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Chemopreventive potential of fish oil against 7, 12-dimethyl
benz(a)anthracene and croton oil induced two-stage mouse skin
papillomagenesis.
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Abstract

Cancer chemoprevention is a novel and recognized approach to inhibit, delay or reverse the process of
cancer development by using natural products. Our aim of this study was to examine the
chemopreventive potential of fish oil on 7, 12-Dimethylbenz (a) Anthracene (DMBA)-initiated and
croton oil-promoted skin papillomagenesis model in mice. Oral treatment of fish oil at a dose of 25 µl per
animal resulted in significant reduction of tumor incidence, tumor burden, tumor yield, and the
cumulative number of papillomas in DMBA+croton oil+fish oil treated group compared to only DMBA
+croton oil administered positive control group. Pre-treatment of fish oil also increased the latency
period of tumor development and a significant reduction in the weight and size of the skin papillomas.
Furthermore, biochemical assays revealed a significant increase in the hepatic enzymatic and non-
enzymatic antioxidants like glutathione-S-transferase, superoxide dismutase, catalase, and reduced
glutathione whereas lipid peroxidation was found to be significantly reduced as a result of fish oil
treatment. Thus, the results of the present study clearly indicate that fish oil has potent chemopreventive
efficacy against two-stage skin carcinogenesis which can be partially attributed to its anti-oxidative and
anti-peroxidative effect.

Keywords: Fish oil, Chemoprevention, Papilloma, Skin carcinogenesis, Antioxidant enzymes.
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Introduction
Cancer is the second leading cause of death in human
population after cardiovascular diseases [1]. Amongst all forms
of cancer, skin cancer is currently the most common type of
cancer and of particular concern because its incidence is
increasing at high rate [2]. Recent estimation of the cancer
incidence in Saudi Arabia indicates that skin cancer accounted
for 3.2% of all newly diagnosed cases in year 2010. It affected
52.7% males and 47.3% females with a male to female ratio of
111:100 [3]. Although solar radiation is the leading cause of
human skin cancer, it is also acknowledged that exposure to
various xenobiotics such as industrial chemicals, arsenic,
pesticides, cigarette smoke and pollutants also contribute to
growing incidences of cutaneous neoplasia in humans.
Chemoprevention, which is a relatively newer strategy, could
be an important armamentarium for skin cancer since it can
delay, retard or reverse the process of cancer development
[4-6].

Recently, promoting the regular use of whole cardamom in the
diet, especially in high-risk groups, may be helpful in
significantly reducing cancer incidence and tumor burden [7].

The uses of natural agents present in the common diet and
beverages consumed by human population have gained
considerable attention. These agents have shown
chemopreventive potential against cancer of various organs
including skin and antimicrobial activity [8-13]. Many of our
routine food items of plant and animal origin have rich source
of fat. Diets high in fat have been linked with an increased risk
of various types of cancers [14]. Increasing evidence from
animal and human studies indicate that the amount and
composition of dietary fat, particularly of essential
Polyunsaturated Fatty Acids (PUFAs), may modulate
development of cancer [15-18]. Dietary fats, especially ω-3
Polyunsaturated Fatty Acids (PUFA) have inhibitory role in
carcinogenesis [19].

Fish oil rich in ω-3 Polyunsaturated Fatty Acid (n-3PUFAs)
such as Eicosapentaenoic Acid (EPA) and Docosahexaenoic
Acid (DHA) has shown to exhibit wide range of biological
activities including antimicrobial, antioxidative, anti-
inflammatory, anti-arthritic and immuno-modulatory effect
[20-24]. Fish oil has also been reported as one of the potential
modifiable protective factor against various forms of cancers
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[25-28]. However the effect of fish oil against skin
carcinogenesis is not well studied. In this study, we tried to
explore the effect of oral administration of fish oil against
DMBA and croton oil mediated two-stage skin carcinogenesis
in terms of tumor development. Furthermore, protective effect
of fish oil was also examined in terms of modulation of
enzymatic and non-enzymatic anti-oxidants as well as the level
of lipid-peroxidation in hepatic tissue. Modulations in the
activities of these anti-oxidants are typical biomarkers of
oxidative stress which are closely linked with the development
of skin tumor.

Material and Methods

Animals
Random bred male Swiss albino mice (aged 6-8 weeks;
weight: 21.01 ± 0.80) were used for the experiments. The
animals were kept in ventilated cages in air-conditioned animal
facility at 25°C ± 2°C room temperature with 12 h light/dark
cycle. They were provided with Purina chow diet pellets (Grain
Silos and Flour Mills Organization, Riyadh, Saudi Arabia) and
tap water ad libitum. All of the experimental protocols were
approved by the Institutional Animal Care and Use Committee
of University of Hail.

Chemicals
DMBA was obtained from Acros Organics, Hanover Park, IL,
USA. Croton oil was purchased from Alfa Aesar (Lancashire,
United Kingdom). Kits for Superoxide Dismutase (SOD),
Catalase (CAT), Glutathione-S-Transferase (GST), Glutathione
(GSH), and Lipid Peroxidation (LPO) were obtained from
Cayman Chemical Co., Michigan, USA. Fish oil under the
brand name Maxepa was purchased from local drug store. It
contains 180 mg/ml Eicosapentaenoic Acid (EPA) and 120
mg/ml Docosahexaenoic Acid (DHA). All other chemicals
used in the present study were of analytical grade obtained
from local supplier.

Experimental design
This study composed of two separate experiments. Experiment
I was designed to evaluate the chemopreventive potential of
fish oil against skin papillomagenesis in Swiss albino mice.
Experiment II aimed to study the chemo modulatory effect of
fish oil on the activities of the hepatic detoxification and
antioxidants enzymes and the level of lipid-peroxidation.

Experiment I: To evaluate the chemopreventive potential of
fish oil: To test the chemopreventive efficacy of fish oil against
DMBA and croton oil-induced mouse skin papillomagenesis,
forty eight mice were divided equally into four groups of 12
mice each.

Group I, these animals received only topical acetone and were
considered as negative control group; Group II, animals from
this group were applied with a single topical application of
DMBA (100 µg in 50 µL of acetone) on their shaven backs.
Two weeks after the initiation, these animals were

administered with 0.1 ml of croton oil (1% in 100 µl of
acetone) three times a week until the termination of the
experiment (up to 16 weeks). These animals serve as positive
control.

Group III, animals from this group were treated with daily oral
administration of fish oil (25 µl/animal/day), 15 days prior to
the initiation by DMBA and continued throughout the
experimental protocol (up to 16 weeks). Croton oil was also
administered topically to these animals three times a week until
the end of the experiment (16 weeks). These animals serve as
treatment group; Group IV, animals from this group were given
an oral treatment of fish oil (25 µl/animal/day) only for 16
weeks.

The number of skin tumors on each affected mouse was
recorded. Skin papillomas were defined as lesions with a
diameter˃1 mm that were present for at least two consecutive
observations.

Morphological analysis of tumors/papillomas
The chemopreventive response was assessed on the basis of
tumor incidence, burden, yield, and cumulative number of
papillomas and average latent period that were calculated as
follows: tumor incidence, percentage number of animals
having tumors; tumor burden, total number of tumors counted
per group/number of tumor bearing mice; tumor yield, total
number of tumors counted per group/total number of mice in
the group; cumulative no of papillomas; total number of
tumors that appeared by the end of the experiment; average
latent period, was calculated by multiplying the number of
tumors appearing each week by the time in weeks after the
application of the promoting agent and dividing the sum by the
total number of tumors. In addition the weight and size of the
each tumor appeared in animals at the termination of
experiment were measured.

Experiment II: Modulatory effect of fish oil on antioxidant
enzymes and lipid-peroxidation: This experiment was
performed in order to investigate the chemo modulatory
influence of fish oil on hepatic enzymatic and non-enzymatic
antioxidants (GST, SOD, CAT, and GSH) and the level of
Lipid Peroxidation (LPO). For the purposes of enzymatic
assays animals were sorted into two groups of eight animals
each. Group I, animals were kept on a normal diet for 15 days;
Group II, animals were treated orally with Fish oil (25 µL/
animal/day) for 15 days. At the end of the experiment mice
were sacrificed by cervical dislocation. Liver tissue was
obtained and stored at-80°C until analysis.

Estimation of reduced glutathione (GSH) level
The tissues were homogenized in 5-10 ml of cold buffer (50
mM MES, pH 6.0, containing 2 mM EDTA). The homogenate
was then centrifuged at 10,000 xg for 15 minutes at 4°C, and
the supernatant assayed for GSH levels using the Cayman
assay kit (Cayman Cat No:703002), which involved an
optimized enzymatic recycling method and GR. The sulfhydryl
group of GSH reacts with 5, 5-Ditho-Bis-2-Nitrobenzoic Acid

Qiblawi/Dhanarasu/Alaraj

2 Biomed Res- India 2017 Volume 28 Issue 4



(DTNB) and produces yellow colored 5-Thio-2-Nitrobenzoic
Acid (TNB). The rate of TNB production is directly
proportional to the concentration of GSH in the sample. The
absorbance of TNB at 410 nm was used to estimate the amount
of GSH in the sample.

Determination of the glutathione s-transferase (GST)
activity
The tissue was homogenized in 2.5 ml of cold buffer (100 mM
potassium phosphate and 2 mM EDTA, pH 7.0) and
centrifugation at 10,000 xg for 15 min at 4˚C was done. The
GST activity was determined by measuring the conjugation of
1-Chloro-2, 4-Dinitrobenzene (CDNB) with reduced GSH
using a GST assay kit (Cat No. 703302, Cayman, MI, USA)
Conjugation is accompanied by an increase in the absorbance
at 340 nm and the rate of increase is directly proportional to the
GST activity in the sample [29].

Determination of the catalase activity
Tissue samples were homogenized in cold potassium
phosphate buffer, pH 7.0, containing 1 mM EDTA. The
mixture was then centrifuged at 10,000x g for 15 minutes at
4°C, and the supernatant assayed for CAT activity using the
Cayman assay kit (Cayman Cat. No: 707002). This kit utilizes
the peroxidatic function of CAT for determination of enzyme
activity. The method is based on the reaction of the enzyme
with methanol in the presence of an optimal concentration of
H2O2. The formaldehyde produced is measured
spectrophotometrically at 540 nm with 4-amino-3-hydrazino-
5-mercapto-1, 2, 4-trizazole as the chromagen.

Determination of the superoxide dismutase activity
The tissues were homogenized in 20 mM HEPES buffer (1
mM EGTA, 210 mM mannitol, and 70 mM sucrose/g tissue),
pH 7.2. The homogenate was then centrifuged at 1,500x g for 5
minutes at 4°C, and the supernatant assayed for SOD activity
using the Cayman assay kit (Cayman Cat. No 706002). This kit
utilizes a tetrazolium salt for the detection of superoxide
radicals generated by xanthine oxidase and hypoxanthine.
Absorbance was measured at 532 nm. One unit of SOD was
defined as the amount of enzyme needed to produce 50%
dismutation of superoxide radical.

Determination of lipid peroxidation
Lipid peroxidation was analysed by the formation of
Malondialdehyde (MDA) by using Cayman assay kit (Cayman
Cat. No 10009055) according to the manufacturer’s protocol.
The liver tissue was homogenized in RIPA buffer (50 mM Tris-
Cl, pH 8.0, 150 mM NaCl, 1% NP-40, 5 mM EDTA) and
centrifuged at 1,600 xg for 10 min at 4°C. Supernatant (0.1 ml)
was then mixed with a sodium dodecyl sulphate solution (0.1
ml) and color reagent (4 ml) and the mixture was heated to
100°C for 1 h and then rapidly cooled. Absorbance was
measured at 532 nm [30].

Statistical analysis
One way ANOVA followed by student t test was performed. P
values<0.05 was considered significant. The values are
expressed as means ± SEM.

Figure 1. Cumulative number of papillomas in mice treated with fish
oil compared with the carcinogen control group. The cumulative
number of papillomas developed in control group (carcinogen control
group) was 63 (mean 5.25 for 12 mice) was significantly higher
(p<0.001) in comparison with the carcinogen plus fish oil group
which was 29 (mean 2.42 for 12 mice) at the end of 16 weeks study.

Figure 2. Effect of fish oil on DMBA-induced papillomas in mouse
skin. Pictures were taken at the end of the experiment and are
representative for positive control and treatment group.

Results

Effect of fish oil against DMBA and croton oil
induced skin papillomagenesis
Tables 1 and 2 indicate the chemoprotective effect of fish oil
treatment on DMBA-initiated and croton oil promoted two-
stage skin carcinogenesis. No apparent toxicity of fish oil was
observed in terms of change in body weights or gross
morphological examination of major organ systems. In group
II animals (positive control) papillomas started appearing from
week six onwards, and the incidence reached 100% by the time
of termination of the experiment (i.e. week 16) (Figures 1 and
2). The cumulative number of papillomas in these animals was
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63. The average number of papillomas per mouse (tumor yield)
was found to be 5.25 ± 0.36 (Table 1), while the average tumor
weight was 175 ± 6.44 mg (Table 2).

Table 1. Chemopreventive effect of fish oil on DMBA-initiated and croton oil promoted skin carcinogenesis.

Group Total no. of
papillomas

Tumor incidence Tumor burden Tumor yield Average latency
period (weeks)

Group I control (Vehicle only) − − − − −

Group II DMBA+Croton oil 63 100% (12/12) 5.25 ± 0.36 5.25 ± 0.33 7.95 ± 0.20

Group III DMBA+Croton oil+Fish oil (25 µL/Animal /day) 29 66.66%* (8/12)  3.625 ± 0.29* 2.42 ± 0.52** 11.34 ± 0.42**

Group IV Fish oil (25 µL/Animal /day) − − − − −

Values are expressed as mean ± standard error of 12 animals.
*P<0.01 and **P<0.001, significant changes compared with the control (Group II).

Table 2. Tumor size and weight in DMBA induced and croton oil promoted skin tumorigenesis in Swiss albino mice with and without fish oil
treatment.

Group Tumor Size (mm) Tumor weight (mg)

<2 2-5 6-9

Group I: Control (Vehicle only) - - - -

Group II: DMBA+croton oil 31.00 ± 0.12 19.00 ± 0.9 13.0 ± 0.49 175 ± 6.44

Group III: DMBA+croton oil+Fish oil 19.00 ± 0.24** 7.00±0.45** 3 ± 0.61** 36.75 ± 2.28**

Group IV: Fish oil (25 µL/Animal/day) - - - -

Values are expressed as mean ± standard error of 12 animals.
**Significant difference between the experimental and control groups at P<0.001.

Mice of group III (treatment group), which were given a
continuous treatment of Fish oil orally at pre, peri, and post-
initiation phase (i.e. 2 weeks prior to DMBA application until
the end of week 16) showed a significant reduction (P<0.001)
in the incidence of tumors (66.66%) compared with the group
II animals (positive control) (Table 1). At the termination of
the experiment at 16 weeks, compared with a total of 63
tumors in positive control group of animals (group II), only 29
tumors in fish oil-treated group (group III) were recorded.
Compared with the positive control group (group II), such
decrease in the total number of tumor in the fish oil-treated
group corresponds to 54% inhibition. The average number of
tumors per mice (Tumor yield) (2.42 ± 0.52), and the average
number of tumors per tumor bearing mice (Tumor burden)
(3.625 ± 0.29) were also found to be significantly lower
(P<0.001) compared to group II animals (Table 1). In group III
animals, tumor appearance was also considerably delayed until
week 9.

Furthermore, these mice also showed significant decreases in
tumor size and weight (P<0.001) compared with the positive
control group (Group II) (Table 2). The average tumor weight
in the fish oil-treated group of mice was (36.75 ± 2.28) mg.
Fish oil also prolonged the average latency period (i.e. time lag
between the application of the promoter and the appearance of
50% of tumors) of tumor by approximately 3.4 weeks (42.6%)

compared to Group II animals (Table 1). None of the mice
from the group I (i.e. acetone alone) or group IV (fish oil
alone) developed tumors.

Effect of fish oil on hepatic anti-oxidants enzymes and
lipid peroxidation
The effect of 2 weeks of dietary feeding of fish oil was
evaluated on the activities of detoxification and antioxidant
enzymes in mouse liver. The specific activity of GST exhibited
a significant (P<0.01) increase compared with the control
group by 1.38-fold as a result of treatment with fish oil (Figure
3). The content of GSH was significantly (p<0.001) enhanced
by 1.26 fold in the group of animals supplemented with fish oil
compared with the control group (Figure 4).

Compared with the control group the specific activity of SOD
showed a significant increase (p<0.01) of 1.38- fold in the
group of animals treated with the above mentioned dietary
modulator (Figure 5). Similarly, the specific activity of CAT
was significantly enhanced by 1.23-fold (p<0.001) in the group
of animals treated with fish oil (Figure 6). The level of lipid
peroxidation was slightly but significantly (p<0.05) decreased
due to treatment with fish oil compared to the group I animals
(control group) (Figure 7).
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Figure 3. Modulatory effect of fish oil on the activity of Glutathione-
S-Transferase (GST) enzyme. Group II Mice were treated with fish oil
(25 µL/Animal/day) for 15 days. Values are represented as mean ±
SEM of 8 mice in each group. P<0.01 shows significant difference in
fish oil treated Group II when compared with control Group I.

Figure 4. Modulatory effect of fish oil on the level of reduced
Glutathione (GSH) Group II Mice were treated with fish oil (25 µL/
Animal/day) for 15 days. Values are represented as mean ± SEM of 8
mice in each group. P<0.01 shows significant difference in fish oil
treated Group II when compared with control Group I.

Figure 5. Modulatory effect of fish oil on the activity of Superoxide
Dismutase (SOD). Group II Mice were treated with fish oil (25 µL/
Animal/day) for 15 days. Values are represented as mean ± SEM of 8
mice in each group. P<0.01 shows significant difference in fish oil
treated Group II when compared with control Group I.

Figure 6. Modulatory effect of fish oil on the activity of Catalase
(CAT). Group II Mice were treated with fish oil (25 µL/Animal/day)
for 15 days. Values are represented as mean ± SEM of 8 mice in each
group. P<0.01 shows significant difference in fish oil treated Group
II when compared with control Group I.

Figure 7. Modulatory effect of fish oil on the level of lipid
peroxidation. Group II Mice were treated with fish oil (25 µL/Animal/
day) for 15 days. Values are represented as mean ± SEM of 8 mice in
each group. Lipid peroxidation level was slightly but significantly
decreased in fish oil treated mice compared with control group.
P<0.05 shows significant difference in fish oil treated Group II when
compared with control Group I.

Discussion
Cancer chemoprevention aims to halt or reverse the
development and progression of precancerous cells through
dietary or pharmacological supplementation of antioxidants
during the time period between tumor initiation and
malignancy [31].

The present investigation has clearly shown that the oral
administration of fish oil could exert a strong chemopreventive
effect against DMBA-initiated and croton oil promoted two
stage skin carcinogenesis in Swiss albino mice, as evidenced
not only by the significantly reduced tumor incidence but also
by the reduced tumor burden and tumor yield. Fish oil
treatment also resulted in significantly longer tumor latent
periods and lower papillomas cumulative number. The tumor
appearance was delayed by approximately 3.4 weeks when oral
treatment of fish oil was given continuously at the initiation
and promotional stages of carcinogenesis.

Many in vivo and in vitro experiments also indicate
chemopreventive potential of fish oil various models of
carcinogenesis [25-28,32,33]. Mernitz et al. [27] found that
fish oil supplementation was able to decrease lung tumor
prevalence by 78% and 80% compared to groups receiving
soybean oil and corn oil supplementation, respectively in A/J
Mouse. This inhibition on lung tumor prevalence was
associated with increased expressions of cell cycle inhibitor
p21Cip1 and lipoxygenase isoform 15-LOX in the lungs. In
another study, Sarotra et al. reported that fish oil has a dose and
time-dependent chemopreventive effect in colon cancer
mediated through oxidative stress and apoptosis [28]. Lou et al.
found that high fat fish oil (HFFO) diet has beneficial effect
against UVB-induced skin carcinogenesis and these effects
may be associated with an inhibition on UVB-induced
inflammatory response [32]. Protective effect of fish oil was
also observed against prostate cancer mouse model [33].

Chemical carcinogens can bind to DNA and result in
mutagenic events that contribute to malignant transformation
[34]. Because Fish oil treatment was started before the
initiation phase of carcinogenesis, the effect of Fish oil could
be considered a “blocking” effect on DMBA induced Skin
carcinogenesis and the possible mode of action would be

Chemopreventive potential of fish oil against 7, 12-dimethyl benz(a)anthracene and croton oil induced two-stage
mouse skin papillomagenesis

Biomed Res- India 2017 Volume 28 Issue 4 5



directed toward the role of fish oil treatment in modulating the
metabolism of the carcinogen. Chen et al. reported that the
blocking agents that inhibit chemical carcinogenesis could
exert their preventive effect by several mechanisms, including
enhancing detoxification of carcinogens, inhibiting cytochrome
P450-mediated activation of carcinogens, scavenging free
radicals and trapping the carcinogens and preventing their
interaction with DNA [35].

DMBA, due to its pro-carcinogenic nature, is metabolized by
phase I enzymes such as cytochrome P450 to its ultimate
carcinogenic metabolite, dihydrodiol epoxide, which binds to
and damage DNA, contributing to mutation and carcinogenesis
[36]. Oxidative stress caused by Reactive Oxygen Species
(ROS) that are excessively generated during the metabolic
activation of DMBA also contributes to the pathogenesis of
cancer [37].

It has been believed that chemopreventive agents exert their
anti-carcinogenic effect by counteracting the reactive oxygen
species-induced oxidative tissue damage and improving
antioxidant defense mechanism of the host [38]. The present
experimental investigation reported a significant enhancement
in the activities of non-enzymatic as well as enzymatic
antioxidants in the liver of mice. GSH is an important non-
protein thiol antioxidant that plays a significant role in
protecting cells against oxidative stress (GSH redox cycle), and
also directly detoxifies ROS and neutralizes reactive
intermediate species generated from exposure to xenobiotics,
including chemical carcinogens [39]. In the present study, the
elevated levels of GSH induced by fish oil in the murine liver
would probably help in the elimination of free radicals
generated during carcinogen metabolism resulting in inhibition
of skin carcinogenesis.

GSTs are a critical phase II enzymes that play a vital role in
inducing the detoxification of xenobiotics including
carcinogens, and induction of GSTs is a property found in
many naturally occurring chemopreventive agents,
ameliorating toxicity and carcinogenicity, especially during the
initiation phase [40]. The specific activity of hepatic GST
exhibited an increase in the group of animals treated with fish
oil. From a mechanistic perspective, the main function of GST
is to catalyse the conjugation of electrophilic xenobiotic
carcinogens to the endogenous nucleophile [41] and divert
ultimate carcinogens from reacting with critical cellular
molecules [42] resulting in avoidance of initiation of cancer.
Our results are further supported by an earlier investigation,
which reported that genes for Glutathione Transferases (GSTs)
were up regulated in mice fed with fish oil supplemented diets
[43].

SOD and CAT enzymes are important antioxidant enzymes of
the antioxidant defence system that protect against oxidative
stress and are effective in detoxifying superoxide radicals and
hydrogen peroxide, respectively. They act as anti-carcinogens
and inhibitors at initiation and promotion stages of the
carcinogenesis process [44]. Lowered activities of SOD and
CAT were reported in various forms of cancers [45]. Hence,
the elevation of the specific activities of both SOD and CAT in

fish oil-treated animals might have provided the cells
protection against ROS and peroxide molecules, leading to
chemoprevention against skin carcinogenesis. In recent study,
it has been found that supplementation of fish oil capsules,
containing EPA: DHA in the ratio of 1.5:1, in breast cancer
patients undergoing chemotherapy, significantly improved their
serum antioxidant levels as well as quality of life parameters
[24].

Lipid peroxidation, a well-known marker of oxidative stress, is
increased during the carcinogenic process and
Malondialdehyde (MDA), was observed to be the most
mutagenic and carcinogenic product of lipid peroxidation [46].
Although there was slight reduction in the level of lipid
peroxidation of fish oil treated mice but was found statistically
significant when compared with the control group. Inhibition
of lipid peroxidation is suggestive of the antioxidant property
of fish oil that has an ability to scavenge free radicals. This
inhibitory effect of fish oil on lipid peroxide formation has also
been reported by other researchers [47].

As mentioned above, it seems that the primary mechanism of
chemoprevention by fish oil is the enhancement of the
antioxidant defense system, which could lower the oxidative
damage produced by reactive oxygen species. Since fish oil
significantly induces the specific activity of GSH, GST, SOD
and CAT, we speculate that it can intervene in the formation of
active carcinogen metabolites as well as the processes involved
in tumor promotion. The decrease in the level of lipid
peroxidation in the group of animals treated with fish oil was
correlated with the elevation of antioxidant status of animals,
indicating its important role in reducing oxidative stress that in
turn made the cells resistant to cancer induction. This result
was found paralleled with the observed reduction in the
incidence of skin papillomas. A similar observation was also
noted with proanthocyanidins from grape seeds on the
inhibition of skin photocarcinogenesis concomitant with
reduction in lipid peroxidation [33,48].

Saw et al. found that anti-oxidative and anti-inflammatory
potential of Docosahexaenoic Acid (DHA) and
Eicosapentaenoic Acid (EPA) found in fish oil was responsible
for protection against prostate carcinogenesis in TRAMP mice
model [33].

The present findings have clearly demonstrated the cancer
preventive potential of fish oil against DMBA-initiated and
croton oil-promoted skin tumorogenesis in the murine model
system. The results are also suggestive of the ability of fish oil
to enhance the antioxidant status of animals, which might have
provided to chemoprevention of papillomagenesis. In addition
to the aforementioned mechanisms, we also anticipate that an
anti-inflammatory potential as well as an immunomodulatory
action of fish oil might have contributed to its overall efficacy
against skin chemical carcinogenesis that requires further
study.
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Conclusion
In conclusion, this study revealed that fish oil could be
considered as dietary chemopreventive agent with respect to its
ability to enhance carcinogen detoxification and its blocking/
suppressing effect on initiation and promotion stages of
chemically induced skin carcinogenesis, which provide an
effective dietary approach towards controlling the cancer
incidence. Therefore, our findings might have significance and
suggest that the regular intake of fish oil is likely to reduce the
risk of skin cancer in human population.
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