1.58  /6.5+25

6 ACA (500 ppm) 5/5 15.8x2.5 0.17+0.3 9.14+2.3M 6.611.0

/267142 /0000 /21.3+4.2 /5.4%1.9

7 No treatment 4/4 189+11.7 0.60.6 14.1+2.2 434038

/292120 /0.0xX0.0 /203L2.8 /9.111.1

a) MeanESD,

b, ¢, h} Significantly different from group 11 by Student’s ¢ test (&) P<0.001, ¢) P<0.005, and k) P<0.02).
d-g) Significantly different from group 1 by Student’s ¢ test (d) P<0.001, ¢) P<0.02, f) P<0.01, and

g) P<0.05).
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Table VI. GST and QR Activities in Liver and Colon of Rats Gavaged with ACA
Enzyme activities (Mean=+SD, mU/mg protein)
Enzyme
0 mg” 30 mg 100 mg 200 mg
Liver  GST-CDNB 807.6+133.7 931.4+144.1 1174.1+=164.3>  1190.11+146.1%
(&) (8) (8) (8
GST-DCNB 38.56.2 39.4£9.1 433107 43.71£7.2
&) (&) (8) €
QR 142.1423.3 187.41+37.6% 226.7£50.0% 296.4+ 678448
&) (3) (8) &
Colon GST-CDNB 144,51+9.5 155.5+7.79 162.1=5.89 166.41£13.99
(8) (8) (8) (8)
QR 506.01+35.5 538.0+32.3 582.7+43.49 632.8+75.409
(8) (3) (8) (8)

Numbers in parentheses are numbers of rats examined.
a) Dose level of ACA (mg/kg body weight/day) for 5 days orally. Animals were killed 30 min after

the last administration.

b, d, e, h, i) Significantly different from “0 mg” group by Student’s ¢ test or Welch’s ¢ test ( b) P<0.001,

d) P<0.02, and ¢) P<0.002).

¢, f) Significantly different from “50 mg” group by Student’s r test or Welch's ¢ test (¢) P<0.01 and

£) P<0.002).

g) Significantly different from “I100 mg” group by Student’s ¢ test (P<0.05).

DISCUSSION

The results in the present study demonstrated that
dietary feeding of ACA during either the initiation or
post-initiation phase significantly inhibited AOM-in-
duced large bowel carcinogenesis in rats. The results
confirmed our previous study indicating that ACA feed-
ing at 100 ppm and 200 ppm concentrations was effective
in the suppression of large ACF (more than 4 crypts)
development, which may correlate with tumor inci-
dence,* in rats treated with AOM, and the degree of
suppressive effect was similar.*® In the present study, the
doses of ACA in the diets were 100 ppm and 500 ppm
and the chemopreventive effect of ACA was dose-de-
pendent: 549 reducticn at 100 ppm and 77% reduction
at 500 ppm by the initiation feeding; and 45% reduction
at 100 ppm and 93% reduction at 500 ppm by the post-
initiation feeding. Dietary administration of ACA also
suppressed cryptal cell proliferation activity increased by
AOM.

Several natural products with antioxidative property
exert chemopreventive activity in chemically induced
colon carcinogenesis.”® *” High oxygen free radical activ-
ity was found in colon tumors induced by AOM.'V
Histologically normal colonic mucosa of AQOM-treated
rats also has higher oxygen free radical activity than that
of control rats.!? This suggests that there may be a “field
change” in the colonic mucosa as a result of AOM
administration, supporting a possible role of oxygen free
radical activity in AOM-induced colon carcinoma. In
humans, direct measurement of superoxide dismutase

and catalase activity in colorectal cancer and normal
mucosa showed significantly lower levels of these scav-
enging enzymes in normal tissue when compared with
tumor tissue, suggesting that this depressed scavenging
ability may allow unchallenged expression of free radical
activity, resulting in DNA damage and cell transforma-
tion.’? ACA could inhibit xanthine oxidase,*” which
generates superoxide anion {(known to be associated with
tumor development).”*” Therefore, it is likely that the
chemopreventive effect of ACA found in this study is due
to its antioxidative property. Previously, ACA was found
to have a powerful inhibitory effect on 4-nitroquinoline 1-
oxide-induced rat oral tumorigenesis when fed during
both the initiation and post-initiation phases.?¥ ACA also
reduced the incidence of oral preneoplasia along with a
reduction in cell proliferation activity in the oral mu-
cosa,™ Therefore, ACA might be a possible cancer
chemopreventive agent against cancer development in
the oral cavity and colon.

Several other mechanisms by which ACA inhibits the
development of ACF induced by AOM could be consid-
ered from the known metabolism of AOM. The critical
steps in the metabolic activation of AOM to reactive
species which alkylate DNA, include (i) the hydroxyla-
tion of AOM to methylazoxymethanol, which occurs
predominantly in the liver, probably via a cytochrome
P450-dependent pathway, and to a limited degree in the
colonic mucosa®™; and (ii) the oxidation of methylazoxy-
methanol to methylazoxyformaldehyde, which is cata-
lyzed by liver and colon microsomes as well as by cytosol
alcohol dehydrogenase in these tissues.”>® The unstable
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compound, methylazoxymethanol, readily yields the
methyldiazonium ion, which can alkylate macromole-
cules by enzymatic and nonenzymatic processes in the
liver and colon.*® Alternatively, methylazoxymethanol
has been found to be a substrate for NAD"-dependent
dehydrogenase present in the colon and liver, suggesting
that the active metabolite of methylazoxymethanol may
be the corresponding aldehyde.”” Disulfiram, known io
inhibit the oxidation of dimethylhydrazine and AOM in
vivo,® could inhibit dimethylhydrazine-induced colon
carcinogenesis®™ and AOM-induced ACF® Several
other colon tumor inhibitors have been shown to interact
with AOM metabolism and inhibit AOM carcinogenic-
ity." In the current study, ACA induced phase II detox-
ification enzymes, GST and QR, in the liver and colon.
These results may be correlated with a reduction in the
frequency of micronuclei upon feeding of ACA.*® Thus,
it is possible that ACA feeding during the initiation stage
modulates the hepatic and colonic metabolism of AOM
and decreases the formation of carcinogenic metabolites.
This may, in part, explain the tumor-inhibitory effect of
ACA which is observed during the initiation phase, al-
though the role of detoxification enzymes in the inactiva-
tion of AOM remains to be determined.

The results of the current study also indicated that
ACA feeding after carcinogen exposure inhibits colonic
neoplasms. In the present study, the expression of known
cell proliferation biomarkers, such as ODC activity and
polyamine levels (blood and colonic mucosa),”™*" was
significantly inhibited by the dietary feeding of ACA.
Certain chemopreventers could alter (decrease) the ex-
pression of these biomarkers in the target tissue.!’2%30
Klaunig'®’ reported that a catechin-containing green tea
extract prevented the induction of hepatocyte cytolethal-
ity caused by oxygen radical-generating compounds in-
cluding xanthine oxidase and significantly decreased the
hepatic cell proliferation in an in vive investigation. Re-
cently, Coben and Ellwein have highlighted the impor-
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