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Ameliorative effect of Flaxseed on Ehrlich Carcinoma-bearing mice.
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ARTICLE INFO ABSTRACT

Received : 5/8/2025 Objectives: Owing to the deleterious effects of treatment
ﬁﬁﬁﬁpiﬂ : ig’glg’ﬁﬁne Ubiish: modalities currently in use for cancer treatment the need to
10/8/2025 P ' develop safe cancer treatments with minimum or no side effects

became a critical need to save lives of patients. This study was
conducted to assess the efficiency of using Flaxseed as an anti-
Keywords: tumor agent on mice-bearing Ehrlich Carcinoma (EC).
i:[i'(')‘;?damycam'”/‘irr?g_inﬂa(ﬁ%mry’ Methods: Twenty four male swiss albino mice were divided
Anti-tumor into four groups: groupl was control normal group; group2
served as an untreated tumor control group; group3 was a
tumor-bearing mice group treated with Flaxseed and group4 was
Flaxseed protected tumor-bearing mice group that was
administered with Flaxseed for 15 days before tumor
inoculation. Flaxseed treatment started at day "0" of tumor
inoculation and was continued for 30 days followed by
evaluation of anti-tumor effects, liver and kidney function tests,
total antioxidant capacity, oxidative stress and anti-
inflammatory markers.
Results: Flaxseed showed potent anti-tumor effects by reducing
tumor volume and weight significantly with tumor control group
with ameliorative effects on liver and kidney function tests that
were significantly elevated in tumor control group. Tumor
lowering effect on Total antioxidant capacity (TAC) and
elevation of oxidative stress markers were potently ameliorated
by Flaxseed, restoring their values to ones close to normal
control. Tumor-induced elevation of the inflammatory marker
C-reactive protein (CRP) was also reduced by Flaxseed
administration returning to levels near normal control.
Conclusion: Flaxseeds exhibited potent protective and
therapeutic anti-tumor, antioxidant and anti-inflammatory
properties with ameliorative effect on tumor-induced adverse
effects on liver and kidney.

l. Introduction:

Cancer is a term known for a group characterized by uncontrolled rapid
of diseases affecting any body part development and growth of abnormal
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cells and their spread further than their
normal boundaries which may lead to
death if not treated (WHO, February
2025) [1]. Cancer is a global health
problem ranking as the primary
mortality cause globally; being about
10 million deaths cause in 2020 [2]. In
2022, Northern Africa recorded 1, 185,
216 new cancer cases and 763, 843
cancer deaths [3].

Cancer models are used in cancer
treatment discovery and are changing
continuously extending to preclinical
studies. Numerous studies were
accomplished using cancer models to
help in better understanding of cancer
invasion, early  detection and
progression. These models give an
insight into cancer molecular basis,

etiology,  tumor-host interaction,
microenvironment role, and
heterogeneity of tumors in metastasis
[4].

Ehrlich carcinoma (EC) is an easily
transplantable, undifferentiated, and
rapidly proliferating carcinoma which
has short life span, no regression, no
tumor-specific transplantation antigen
and hundred percent malignancy [5].
Similar to human tumors ehrlich
carcinoma is sensitive to chemotherapy
due to its rapid growth rate and being
undifferentiated [6].

Common approaches used for
treating cancer include, chemotherapy,
photodynamic therapy, radiotherapy,
surgery immunotherapy and other
methods. These procedures have
several drawbacks such as poor
specificity, toxicity, rapid elimination,
limited bioavailability and high cost.
Contrariwise, plant-derived anticancer
compounds display quite a lot of
advantages and can overcome these
inadequacies. Plant-based anticancer
compounds are easily available, potent,
safer, and cost-effective compared to
other treatment procedures. Countless
therapeutic  potentials have been
proven to be exhibited by these

naturally occurring compounds
demonstrating that they could be used
in clinical applications as candidate
drugs [7].

Flaxseed has been consumed by
people for thousands of years. The
seeds recently gained increasing
attention because they are rich in
lignans, proteins, omega-3 fatty acids
and fibers. These constituents play
important roles in cardiovascular
health,  cancer  prevention and
treatment. This is also achieved

through lignans  that  possess
antioxidant  properties,  anticancer
effects, diabetes management

properties, and gastrointestinal health
enhancement  properties [8].The
current study was performed to
investigate protective and therapeutic
potentials of Flaxseed on a model of
Ehrlich carcinoma.
Il.Material and Methods:
In vivo study
Ethical statement

This study was performed in line
with Fayoum University's Committee
for Institutional Animal Care and Use
recommendations, where our study
received an approval number of AEC
2448-a (27-7-2025) .

Tumor cells

EC cells were bought from the
Egyptian Cancer National Institute.
Cell line of Ehrlich tumor was
preserved as ascites in female mice,
where serial transplantation
intraperitoneally was performed every
8-10 days by 200 ul of EC cells
suspension in sterile saline containing
2 million tumor cells.

Plant material

Flaxseeds were obtained from a
local herbarium. An amount enough
for three days of mice doses was
grinded in an electrical grinder to a
fine powder and preserved at 4°C till
preparation for mice administration.
Flaxseed powder was administered as a
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suspension in distilled water which
was  prepared  directly  before
administration to mice.

Experimental animals and
experiment design

Twenty four male Swiss albino mice
were obtained from breeding unit of
VACSERA (Abbassia, Cairo, Egypt)
with weights of 20-25 g. The animals
were housed in plastic cages for two
weeks to acclimatize with maintenance
on commercial 21% protein diet and
drinking water ad libitum. Throughout
the experiment period mice of all
groups were kept under the same
conditions.

After the adaptation period, animals
were divided into four groups, six mice
each, along these lines:

Groupl (Normal control) mice with
no treatments administered or tumor
induced.

Group2 (Tumor control) mice were
subcutaneously injected in the right
thigh by 200ul of EC cells suspension
containing 2 million tumor cells on day
"0" to yield a solid tumor [9], with no
treatments administered.

Group3 (Flaxseed treated tumor
group) mice were subcutaneously
injected in the right thigh by 200ul of
EC cells suspension containing 2
million tumor cells on day "0", and
administered with Flaxseed (8 g/kg
body weight/daily, orally by oral
gavage), for 30 days starting from day
"0" [10].

Group4 (Flaxseed protected tumor
group) mice were administered with
Flaxseed (8 g/kg body weight/daily,
orally by oral gavage), for 15 days
before being subcutaneously injected
by 200ul of EC cells suspension
containing 2 million tumor cells in the
right thigh on the 16™ day which was
counted as day "0" of tumor
inoculation, and administration of
Flaxseed continued for 30 days starting
from day "0".

During the experiment after tumors
have become measurable their lengths
and widths were measured every five
days using vernier calipers.

On day 30 mice were anesthetized
followed by blood withdrawn from
mice retro-orbital plexus on empty
eppendorf tubes to harvest serum using
the method of Abd El-Dayem et al.,
2010 [11], serum was then preserved at
-20°C until use in biochemical
analysis. After blood withdrawal,
animals  were  sacrificed  under
anesthesia by cervical dislocation and
tumors were harvested, weighed and
their length and width were measured
also using vernier calipers.

Mice body weight change

Mice were weighed before the
beginning of the experiment, on day 1,
day of sacrifice and every 3 days and
body weight change percent was
calculated using the equation used by

Manjula & Mruthunjaya, 2014 [12]

%Change in body weight
= ((weightg,, - weightyjsial)
/weight;pz ) * 100

Tumor volume

Tumor volume was calculated using
the equation used by Jaganathan et
al., 2010 [13]

Tumor volume = 1/2 x L x W?

Biochemical analysis
Colorimetric measurements
Activities of serum Aspartate amino
transferase (AST) and Alanine amino
transferase (ALT) were determined
using the available commercial Kits of
Biodiagnostics, Egypt, which uses the
method of Reitman & Frankel, 1957
[14]. Biodiagnostics kits were used
also for Serum Creatinine and Urea
levels and serum total antioxidant
capacity (TAC) estimation, with
methods of Larsen, 1972 [15] and
Bartels et al., 1972 [16] for creatinine,
Fawcett & Scott, 1960 [17] for urea
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and Koracevic et al., 2001 [18] for
TAC, while the level of serum
Malondialdehyde (MDA) was
determined using Buege & Aust, 1978
method [19].

Turbidimetric measurements
C-reactive protein (CRP) was
determined using the available
commercial kit of Bioscien which uses
the method of Mller et al., 1985 [20].

Statistical analysis

IBM SPSS statistics 22 and
Microsoft excel 2010 were used to
accomplish Statistical analysis.
Description of data was as Mean + SE
[21;22]. To compare all groups to
normal and tumor control groups,
Student's T-test was applied, where
significance was at p < 0.05 [23;24].

I11.Results
Results of mice body weight and
percent change in body weight

On the final experiment day, body
weight of mice in all groups showed an
increase compared to body weight at
the beginning (Figure 1a). An increase
in percent body weight change was
noted in EC-control group significant
to normal control mice (p< 0.001).
On the contrary, Flaxseed protected
tumor group revealed a decrease in
percent body weight change significant
with both normal and tumor control
groups. Treated Flaxseed group,
however, showed reduction in percent
body weight change non-significant
with normal control, but significant
with tumor control group (p< 0.001)
(Figure 1b).

Results of Ehrlich tumor volume and
weight

Significant diminishing of volume
and weight of tumor was revealed in
Flaxseed protected and treated tumor-
bearing mice groups with respect to
tumor-control mice group (p<0.001)

which is explained in figure 2 (a,b).
It’s also worth noting that tumors
became measurable starting from day 6
of the experiment on tumor control
mice group, and starting from day 16
on Flaxseed treated and protected
groups with a delay of 10 days in these
groups.

Biochemical analysis results

Results of serum analysis

Mice serum ALT & AST activities
results

Elevation in the activities of serum
ALT and AST was revealed in tumor
control mice group Significant with
normal control (p=0.01 and p<0.001,
respectively). Flaxseed protected group
caused lessening of serum ALT non-
significant with normal control mice
group, whereas Flaxseed treated group
showed non-significant increase. On
the other hand, both groups showed
decrease in both enzymes significant
with tumor control group.

For AST, protected and treated
flaxseed groups showed increase in
AST non-significant with normal
control group (Figure 3 a,b).

Mice serum Creatinine and Urea
concentrations results

Tumor control group revealed an
increase in serum Creatinine and Urea
concentrations significant with normal
control group (p<0.001). In addition,
Flaxseed administration in protected
and treated tumor-bearing groups led
to reduction in both parameters in
these groups significant with tumor
control group (Figure 4). Non-
significant increase with  normal
control group in the kidney function
tests was revealed in Flaxseed
protected and treated mice groups.
Mice serum Total antioxidant
capacity (TAC) results

EC- control mice group, caused a
drop in TAC significant with normal
control group (p=0.005). Compared to
tumor control group both Flaxseed
protected and treated mice groups
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revealed a significant increase in serum
TAC, whereas non-significant decrease
in TAC was noted in these groups
compared to normal control (Figure
5a).

Results of mice serum MDA and
CRP levels

Tumor control group illustrated an
increase in serum MDA and CRP
levels significant with respect to
normal control group.

Protected and treated Flaxseed
tumor-Bearing groups, on the other
hand, showed significant decrease in
these parameters with respect to EC-
control group. Non-significant rise in
both parameters with respect to normal
control was noted in Flaxseed
protected and treated mice groups
(Figure 5 b,c).

IV.Discussion.

According to the world health
organization statistics for 2022, Egypt
recorded 150, 578 new cancer cases
and 95, 275 cancer deaths [3]. Despite
the efficiencies and applications of the
common cancer treatments being used
in the meantime, they are often
obstructed by their severe side effects,
which directly lower patients' quality
of life of and may also lead to late side
effects [25]. Ehrlich carcinoma is an
undifferentiated, easily transplantable
and rapidly proliferating tumor [5],
which is sensitive to chemotherapy
similar to human tumors [6].

Over the past few decades, great
importance has been laid on the
development  of  novel cancer
therapeutic strategies [26]. Natural
products along with their derivatives
and analogues use as anticancer agents
is satisfactory due to accessibility,
applicability, and reduced cytotoxicity,
also, they have been proven to be
effective against numerous signalling
pathways [27].

Our study was performed aiming to
the evaluation of Flaxseed
effectiveness as a protective and
therapeutic antitumor therapy.

In the present study, it was shown
that treatment and protection of EC-
bearing mice with Flaxseed resulted in
a very high drop in tumor weight and
volume (p<0.001) significant with
tumor control. Also, treated and
protected groups showed a delay of 10
days in tumor appearance compared to
tumor control mice group. These
results agree with previous studies that
revealed that Flaxseed suppressed
Ehrlich tumor growth [28;29].

The body weight gain percent was
also used as an indirect measure of
tumor progression, where both treated
and  protected groups  showed
significant reduction in body weight
change percent with respect to tumor
control group (p <0.001) due to
reduced tumor weight. On the contrary,
significant increase in body weight of
EC control group was shown with
respect to normal control (p< 0.001)
due to rapid tumor growth, this
significant increase in body weight
change percent in EC-control group
was also shown by other previous
studies [30] . Our results revealed that
non- significant change in body weight
with respect to control mice was noted
when treating or protecting tumor
bearing mice with Flaxseed which was
also shown in many studies, coinciding
with our results [31;32]. Many studies
claimed that the antitumor properties
of Flaxseeds are mainly due to the high
content of bioactive compounds as
essential omega-3 fatty acids, lignans,
phytoestrogens, flavonoids, vitamins,
and minerals that provide anti-cancer
properties to Flaxseeds [33]

Regarding liver and kidney function
tests the same results our study
revealed were obtained in other
experiments [30;34;35;36] including
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significant elevation in liver function
tests (AST and ALT activities) and
kidney-function tests (Creatinine and
Urea levels) caused by Ehrlich tumor.
Liver injury that happened is probably
contributed to tumor angiogenesis
leading to hepatitis due to infiltration
of inflammatory cells [37]. While
kidney injury was illustrated to be
induced by ehrlich solid tumor,
contributing this to oxidative stress that
is induced by tumor that interacted
with DNA and damaged it [38].

Flaxseed used in our study
diminished these effects where
obtained values were close to normal
control. Many studies also reported
Flaxseed to reduce both liver and
kidney functions concurring with our
study [39;40;41].

Field et al., 2008 [42] showed that
some of  chemotherapeutic agents
currently in use for treating cancer
might cause direct toxicity to the liver,
in addition to direct and indirect effects
of cancer on liver function. On the
contrary, Flaxseed showed antitumor
effects associated with no side effects
on liver function tests. Studies also
elucidated that chemotherapeutic drugs
used by cancer patients are excreted by
the kidneys and therefore may be
nephrotoxic [43], however, Flaxseed in
our study revealed no side effects on
kidney function tests.

Ehrlich tumor in our study caused
significant reduction in TAC and
significant elevation in oxidative stress
markers including lipid peroxidation
expressed as MDA level. It was
revealed also in our experiment that
Flaxseed returned all values to normal
control levels. In harmony with our
results, elevation in MDA levels in
Ehrlich  solid tumor-bearing mice
significant with normal control ones,
with significant drop in antioxidant

enzyme levels in Ehrlich tumor group
were reported [30;37;44;45].

Many human tumors produce high
levels of reactive oxygen (ROS)
species [46]. Oxidative metabolic
processes occurring in the body lead to
production of reactive oxygen species
which is natural. Another natural
source of ROS is immune system cells,
where they play an important role as
effectors in immune mechanisms [47].
Immune system activation results from
inoculation of mice with EC results in
the production of free radicals
continuously due to immune system
activation and excessive metabolic
processes due to abnormally high
number of tumor cells [48]. Oxidative
degeneration forms free radicals which
cause lipid peroxidation leading to the
formation of Malondialdehyde [49],
which is known for being a lipid
peroxidation indicator [49]. Cancer
tissues were reported to be higher in
Malondialdehyde content than others
[50]. Many studies established
disruption of antioxidant system and
elevation of lipid peroxidation as a
consequence of growth of tumor
[51;52;53].

Our study also revealed returning
TAC and MDA values to normal.
Harmonized with our experiment
results, Al Za’abi et al., 2021 [54]
showed that Flaxseed increases TAC.
While, Ezzat et al., 2018 [28] results
explained a decrease in MDA upon
treating Ehrlich-tumor bearing mice
with Flaxseed, which supports our
findings on antioxidant effects of
Flaxseed.

A significant elevation in serum
CRP was noted in our experiment in
Ehrlich tumor control group with
respect to normal control group. In
addition, serum CRP levels returned to
values close to normal control group in
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Flaxseed treated and protected tumor-
bearing groups. Significant elevation in
serum CRP in ehrlich group compared
to normal control group was reported
in other studies which agrees with our
findings [44;55;56;57;58].

Chronic inflammation facilitates
tumor progression, which supports
tumor growth and facilitates metastasis
[59]. CRP is a systemic inflammatory
biomarker produced in the liver and
released to circulation in response to
elevation of IL-6 level [60]. CRP is a
common sensitive prognostic and
diagnostic marker for both solid-tumor
response to chemotherapeutic agents
and its progression [61]. Elevated
CRP levels are reported to be
concomitant with tissue damage,
inflammation during cancer, cardiac
stress and infection [62;63;64]. For
this reason it was used to assess the
effectiveness of the drugs used in this
study. Compatible with our study
noted significant reduction in CRP
levels on treatment with Flaxseed was
revealed by many studies either on
animals or in clinical trials [65;66;67].
V.Conclusion: In conclusion, Flaxseed
proved to possess anticancer effects
without any side effects contributing to
their ~ enrichment in bioactive
compounds that possess antioxidant and
antiinflammatory properties, proposing
it as a promising effective natural cancer
protective and therapeutic agent.
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Figure (1) Mean = SE of mice (a) initial and final body weights (b) body weight change % of
all mice groups

Where: "p<0.05 is significant with normal control group; “p<0.05 is significant with tumor-control
group; Groupl: normal control group; Group2: tumor-control group; Group3: Flaxseed treated
tumor-bearing group; Group4: Flaxseed protected tumor-bearing group
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Figure (2) Mean = SE of mice (a) tumor volume (b) tumor weight of protected and treated
groups with tumor-control group

Where: "p<0.05 is significant with tumor-control group; Group2: tumor-control group; Group3:
Flaxseed treated tumor-bearing group; Group4: Flaxseed protected tumor-bearing group.
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Figure (3) Mean = SE of mice serum (a) ALT activity (b) AST activities of all mice groups

Where: *p<0.05 is significant with normal control group; "p<0.05 is significant with tumor-control group;
Groupl: normal control group; Group2: tumor-control group; Group3: Flaxseed treated tumor-bearing
group; Group4: Flaxseed protected tumor-bearing group
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Figure (4) Mean £ SE of mice serum (a) Creatinine (b) Urea levels of all mice groups

Where: *p<0.05 is significant with normal control group; “p<0.05 is significant with tumor-control group;
Groupl: normal control group; Group2: tumor-control group; Group3: Flaxseed treated tumor-bearing
group; Group4: Flaxseed protected tumor-bearing group
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Figure (5) Mean + SE of mice serum (a) Total antioxidant capacity (b)
Malondialdehyde (c) CRP levels of all mice groups

Where: *p<0.05 is significant with normal control group; "p<0.05 is significant with tumor-
control group; Groupl: normal control group; Group2: tumor-control group; Group3:
Flaxseed treated tumor-bearing group; Group4: Flaxseed protected tumor-bearing group .



