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ABSTRACT
Colorectal cancer one of the mostly found cancer in all over the world. Mortality rate by this
cancer is high compared to other types O cancers. Early diagnosis of this cancer is required to
treat this cancer. Many drugs are being used to treat this disease but they all have many side
effects so in study we tried to overcome this issue by treating this cancer with supplements.
We used male albino SD rats to conduct this study. We divided the rats into 7 groups in which
4 of them were given Azoxymethane (AOM) to induce the colo-rectal cancer while remaining
3 were kept control. One group with AOM was not given any treatment while 3 received folic
acid dose (20, 40, and 60) respectively along with Vitamin A, C, and E supplementation.
Control groups without AMO were also treated with same doses of folic acid in order to
compare the results. Results reveal that Folic acid improved GSH, TAC, Lipid peroxidation
and superoxide dismutase levels in the AMO treated groups. These tests were also improved
in control groups with folic acid and vitamin supplementation. We conclude that Folic acid is
found very affective against the colorectal cancer without harming the natural mechanisms in
the body. The aim of this study, to evaluate the preventive and protective measure of different
doses of folic acid with normal therapeutic doses of vitamin A, C and E against azoxymethane
induce colon cancer in rat.
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INTRODUCTION
Cancers of gut, specially the colon and rectum cancer are the third most common type of
cancers worldwide 1,2. Cancer of the colon is more frequent than rectal cancer: in industrialized
countries, the ratio of colon to rectum cases is 2:1 or more (rather more in females) while in
non-industrialized countries rates are generally similar. Rates of this cancer increase with
industrialization and urbanization. It has been much more common in high income countries
but it is now increasing in middle and low-income countries. Colon cancer affects millions of
people worldwide indicating a global health burden3. The rate of colon cancer incidence in
Western countries is higher than developing countries, these observations suggest that changes
in diet and lifestyle might contribute to the incidence of colon cancer4-6. Among dietary factors,
vitamins A, C, and E have been hypothesized to reduce the risk of colon cancer because of
their anticarcinogenic properties: vitamin A regulates nuclear receptors that suppress tumor
formation, induces cell apoptosis 7, and enhances immune function8 Vitamin C has antioxidant
properties and enhances the immune system9 Vitamin E inhibits lipid peroxidation in cell
membranes, prevents oxidative damage of DNA by scavenging free radicals, and inhibits
carcinogen production 10,11.
Folic acid is a synthetic form of the naturally occurring folate that is a water-soluble B vitamin.
The active metabolite of folic acid is 5-methyltetrahydrofolate. Folate is the most essential
constituent for the biosynthesis, repair, and methylation of DNA. Folates donate one-carbon
moieties in order to maintain the stability of DNA. High folate status is associated with a
decreased risk of certain human malignancies, including colorectal cancer 12,13 Several studies
have reported that dietary folate protects against the development of colon cancer in colon
carcinogenic-treated animals14-16. Numerous studies have indicated that under conditions of
low dietary intake of folate, results in decreased intracellular 5, 10-methylenetetrahydrofolate,
which retards conversion of dUMP to dTMP, leading to cellular thymidine depletion,
chromosomal breakage, and malignant transformation17,18, As well as DNA hypomethylation,
a leading cause of mutagenesis and abnormal expression of oncogenes, which have been
implicated in different types of carcinogenesis including colon cancer19-22 However
disturbingly, recent data indicate that an excessive intake of folic acid may increase human
cancers, including colon, prostate, and breast, by accelerating growth of precancerous lesions,
but the dose and timing of such intervention is critical22-26 Unfortunately, the protective
measure of folic acid to colon cancer is equivocal. Al-Numair 27 studied the supplementation
of folic acid in fed 2, 8 or 40 mg per kg of supplemented diets, throughout the eight weeks in
rat induction of colon cancer with azoxymethane and folic acid has protective effect against
colon cancer in dose dependent.
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MATERIALS AND METHOD
Experimental animals:
Male albino rats of Sprague Dawley strain (n=84) were used. All the rats had similar age and
weight to minimize differences in their gut microflora. These rats were housed individually in
well-aerated cages and fed on basal diet for one week for adaptation, in animal house of Faculty
of medical Applied Sciences, Umm Al-Qura University. The basal diet was composed of
12.5% casein, 10% of corn oil, 0.2% choline chloride, 1% of vitamin mixture, 5% cellulose,
4% salt mixture, 22% sucrose and up to 100% corn starch 28. All of these were provided with
normal supplementation of Vitamin A, C, and E at a dose of 80 Units, 200 mg, 100mg /Kg diet
respectively27,28.
Induction of carcinogenesis
AOM, azoxymethane, was received from Sigma Chemical Co., St Louis, MI, USA. This drug
was used to induce the colon carcinoma in rats. The control group did not receive any drug or
saline, whereas, the rats in the vehicle group received 1 mL injection of 0.9% NaCl
(physiological saline) intraperitoneally, once a week for two weeks. Similar pattern was
followed in case of treatment group (i.e. Azoxymethane group) but the rats in the treatment
group, i.e. AOM-injected group, were given injections of AOM intraperitoneally that was
dissolved in physiological saline AOM was given to each rat in treatment group, at a dose of
15 mg/kg body weight, once a week for two weeks which means that each rat in a treatment
group received 30 mg/kg body weight of AOM29.
Experimental Design:
A. Prevention trials of folic acid
The rats were divided into 7 equal groups (6 rats in each group), the first three groups were
control and were fed on basal diet of Vitamin A, C & E with supplementation of folic acid 20,
40, 60 mg/kg.bw, respectively. The remaining four groups were treated with AOM. Of these,
1 of them as kept disease control while other groups (5-7) received dietary supplement with
Vitamin A, C & E with folic acid 20, 40, 60 mg/ Kg.bw, respectively for 2 weeks before treating
with AOM and continue for another 6 weeks in the following scheme:
Group (1): control with dietary supplemented with folic 20 mg/ Kg. bw
Group (2): control with dietary supplemented with folic 40 mg/ Kg. bw
Group (3): control with dietary supplemented with folic 60 mg/ Kg. bw
Group (4): AOM only (Cancer positive control).
Group (5): AOM with dietary supplemented with folic 20 mg/ Kg. bw for 6 weeks
Group (6): AOM with dietary supplemented with folic 40 mg/ Kg. bw for 6 weeks
Group (7): AOM with dietary supplemented with folic 60 mg/ Kg. bw for 6 weeks
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B. Protective trials of folic acid
The same scheme of the preventive trials except AOM will be injected with dietary
supplemented with Vitamin A, C & E with folic acid 20, 40, 60 mg/ Kg.bw for 6 weeks.
Necropsy was carried out at the end of experiment. Necropsy of these animals were done
immediately as the they were found deceased. After external inspection, gastrointestinal tract
was immediately excised and rinsed with ice-cold physiological saline and kept for histological
studies
The analysis of colon consists of 3 parts:
Part I: The colon mucosal layer scrapings of each rat (∼50 mg) were immediately
homogenized in 1 mL of 100 mmol/L potassium phosphate buffer (pH 7.2) by a glass-Teflon
homogenizer with an ice-cold jacket and centrifuged at 100,000g at 4°C for 60 min. The
resulting supernatant was used for the determination of GSH and total antioxidant capacity
(TAC) measurements, lipid peroxidation and super-oxide dismutase.
Part II: Transverse and descending colon for counting number of aberrant crypt foci (ACF)
and the number of crypts in each focus will be identified, counted and recorded by methylene
blue staining.
Part III: Rectum and sigmoid colon went through the fixation process. They were kept in
formalin, Alcohol, xylol and in the last it was embedded in paraffin. Slides were made H&E
staining by cutting the sections of 5 micron with microtome 30
Antioxidant estimation
GSH measurements
100 μL supernatant was collected from each tissue homogenized sample which was transferred
to fresh Eppendorf tubes along with 2 μL of monochlorobimane (25 mmol/L) and 2 μL of
glutathione-S-transferase reagent were added, as provided by a commercial kit (Randox, USA).
TAC measurements
A colorimetric method using a Randox Assay Kit (Randox Laboratories Ltd, Antrim, UK) was
used to measure the TAC. The assay is based on the incubation of samples with 2, 2′-azino-di[3-ethylbenzthiazoline sulphonate].
Lipid peroxidation and superoxide dismutase
A colorimetric method using a Randox Assay Kit (Cat#SD125, Randox Laboratories Ltd,
Antrim, UK) was used to measure the, lipid peroxidation and superoxide dismutase.
Statistical analysis:
Using SPSS program version 16 to find-out descriptive results such as mean, standard deviation
and percentages, as well as Diet folic acid supplemented group will be evaluated using twofactor independent measures analysis of variance (ANOVA), P-value less than 0.05 is
considered statistically significant 31.
www.bjmhr.com
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RESULTS AND DISCUSSION
Results reveal that folic acid exerts constructive effects on group of rats that were treated after
inducing the colon cancer group along with the supplementation of vitamin A, C and E. We
measured the glutathione levels in the colon and rectum homogenized samples and found that
GSH levels significantly dropped in AMO treated group (8.66 ± 0.76) as compared to the
untreated groups (p-value=0.04). The levels of GSH increased in control groups treated with
folic acid 20, 40 and 60mg/kg as 22.37, 24.22, 25.37 respectively. GSH levels were also
improved in diseased group with treatment of folic acid. Increased dose of folic acid improved
the concentration of GSH in the tissue. Folic acid, 20, 40, 60mg/kg also amended the TAC of
colo-rectal tissues as 0.51, 0.69, 0.91 respectively, compared to the untreated group (0.42).
Moreover, it was also proved to be affective in control group as it also increased the TAC levels
1.79, 1.82, 1.88 in non-diseased group (p-value=0.05). On the estimation of Lipid peroxidation,
we found that these supplementations have the capacity to reduce the lipid peroxidation in
AMO treated group 2.61, 1.98, 1.94 as compared to the control group 2.74. Folic acid also
proved to be effective with different concentrations in the non-diseased group as shown in
Table 1. Enzymes involved in the oxidative stress may affect in health improvement colo-rectal
cancer. We selected the superoxide dismutase in these groups and found that levels of this
enzyme were also improved. We fund that concentration of superoxide dismutase was
increased gradually with respect to the folic acid dose as 2.25, 2.41, 2.46 in 20, 40, 60mg/kg
of folic acid respectively (p-value=0.03). Folic acid was also proved to be effective in nondiseased group as 2.72, 2.83, 2.98 in 20, 40, 60mg/kg of folic acid respectively.
Table 1: Concentration of GSH, TAC, Lipid peroxidation, and Superoxide dismutase.

GSH
TAC
Lipid
Peroxidation
Super-oxide
Dismutase

1

2

3

4

5

6

7

22.37±
0.46
1.79
±0.32
1.17
±0.77
2.72
±0.11

24.22
±0.56
1.82
±0.36
1.12
±0.62
2.83
±0.21

25.37
±0.52
1.88
±0.91
0.93
±0.55
2.98
±0.28

8.66
±0.76
0.42
±0.23
2.74
±0.32
2.22
±0.14

10.2
±0.55
0.51
±0.55
2.61
±0.58
2.25
±0.155

13.4
±0.63
0.69
±0.84
1.98
±0.23
2.41
±0.33

14.8
±0.23
0.91
±0.76
1.94
±0.41
2.46
±0.18

pvalue
0.04
0.05
0.06
0.03

Necroscopy samples of colon were also used for the H & E staining which shows very dull
eosin staining in AMO treated group however the pink color stain increased gradually in AMO
groups which were later treated with folic acid 20, 40, 60mg/kg respectively. No consistent
increase in eosin staining was found in the non-diseased, folic acid treated group.

CONCLUSION:
Colon and rectum cancer are one of the most frequently found cancer throughout the world 32.
www.bjmhr.com
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Various treatments are being found to treat this deadly cancer. Many drugs have already been
marketed to treat this cancer like nintidanib, mastinib, Napabucasin 33 but it all of these drugs
have their relevant side effects which harm the patients more than it can heal the disease 34, 35,
36

. This disease has been treated with other supplements but no fruitful effect was found 37.

In the current study we used SD rats to induce the colo-rectal cancer with Azoxymethane
(AOM) in experimental rats. This is actually induced by depleting the concentration of
glutathione (GSH) and by impairing the total antioxidant capacities in these rats. GSH helps in
scavenging the reactive oxygen species in the colonic cells. In healthy cells, more than 90% of
the cells contain reduced GSH levels however, only 10% of them are found in oxidized form.
In our study we the depleted as levels were improved with folic acid treatment with increased
dose. Total antioxidant capacity and lipid peroxidation were also tested in these groups.
Colorectal cancer also shows decreased levels of antioxidant enzyme so, to prove this we tested
the concentration of superoxide dismutase in our treatment and control groups which also
showed that the folic acid along with vitamin A, C and E supplementation improved the enzyme
levels which ultimately exerts the anti-cancerous effects in the colon and rectal tissues.
Combined effects of all of these results showed the positive impact on the damaged cells in
colon and rectum. That were healed by increased dose of folic acid and vitamin
supplementation. This study provides the basic idea for the treatment of colo-rectal cancer with
dietary supplementation. However counter effects of folic acid on colorectal cancer has also
been reported38. We suggest the use of folic acid with vitamin A, C and E in the diet as it does
not show any harmful effects even when increased dose were given to the rats. Mechanism of
action of these supplements are also needed to be explored at the molecular level. Further
studies are needed to be done to bring this research to the translational levels. Studies are also
needed to be done in order to explore the mechanism by which folic acid heals the cancer
damage when combine with other supplementations.
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