
Abstract. Background/Aim: The expression of cannabinoid
receptor-1 (CB1-R) seems to be modulated by bioactive natural
components such as the flavonoid quercetin. The aim of this
study was to determine in an animal model of induced-colon
cancer, whether quercetin inhibits colon carcinogenesis through
changes in the expression of CB1-R. Materials and Methods:
C57BL/6J male mice were randomly assigned to standard diet
or experimental diet supplemented with 0.5% quercetin.
Azoxymethane (AOM) (10 mg/kg body weight) or saline
solution (PBS) was intraperitoneally injected, once weekly for
6 weeks. Results: The diet supplemented with quercetin induced
CB1-R gene expression and protein, inhibiting the protein levels
of STAT3 and p-STAT3 (both mediators of cell proliferation).
Dietary quercetin also caused a significant increase in Bax/Bcl2
ratio protein expression. Conclusion: The anti-proliferative and
pro-apoptotic effects of quercetin in AOM-treated mice are
mediated by induction of the protein and gene expression levels
of CB1-R.

Cannabinoids and their derivatives play a prominent role in
physiological and pathophysiological processes of the
gastrointestinal tract (1-3). Cannabinoid activity is regulated
by the endocannabinoid system (ECS), which is comprised
of receptors, such as cannabinoid receptor 1 (CB1-R),
cannabinoid receptor 2 (CB2-R) and enzymes involved in
endocannabinoids synthesis and degradation (4). 

Many studies have investigated the effects of ECS in
tumor development and progression (4-6). In particular,

CB1-R has been shown to exert anti-inflammatory
properties, accompanied by reduced proliferation and
induction of apoptosis in tumor tissue (1). Several studies
have reported a lack of the “protective action” of CB1-R in
different types of cancer (7-9), suggesting a role for this
receptor in the mechanisms controlling cell growth and
proliferation. Previously, we demonstrated that anandamide,
an endogenous agonist for CB1-R, inhibited the proliferation
of colon cancer cell lines, through the modulation of cell
cycle, in particular reducing the number of cells in the S
phase (10).

The expression of CB1-R seems to be modulated by
bioactive natural components (11, 12) such as flavonoids.
Quercetin belongs to polyphenolic flavonoids which are
abundantly found in fruits and vegetables (13) and a large
number of studies have demonstrated the anticancer
properties of quercetin in in vitro and in vivo models (14-16).
The daily administration of quercetin in mice has been
demonstrated to have an anti-inflammatory effect in
intestinal mucosa (17). Diets enriched in quercetin seem to
create a pro-tolerogenic milieu in the gastrointestinal tract,
able to maintain homeostasis and prevent chronic
inflammatory disorders (17, 18). Quercetin has been
demonstrated to suppress the levels of pro-inflammatory
cyclooxygenase gene expression (COX-1 and COX-2) (19).
Since inflammation in the colon is a key pathway in
carcinogenesis, all biologically-active molecules able to
reduce the inflammatory status of colonic mucosa are
considered useful to confer cancer protection. 

Our previous study demonstrated that anti-proliferative and
pro-apoptotic effects of quercetin are mediated by CB1-R in
human colon cancer cell lines (11). However, due to the
complexity of the tumor microenvironment, these findings
should be confirmed in vivo. Thus, the aim of this study was to
determine in an animal model of induced colon cancer, whether
quercetin inhibits colon carcinogenesis through changes in the
expression of CB1-R and cell proliferation mediators.
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Materials and Methods
Animals. Forty C57BL/6J male mice (five-weeks-old) were
randomly assigned to 1 of 4 experimental groups (n=10 mice per
group). Control mice (ST+PBS) were fed a purified AIN-93M
standard diet consisting of 12.5% protein, 12% soybean oil, 3%
cellulose fiber and injected with saline solution (PBS); the Q+PBS
group received the same standard diet supplemented with 0.5%
quercetin and PBS by intraperitoneal injection; the ST+AOM group
mice received the same standard diet and AOM at concentration of
10 mg/kg body weight by intraperitoneal injection; the Q+AOM
group was treated with the diet supplemented with 0.5% quercetin
and received AOM by injection. AOM (10 mg/kg body weight) or
saline solution (PBS) was intraperitoneally injected once a week for
6 weeks. 

Diets were isocaloric and supplied as pellets (Mucedola Srl,
Settimo Milanese, Italy). Food intake and body weight were
measured weekly during the treatment period (35 weeks). All
animals received care in compliance with the ‘Guide for the Care
and Use of Laboratory Animals’. The procedures relating to animal
use were communicated to the Italian Ministry of Health and
approved (n˚ 103/2016-PR).

At sacrifice by cervical dislocation, the entire intestinal tract of
all mice was immediately removed and washed with cold
phosphate-buffered saline. The small intestine and colon were cut
along the mesenteric insertion, placed on a paper strip at 0-4˚C and
analyzed through a stereomicroscope at ×3 magnification. The
number of mucosal lesions were calculated and part of the distal
small intestine was immediately put in liquid nitrogen for real-time
PCR and western blotting analyses, and the remaining part of the
distal small intestine was fixed in 10% neutral buffered formalin for
24 h and embedded in paraffin in a ‘Swiss roll’ fashion. 

CB1-R gene expression analysis. CB1 receptor gene expression
levels were evaluated in distal intestinal tissue of mice by real-time
RT-PCR method. Total RNA was extracted with TRI-Reagent (Mol.
Res. Centre Inc. Cincinnati, OH, USA) following the manufacturer’s
instructions. 

The reactions of RT and real time PCR were carried out using sense
and antisense primers for CB1-R and β-actin genes (sense 5’-CCTG
GGCTGGAACTGCAA-3’ and antisense 5’-CCGAAGACGTCATAC
ACCATGA-3’; sense 5’-GCCTCTGGTCGTACCACTGGC-3’ and
antisense 5’-AGGGAGGAAGAGGATGCGGCA, respectively). The
β-actin gene was utilized as an internal control and was chosen as a
reference gene. All expression data were normalized by dividing the
CB1-R amount by the amount of β-actin. The specificity of PCR
products was confirmed by gel electrophoresis.

Western blotting. Total proteins extracted from mice tissue samples
were subjected to electrophoresis using SDS-PAGE gel. After the
blotting onto a PVDF membrane (Bio-Rad Laboratories, Milan,
Italy), the proteins were probed with the following primary
antibodies: anti CB1-R (Abcam, Cambridge, UK), anti STAT3 and
pSTAT3 (Immunological Sciences, Rome, Italy), anti Bax and Bcl2
(Santa Cruz Biotechnology, Dallas, TX, USA) and anti β-actin (Cell
Signaling, Beverly, MA, USA). A horseradish peroxidase-
conjugated secondary antibody (Bio-Rad Laboratories) was used
and the signal of each protein, obtained using the Molecular Imager
Chemidoc™ (Bio-Rad Laboratories), was normalized against β-
actin expression.

Histological studies. To evaluate the grade of dysplasia,
hematoxylin and eosin-stained sections were examined blindly for
the operator, respectively at 20× and 40× magnification. Dysplasia
was defined as the occurrence of disorganized glandular
architecture, depletion of mucin-producing cells and goblet cells,
nuclear atypia and increased mitotic activity, and was graded mild,
moderate or severe. The further presence of tissue hypercellularity,
enhanced cell proliferation and degenerative/necrotic phenomena
allow to recognize cancerous lesions, or inflammatory foci if
present.

Statistical analysis. The significance of the differences among
experimental groups was evaluated by one-way analysis of variance
and Tukey’s multiple comparison test. Differences were considered
statistically significant with a p-value<0.05.

Results

After 35 weeks of dietary treatment, no difference in body
weight was found among the experimental groups of mice
(data not shown). 

AOM treatment exerted a moderate grade of dysplasia,
associated with an inflammatory infiltrate in intestinal
samples of mice treated with standard diet (Figure 1A and
B), whereas no macroscopical intestinal lesion was observed
after quercetin treatment and the intestinal mucosa was
normal (Figure 1C). 

Dietary quercetin significantly induced CB1-R gene
expression even if the AOM administration counteracted the
effect of quercetin (Figure 2A). Lower levels of CB1-R
mRNA were detected in mice treated with AOM when
compared to mice injected with saline solution (PBS),
(p<0.001, ANOVA and Tukey’s multiple comparison test).
The quercetin induction effect was more evident for CB1-R
protein (Figure 2B), which was expressed at low levels in
intestinal tissues of mice fed standard diet (p<0.001,
ANOVA and Tukey’s multiple comparison test).

To investigate the effects of quercetin on cell
proliferation, STAT3 and p-STAT3 protein expressions
were evaluated in intestinal tissues of the treated mice
(Figure 3A and B, respectively). The results showed that
the protein levels of STAT3 and p-STAT3 were decreased
in AOM mice after treatment with quercetin when
compared to mice fed a standard diet. Higher levels of p-
STAT3 protein were observed in mice treated with
quercetin and injected with PBS (Figure 3B),
demonstrating that the inhibition of p-STAT3 by quercetin
was evident in AOM mice. 

Figure 4 shows the Bax and Bcl2 protein levels detected
in our samples. In AOM mice, dietary quercetin
administration reduced the protein expression of Bcl2,
causing a significant increase in the Bax/Bcl2 ratio. This
finding suggests that the anti-proliferative effect of flavonoid
quercetin was mediated by a significant induction of
apoptosis in mice intestinal mucosa. 
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Figure 1. Histological characteristics of distal intestinal tissue with moderate dysplasia (A) and glandular structure mostly conserved with presence
of an inflammatory infiltrate (B). Area without macroscopical lesions (normal tissue) (C). Magnification 20× in figures A1, B1 and C1 and 40x in
Figures A2, B2 and C2.



Discussion
The anti-proliferative and pro-apoptotic effects of quercetin
have been confirmed in many studies (20-22), but the
novelty of the present study is certainly the finding
demonstrating that the flavonoid quercetin protects against
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Figure 2. CB1-R mRNA (A) and protein (B) levels in intestinal tissue of 10
mice from each experimental group. A: Data are expressed as molecule
numbers of CB1-R mRNA/molecule numbers of β-actin mRNA. B: Data are
expressed as CB1-R protein expression levels normalized with β-actin
protein expression. A p-value less than 0.05 was considered statistically
significant using ANOVA and Tukey’s Multiple Comparison. ST+PBS and
ST+AOM=control groups without and with AOM injection; Q+PBS and
Q+AOM=quercetin treated mice groups without and with AOM injection.

Figure 3. Western blotting analysis of expression of STAT3 (A) and
pSTAT3 (B) proteins in distal intestinal tissue of mice groups. A 
p-value less than 0.05 was considered statistically significant using
ANOVA and Tukey’s Multiple Comparison. ST+PBS and
ST+AOM=control groups without and with AOM injection; Q+PBS
and Q+AOM=quercetin treated mice groups without and with AOM
injection.



tumor formation in a mouse model of CRC, by regulating the
protein and the gene expression level of CB1-R.

Here, we histologically detected a low incidence of tumor
lesions in our tissue samples and this finding is in agreement
with other studies demonstrating a different susceptibility of
murine species to AOM treatment (23). Several authors have
shown that the C57BL/6 strain is among the species more
resistant to this carcinogen (24-26) and therefore, the
evaluation of histopathological and molecular features, as

well as the study of the main genetic and epigenetic
alterations involved in AOM induced carcinogenesis are
needed in these mice. 

In light of the alterations that occur in the pathogenesis of
cancer in this experimental mouse model of CRC, the
evaluation of CB1-R expression in our samples has
confirmed the anti-cancer and cancer preventing action of
quercetin. This finding is in accordance with our previous in
vitro results, showing a crucial role of quercetin in the
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Figure 4. Western blot analysis of expression of Bax and Bcl2 proteins (A) in distal intestinal tissue ofmice groups and Bax/Bcl2 ratio protein
expression (B). A p-value less than 0.05 was considered statistically significant using ANOVA and Tukey’s Multiple Comparison. ST+PBS and
ST+AOM=control groups without and with AOM injection; Q+PBS and Q+AOM=quercetin treated mice groups without and with AOM injection.



regulation of apoptosis, cell cycle signaling and cell
migration (11). A role for CB1-R as a negative modulator of
cell proliferation in colon cancer has been reported (9, 11).
The colonic tumor growth seems to be facilitated by the
absence of CB1-R and, in addition, the promoter
hypermethylation of CB1-R gene (CNR1) has been
demonstrated to contribute to colon carcinogenesis through
silencing of the tumor-suppressing CNR1 gene (1, 27).

The role of quercetin as an anti-cancer molecule is also
confirmed by its ability to affect p-STAT3 expression, a
biomarker of cell proliferation and aggressiveness. The
inhibition of p-STAT3 by quercetin detected in AOM mice
suggests that this natural compound, biologically active in a
tumor-induced system, is able to protect colon tissue from
cancer development. 

Colon carcinogenesis, having a multistep nature, can be
influenced by diet through the use of bioactive molecules able
to influence tumor progression (28, 29). Our findings,
confirming the preventive role of quercetin in colorectal
cancer through CB1-R induction, are of great interest in light
of developing novel therapeutic strategies for cancer
treatment.
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