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Omega-3 essential fatty acids (w-3 FATs); found in the highest concentrations in fish oil, claim a
plethora of health benefits. The present study aims to evaluate the biological effects of w-3 FATs
supplementation against Ehrlich carcinoma (EC) induced inflammation, oxidative stress, biochemical
and histopathological alterations in the liver tissue of albino mouse. w-3 FATs were orally administered
via gavage to mice for a period of 30 consecutive days at a dose of 300 mg/kg body weight. On the 7th
day of w-3 FATs administration, female mice were subcutaneously injected with 0.2 ml of Ehrlich ascite
carcinoma for solid tumor induction. The present study revealed that, subcutaneous injection of Ehrlich
solid tumor led to hepatic oxidative stress (as significant increase in lipid peroxidation (thiobarbituric
acid reactive species, TBARS), concomitant with a significant decrease in glutathione and antioxidant
enzymes), systemic inflammation (significant increases in C-reactive protein, tumor necrosis factor-
alpha and leukocyte counts) and biochemical alterations (as increase in liver function enzymes)). While
in the tumor tissue, significant increase in tumor TBARS content and non significant changes in
glutathione and antioxidant enzymes were observed. Histopathological studies showed that EC cells
metastasis caused fatty degeneration, enlargement of liver cells nuclei and presence of necrosis.
Pretreatment of animals with w-3 FATs significantly reduced tumor size and markedly improved most of
the biochemical parameters associated with the inoculation of EC. It could be concluded that w-3 FATs
administrated to mice, reduce tumor size, inhibit systemic inflammation, improving liver function profile,
modulating lipid peroxidation and augmenting antioxidant defense system in EC bearing mice.
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INTRODUCTION

Malignancy is one of the most serious diseases afflicting
mankind today. The cancer burden in developing coun-
tries is increasing as a result of increasing ageing and
growth population, and adaptation of cancer-associated
lifestyle choices including smoking, physical inactivity and
‘Westernized diet’ (Preetha et al., 2008). Chronic
inflammation has been linked to various steps involved in

tumorigenesis, including cellular transformation, promo-
tion, survival, proliferation, invasion, angiogenesis, and
metastasis (Mantovani, 2005). Chronic inflammation and
the metabolic products of phagocytosis are often accom-
panied by the excessive formation of reactive oxygen and
nitrogen species that are potentially damaging to DNA,
lipoproteins, and cellmembranes (Schottenfeld and Beebe-
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Dimmer, 2006). Inflammatory cells also release metabo-
lites of arachidonic acid, or eicosanoids, including
prostanoids or prostaglandins and leukotrienes (O’Byrne
and Dalgleish, 2001). Animal bearing experimental
Ehrlich carcinoma (EC)revealed low activity of antioxidant
system (Bhattacharya and Haldar, 2011). In addition, free
radicals, particularly oxygen radical, play an important
role in the complex course of multistep carcinogenesis
(Marnett, 2000). First, an oxidative stress can induce
DNA damages that lead to genomic instability and
possibly stimulate cancer progression (Oberley, 2002).
Secondly, elevated reactive oxygen species (ROS) levels
are responsible for constant activation of transcription
factors and the progression of the disease (Gupta et al.,
1999).

Resistance to conventional anticancer therapies in pa-
tients with advanced solid tumors (Patyar et al., 2010); in
addition to the side effects that patients experience from
conventional chemotherapy, number of studies demon-
strated that oils rich in omega-3 essential fatty acids (w-3
FATs) decrease the tumor weight and metastasis number
(Espada et al., 2007). w-3 FATs; found in the highest
concentrations in fish oil, claim a plethora of health
benefits. Fish oil-derived w-3 FATs seem to prevent
cancer by influencing the activity of enzymes and
proteins related to intracellular signaling and, ultimately,
cell proliferation (Bartsch et al., 1999).

These fatty acids are known to have pleiotropic effects,
including effects against inflammation (Browning, 2002),
platelet aggregation and hyperlipidemia (Hu, 2001).

The main purpose of the current study is to explore the
major complications that occur due to experimental EC
implantation in female mice, and to explore the potential
role of w-3 essential fatty acids for prevention of tumor
progression and disturbances induced in the antioxidants
status and metabolic profile.

MATERIALS AND METHODS

Because Ehrlich ascites carcinoma (EAC) cells were reported to
show greater initial growth and total cell count in female than male
mice (Vincent and Nicholls, 1967), the present study used female
mice as experimental subjects. Adult female Swiss albino mice
weighing 22 to 25 g purchased from the breeding unit of the
Egyptian Organization for Biological Products and Vaccines (Cairo)
were used in this study. The animals were maintained on a
commercial standard pellet diet and tap water ad libitum. The mice
were acclimatized to laboratory conditions for 7 days before
commencement of the experiment. All procedures described were
reviewed and approved by the University Animal Ethical Committee.

w-3 FATs treatment

w-3 FATs capsules were purchased from Kirkland Signature
Company (Kirkland, Washington, USA). The product is supplied as
transparent soft-gelatin capsules filled with light-yellow oil tablets of
300 mg w-3 FATs (eicosapentaenoic acid (EPA): 180.0 mg/g and
docosahexaenoic acid (DHA): 120.0 mg/g). It was suspended in
doses of 300 mg/kg body weight/day during 30 successive days(An
et al., 2009).
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Tumor transplantation

A cell line of EAC supplied through the courtesy of Dr. Gklien,
Amsterdam Holland was maintained in experimental female Swiss
albino mice by weekly intraperitoneal injection of 2.5 x 10° cells per
mouse (El-Gawish, 2003). The solid form was done by inoculating
2.5 x 10° cells per mouse subcutaneously between scapulae in the
neck region. After 7 to 8 days from EAC cell inoculation, solid tumor
was observed.

Experimental design

Healthy Swiss albino mice were randomly assigned into four
experimental groups (10 mice/group), which were classified as
follows: control group (1), the mice in this group were orally
administered 1 ml water/mouse daily and served as control group
for one months; EC group (2), each mouse in this group was
injected subcutaneously (SC) in the neck region with 0.2 ml of EAC
which contained 2.5 x 10° cells for solid tumor induction; w-3 FATs
group (3), the mice in this group were orally treated with omega 3
(300 mg/kg body weight) daily for 30 days from the 1st day of the
experiment; w-3 FATs + EC group (4), the mice in this group were
orally treated with w-3 FATs (300 mg/kg body weight) daily for 30
da%/s, on day 7 each mouse was injected subcutaneous with 2.5 x
10° EAC cells for solid tumor induction.

Monitoring of tumor size

The effects of the w-3 FATs on tumor growth were evaluated
through monitoring of tumor growth for each experimental group.
Tumors were measured individually using a caliper. Tumor size was
determined by the following formula (Jia et al., 2005):

Tumor size = length x width? x 0.52

After 24 h of the last dose of w-3 FATs treatment and 16-h fasting,
animals of each group were sacrificed. Blood samples were
collected and serum obtained by centrifugation at 3000 rpm for 10
min for biochemical analysis. Samples of liver and tumor tissue
were excised. Parts of the excised liver and tumor tissues were
used for the histopathological examination, while the other part was
used for the biochemical analysis.

Biochemical assays

The activities of aspartate and alanine transaminases (AST and
ALT) were assayed by the kinetic method using available
commercial kits (Spinreact, Spain) according to the method
described by Young (2001), while alkaline phosphatase (ALP)
activity was assayed depending on the method of Roy et al. (1970)
using Biodiagnostic kit. The activities of lactate dehydrogenase
(LDH) in serum were assayed by the kinetic method using available
commercial kits (Spinreact, Spain) according to the method des-
cribed by Young (2001). The levels of tumor necrosis factor-alpha
in serum were assayed by the standard sandwich enzyme-linked
immune-sorbent (ELISA) assay technique using ELISA kit
(K0331186, KOMABIOTECH, Seoul, Korea) following the manufac-
turer’s instructions. The levels of Serum C-reactive protein (CRP)
were assayed by the latex-agglutination test described by Hanson
et al. (1997). The white blood cells (WBCs) count was determined
according to the improved Neubauer method wusing the
haemocytometer.

Lipid peroxides, measured as thiobarbituric acid reactive species
(TBARSs), mainly malondialdehyde (MDA) were measured according
warm distilled water and administered via gavages to the mice at
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Table 1. Effect of w3 FATs administration on serum tumor necrosis factor alpha (TNFa),
reactive protein (CRP) levels and total leucocytes count (TLC) in different animal groups.

Group TLC (10%/ml) TNF-a (Pg/ml) CRP
Normal control 7.15+0.11 86+4.95 >6
EC 18.08+0.47° 223+8.13° 18°
w-3 7.37+0.19° 71+1.63° >6
w-3+EC 12.7+0.44%° 76.75+3.64° >6

Each value represents the mean of 6 records + SE. “Significant differences versus normal
control group. bSignificant differences versus Ehrlich carcinoma (EC) bearing animals group.

Table 2. Effect of w3 FATSs on liver function enzymes of control or Ehrlich carcinoma (EC) bearing mice.

Group AST (U/L) ALT (U/L) ALP (U/L) LDH (U/L)
Normal control 59.0+3.07 34.5+2.45 7816.78 336+14.75
EC 1606.79° 94+4.18° 13615.28° 490+5.89°
w-3 63+2.62° 35+2.45° 78+4.58° 355+14.29°
w-3+EC 126+8.14% 6615.21%° 1059.18% 439+13.44%°

Each value represents the mean of 6 records + SE. °Significant differences versus normal control group.
®Significant differences versus Ehrlich carcinoma (EC) bearing animals group.

the reported methods of Yoshioka et al. (1979). Reduced
glutathione (GSH) were determined according to the method of
Beutler et al. (1963). Catalase, superoxide dismutase (SOD) and
glutathione peroxidase (GPx) were determined according to the
method of Sinha (1972), Masayasu and Hiroshi (1979) and Gross
et al. (1967), respectively.

Histopathological studies

Parts of the excised liver and tumor tissues were fixed in 10%
formalin for 48 h, then transferred to 70% ethyl alcohol processed
and embedded in paraffin blocks. Sections of 5 to 6 ym thickness
were stained with haematoxylin and eosin (H&E) for histopathology
examination.

Statistical analyses

All values are presented as mean + standard error of mean (SEM).
All groups were compared by one-way analyses of variance
(ANOVA) and post hoc multiple comparisons were done with Dun-
can test in SPSS/PC software program (version 12.0; SPSS Inc.,
Chicago, IL, USA) to determine the differences in all parameters.
Differences were considered statistically significant at P<0.05.

RESULTS

EC size monitoring is illustrated as shown in Figure 1. It
is clear that the inoculation of 2.5 millions of EC cells in 2
ml physiological saline in the neck region of healthy
normal mice produced a tumor with a mean size of
332.8+8.83 mm® on the 7th day after tumor inoculation
(ATI). EC size exceeds 500 mm® on the 10th day ATI.
The increase in size of EC proceeds by days reaching
3300+£194.7 mm?® on the 30th days ATI.

Gavages of the experimental animals with w-3 FATs

(0.3 g/kg body weight/day) 7 days before EC tumor cell
inoculation, recorded 18.72+1.26 mm® EC tumor size on
the 7th day ATl and reaching 165+10.73 on the 30th days
ATI. The percentage of growth inhibition in the 7th days
ATI was 94.375% and the percentage of growth inhibition
on the 30th days ATl was 95%

Effect of w-3 FATs administration to mice on
biochemical parameters

Table 1 revealed that subcutaneous injection of EC cells
on the back of neck region of female mice produced a
significant increase (P<0.001) in total leucocytes count
(TLC) by 153%, increase serum TNF-a level by 159.3%,
and remarked increase in serum CRP level significant in
comparison with normal control group values. Treatment
of the experimental mice-bearing EC with w-3 FATs pro-
duced a significant decrease in TLC by 29.77%,
decrease in serum TNF-a level by 65.58% and great re-
duction in the CRP level in comparison with EC bearing
group.

EC has been found to cause abnormalities in liver func-
tion as shown by the significant increase in the activity of
serum enzymes. The results demonstrated in Table 2
showed that the EC animal bearing group exhibited a sig-
nificant increase in serum activity of ALT, AST, ALP, and
LDH compared to that of the normal control group. After
administration of w-3 FATs at the dose of 300 mg/kg
body weight to EC bearing mice significantly reduced
serum activity of liver function enzymes were recorded in
comparison with EC control group.

Table 3 showed that EC inoculation; significant increase
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Table 3. Effect of w3 FATs on TBARS levels and antioxidant status of liver tissue in control or Ehrlich

carcinoma (EC) bearing mice.

Group TBARS GSH CAT soD
(umol/g) (GSH/qg) (umol/min/g) (ug/mg)
NC 152417 38.80+3.96 152.3316.74 5.70+0.46
EC 180+19%* 32.83+2.13% 140.17+6.117t 5.06+0.33%
w-3 135+18" 37.93+2.92°t 159.00%5.55"* 5.58+0.31°t
w-3+EC 154+14°* 36.20+1.77 144.50+4.18%* 5.47+0.20°

Each value represents the mean of 6 records + SE. ®Significant differences versus normal control group.
bSignificant differences versus Ehrlich carcinoma (EC) bearing animals group.

Table 4. Effect of w3 FATs on TBARS levels and antioxidant status of EC tumor tissue in mice bearing Ehrlich

carcinoma (EC).

Group TBARS GSH CAT SOD
(umol/g) (GSH/g) (umol/min/g) (ug/mg)

EC 99+1.70 18+0.37 92+2.48 4.08+0.16

w-3+EC 127+1.70%* 17+0.43™ 84+2.80" 4.65+0.26™
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Figure 1. Effect of w3 FATs on tumor size of Ehrlich carcinoma.

increase (P<0.05) in liver TBARS level by 18.4%,
meanwhile, a significant decrease in liver GSH, GSH-Px,
CAT and SOD content by 15.37, 14.44, 8 and 11.14%,
respectively, were observed in comparison with the
normal control values (Table 3). Treatment of animals
with w-3 FATs at the dose of 300 mg/kg, increased
hepatic antioxidant enzymes compared to that of EC
control group. The treatment of EC-bearing mice with w3
FATs was more effective in restored and corrected the
biochemical parameters level (Table 3).

Treatment of the experimental mice-bearing solid EC
with w3 FATs produce significant increase (P<0.05) in

tumor TBARS and SOD content by 28.28 and 13.97%,
respectively, against EC-bearing group. Meanwhile, a
significant decrease in tumor GSH, GSH-PX and CAT
content was observed by 5.68, 17.65 and 8.57%, res-
pectively in comparison with EC-bearing group (Table 4).

Histopathological changes in EC tumor tissues and
liver as effected by w-3 FATs treatment.

EC tumor tissue

Histopathological examination of the EC tumor under
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Figure 2. Photomicrograph represents subcutaneous solid Ehrlich carcinoma in mice.
(A): Control solid Ehrlich carcinoma. (B): Solid Ehrlich carcinoma in mice treated by w3 FATs. (H & E x100-

Encircled parts x400).

Figure 3. Photographs of sections in liver of mice.
A, B: Control sections showing the normal appearance of hepatocytes and the central vein (CV) in A and portal vein (PV)
in B. C: Normal appearance in w-3 treated group. D, E: Liver sections of mice bearing EC represented accumulation of
EC cells (blocked arrow) around a congested portal blood vessel (star) with completely haemolysed RBCs. F: Liver
tissue represents great disappearance of metastatic ECs in w3 FATSs treated group. (H&E stain x 400).

Light microscope showed compactness and aggre-
gation of the tumor tissue cells spread subcutaneously
within the soft tissues in the neck region. EC tumor
showed groups of large, round and polygonal cells, with
pleomorphic shapes, hyperchromatic nuclei and binuclea-
tion. Several degrees of cellular and nuclear pleomor-
phism were seen (Figure 2A).

Treatment of female mice bearing EC tumor by w-3
FATs recorded great destruction of tumor tissue repre-
sented by the appearance of dead (arc) and necrotic cells
(star) (Figure 2B).

Liver tissue

Normal histological pattern of the control liver of young
mice is as shown in Figure 3A and B. Normal central vein
(CV) is surrounded by radiating cords of hepatocytes with
prominent Kupffer cells. Normal sinusoidal spaces,
branches of the hepatic portal veins (PV) and branches of
the hepatic arteries and bile ducts could also be noticed.
Treatment of female mice with w-3 FATs represented a
normal appearance of liver tissue section (Figure 3C).
The liver sections of mice bearing EC showed



accumulation of EC cells around congested portal blood
vessels with completely haemolysed red blood cells
(RBCs) in the portal vein (Figure 3D and E). Treatment of
the experimental mice-bearing solid EC with w-3 FATs
revealed great disappearance of metastatic EC cells
(Figure 3F) from the liver tissue. Some hydropic
degeneration in hepatocytes cytoplasm and increase in
Kupffer cells were also detected.

DISCUSSION

Two major limitations are known to negatively affect the
utilization of anticancer agents for therapy; firstly, the lack
of selectivity for tumor cells and the second cytotoxicity of
these substances, especially when applied in high doses.
Implantation of EC tumor into female Swiss albino mice
has been proved to induce oxidative stress provoking
oxidative damage, organ dysfunction and metabolic
disturbances. Oxidative stress is a main mediator in
ROS-induce liver dysfunction and has been implicated in
many pathological conditions, including, DNA damage,
tumor promotion and cancer. Cytotoxic ROS were
identified in tumor cells and are possibly associated with
depletion of antioxidant enzymes (Yamamoto et al.,
2003). Some polyunsaturated fatty acids (PUFAs) exert a
selective cytotoxic or anti-proliferative effect on tumor
cells rather than on normal cells (Judé et al., 2006).

The results obtained in the present study showed that,
the serum levels of ALT, AST, ALP and LDH increased in
mice bearing-EC. The elevation in liver enzymes of mice
treated with EC has already been reported in earlier
studies and is still consistent with more recent results
(Sakr et al., 2011). Most experimental solid tumors have
elevated levels of ROS and consequently oxidative stress
(Maeda and Akaike, 1998). Oxidative stress has been
suggested to represent an important contributory factor to
liver injury, and to enhanced morbidity related to liver
hypo-function (Siddique et al., 2004). Therefore, accu-
mulation of ROS and GSH depletion in tumor cells could
induce unsaturated fatty acid to undertake lipid oxidation,
thereby disordering the transport and storage of ca® in
mitochondria, endoplasmic reticulum and cell membrane,
increasing the content of plasmic ca®, and ultimately
causing death of cell. ALT, AST, ALP and LDH are then
released into the blood (Hua and Ya-Wei, 2005; Wallace,
2007).

LDH activity was inhibited in tumor group due to
increase in inflammatory cells which caused reduction in
protein level (Saad-Hossne et al., 2003) or due to hepato-
toxicity (Kalapos et al., 1993) or the other possible reason
for elevated levels of LDH may be due to higher gly-
colysis in cancerous conditions (Al-Jasabi et al., 2013).

Treatment with w-3 FATs caused improvement in
which ameliorating hepatic enzyme levels which related
to the free radical scavenging activity, so w-3 FATSs protect
liver membrane from free radicals and decrease lipid
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peroxidation level, as a result of that, LDH was prevented
from releasing outside the cell (Schmidt et al., 2005).

The results of the current study indicated that treatment
of the experimental mice-bearing EC with w-3 FATs
produced significant increase in tumor TBARS and SOD
content associated with a significant decrease in tumor
GSH, GSH-PX and CAT content in comparison with EC-
bearing group. In the present work, the increase of
TBARS level in tumour tissue might be attributed to the
deficiency of antioxidant defence mechanisms or
probably due to the generation of ROS and altered redox
statuses which are common biochemical aspects in tu-
mor cells. ROS can react with the PUFAs of lipid me-
branes and induce lipid peroxidation. Earlier studies
observed increased lipid peroxidation and decreased
antioxidant levels in the cancer patients (Manju et al.,
2002).

Significant elevation in SOD in tumor group may be
correlated to the oxidative stress in response to the con-
tinual generation of free radicals by the increase of tumor
load (Fahim et al., 2003). The significant decrease in
GSH level in tumor tissue may be due to lack of amino
acids which is used in the making of GSH (Deepa and
Varalakshmi, 2003).

Long chain w-3 PUFAs, are highly susceptible to lipid
peroxidation (LPO), because of their double bonds.
Hence, their incorporation into phospholipids of cellular
membranes may sensitize cells to ROS and thereby
induce oxidative stress in tumour cells (Sawyer and Field,
2010).

The results of the current study revealed that subcuta-
neous transplantation of EC cells on the back of neck re-
gion of experimental mice produced a significant increase
in liver TBARS level associated with a significant
decrease in liver GSH, GSH-Px, CAT and SOD content in
comparison with the normal control values. The results
obtained support previous findings that EAC has been
suggested to cause the generation of ROS resulting in
oxidative stress, alter the antioxidant defense system in
tissues and cellular injury, which may be one of the
factors in the etiology of cancer (Bansal et al., 2005).

Moreover, the inhibition of antioxidants enzyme activity
and a reduction in glutathione level as a result of tumor
growth was reported (Gupta et al., 2004). This
phenomenon could be attributed to the exhaustion of
these antioxidants especially glutathione and glutathione
containing enzymes in the detoxification of free radicals
and peroxides, generated due to the presence of the EC
tumor. The decrease in liver SOD activity in EC bearing
mice is probably due to loss of Mn®* containing SOD
activity in EAC cells and the loss of mitochondria, leading
to a decrease in total SOD activity in the liver (Sun et al.,
1999). A small amount of CAT in tumor cells was
reported (Sun et al., 1999).

Most experimental solid tumors have elevated levels of
ROS (Maeda and Akaike, 1998). Thus, in the present
study, a significant expected elevation of free radicals in
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the tumor group was observed. It has been suggested
that w-3 FATs may stimulate the production of ROS
generating cells, such as activated macrophages and T
lymphocytes (Avogadri et al., 2008). The prominent
antioxidant activity of w-3 FATs was extensively
documented in different experimental situations; it inhibit
hepatocellular carcinoma cell growth through blocking 8-
catenin and cyclooxygenase-2 (Kyu et al., 2009).

In the present study, the presence of EC tumor in
female Swiss albino mice was accompanied by a
systemic inflammation as manifested by a significant
increases in C-reactive protein (CRP), tumor necrosis
factor-alpha (TNF-a) and leukocyte counts (leukocytosis)
reflecting systemic inflammation in the liver. All of these
could come from the tumor C-reactive protein (CRP) is an
exquisitely sensitive systemic marker of inflammation and
liver tissue damage (Kerner et al., 2005). The significant
increase in the level of serum CRP might be attributed to
EC-induced oxidative damage and increases in
inflammatory activity (Hayashi et al., 2001).

Etiologically, leukocytosis is a primary pathological
condition affecting the white blood cells, but it frequently
arises as a reaction to infection, chronic inflammation and
cancer (Ruka et al., 2001). The increase in total
leucocytes count (leukocytosis) observed in the present
study could be due to induction of solid tumor in mice
which was accompanied by marked cellular, molecular,
and biochemical changes. Leukocytosis which observed
in the current study might be attributed to the decreased
significantly number of lymphocytes, or due to lipid
peroxidation (Tibaldi et al., 2008).

Significant increases in proinflammatory cytokines (as
TNF-a), in the present study might be attributed to the
fact that Ehrlich solid tumors can cause a series of
deleterious side-effects, including oxidative stress that
may triggers lipid peroxidation which in turn initiates
release of malondialdehyde and binds to hepatocyte
proteins initiating a potentially harmful immune response
and stimulate neutrophil chemotaxis or activates
transcriptional factor NFkB which in turn increases the
production of proinflammatory cytokines as TNF-q,
promoting hepatocyte injury and apoptosis and hepatic
stellate cell activation (Duvnjak et al., 2007).

In the present study supplementation of mice with w-3
FATs has significantly ameliorated serum systemic
inflammatory level. This could be attributed to the role of
w-3 FATs in EC tumor regression and minimizing EC-
induced oxidative injury as well as to its anti-inflammatory
effect (Raso et al., 2002). Clinical studies have reported
that fish oil supplementation has beneficial effects in
rheumatoid arthritis, inflammatory bowel disease, and
among some asthmatics, supporting the idea that the w-3
FATs are anti-inflammatory and immunomodulatory
(Philip, 2001). The first mechanism whereby w-3 FATs
can reduce inflammation is by producing metabolites
which exert potent anti-inflammatory effects, including
resolvins, docosatrienes and protectins (Bazan, 2007;
Dyall, 2010). A second mechanism by which w-3 FATs

can reduce inflammation is by lowering the level of
omega-6 (w-6) PUFAs in the brain that can stimulate pro-
inflammatory eicosanoid metabolites including prosta-
glandins, leukotrienes and thromboxanes (Farooqui et al.,
2007).

In the present study, treatment of tumor-bearing mice
with w-3 FATs exerted a marked effect in the retardation
of tumor growth as compared to tumor bearing mice
group. These observations are consistent with the
previous findings by Majumder et al. (2006). The increase
of tumor size in EC might be attributed to EC-induced
oxidative stress (Dwivedi et al., 2007) or due to activation
of activate nuclear factor (NF-kB)-induces tumor growth
and metastasis and reduces cytokines-induced apoptosis
(Takada et al., 2006).

Experimental studies suggested a beneficial role of w-3
FATSs in health, owing to their antioxidant properties, and
their ability to modulate the activity of various enzymes
(Depasis et al.,, 2002). w-3 FATs, especially the
eicosapentanenoic acid (EPA) and docosahexanoic acid
(DHA), were shown to exert cancer-protective activity. On
the other hand, the selectivity of DHA and other PUFAS)
on tumor cells has been a worthwhile goal of research. In
this context, in vitro cell culture studies have led to a
consensus that some PUFAs exert a selective cytotoxic
or anti-proliferative effect on tumor cells rather than on
normal cells (Judé et al., 2006).

Evidence increasingly suggests that w-3 FATs,
particularly eicosapentaenoic acid (20:5n-3) (EPA) and
docosahexaenoic acid (22:6n-3) (DHA) are protective
against cancer, and the data is the strongest for breast
and colon cancer. These protective effects are mediated
by a variety of different mechanisms, including the
incorporation of w-3 FATs into cell membranes, which
changes membrane fluidity, may affect the association of
proteins within cell membranes (Wang et al., 2000), and/
or may initiate different signal-transduction processes. w-
3 FATs have also been shown to decrease cell prolifera-
tion and/or increase apoptosis during the tumorigenesis
process and modulating angiogenesis (Szymczak et al.,
2008).
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