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Pomegranate (Punica granatum L.) seed oil (PGO) contains more
than 70% cis(c)9,trans(t)11,c13-18:3 as conjugated linolenic acids
(CLN). Our previous short-term experiment demonstrated that
seed oil from bitter melon (Momordica charantia) (BMO), which is
rich in c9,t11,t13-CLN, inhibited the occurrence of colonic aberrant
crypt foci (ACF) induced by azoxymethane (AOM). In this study,
we investigated the effect of dietary PGO on the development of
AOM-induced colonic malignancies and compared it with that of
conjugated linoleic acid (CLA). To induce colonic tumors, 6-week
old male F344 rats were given subcutaneous injections of AOM
(20 mg/kg body weight) once a week for 2 weeks. One week be-
fore the AOM treatment they were started on diet containing
0.01%, 0.1%, or 1% PGO or 1% CLA for 32 weeks. Upon termina-
tion of the bioassay (32 weeks) colon tumors were evaluated his-
topathologically. AOM exposure produced colonic
adenocarcinoma with an incidence of 81% and multiplicity of
1.88±±±±1.54 at week 32. Administration of PGO in the diet signifi-
cantly inhibited the incidence (AOM++++0.01% PGO, 44%, P<<<<0.05;
AOM++++0.1% PGO, 38%, P<<<<0.01; AOM++++1% PGO, 56%) and the
multiplicity (AOM++++0.01% PGO, 0.56±±±±0.73, P<<<<0.01; AOM++++0.1%
PGO, 0.50±±±±0.73, P<<<<0.005; AOM++++1% PGO, 0.88±±±±0.96, P<<<<0.05) of
colonic adenocarcinomas, although a clear dose-response rela-
tionship was not observed at these dose levels. CLA feeding also
slightly, but not significantly, reduced the incidence and multiplic-
ity of colonic adenocarcinomas. The inhibition of colonic tumors
by PGO was associated with an increased content of CLA (c9,t11-
18:2) in the lipid fraction of colonic mucosa and liver. Also, ad-
ministration of PGO in the diet elevated expression of peroxi-
some proliferator-activated receptor (PPAR) γγγγ protein in the non-
tumor mucosa. These results suggest that PGO rich in c9,t11,c13-
CLN can suppress AOM-induced colon carcinogenesis, and the in-
hibition is associated in part with the increased content of CLA in
the colon and liver and/or increased expression of PPARγγγγ protein
in the colon mucosa. (Cancer Sci 2004; 95: 481–486)

olon cancer is one of the leading causes of cancer deaths in
Western countries. Globally, more than 875,000 men and

women were afflicted with this cancer in 1996 and more than
510,000 died in the same year.1) Diet, especially fat intake, has
been regarded as the most important nutritional influence on
colon cancer development. Colorectal cancer development is
known to be linked to Western lifestyle, which often includes a
diet high in fat.2) The amount and type of dietary fat consumed
are of particular importance for development of this type of
malignancy.3–6) Epidemiological investigations indicate that
high intake of fish and fish oil rich in n–3 polyunsaturated fatty
acids (PUFAs) correlates with a reduced risk of colorectal
malignancy.7, 8) Laboratory animal model studies indicate that
the n–3 PUFAs are protective, whereas the n–6 PUFAs pro-
mote colon carcinogenesis.9) Our previous study also demon-
strated that tuna oil, rich in docosahexaenoic acid and vitamin

D3, inhibits azoxymethane (AOM)-induced aberrant crypt foci
(ACF),10) the putative precursor lesions for colonic adenocarci-
noma.11) In this connection, it is noteworthy that conjugated li-
noleic acid (CLA), a mixture of positional and geometric
isomers of linoleic acid (LA), found mainly in milk fat and
dairy products12) inhibits chemically induced tumorigenesis,
particularly in rat mammary bioassays,13) mouse skin carcino-
genesis,14) and mouse forestomach neoplasia.15) Compared with
investigations on the protective efficacy of CLA in mammary
carcinogenesis, evidence for chemoprevention by CLA in colon
tumorigenesis is less definitive. CLA did not reduce tumorigen-
esis in ApcMin/+  mouse.16) However, oral administration of CLA
inhibited the occurrence of chemically induced ACF.17–19) The
significance of various types of CLA as modulators of patho-
logical processes encouraged us to explore new sources of natu-
rally occurring CLA as chemopreventive agents against colon
carcinogenesis.20) On the other hand, other types of conjugated
PUFA are present in some seed oils.21, 22) These include pome-
granate seed oil (PGO) from pomegranate seeds (Punica grana-
tum L.); PGO contains punicic acid, another form of conjugated
linolenic acid (CLN). Studies from our laboratory and else-
where have demonstrated the cytotoxic effect of c9,t11,c13-
CLN isolated from PGO and tung oil on a variety of human
cancer cell lines, including colon cancer cells.23, 24) In addition,
we have reported the protective effect of c9,t11,t13-CLN
against the aggressive development of putative precursor le-
sions for colonic adenocarcinoma, ACF (with high crypt multi-
plicity), in a short-term in vivo assay.25) These findings suggest
a possible inhibitory effect of CLN on colon carcinogenesis.

Peroxisome proliferator-activated receptors (PPARs) are a
subfamily of nuclear receptors and ligand-responsive transcrip-
tion factors that participate in many processes important for cell
and tissue homeostasis.26) To date, three different isotypes have
been described in various species, i.e., PPARα, PPARδ (also
called PPARβ), and PPARγ, each exhibiting distinct patterns of
tissue distribution and ligand specificity. PPARα regulates nu-
merous aspects of fatty acid catabolism, whereas PPARγ con-
trols adipocyte differentiation, systemic glucose levels, and
lipid homeostasis.27, 28) The activity of the PPARs can also be
modulated by PUFAs, including LA, linolenic acid, arachi-
donic acid, and certain eicosanoids (prostaglandin J).29, 30)

Houseknecht et al. have reported that CLA activates the PPARγ
transcription factor in vitro in CV-1 cells transfected with a
PPARγ expression vector.31) Several studies indicate that syn-
thetic PPARγ ligands inhibit proliferation and induce differenti-
ation in colon cancer cell lines.32, 33) We have shown that
synthetic ligands for PPARγ prevent the development of carcin-
ogen-induced preneoplastic ACF in the colon of rats.34, 35) Our
recent investigation has confirmed these findings: a synthetic
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PPARγ ligand effectively inhibits AOM-induced colon carcino-
genesis in rats (Hirose, Y., et al., manuscript in preparation).

The present study was designed as an initial step to evaluate
the inhibitory activity of PGO against colon carcinogenesis in
male F344 rats. Also, the expression of PPARγ in colonic mu-
cosa and the lipid composition of hepatic and colon tissues
were determined to understand the possible mechanisms
through which PGO suppresses colon tumorigenesis, since
PPARs might be activated by fatty acids.36)

Materials and Methods

Animals, chemicals, and diets. We used a total of 104 male
F344/Ducrj rats, obtained from Charles River Japan, Inc.
(Kanagawa), at the age of 4 weeks. The rats were maintained in
the Kanazawa Medical University Animal Facility according to
the Institutional Animal Care Guidelines. All animals were
housed in plastic cages (3 or 4 rats/cage) with free access to
drinking water and a basal diet, AIN-76A,37) under controlled
conditions of relative humidity (50±10%), lighting (12-h light/
dark cycle) and temperature (23±2°C). AOM was purchased
from Sigma Chemical Co. (St. Louis, MO). PGO was extracted
from the seeds of pomegranate according to the methods de-
scribed previously.25) The fatty acid profile of the total lipids in
PGO was similar to that reported.38) The composition of CLN
isomers was as follows: c9,t11,c13-18:3 (75.3%), c9,t11,t13-
18:3 (4.2%), t9,t11,c13-18:3 (1.6%), and t9,t11,t13-18:3
(0.5%). CLA was obtained from Rinoru Oil Mills Co., Ltd., To-
kyo. CLA contained c9,t11-18:2 (30.9%) and t10,c12-18:2
(33.5%). All experimental diets containing various levels of
PGO (0%, 0.01%, 0.1%, or 1% by weight of diet) and CLA
(1% by weight of diet) were prepared weekly in our laboratory
and stored at –20°C under a nitrogen atmosphere in airtight
containers for no longer than a week. PGO and CLA were
added to the experimental diets at the expense of corn oil. The
rats were fed fresh diet every day and the peroxide value of the
lipids in the fresh diets was less than 3.0 meq/kg lipid.

Experimental procedure. After quarantine for 7 days, male
F344 rats, 5 weeks of age were assigned to one of eight groups.
At the time, and throughout the assay, all rats were fed the con-
trol and experimental diets containing PGO or CLA. At 6
weeks of age, the rats in groups 1 through 5, designated for car-
cinogen treatment, were subcutaneously injected with AOM
(20 mg/kg body weight) once a week for 2 weeks and those
scheduled to receive vehicle treatment received equal volumes
of normal saline. The unmodified diet was the control AIN-76A
diet containing 5% corn oil. Group 2 was fed this AIN-76A diet
containing 0.01% PGO. Group 3 was given the modified diet
containing 0.1% PGO and 4.9% corn oil. Groups 4 and 6 were
fed the modified diet containing 1% PGO (4% corn oil).
Groups 5 and 7 were fed the modified diet containing 1% CLA
(4% corn oil). All rats were provided with experimental diet
and tap water ad libitum, and weighed weekly. The food intake
was also recorded weekly. At the termination of the study
(week 32), all rats were sacrificed using an overdose of ether.
At autopsy, all organs, especially the intestine, were carefully
examined grossly, and all abnormal lesions were examined his-
tologically. Colons of five rats from each group were randomly
selected for measurement of the expression of PPARγ protein
and for lipid analysis in the non-lesional colonic mucosa. Co-
lons of the remaining rats were fixed in 10% buffered formalin
and processed for histopathological examination by conven-
tional methods using hematoxylin and eosin staining. Intestinal
neoplasms were diagnosed according to the criteria described
by Ward.39) The liver was excised and weighed, then the cau-
date lobe was removed and fixed in 10% buffered formalin for
histological examination. Remaining lobes of the liver of all
rats were analyzed for fatty acid composition. All other tissues

were fixed in 10% buffered formalin and submitted to histolog-
ical examination.

Western blotting analysis of PPARγγγγ. Colon samples were ho-
mogenized in CelLyticTM-MT Mammalian Tissue Lysis/
Extraction Reagent (Sigma Chemical Co.) with a protease in-
hibitor cocktail (Sigma Chemical Co.), and insoluble materials
were removed by centrifugation at 4°C. The supernatants were
used to determine protein contents using Bio-Rad protein assay
reagents (Bio-Rad Laboratories, Richmond, CA) with bovine
serum albumin as a standard. The solubilized lysates were re-
solved by sodium dodecyl sulfate-PAGE electrophoresis under
reducing conditions at a concentration of 50 µg protein of sam-
ple per lane. Detection of PPARγ protein was performed with
an anti-PPARγ polyclonal antibody (Santa Cruz Biotechnology,
Inc., Santa Cruz, CA) utilizing an ECL-plus kit (Amersham
Bioscience Corp., NJ). Quantitative analysis was performed us-
ing Scion Image analysis software (Scion Corp., Frederick,
MD).

Lipid extraction and analysis. Lipids in colonic mucosa and
liver were extracted with chloroform/methanol (2:1, v/v) as de-
scribed previously by Folch et al.40) Component peaks were
identified by comparison with standard fatty acid methyl ester
41) and quantified by a Shimadzu Chromatopac C-R6A integra-
tor (Shimadzu Seisakusho Co., Ltd., Kyoto). The identification
of CLA and/or CLN isomers was confirmed by using GC-Mass
spectrometry after conversion of the methyl esters to dimethy-
loxazoline derivatives.42) The analysis of fatty acid composition
was done in duplicate for each sample. Data are represented as
means±SD.

Statistical evaluation. Where applicable, data were analyzed
using Student’s t test, Welch’s t test or Fisher’s exact probabil-
ity test with P<0.05 as the criterion of significance.

Results

General observations. Experimental diet containing different
levels of PGO and CLA did not produce any observable toxic-
ity or any gross change in any organ examined. This was con-
firmed by histopathological examinations in liver, kidney,
spleen, heart, and lungs of the rats. Histology revealed no mor-
phological evidence of fatty liver. The mean daily intake of diet
with or without PGO was between 13.1 and 13.5 g/day/rat.
Mean weights of body and liver (g/100 g body weight) in all
groups at sacrifice are shown in Table 1. There were no signifi-
cant differences among the groups.

Incidence and multiplicity of intestinal neoplasms. Macroscopic
observation revealed that most tumors developed in the large
intestine and some in the small intestine of rats in groups 1–5.
Rats treated with saline and fed either control or experimental
diet showed no evidence of tumor formation in any organ ex-
amined. Colon tumors were sessile or pedunculated and histo-
logically tubular adenomas, adenocarcinomas, or signet ring-
cell carcinomas with a preponderance of adenocarcinomas. The
incidence (% animals with intestinal tumors) and multiplicity
(number of tumors/rat) of intestinal tumors are summarized in
Tables 2 and 3, respectively. Administration of 0.01% and 0.1%
PGO in the diet significantly suppressed the incidence (44% in
the AOM+0.01% PGO group, P<0.05 and 38% in the
AOM+0.1% PGO group, P<0.01) and multiplicity (0.56±0.73
in the AOM+0.01% PGO group, P<0.01 and 0.50±0.73 in the
AOM+0.1% PGO group, P<0.005) of adenocarcinomas in the
colon, when compared the AOM alone group (81% incidence
and 1.88±1.54 multiplicity). Whereas 1% PGO in the diet had
no significant effect on the incidence of adenocarcinomas, it
significantly inhibited the multiplicity of adenocarcinomas in
the colon (0.88±0.96 multiplicity, P<0.05). Another important
observation is that 1% CLA in the diet had no effect on the in-
cidence and multiplicity of colon carcinomas.
482 Kohno et al.
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Lipid analysis. The fatty acid profiles of the lipids from liver
and colonic mucosa are shown in Tables 4 and 5, respectively.
Although PGO diets contained over 70% of CLN isomer
c9,t11,c13-18:3, this isomer was not detected in the liver and
colon of rats fed PGO diets at various doses. On the other hand,
the contents of CLA (c9,t11-18:2) in the liver and colonic mu-

cosa of rats fed PGO were elevated in a dose-dependent man-
ner. Rats receiving the diet containing CLA showed c9,t11-18:2
and t10,c12-18:2 in both the liver and colonic mucosa.

Expression of PPARγγγγ levels in colonic mucosa. A representative
immunoblot analysis of PPARγ expression in colonic mucosa
of AOM-treated rats on different dietary regimens is shown in

Table 1. Body, liver and relative liver weights

Group no. Treatment
(no. of rats examined) Body weight (g) Liver weight (g) Relative liver weight 

(g/100 g body weight)

1 AOM (16) 366±211) 12.0±1.6 3.28±0.37
2 AOM+0.01% PGO (16) 375±17 11.8±1.4 3.13±0.27
3 AOM+0.1% PGO (16) 362±30 11.5±1.1 3.17±0.25
4 AOM+1% PGO (16) 369±26 11.4±1.5 3.10±0.35
5 AOM+1% CLA (16) 368±26 11.4±1.4 3.11±0.57
6 1% PGO (8) 377±28 11.8±1.1 3.13±0.33
7 1% CLA (8) 380±10 12.7±1.3 3.34±0.35
8 None (8) 377±19 12.2±1.1 3.24±0.25

1) Mean±SD.

Table 2. Incidence of intestinal tumors in each group

Group 
no.

Treatment
(no. of rats examined)

No. of rats with intestinal tumors at:

Entire intestine Small intestine Large intestine

Total AD1) ADC Total AD ADC Total AD ADC

1 AOM2) (16) 13 
(81%)

7
(44%)

13
(81%)

4
(25%)

0
(0%)

4 
(25%)

13
(81%)

7
(44%)

13
(81%)

2 AOM+
0.01% PGO (16)

12
(75%)

8
(50%)

9 
(56%)

6
(38%)

2
(13%)

4
(25%)

10
(63%)

7
(44%)

73)

(44%)
3 AOM+ 

0.1% PGO (16)
12

(75%)
10

(63%)
9 

(56%)
7

(44%)
3

(19%)
4

(25%)
10

(63%)
9

(56%)
64)

(38%)
4 AOM+ 

1% PGO (16)
14

(88%)
8

(50%)
11 

(69%)
7

(44%)
2

(13%)
5

(31%)
12

(75%)
7

(44%)
9 

(56%)
5 AOM+ 

1% CLA (16)
14

(88%)
5

(31%)
11 

(69%)
4

(25%)
0

(0%)
4

(25%)
12

(75%)
5

(31%)
8 

(50%)
6 1% PGO (8) 0 0 0 0 0 0 0 0 0
7 1% CLA (8) 0 0 0 0 0 0 0 0 0
8 None (8) 0 0 0 0 0 0 0 0 0

1) AD, adenoma; ADC, adenocarcinoma.
2) AOM, azoxymethane.
3, 4) Significantly different from group 1 by Fisher’s exact probability test (3)P<0.05 and 4)P<0.01).

Table 3. Multiplicity of intestinal tumors in each group

Group 
no.

Treatment
(no. of rats examined)

Multiplicity (no. of tumors/rat) of intestinal tumors at:

Entire intestine Small intestine Large intestine

Total AD1) ADC Total AD ADC Total AD ADC

1 AOM (16) 2.81
±2.013)

0.63 
±1.02

2.19 
±1.72

0.31 
±0.60

0.00 
±0.00

0.31
±0.60

2.50 
±1.90

0.63 
±1.02

1.88 
±1.54

2 AOM+
0.01% PGO (16)

1.504) 
±1.21

0.69 
±0.70

0.804) 
±0.83

0.38 
±0.50

0.13 
±0.34

0.25 
±0.45

1.134) 
±1.26

0.56 
±0.73

0.565)

±0.73
3 AOM+ 

0.1% PGO (16)
1.75 

±1.57
1.00 

±1.03
0.755) 

±0.86
0.44 

±0.51
0.19 

±0.40
0.25 

±0.45
1.314) 

±1.35
0.81 

±0.83
0.506) 

±0.73
4 AOM+ 

1% PGO (16)
2.00 

±1.16
0.81 

±0.98
1.19 

±1.05
0.38 

±0.50
0.13 

±0.34
0.31 

±0.48
1.56 

±1.15
0.69 

±0.87
0.884) 

±0.96
5 AOM+ 

1% CLA (16)
1.63 

±1.02
0.38 

±0.62
1.25 

±1.06
0.25 

±0.45
0.00

±0.00
0.25 

±0.45
1.38 

±1.09
0.38 

±0.62
1.00 

±1.10
6 1% PGO (8) 0 0 0 0 0 0 0 0 0
7 1% CLA (8) 0 0 0 0 0 0 0 0 0
8 None (8) 0 0 0 0 0 0 0 0 0

1) AD, adenoma; ADC, adenocarcinoma.
2) AOM, azoxymethane.
3) Mean±SD.
4–6) Significantly different from group 1 by Student’s t test or Welch’s t test (4)P<0.05, 5)P<0.01, and 6)P<0.005).
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Fig. 1. Dietary administration of PGO resulted in enhanced ex-
pression of PPARγ protein as compared to the control, namely,
a 2.4±0.8-fold increase in group 2, a 2.3±0.8-fold elevation in
group 3, and a 1.8±0.7-fold increase in group 4. Feeding of
CLA also increased the expression of PPARγ protein (2.1±0.6-
fold) as compared to the control diet.

Discussion

The results described here clearly indicate that dietary adminis-
tration of PGO, which is rich in c9,t11,c13-CLN, significantly
inhibits the development of AOM-induced colonic adenocarci-
nomas in male F344 rats without causing any adverse effects.
In addition, there was a significant reduction of the multiplicity
of carcinomas in the colon of rats fed PGO at any dose level
(0.01%, 0.1%, or 1%) as compared with the AOM-induced rats.
Previous studies have shown that CLA does not alter CYP
expression.43, 44) However, it is possible that PGO may affect
liver CYPs, including CYP2E1, which activates AOM, since
dietary CLN suppressed AOM-induced ACF when fed during
AOM exposure.25) The results described here suggest that di-
etary feeding of PGO suppressed progression of these lesions
through adenoma to malignant neoplasm in the post-initiation
phase. We believe that our results are the first to demonstrate
the chemopreventive efficacy of PGO, which is rich in
c9,t11,c13-CLN, against chemically induced colon carcinogen-
esis.

Recent evidence suggests that pharmacological activation of
PPARγ may prevent cancer.45) PPARγ might exert its anticancer
effect through the modification of cell growth32) and the regula-
tion of cyclooxygenase-2.46) The highly potent and specific
PPARγ ligand GW7845 significantly reduces rat mammary car-
cinogenesis.47) We and others have also demonstrated that syn-
thetic ligands for PPARα and PPARγ effectively inhibit AOM-
induced ACF in rats.34, 35, 48) CLA was shown to act as a high-af-
finity ligand and activator of PPARα and PPARγ.31, 49, 50)

McCarty50) suggested that a part of the anticarcinogenic activity
of CLA is mediated by PPARγ activation in susceptible tumors.

In the current study, dietary administration of PGO enhanced
PPARγ expression in non-lesional colonic mucosa of rats, and
thus, induction of PPARγ activity may account for the dimin-
ished colon tumor incidence and multiplicity that we observed.

We did not detect any CLN isomer in the lipids extracted
from the livers of rats fed the PGO diets, although the PGO
contained over 70% of the c9,t11,c13-CLN isomer. On the
other hand, CLA was found in the extracted lipids: the CLA

Table 4. Effects of PGO-containing CLN diets on fatty acid composition of liver lipids

Group
no. Treatment

Fatty acids (wt %)

16:0 18:0 18:1n–9 18:2n–6 18:2(c9,t11) 18:2(c9,t11) 20:4n–6

1 AOM 26.0±0.81) 10.4±0.2 19.6±0.9 11.4±0.5 ND ND 12.8±0.7
2 AOM+0.01% PGO 26.3±0.7 8.6±0.1 20.9±0.7 12.5±0.6 0.06±0.05 ND 11.1±0.5
3 AOM+0.1% PGO 25.2±1.0 10.5±1.7 18.0±3.1 16.9±4.9 0.24±0.02 ND 12.5±1.3
4 AOM+1% PGO 26.4±0.7 9.0±1.3 20.9±1.6 12.4±1.2 2.54±0.28 ND 11.0±1.6
5 AOM+1% CLA 25.5±1.2 11.5±0.3 18.1±0.8 10.8±0.4 1.09±0.04 0.30±0.04 13.2±0.3
6 1% PGO 23.0±1.9 12.4±1.1 18.4±3.0 10.9±1.4 1.94±0.13 ND 15.1±2.5
7 1% CLA 23.8±0.3 12.5±0.3 17.6±0.0 12.0±1.0 1.18±0.08 0.30±0.02 14.5±0.3
8 None 22.9±0.5 10.4±0.9 19.4±0.7 14.6±1.6 ND ND 13.5±0.8

1) Mean±SD.

Table 5. Effects of PGO-containing CLN diets on fatty acid composition of colonic mucosa lipids

Group
no. Treatment

Fatty acids (wt %)

16:0 18:0 18:1n–9 18:2n–6 18:2(c9,t11) 18:2(c9,t11) 20:4n–6

1 AOM 22.6±0.41) 2.8±0.2 31.4±0.8 26.0±0.8 ND ND 1.3±0.3
2 AOM+0.01% PGO 22.4±0.5 3.2±0.4 30.3±0.3 24.8±1.1 0.11±0.02 ND 2.2±0.4
3 AOM+0.1% PGO 22.2±1.3 4.7±2.3 27.6±3.6 23.3±1.9 0.38±0.12 ND 4.0±3.0
4 AOM+1% PGO 22.8±0.7 4.1±0.9 28.9±1.9 20.6±0.9 4.10±0.23 ND 2.9±1.0
5 AOM+1% CLA 24.6±0.6 3.5±0.7 29.0±1.1 21.1±1.4 2.46±0.17 0.95±0.13 1.8±0.8
6 1% PGO 23.3±0.6 2.8±0.4 30.0±0.8 21.6±0.8 4.44±0.13 ND 1.3±0.7
7 1% CLA 23.5±0.9 4.2±0.9 27.7±1.8 20.1±1.6 2.18±0.28 0.89±0.16 3.6±1.1
8 None 22.4±0.6 3.4±0.5 30.0±1.2 24.6±1.6 ND ND 2.4±1.0

1) Mean±SD.

PPARγ

Actin

AOM
AOM + 0.01%PGO

AOM + 0.1%PGO

AOM + 1%PGO

AOM + 1%CLA

AOM
AOM +

0.01% PGO
AOM +

0.1% PGO
AOM +

1% PGO
AOM +
1% CLA

P
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A
R

γ 
/ β
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4

6

8
B

A

Fig. 1. Expression of PPARγ in colonic mucosa. (A) PPARγ and β-actin
proteins analyzed by immunoblotting of protein extracts from the co-
lonic mucosa. (B) Quantitative analysis using Scion Image analysis soft-
ware
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isomer (c9,t11-18:2) was significantly and dose-dependently
higher in extracts from rats fed the PGO diets. These findings
are in accordance with other reports.51, 52) This may indicate that
a part of c9,t11,c13-18:3 in the PGO diets was enzymatically
converted to c9,t11-18:2. Therefore, the suppressing effect of
PGO on colon carcinogenesis in the current study may be at-
tributed to the c9,t11-18:2 isomer derived from c9,t11,c13-18:3
in the PGO diets. However, feeding 1% PGO enhanced the ac-
cumulation of c9,t11-CLA, the active component of the CLA
isomer. On the other hand, the suppressive effect against colon
carcinogenesis of PGO at the 1% level was weaker than that of
lower dose administration (0.01% and 0.1%). Ip et al.53) found
that dietary CLA at between 0.05% and 0.5% produced a dose-
dependent inhibition of mammary tumor development, but the
inhibitory effect of CLA reached a maximum at about 1%.54)

Thus, there may exist an optimal dose of conjugated fatty acids
to exert an optimal cancer chemopreventive action.

The present study also demonstrates that dietary feeding of
CLA enhanced PPARγ expression in non-lesional colonic mu-
cosa. However, the protective effect of CLA against colon car-
cinogenesis was relatively weaker than that of PGO. The
differences in effect on PPARγ expression are possibly due to
the differences of positional and geometrical isomers between
CLA and PGO. In the current study, CLA contained 30.9%
c9,t11-CLA and 33.5% t10,c12-CLA. Feeding of CLA en-
hanced the accumulation of c9,t11-CLA and t10,c12-CLA in
colonic mucosa and liver. Recently, Brown et al.55) suggested
that c9,t11-CLA is an agonist, and t10,c12-CLA an antagonist
of PPARγ. Therefore, it is likely that, when given as an iso-
meric mixture, they may largely negate each other’s effects.

A possible contribution of antioxidant activity to the inhibi-
tion of colon carcinogenesis by PGO cannot be justified with-
out evidence indicating that oxidative stress is involved in
AOM-induced colon carcinogenesis. Ha et al.15) suggested that
the inhibitory effects of CLA intubation on benzo(a)pyrene-in-
duced mouse forestomach tumorigenesis might be due to the
antioxidative property of CLA. Interestingly, the c9,t11-CLA
isomer was incorporated into forestomach phospholipids after
CLA intubation in their study. In addition, Dhar et al.56) re-
ported that c9,t11,t13-18:3 from bitter melon acts as an antioxi-
dant. These compounds have more than two conjugated double
bonds, and conjugation is known to increase the rate of oxida-
tion. Conjugated trienoic fatty acids may be more rapidly oxi-

dized than LA. After oxidation, conjugated trienoic fatty acids
may form more hydroperoxides than LA. Similarly, docosa-
hexaenoic acid, eicosapentaenoic acid and α-LA are more
readily oxidized to hydroperoxides than LA.57) Although we did
not determine these parameters, it is possible that, in this study,
PGO reduces the formation of hydroperoxides by diminishing
the generation of free radicals and the peroxidation of PUFAs
in cell membranes of cryptal cells initiated with AOM. Addi-
tional in-depth studies of the mechanisms of action of PGO as a
colon tumor inhibitor are warranted to provide a clearer under-
standing of its effects.

In the present study, the estimated daily CLN intakes in rats
given diets containing 0.01%, 0.1%, and 1% PGO were 2.63,
27.9, and 273 mg/kg body weight respectively. Though the
CLA used in animal feeding studies contains a mixture of posi-
tional and geometrical isomers, c9,t11-18:2 is considered to be
the most active constituent.13, 15, 58) In this current study, only the
c9,t11-18:2 isomer accumulated in the colonic mucosa and liver
when rats were fed PGO. The finding that PGO exerted cancer
chemopreventive activity even at the 0.1% dose level suggests
that PGO has promise as a naturally occurring preventive agent
against colon cancer development.

In conclusion, this study has explored for the first time
whether PGO, a food component, exhibits chemopreventive ef-
ficacy against experimental colon carcinogenesis. Our findings
suggest that dietary PGO rich in CLN has a preventive effect
on chemically induced rat colon carcinogenesis. The efficacy of
a chemopreventive agent may depend on the timing of adminis-
tration. Thus, further experiments on the chemopreventive abil-
ity of PGO are needed, to establish whether pre-initiation or
post-initiation administration is preferable to inhibit tumor de-
velopment. Such a study is under way in our laboratory.

We thank Sotoe Yamamoto for her secretarial assistance. We also
thank the staff of the Research Animal Facility of Kanazawa Medical
University. This work was supported by a Grant-in-Aid (13-15) for
Cancer Research from the Ministry of Health, Labour and Welfare of
Japan; Grants-in-Aid for Scientific Research (nos. 2052 and 15592007)
from the Ministry of Education, Culture, Sports, Science and Technol-
ogy of Japan; a grant for the PROBRAIN Project from the Bio-ori-
ented Technology Research Advancement Institute of Japan; and a
Project Research Grant (H2004-6) from the High-Technology Center
of Kanazawa Medical University.

1. Jemal A, Thomas A, Murray T, Thun M. Cancer statistics, 2002. CA Cancer
J Clin 2002; 52: 23–47.

2. Tanaka T. Effect of diet on human carcinogenesis. Crit Rev Oncol/Hematol
1997; 25: 73–95.

3. Wynder EL, Kajitani T, Ishikawa S, Dodo H, Takano A. Environmental fac-
tors of cancer of colon and rectum. Cancer 1969; 23: 1210–20.

4. Reddy BS, Tanaka T, Simi B. Effect of different levels of dietary trans fat or
corn oil on azoxymethane-induced colon carcinogenesis in F344 rats. J Natl
Cancer Inst 1985; 75: 791–8.

5. Bartsch H, Nair J, Owen RW. Dietary polyunsaturated fatty acids and
cancers of the breast and colorectum: emerging evidence for their role as risk
modifiers. Carcinogenesis 1999; 20: 2209–18.

6. Rao CV, Hirose Y, Indranie C, Reddy BS. Modulation of experimental colon
tumorigenesis by types and amounts of dietary fatty acids. Cancer Res 2001;
61: 1927–33.

7. Caygill CPJ, Charland SL, Lippin JA. Fat, fish oil, and cancer. Br J Cancer
1996; 74: 159–64.

8. Fernandez E, Chatenoud L, La Vecchia C, Negri E, Franceschi S. Fish con-
sumption and cancer risk. Am J Clin Nutr 1999; 70: 85–90.

9. Reddy BS, Burill C, Rigotty J. Effect of diets high in omega-3 and omega-6
fatty acids on initiation and postinitiation stages of colon carcinogenesis.
Cancer Res 1991; 51: 487–91.

10. Kohno H, Yamaguchi N, Ohdoi C, Nakajima S, Odashima S, Tanaka T.
Modifying effect of tuna orbital oil rich in docosahexaenoic acid and vitamin
D3 on azoxymethane-induced colonic aberrant crypt foci in rats. Oncol Rep
2000; 7: 1069–74.

11. Bird RP. Role of aberrant crypt foci in understanding the pathogenesis of co-

lon cancer. Cancer Lett 1995; 93: 55–71.
12. Parodi PW. Cows’ milk fat components as potential anticarcinogenic agents.

J Nutr 1997; 127: 1055–60.
13. Ip C, Chin SF, Scimeca JA, Pariza MW. Mammary cancer prevention by

conjugated dienoic derivative of linoleic acid. Cancer Res 1991; 51: 6118–
24.

14. Belury MA, Nickel KP, Bird CE, Wu Y. Dietary conjugated linoleic acid
modulation of phorbol ester skin tumor promotion. Nutr Cancer 1996; 26:
149–57.

15. Ha YL, Storkson J, Pariza MW. Inhibition of benzo(a)pyrene-induced mouse
forestomach neoplasia by conjugated dienoic derivatives of linoleic acids.
Cancer Res 1990; 50: 1097–101.

16. Petrik MBH, McEntee MF, Johnson BT, Obukowicz MG,  Whelan J. Highly
unsaturated (n-3) fatty acids, but not α-linolenic, conjugated linoleic or γ-li-
nolenic acids, reduce tumorigenesis in ApcMin/+  mice. J Nutr 2000; 130:
2434–43.

17. Liew C, Schut HAJ, Chin SF, Pariza MW, Dashwood RH. Protection of con-
jugated linoleic acids against 2-amino-3-methylimidazo[4,5-f]quinoline-in-
duced colon carcinogenesis in the F344 rat: a study of inhibitory
mechanisms. Carcinogenesis 1995; 16: 3037–43.

18. Xu M, Dashwood RH. Chemoprevention studies of heterocyclic amine-in-
duced colon carcinogenesis. Cancer Lett 1999; 143: 179–83.

19. Cheng JL, Futakuchi M, Ogawa K, Iwata T, Kasai M, Tokudome S, Hirose
M, Shirai T. Dose response study of conjugated fatty acid derived from saf-
flower oil on mammary and colon carcinogenesis pretreated with 7,12-dime-
thylbenz[a]anthracene (DMBA) and 1,2-dimethylhydrazine (DMH) in
female Sprague-Dawley rats. Cancer Lett 2003; 196: 161–8.
Kohno et al. Cancer Sci | June 2004 | vol. 95 | no. 6 | 485



00451.fm  Page 486  Friday, May 28, 2004  9:47 AM
20. Belury MA. Inhibition of carcinogenesis by conjugated linoleic acid: poten-
tial mechanisms of action. J Nutr 2002; 132: 2995–8.

21. Smith CR. Occurrence of unusual fatty acids in plants. Prog Chem Fats
Other Lipids 1971; 11: 137–77.

22. Badami RC, Patil KB. Structure and occurrence of unusual fatty acids in mi-
nor seed oils. Prog Lipid Res 1981; 19: 119–53.

23. Suzuki R, Noguchi R, Ota T, Abe M, Miyashita K, Kawada T. Cytotoxic ef-
fect conjugated trienoic fatty acids on mouse tumor and human monocytic
leukemia cells. Lipids 2001; 36: 477–82.

24. Igarashi M, Miyazawa T. Newly recognized effect of conjugated trienoic
fatty acids on cultured human tumor cells. Cancer Lett 2000; 148: 173–9.

25. Kohno H, Suzuki R, Noguchi R, Hosokawa M, Miyashita K, Tanaka T.
Dietary conjugated linolenic acid inhibits azoxymethane-induced colonic ab-
errant crypt foci in rats. Jpn J Cancer Res 2002; 93: 133–42.

26. Mangelsdorf DJ, Thummel C, Beato M, Herrlich P, Schutz G, Umesono K,
Blumberg B, Kastner P, Mark M, Chambon P. The nuclear receptor super-
family: the second decade. Cell 1995; 83: 835–9.

27. Michalik L, Wahli W. Peroxisome proliferator-activated receptors: three iso-
types for a multitude of functions. Curr Opin Biotechnol 1999; 10: 564–70.

28. Willson TM, Brown PJ, Sternbach DD, Henke BR. The PPARs: from orphan
receptors to drug discovery. J Med Chem 2000; 43: 527–50.

29. Forman BM, Chen J, Evans RM. Hypolipidemic drugs, polyunsaturated fatty
acids, and eicosanoids are ligands for peroxisome proliferator-activated re-
ceptors alpha and delta. Proc Natl Acad Sci USA 1997; 94: 4312–7.

30. Kliewer SA, Sundseth SS, Jones SA, Brown PJ, Wisely GB, Koble CS,
Devchand P, Wahli W, Willson TM, Lenhard JM, Lehmann JM. Fatty acids
and eicosanoids regulate gene expression through direct interactions with
peroxisome proliferator-activated receptors α and γ. Proc Natl Acad Sci USA
1997; 94: 4318–23.

31. Houseknecht KL, Vanden Heuvel JP, Moya-Camarena SY, Portocarrero CP,
Peck LW, Nickel KP, Belury MA. Dietary conjugated linoleic acid normal-
izes impaired glucose tolerance in the Zucker diabetic fatty fa/fa rat.
Biochem Biophys Res Commun 1998; 244: 678–82.

32. Sarraf P, Mueller E, Jones D, King FJ, DeAngelo DJ, Partridge JB, Holden
SA, Chen LB, Singer S, Fletcher C, Spiegelman BM. Differentiation and
reversal of malignant changes in colon cancer through PPARγ. Nat
Med 1998; 4: 1046–52.

33. Brockman JA, Gupta RA, Dubois RN. Activation of PPARγ leads to inhibi-
tion of anchorage-independent growth of human colorectal cancer cells.
Gastroenterology 1998; 115: 1049–55.

34. Kohno H, Yoshitani S, Takashima S, Okumura A, Hosokawa M, Yamaguchi
N, Tanaka T. Troglitazone, a ligand for peroxisome proliferator-activated re-
ceptor γ, inhibits chemically-induced aberrant crypt foci in rats. Jpn J Can-
cer Res 2001; 92: 396–403.

35. Tanaka T, Kohno H, Yoshitani S, Takashima S, Okumura A, Murakami A,
Hosokawa M. Ligands for peroxisome proliferator-activated receptors α and
γ inhibit chemically induced colitis and formation of aberrant crypt foci in
rats. Cancer Res 2001; 61: 2424–8.

36. Vanden Heuvel JP. Peroxisome proliferator-activated receptors: a critical link
among fatty acids, gene expression and carcinogenesis. J Nutr 1999; 129:
575S–80S.

37. American Institute of Nutrition. Report of the American Institute of Nutri-
tion ad hoc Committee on Standards for Nutritional Studies. J Nutr 1977;
107: 1340–8.

38. Takagi T, Itabashi Y. Occurrence of mixtures of geometrical isomers of con-
jugated octadecatrienoic acid in some seed oils: analysis by open-tubular gas
liquid chromatography and high performance liquid chromatography. Lipids
1981; 16: 546–51.

39. Ward JM. Morphogenesis of chemically induced neoplasms of the colon and
small intestine in rats. Lab Invest 1974; 30: 505–13.

40. Folch J, Lees M, Stanley GHS. A simple method for the isolation and

purification of total lipids from animal tissues. J Biol Chem 1957; 226: 497–
509.

41. Kramer JKG, Sehat N, Fritsche J, Mossoba MM, Eulitz K, Yurawecz MP, Ku
Y. Separation of conjugated fatty acid isomers. In: Yurawecz MP, Mossoba
MM, Kramer JKG, Pariza MW, Nelson GJ, Yurawecz MP, Mossoba MM,
Kramer JKG, Pariza MW, Nelson GJS, editors. Advances in conjugated li-
noleic acid research. Champaign, IL: AOCS Press; 1999. p. 64–82.

42. Sehat N, Kramer JKG, Mossoba MM, Yurawecz MP, Roach JAG, Eulitz K,
Morehouse KM, Ku Y. Identification of conjugated linoleic acid isomers in
cheese by gas chromatography, silver ion high performance liquid chroma-
tography and mass spectral reconstructed ion profiles. Comparison of chro-
matographic elution sequences. Lipids 1998; 33: 963–71.

43. Josyula S, Schut HAJ. Effects of dietary conjugated linoleic acid on DNA
adduct formation of PhIP and IQ after bolus administration to female F344
rats. Nutr Cancer 1998; 32: 139–45.

44. Jones PA, Lea LJ, Pendlington RU. Investigation of the potential of conju-
gated linoleic acid (Cla) to cause peroxisome proliferation in rats. Food
Chem Toxicol 1999; 37: 1119–25.

45. Panigrahy D, Shen LQ, Kieran MW, Kaipainen A. Therapeutic potential of
thiazolidinediones as anticancer agents. Expert Opin Invest Drugs 2003; 12:
1925–37.

46. Subbaramaiah K, Lin DT, Hart JC, Dannenberg AJ. Peroxisome proliferator-
activated receptor γ ligands suppress the transcriptional activation of cy-
clooxygenase-2. Evidence for involvement of activator protein-1 and CREB-
binding protein/p300. J Biol Chem 2001; 276: 12440–8.

47. Suh N, Wang Y, Williams CR, Risingsong R, Gilmer T, Willson TM, Sporn
MB. A new ligand for the peroxisome proliferator-activated receptor-γ
(PPAR-γ), GW7845, inhibits rat mammary carcinogenesis. Cancer Res 1999;
59: 5671–3.

48. Osawa E, Nakajima A, Wada K, Ishimine S, Fujisawa N, Kawamori T,
Matsuhashi N, Kadowaki T, Ochiai M, Sekihara H, Nakagama H. Peroxi-
some proliferator-activated receptor γ ligands suppress colon carcinogenesis
induced by azoxymethane in mice. Gastroenterology 2003; 124: 361–7.

49. Moya-Camarena SY, Vanden Heuvel JP, Belury MA. Conjugated linoleic
acid activates peroxisome proliferator-activated receptor α and β subtypes
but does not induce hepatic peroxisome proliferation in Sprague-Dawley
rats. Biochim Biophys Acta 1999; 1436: 331–42.

50. McCarty MF. Activation of PPARγ may mediate a portion of the anticancer
activity of conjugated linoleic acid. Med Hypotheses 2000; 55: 187–8.

51. Noguchi R, Yasui Y, Suzuki R, Hosokawa M, Fukunaga K, Miyashita K.
Dietary effects of bitter gourd oil on blood and liver lipids of rats. Arch Bio-
chem Biophys 2001; 396: 207–12.

52. Lee JS, Takai J, Takahasi K, Endo Y, Fujimoto K, Koike S, Matsumoto W.
Effect of dietary tung oil on the growth and lipid metabolism of laying hens.
J Nutr Sci Vitaminol 2002; 48: 142–8.

53. Ip C, Singh M, Thompson HJ, Scimeca JA. Conjugated linoleic acid sup-
presses mammary carcinogenesis and proliferative activity of the mammary
gland in the rat. Cancer Res 1994; 54: 1212–5.

54. Ip C, Scimeca JA. Conjugated linoleic acid and linoleic acid are distinctive
modulators of mammary carcinogenesis. Nutr Cancer 1997; 27: 131–5.

55. Brown JM, Boysen MS, Jensen SS, Morrison RF, Storkson J, Lea-Currie R,
Pariza M, Mandrup S, McIntosh MK. Isomer-specific regulation of metabo-
lism and PPARγ signaling by CLA in human preadipocytes. J Lipid Res
2003; 44: 1287–300.

56. Dhar P, Ghosh S, Bhattacharyya DK. Dietary effects of conjugated octadec-
atrienoic fatty acid (9cis, 11trans, 13trans) levels on blood lipids and
nonenzymatic in vitro lipid peroxidation in rats. Lipids 1999; 34: 109–14.

57. Cosgrove JP, Church DF, Pryor WA. The kinetics of the autoxidation of
polyunsaturated fatty acids. Lipids 1987; 22: 299–304.

58. Ha YL, Grimm NK, Pariza MW. Anticarcinogens from fried ground beef:
heat-altered derivatives of linoleic acid. Carcinogenesis 1987; 8: 1881–7.
486 Kohno et al.


	Pomegranate seed oil rich in conjugated linolenic acid suppresses chemically induced colon carcin...
	�Hiroyuki �Kohno,1 �Rikako �Suzuki,1,�2 �Yumiko �Yasui,3 �Masashi �Hosokawa,3 �Kazuo �Miyashita3 ...
	1Department of Pathology, Kanazawa Medical University, 1-1 Daigaku, Uchinada, Ishikawa 920-0293; ...
	Materials and Methods
	Results
	Discussion



