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ABSTRACT
The present study examines the implications of in vivo consumption of omega-3-rich indigenous cow
milk on liver cancer. The study examines the biochemical markers (ALT, AST, ALP, and antioxidants)
and histological status of hepatic tissue in experimental animal models. This study demonstrates that
omega-3-enriched milk reduces oxidative stress, improves liver function and inhibits tumour
development. The results emphasise the therapeutic promise of functional dairy-derived omega-3
supplementation for hepatocellular carcinoma. The present study evaluates the in vivo effect of omega-
3-enriched indigenous cow milk on liver carcinogenesis. Biochemical and histological analyses
confirmed decreased oxidative stress and restoration of the liver architecture. If confirmed, the results
may indicate that W3 milk could be a natural supplement in liver cancer treatment.
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1. Introduction

As one of the most common and lethal forms
of cancer, and with a global malignancy
burden exceeding that of other types of solid
tumours,  liver  cancer  (hepatocellular
carcinoma, HCC) is frequently related to
chronic liver diseases, exposure to toxins or
metabolic disorders. Traditional treatments
greatly fail and tend to be associated with
severe side effects that may include
chemotherapy or radiotherapy. Nutrition has
received increasing attention as an adjunct in
cancer prevention and treatment over the past
years. Of these, omega-3 fatty acids have been
observed to be a potential anti-inflammatory,
antioxidant and anticancer substance. The
indigenous cow milk is rich in nutrient
composition and natural bioactive compounds,
which include omega-3 fatty acids as a dietary
source. An increase in the omega-3 level in
these milks may have added health benefits
against hepatic carcinogenesis. In this further
in vivo evaluation of this enriched milk, an
assessment of changes related to oxidative
stress, liver enzyme activity and tumour
development was determined. The mechanism
behind its protective effect at cellular and
tissue levels may be elucidated using
estimation of histopathology and biochemical
analysis. This study investigates the effects of
omega-3-enriched indigenous cow milk on

liver cancer growth and reveals added insights
into its potential as a natural functional food-
based regimen for the treatment of liver cancer.
2. Materials and Methods

2.1 Histopathological Image Invivo

The histopathological view has been derived
from microscopical observation of liver tissue
that was excised from the experimental animal.
It assists in studying morphometrical and
histochemical changes occurring in the liver
after supplementation of omega-3-enriched
indigenous cow milk. Parameters evaluated
include the integrity of hepatocytes, necrosis,
inflammation and regenerative patterns. The
protective action of omega-3 on liver
architecture is evidenced by comparing the
control and treated groups. This in vivo
histopathological analysis presents, for the
first time, direct observations of tissue healing
and tumour suppression.

2.2 Invivo Results Table

The in vivo findings presented in Tables 1-17
show that DEN-induced rats exhibited
significant reductions in body weight,
hematological imbalances, increased liver
mass, and 100% tumor nodule incidence by
week 15. Pre-treatment values indicated
anemia, leukocyte alterations, and impaired
liver physiology. Treatment with Silymarin
and CLA substantially improved body weight,
restored RBC, Hb, and immune profiles, and
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reduced tumor burden. CLA at both doses
produced strong protective effects, with the
higher dose showing results comparable to the
reference drug. Histopathological observations
further confirmed reduced necrosis, improved
hepatic architecture, and inhibition of cancer
progression in treated groups.

Biochemical evaluations across Tablesrevealed
that DEN significantly elevated ALT, AST,
ALP, GGT, AFP, bilirubin, and G6PDH while
lowering albumin, confirming severe hepatic
injury. Treatment groups displayed marked
reductions in these liver injury markers,
alongside restoration of albumin and metabolic
stability. Antioxidant assessments showed
DEN-induced depletion of SOD, CAT, GPx,
GR, vitamin C, vitamin E, and GSH, whereas
CLA supplementation effectively replenished
these levels. Both CLA doses demonstrated
strong antioxidant and hepatoprotective effects,
reducing oxidative stress and normalizing
enzyme activity. Overall, the combined
physiological, biochemical, hematological, and
histological outcomes confirm the potent
therapeutic impact of CLA against DEN-
induced hepatocellular carcinoma..We
represent as the GROUP 1- Standard, GROUP
2- DEN(ref), GROUP 3-DEN + Sylimarin,
GROUP 4- DEN+ Sample 150 mg/kg bw,
GROUP 5-DEN + Sample 200 mg/kg bw.

The histopathological liver images -clearly
illustrate the progressive pathological changes
induced by DEN and the restorative effects
observed in the treatment groups. The DEN-
only group (Group 2) shows extensive pale,
necrotic patches and irregular whitish nodular
formations consistent with severe hepatic
damage, fibrosis, and tumor nodule
development. In contrast, the Silymarin-treated
group (Group 3) exhibits visibly reduced
necrotic regions and partial restoration of
tissue integrity. The CLA-treated groups
(Groups 4 and 5) demonstrate even more
pronounced improvements: the 150 mg/kg
dose shows diminished lesion density and
smoother surface morphology, while the 200
mg/kg dose reveals markedly healthier tissue
appearance with minimized discoloration and
fewer visible degenerative patches. These
visual findings closely support the biochemical
and hematological results, confirming that
CLA—especially at the higher dose—
effectively suppresses DEN-induced
carcinogenic alterations, promotes hepatocyte
recovery, and reconstructs normal hepatic
architecture comparable to the standard
reference drug.

2.3 DAO-3FA Results

The  DAO-3FA values show  the
characterisation of omega-3 fatty acids and
their bioactivity after the addition of
indigenous cow milk to the diet. The first
parameter reflects both intestinal and liver
health by DAO (Diamine Oxidase) activity,
whereas 3FA are the number of omega-3 fatty
acids quantified in the work. Results indicated
improved DAO activity and higher content of
omega-3 in treated animals with respect to
cancer-induced controls. This indicates a better
metabolic  status, diminished inflammation
and also higher liver integrity. In summary, the
outcomes of DAO-3FA demonstrate the
bioavailability and therapeutics of ®-3-
enriched milk in the promotion of liver cancer
with progression.

2.4 Omega-3 Enrichment

Fortification of omega-3 was done to improve
the nutritional and therapeutic properties of
local cow milk. The procedure included adding
to the cows’ diet omega-3-rich feed ingredients,
such as flaxseed or linseed oil, in order to
naturally raise o-linolenic acid levels in milk.
The enriched milk was collected, analysed and
standardised by chromatographic procedures
for omega-3 content. This fortified milk was
the main dietary intervention in the
experimental  groups. This  enrichment
guaranteed higher bioavailability of EFA with
anti-inflammatory and hepatoprotective
contributions throughout the treatment.

2.5 Carcinogen Induction

The formation of hepatocellular carcinoma
and the in vivo efficacy were evaluated in mice
by carcinogen induction for an animal model
study. Hepatocarcinogenesis was induced by
treating mice with a known hepatocarcinogenic
agent, Diethylnitrosamine (DEN),
intraperitoneally at a defined dose and time
schedule. The course of latency was succeeded
by the appearance of  biobehaviorally
reinforced measures supporting liver injury.
These models were used to address the
therapeutic effect of omega-3 CCM to combat
tumour progression. All manipulations were
performed in accordance with ethical
guidelines designed to reduce the number of
animals used and minimise animal suffering
while ensuring the statistical validity of the
experiments.

3. Result

In conclusion, the present study revealed that
omega-3-enriched indigenous cow milk
possesses a strong protective effect on hepatic
tissue architecture and function in vivo. Clear
differences in histopathological scoring were
observed between the control, carcinogen-
treated and treated animals. The normal
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hepatic architecture with similar polygonal
hepatocytes with centrally placed nuclei and
open sinusoidal spaces, consistent with the
normal liver histology, was observed in
control animals. In the carcinogen-induced
group, obvious cellular degeneration, necrosis
and inflammatory cell infiltration, as well as
loss of lobular architecture, were observed,
which further confirmed the successful
development of liver cancer. In contrast,
animals treated with omega-3-enriched
indigenous cow milk exhibited marked
structural recovery, reduced necrosis, partial
regeneration of hepatocyte alignment and
evidence of tissue repair. These morphological
alterations suggest that omega-3
supplementation is beneficial in counteracting
the carcinogen-induced tissue injury.

The histological results were further confirmed
by the biochemical tests. Tables. In Vivo
Results Table I showed the alterations of
hepatic enzyme activities and antioxidant
parameters in different experimental groups.
The carcinogen-treated rats showed a marked
increase in serum alanine transaminase (ALT),
aspartate transaminase (AST) and alkaline
phosphatase (ALP) activities, which showed
severe hepatocellular damage. Lipid
peroxidation was also increased to indicate an
increase in oxidative stress. However, the
omega-3-enriched milk-treated animals
displayed a significant decrease in the levels of
these enzymes, indicating recovery of hepatic
function and reduced leakages through the

liver membrane. Furthermore, the antioxidant
enzymes like SOD, CAT, and GSH were also
higher in the treated group as compared to
their cancer-induced counterparts, showing an
improvement of antioxidant defence and redox
balance of hepatic tissues. These biochemical
effects are in agreement with the histological
ameliorations, and overall, they indicate a

protective potential of omega-3
supplementation.
The DAO-3FA findings demonstrated

additional biochemical support for the healing
properties of omega-3-supplemented
indigenous cow milk. The activity of diamine
oxidase (DAO) and the contents of omega-3
fatty acids (3FA) in treated groups were higher
than those in the carcinogen  group.
Heightened DAO activity indicates better
intestinal and hepatic  health, enhanced
detoxification, and diminished inflammation.
An increase in omega-3 fat concentration
indicated that the enhanced milk was
bioavailable and effectively utilised by the
animal system.

This biochemical amelioration led to better
control of metabolism and the inhibition of the
oxidative stress pathways. Overall, the
histopathology, enzyme and DAO-3FA results
support that omega-3-enriched desi cow milk
efficiently protects liver injury, leading to
restoring synthetic capacity and antioxidant
status, as well, therefore slowing down liver
cancer while facilitating hepatic regeneration.
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A good peak was observed for the DAO-3FA
analysis, suggesting that the compound could

be detected accurately and stably in the sample.

This was supported by histopathological data,
which revealed a unique and clear cellular

reaction in the tissue to distinguish between
the treatment groups and controls, reflecting
the biological effect of the intervention.
Furthermore, the HPLC chromatogram
showed sharp and well-separated peaks, in
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which the major peak was referred to as that of
the active constituent, along with its purity and
the minor peaks were taken as insignificant
impurities. These three results jointly confirm
the robustness, efficiency and precision of the
analytical and biological investigations applied
in this work.

4. Discussion:

The analytical result of the DAO-3FA results
confirms that the compound was properly
detected and was stable during analysis. The
sharpness of the peak chromatogram indicates
not only the activity of an analytical procedure,
but also the purity of a separated component.
We concluded that the extraction procedure
and pre-treatment method adopted for the
study were adequate and did not cause a
significant degradation or interference. Thus,
the sensitive identification of DAO-3FA
provides a basis for the interpretation of
subsequent biochemical and biological data.
The histopathological results reinforce the
analytical data through biological verification
of the effects of the compound. The observed
morphological changes on the tissue level
point toward a detectable therapeutic effect at
lower doses, in accordance with the assumed
mode of action of the compound. The
distinction between the treated and untreated

points to a clear cellular effect of intervention,

which may be protective, therapeutic,

or

degenerative with respect to the nature of the
study. These tissue-level findings confirm the
importance of previously noted biochemical

changes.

The HPLC, in accordance with the above
results, showed that not only the contents but
also the purity and concentration of the main
effective ingredient are guaranteed. The sharp
peaks and absence of impurities reflect that
the utilised formulation or extract is highly
analytically pure, which minimises the chance

for artefacts.
between the

This makes the association
chemical

profile  and

histopathological findings less robust. Taken
as a whole, these analytical and biological
data demonstrate the reproducibility, reliability,
and scientific integrity of the approach used in

this study.

Collectively, the comprehensive data indicated

excellent correlation

between chemical

discrimination, purity analysis and biological
activity. The coherence between the analytical
profile and tissue changes adds interpretative
value to this study. Taken together, these
results validate the robustness and efficiency
of the compounds and methods tested.

4.1 Comparison with Recent Studies

Author Sample Method(s) Used Key Findings Notes on Omega-3
Canola oil supplementation
reduced saturated fats and
increased long-chain|Omega-3 concentration
unsaturated fatty acids, |increased by 15% at 6% ca oil.
Milk from Holstein|Dietary intervention,|including Omega-3. Improved|Copy table supplementation ®-
Welter et al.|dairy cows fed canola- | Milk fatty acid GC-|overall nutritional quality of|6:0-3 ratio and atherogenicity
(2016) oil diets FID analysis milk fat. index improved.
Buffalo milk cheeses showed|omega-3  study —  but
Sensory  profiling, |higher sensory scores; |demonstrates species
Cow & buffalo milk|Starter culture |indigenous cultures + higher|differences in milk
Murtaza et al.lused to  prepare|comparison, PCA &|ripening temperature enhanced|composition;  buffalo  milk
(2013) Cheddar cheese HCA analyses flavor, texture attributes. generally richer in fat profile.
Omega-3 (EPA, DHA) exert
antioxidant, anti-tumour, anti-|Strong support for omega-3 as
Review of omega-3 carcinogenic  effects; reduce|protective in cancer
Samanta et al.|sources & effects on oxidative stress, inflammation,|progression, relevant for liver
(2022) cancer Literature Review  |and tumor proliferation. cancer outcomes in your title.
NAFLD and NASH linked to
reduced  hepatic  omega-3
NAFLD and liver|Review of metabolic| PUFA. Omega-3 |Highlights omega-3's role in
disease  progression|pathways, human |supplementation improves|liver metabolism and potential
Jump et al.|(human & animal|studies, mechanistic steatosis, inflammation, fibrosis|to slow progression to HCC
(2018) data) models markers. (hepatocellular carcinoma).
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Bragagnolo et|marine

supplemented  with|FA

Milk from dairy cows|Feeding trial, Milk
profiling,
algae|Immune competence

DHA supplementation
increased milk DHA content
and altered sensory traits;
enhanced cellular and humoral

Marine algae supplementation
raised milk omega-3 (mainly
DHA). Supports feasibility of
omega-3 enrichment in cow

al. (2015) (Schizochytrium sp.) |tests immune response. milk.
Sugarcane bagasse inclusion
reduced ®-6:0-3 ratio; best|w-6:®-3 ratio dropped to within
Milk of cows fed nutritional qualities achieved|recommended <10 levels,
Freitas et al.|sugarcane bagasse|Feeding trial, Gas|with control + 54% bagasse|indicating better human health

(2011)

diets chromatography

diets.

properties.

The studies presented provided evidence that
dietary strategies performed in dairy cows are
able to largely change the milk FA profile,
leading to a significant increase in omega-3
FA in milk. Canola oil and marine algae
supplementation induced substantial
enhancements in long-chain ®-3 fatty acids,
including DHA, leading to an enhancement of
the nutritional and functional value of milk. In
addition, the omega-6:omega-3 ratio also
improved in various feeding systems, such as
the incorporation of sugarcane Dbagasse,
making milk fit for human consumption earlier
than before. Concordant reviews also noted the
potential anti-tumour, anti-inflammatory and
antioxidant activities of omega-3 fatty acids in
liver cancer development. In addition,
metabolic studies demonstrate an association
between omega-3 depletion and the severity of
liver disease and a beneficial effect of
supplementation in terms of reducing steatosis,
inflammation, and fibrosis. Overall, these
papers contain a substantial amount of
evidence to suggest that omega-3-enriched
cow milk acts as an advantageous dietary
ingredient with prospective anti-
hepatocarcinogenic properties.

4.2 Significance as a Histrological and
Biochemical Insights

The importance of omega-3—enhanced cow
milk is that it can modulate all the histological
and biochemical indicators reflecting the

progression of liver cancer. Omega-3
facilitates  the  anti-inflammatory, lipid
peroxidation and oxidative stress in

hepatocyte structure. Histologically, omega-3s
result in less necrotic area, less fibrosis

deposition and increased hepatocyte
regeneration. Biologically, increased
antioxidant enzyme activity, decreased

inflammatory cytokines, and improved lipid
metabolism may lead to a more favourable
liver micro-environment. Together, these
adaptations locally decrease pro-tumour
conditions and provide a  healthier

microenvironment  for  cellular activity.
Therefore, omega-3—enriched milk has
therapeutic potential due to its ability to
attenuate liver cancer progression at the tissue
and molecular levels.
4.3 Potentialfor
Enrichment
Diet-derived omega-3 increased in native cow
milk is a convenient and sustainable approach
for correcting liver defects under cancer
growth. Dietary change to omega-3-rich
feeding sources can bring improvement in the
milk fatty acid profile. This enrichment is a
natural way to deliver bioactive compounds
that exert anti-inflammatory, antioxidant, and
anti-tumour mechanisms. Consumption of
omega-3—rich milk may be part of the
regulation involving biochemical markers in
the connection with hepatic injury and
tumorigenesis. It is a link between dietary
intervention and  therapeutic intervention,
providing a non-invasive adjunct to clinical
therapies. In general, diet-induced enrichment
has great promise for use as a diet-based
carrier of functional foods in liver cancer.

4.4 Limitations and Future Directions
However, despite the promising human health
implications,  inherent  constraints  are
associated with omega-3 enrichment of
indigenous cow milk. From a mechanistic
standpoint, the evidence is predominantly
derived from controlled feeding trials, and
effects on liver cancer progression in vivo need
further substantiation. The variability in cow
breeds, diet constitution and environmental
conditions could lead to differences in the
incorporation of omega-3 and milk quality
uniformity.  Further studies should be
standardised, concerning enrichment protocols,
mechanistic studies, and clinical translation in
humans. Interdisciplinary investigations will
further support the place of functional dairy
products in nutrition for cancer.

5. Conclusion

Diet-Based Omega-3
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In the current in vivo study, omega-3FAs-
enriched cow milk of indigenous cow
expresses obviously defensive effects for the
modulation of liver damage, not only at the
histological but also at the biochemical level,
due to LN6. The supplemented milk
significantly ameliorated oxidative stress,
normalised liver enzyme activities and
improved antioxidant defence systems, which
led to the restoration of hepatic function.
Furthermore, histological examination also
indicated a reduction of necrosis, hepatocyte
pattern  restoration and obvious liver
regeneration in the treated groups. These
increases, along with elevated levels of
available Omega-3 fatty acids, confirm the
bioefficacy of the fortified milk in the
biological matrix. To sum up, these results
demonstrate the promise of functional dairy
omega-3 supplementation as a natural,
harmless, affordable adjunctive therapy for
HCC. Although encouraging, additional
studies are required to investigate long-term
effects, clinical transferability and the
standardisation of enrichment strategies. Taken
together, omega-3-enriched indigenous cow
milk is a potential nutritional approach to
effectively harness LO inhibition in the context
of chemopreventive as well as therapeutic
measures against liver cancer.
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