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Colorectal cancer is the second most common
cause of mortality in cancer patients in the
West and incidence has been rising over the

last few decades. For this reason, interest has focused
on preventive measures in terms of lifestyle and diet.
This article summarises the role of chemopreventive
agents, specifically two antioxidants, in the possible
prevention of colorectal cancer.
Chemopreventive agents include natural or

synthetic compounds, such as minerals and vitamins,
like vitamins C, E, D, calcium and selenium; a
substantial number of these have antioxidant proper-
ties [1].
Although oxidation reactions are crucial metaboli-

cally, they can also be damaging since they produce
free radicals which can start chain reactions resulting
in damage (e.g., to the DNA) or cell death.
Antioxidants terminate these chain reactions by
removing free radical intermediates, and inhibit
further oxidation. Plants and animals maintain
complex systems of multiple types of antioxidants,
such as glutathione, vitamin C, A, and E as well as
enzymes such as peroxidases. Potential antineoplastic,
chemopreventive actions of antioxidants include:
Enhanced detoxification, alteration of carcinogen
metabolism, scavenging reactive oxygen species,
reduction of inflammation and boosting the immunity.
Here we focus on vitamin C and flavonols which

have powerful antioxidant properties and appear to be
strong contenders for opposing colorectal oncogenesis
throughout its various stages: The normal cell under-
going DNA damage to become initiated, an increase in
cell growth, transformation to preneoplastic cell and
after further accumulation of mutations progression to
fully neoplastic cell. [2] (Figure 1).   

Flavonols
Flavonols, such as Quercetin, are bioactive
compounds of the flavonoid family found in various
plant-based foods and beverages, especially apples,

beans, onions, and tea [4], that may reduce the secre-
tion of pro-inflammatory cytokines in humans [5] and
have been linked with reduction of risk of recurrence
in early, pre-neoplastic polyps, as described below [6].
Various molecular actions of flavonols have been

described either in cancer cell models, or using tissues
from patients with cancer: Flavonols have been shown
directly to scavenge reactive oxygen species in clas-
sical anti-oxidant mode and prevent or decrease DNA
damage [6,7], stop the action of phase 1 of the
enzymes that activate procarcinogens and stimulate
phase 2 of enzymes that detoxify procarcinogens [8].
At the level of the cell and the organism, flavonols
encourage apoptosis and promote cancer cell death,
and inhibit tumour angiogenesis [7]. Importantly,
flavonols are stongly anti-infammatory. 
Inflammatory processes occur throughout the

process of colorectal cancer oncogenesis, as reflected
in concentrations of serum cytokines [4].  In the early
stages of colorectal oncogenesis, by comparison with
healthy individuals, serum cytokine concentrations of
interleukin-2 (IL-2) are noticed to be lower, while
concentrations of IL-8, IL-10, IL-12, granulocyte
macrophage colony stimulating factor (GMCSF),
tumour necrosis factor TNFα, and interferon (IFN)-γ
are higher in people with colorectal adenomas and
this is a consistent finding in a number of patient
studies (9).
One of the most interesting recent clinical trials

associated with flavonols was a polyp prevention trial
reported in 2010. This was a four year, randomised,
nutritional intervention trial, in 872 participants from
a number of centres. The aim was to evaluate whether
recurrence in colorectal polyps (adenomas) could be
decreased or stopped by changing the diet: decreasing
fat and increasing fibre, fruits, and vegetables. To be
included in this trial, participants had to have at least
one polyp in the six months previous to entering the
study. The association between high flavonol intake,
serum cytokines concentration, and colorectal
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adenoma recurrence was evaluated [10].
The strengths of this study lay in compre-

hensive information throughout the dura-
tion, including complete colonoscopies,
histological examinations by two indepen-
dent pathologists, also the systematic collec-
tion of validated food frequency question-
naires, and repeated serum sample collec-
tion, which allowed synchronous follow-up
with changes associated with the early
stages of colorectal carcinogenesis [10].
Not surprisingly, decreased IL-2 was posi-

tively linked with the risk of adenoma recur-
rence, while decreased IL-10 reduced the
risk of recurrence for advanced adenomas.
Importantly, participants with decreased
cytokine concentrations and flavonol intake
above the average had the lowest risk of
recurrence.
Generally for frank neoplasms, there has

been an accepted association between

flavonoids and reductions in colorectal
cancer risk. This has been based partly on a
large randomised trial of just under 1,500
incidents. Dietary data were obtained from a
self-administered food frequency question-
naire and were stratified as appropriate.
There were significant reductions in
colorectal cancer risk associated with
increased intake of flavonols, even after
controlling for overall fruit and vegetable
consumption [6].

Vitamin C
Vitamin C (L-ascorbic acid) is co-factor in a
number of enzyme reactions, some of which
are crucial in energy metabolism, wound
healing and preventing bleeding from the
capillaries. Immune, bone and nerve cells
have high demand for Vitamin C for their
optimal function: it has been reported to
stimulate the immune system, contribute to

collagen synthesis, and in animal models
has been reported to have potential anticar-
cinogenic activity [11].
A number of mechanisms have been

described in how Vitamin C can oppose
cancer, using either in vitro or in vivo cancer
models [12]: in the local microenvironment,
vitamin C scavenges free radicals, can
oppose the formation of carcinogenic N-
Nitroso compounds and also alkylating
agents via its anti-oxidant properties [13].
Systemically, alkykating agents which are
carcinogenic and absorbed in the entero-
hepatic circulation are inactivated [13].
Whether vitamin C can act as an anti-

cancer agent in humans has been controver-
sial with studies over the last 50 years
reporting mixed findings. A confounding
factor has been the route of administration,
since oral absorption of vitamin C cannot
achieve plasma concentrations comparable
to those obtained by the intravenous route,
i.e., pharmacological concentrations.
Recently, a number of studies have been
investigating in depth the mechanisms of
anticancer actions of vitamin C when given
in pharmacological equivalent doses. For
example in the most recently reported study
from Portugal, pharmacological doses of
vitamin C were tested in colorectal cancer
cells in vitro and in transplanted human
rectal cancer cells in balb/c nu/nu mice in
vivo, over time. In the latter model,
150mg/kg daily of Vitamin C were injected
intraperitoneally for 12 days.
At the cellular level, vitamin C inhibited

proliferation and increased apoptosis, while
the results from the in vivo experiment were
impressive with a large statistically signifi-
cant decrease of tumour growth in the
treated group. Similar results were reported

Figure 1: Carcinogenesis and Prevention Strategies of Chemopreventive Agents. Based on Hursting et al [3] 
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by Verrax and Calderon, who administered daily
injections of vitamin C to a xenogeneic liver cancer
model, with resultant growth reduction over 30 days
[14]. Further mechanisms of anticancer action
include increase of intracellular calcium concentra-
tions, probably through endoplasmic reticulum
stress, disruption of mitochondrial membranes, and
increase of the pro-apoptotic protein Bax [15]. All
these actions are associated with an increase in
apoptosis. Based on the above findings a number of
authors concluded that vitamin C can be used as
adjuvant for the treatment of colorectal cancer, in
association with chemotherapeutic drugs, especially
considered for drug resistant cancers [16].
One of the most recent clinical trials was

conducted in Germany to assess the effect and safety
of Vitamin C in women with breast cancer in the first
year, postoperatively. The study was a retrospective
cohort study which included 125 breast cancer
patients with stages IIa to IIIb. 53 patients were
treated with IV vitamin C on the top of standard
therapy for four weeks, and 72 patients with chemo
or radio therapy (control group) [17]. The outcome
was a significant reduction of complaints that are
caused by chemo and radiotherapy, and especially
fatigue, depression, nausea, appetite loss, dizziness,
sleep disorders and haemorrhagic diathesis. In addi-
tion to that, the other important result is that no side
effects of IV vitamin C were documented [17].
A similar study was carried out in Korea, where 39

patients with terminal cancer were given IV Vitamin
C (10g twice), followed by a three-day break and oral
administration (4g daily for a week). The study
showed improvements in some symptoms (pain,
nausea, vomiting, fatigue, loss of appetite, sleep
disturbance) and an overall improvement in the
quality of life after taking high dose vitamin C (18).
The authors advocated the use of vitamin C as a

safe and effective treatment to improve quality of life
in terminal cancer patients, although they noted that
the presence of glucose-6-phosphate dehydrogenase
(G6PD) deficiency should be investigated in patients,
since when given high doses of vitamin C, these
patients have the risk of developing hemolysis.
However, overall, the use of vitamin C in cancer,

and especially colorectal cancer, still remains contro-
versial and any evidence on improving quality of life
in patients with advanced, terminal disease has to be
counterbalanced by case reports of adverse effects
such as injury to the kidneys [19]. Still, more recent
reports based on pooling cohort studies investigating
vitamin intake with risk of colorectal cancer tend to
conclude that there is an inverse association
between vitamin intake and cancer risk [20].

Conclusion
Overall, dietary intake of flavonols appears to have a
real association with reduced risk of developing
colorectal cancer. On the other hand, there is no such
clear statistically strong association between intake of
vitamin C and reduced risk. Publications on the latter
tend to describe chemopreventive benefits of ‘gener-
ally taking vitamins’ or report improvements in the
quality of life of patients with advanced disease.
Regardless, the accumulated benefits of antioxidant
intake through one’s diet are obvious for a number of
disease systems. Taking regular doses of vitamin C in
the long term has a potential health benefit, however
the jury is still out for chemopreventive benefits of
high levels of vitamin C for cancer. ■
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