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FOOD & FUNCTION

Marie Ménard apples with high polyphenol content and

a low-fat diet reduce 1,2-dimethylhydrazine-induced

colon carcinogenesis in rats: Effects on inflammation and

apoptosis
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Inflammation may increase cancer risk, therefore, we studied whether polyphenol-rich Marie
Ménard (MM) apples with reported anti-inflammatory activity prevent 1,2-dimethylhydrazine
(DMH)-induced colon carcinogenesis in rats and, likewise whether high-fat (HF) diet promoting
carcinogenesis, may affect inflammation. DMH-induced rats were fed for 15 weeks with: an
HF diet (23% corn oil w/w); an HF diet containing 7.6% w/w lyophilized MM (apple diet (AD));
a low-fat (LF) diet and an HF diet containing piroxicam (PXC) (0.01% w/w) as control. Mucin
depleted foci (MDF), precancerous lesions in the colon, were dramatically reduced in the AD,
LF, and PXC groups compared with the HF. Peritoneal macrophage activation, an index of
systemic inflammation, was significantly decreased in the AD, LF, and PXC groups. TNF-�,
iNOS, IL-1�, IL-6 m-RNA expression in the colon, as well as CD68 cells and plasmatic PGE2
were lower in the AD, but not in the LF group. Apoptosis in the MDF of both the AD and LF-fed
rats was significantly higher than in HF rats. In conclusion, AD has a strong chemopreventive
effect, reducing inflammation, and increasing apoptosis, while the chemopreventive effect of
the LF diet seems mediated mainly by increased apoptosis in MDF.

Keywords:

Apples / Colon carcinogenesis / High-fat diet / Inflammation / Precancerous lesions

Received: February 22, 2012
Revised: April 3, 2012

Accepted: May 12, 2012

Plant-rich foods may decrease colon cancer risk [1] affecting
inflammation, colon proliferation, and apoptosis [1–3]. In-
flammation has been linked to cancer risk since nonsteroidal
anti-inflammatory drugs reduce carcinogenesis, whereas in-
flammatory bowel diseases (IBDs) increase the risk [1, 2]. A
low-grade inflammation might increase carcinogenesis also
in the sporadic colon cancer [2]. Moreover, high-fat/high-
calorie (HF) diets increasing cancer risk [4] have been sug-
gested to cause low-grade systemic and perhaps colonic in-
flammation [1, 2]. Diet may also affect carcinogenesis by
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varying colon proliferation and apoptosis [5]. Previous stud-
ies suggest that apples may have anti-inflammatory activity
[6, 7] and our recent study showed that high-polyphenol ap-
ples (Marie Ménard (MM)) reduce inflammation in a genetic
model of IBD [8]. Experimental studies have provided con-
trasting results on the effect of apples on colon cancer, with
both protective and detrimental effects having been reported
[7, 9–13]. Given these considerations, we thought it of in-
terest to test whether a diet containing MM apples, which
reduces inflammation [8] may affect colon carcinogenesis
in 1,2-dimethylhydrazine (DMH)-induced rats, determining
mucin depleted foci (MDF) precancerous lesions of the colon
as cancer end points [14]. Likewise, because it could be pos-
sible that HF diet may affect colon-systemic inflammation
we also tested this hypothesis. Accordingly, F344 male rats
were induced with DMH and one week later allocated to the
following diets (see experimental protocol in Supporting In-
formation): (i) an HF diet (23% w/w corn oil); (ii) the same
HF diet containing 7.6% w/w lyophilized MM apples (apple
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Figure 1. MDF per colon in the different groups. Bars: means ±
SE. n = 12, 12, 9, and 4 in HF, AD, LF, and PXC groups, respec-
tively. **p < 0.01 compared to HF.

diet (AD) group) [8]; (iii) a low-fat (LF) diet (with the same
composition of the AIN-76 diet); and (iv) an HF diet sup-
plemented with piroxicam (PXC) 0.01% w/w as a positive
control for chemoprevention [14]. At sacrifice (15 weeks af-
ter DMH), the number of MDF/colon in the AD group was
about half when compared to the HF diet (Fig. 1). Simi-

larly, LF and PXC diets showed a strong chemopreventive
effect when compared with the HF diet, in line with pre-
vious results [4, 14]. RT-qPCR experiments (see protocol in
Supporting Information) measuring the expression of proin-
flammatory genes in the mucosa of the medial colon, showed
that TNF-� and iNOS were significantly down-regulated in
AD-fed rats (Figs. 2A, B). Similarly, the expression of IL-6
and IL-1� tended to be lower (P = 0.054 and 0.12 for IL-6
and IL-1�, respectively) in the AD compared with the HF
group (Figs. 2C, D). No significant variations were observed
with the LF diet since only a slight reduction in IL-6, IL-1�,
and TNF-� was observed. COX2 expression was not varied
(Fig. 2E). CD68 expression, as a measure of macrophage in-
filtration in the mucosa was tested with immunohistochem-
istry (IH; see protocol in Supporting Information) showing
that rats fed the AD had fewer CD68 positive cells compared
with the HF diet (borderline significant with p = 0.06; Sup-
porting Information Fig. S1), while the LF diet did not induce
significant changes. Myeloperoxydase activity in the colonic
mucosa was not varied among the groups (data not shown).
The production of NO and H2O2 by peritoneal macrophages

Figure 2. Expression of proinflammatory
genes in the colon of the different groups.
Bars: mean relative expression (fold change)
compared to HF for each gene. n = 10, 9, and
7 in HF, AD, and LF groups, respectively. *p <

0.05 as described in Supporting Information.
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Figure 3. (A) NO secretion in thioglycollate-elicited peritoneal macrophages from HF, AD, LF, and PXC rats. Bars: means ±SE (n = 8, 7, 9,
and 3 determinations from different groups, respectively). (B) ROS production in thioglycollate-elicited peritoneal macrophages from HF,
AD, LF, and PXC rats. Bars: means ± SE (n = 5, 6, 6, and 3 determinations from different groups, respectively). *p < 0.05 as described in
Supporting Information. (C) Apoptotic index (AI) in normal mucosa (NM, gray bars) and MDF (striped bars). Bars: means ± SE. For NM,
n = 7, 8, 6, and 2 in HF, AD, LF, and PXC groups, respectively. For MDF, n = 10, 7, 8, and 2 in HF, AD, LF, and PXC groups, respectively.
*p < 0.05 compared to HF.

was evaluated as a measure of systemic inflammation (see
protocol in Supporting Information). In AD, LF, and PXC
groups the production of these metabolites was significantly
lower than in the HF group (Figs. 3A, B). PGE2 plasma con-
centration was significantly lower in the AD compared with
the HF diet, while the LF group was unvaried (Supporting
Information Fig. S2).

Colon proliferation, measured determining proliferating
cell nuclear antigen (PCNA) expression (see IH protocol in
Supporting Information), was similar among dietary groups
(LI values: 42.9 ±2.05, 43.2 ±2.7, and 44.5 ±2.2, in the HF,
AD, and LF diets, respectively, means ± SE).

Apoptosis (see experimental protocol in Supporting Infor-
mation) in the normal mucosa was, as expected, very low and
did not differ among the groups (Fig. 3C). On the contrary,
apoptosis in the MDF from the rats fed the AD and LF diets
was significantly higher than that in the rats fed the HF diet
(Fig. 3C and Supporting Information Fig. S3).

Protective effects of apple or apple components have
been reported in epidemiological and experimental studies
[7,9–13,15,16]. However, although unpublished results from

our group indicate that MM apples do not affect carcinogene-
sis when given to non-induced rats, apple proanthocyanidins
have been reported to increase aberrant crypt foci (ACF) in
carcinogen-induced rats [9]. Moreover, an increased small in-
testinal carcinogenesis in Apc Min/+ mice has been reported
[10]. Some of these inconsistencies could be due to the exper-
imental models used. Accordingly, Apc Min/+ mice [10, 11]
develop tumors especially in the small intestine, while widely
used ACF have also been questioned as cancer endpoints [17]
and other lesions (�-catenin accumulated crypts or MDF)
have been proposed as more reliable cancer biomarkers [17].
Therefore, our results showing a reduction in MDF indicate
that MM may effectively reduce colon carcinogenesis. More-
over, different apple components and not the whole fruit
have been tested previously. We used a lyophilized prepared
from whole apples, also considering, that the consumption of
whole fruits as opposed to extracts or supplements has been
recently encouraged for chemoprevention [18].

Regarding inflammation, we found that AD diet was as-
sociated with both decreased systemic and colonic inflamma-
tion, confirming previous reports on the anti-inflammatory
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activity of some apple varieties [6–8, 19]. Importantly, this
is the first demonstration of the anti-inflammatory effect of
apples in a model of sporadic colon cancer in which inflam-
mation is not as overt as in other experimental models (i.e.
HLAB27, dextran sodium sulphate-induced colitis) histolog-
ically. Regarding fat, it has been reported that rodents fed an
LF diet showed lower systemic inflammation and oxidative
stress markers compared to animals fed HF or a western-style
diet [20,21]; however, some of these effects were no longer ev-
ident after 6 months of feeding [21]. Our results did not show
significant effects of fat on colon inflammation, although
the observed effects on peritoneal macrophages suggest that
dietary fat may affect carcinogenesis with systemic actions.

Previous studies on apples and colon proliferation in vivo
have shown either a decrease [7], an increase [10], or a null ef-
fect in the normal mucosa of rats not treated with carcinogens
[12]. Regarding fat, although some studies demonstrated an
increase in colon proliferation, especially when fat is admin-
istered as a bolus [22], it has also been reported that high fat,
despite its detrimental effects on colon carcinogenesis, does
not affect proliferation [23], a result that also supported by
our data.

Cell lines exposed to apple components in vitro have been
shown to undergo apoptosis [7, 24]; however, no previous
study evaluated the effect of apples in vivo. Increased apopto-
sis in precancerous lesions can contribute to the elimination
of damaged cells with potentially carcinogenic mutations [25],
and it is possible, at least regarding the AD group, that the
effect on apoptosis results from lower inflammation, which
at least in cell systems, hampers apoptosis [26]. Interestingly,
rats on an LF diet showed high apoptosis in the MDF. Al-
though a similar effect has been reported in colonic tumors
of LF-fed rats, our results is the first demonstration that this
effect occurs in the initial phases of carcinogenesis, perhaps
explaining why a LF diet results in a lower number of tumors.

In conclusion, we have demonstrated, in a validated model
of colon carcinogenesis, a strong chemopreventive effect of
MM apples through both anti-inflammatory and proapoptotic
mechanisms. Our results also confirm the strong protective
effect of a low-fat diet that increases apoptosis in MDF, while
anti-inflammatory activity in the colon seems to play a minor
role as a mechanism of action of this diet.
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