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Abstract

Omega-3 polyunsaturated fatty acids (PUFAs), particularly a-linolenic acid (ALA), are
recognized for their crucial role in modulating inflammation, supporting cardiovascular health,
and preventing chronic diseases. While marine-derived omega-3 fatty acids have been
extensively studied, issues related to sustainability, environmental contaminants, and oxidative
instability have led to increased interest in plant-based alternatives. This study investigates the
therapeutic potential of purified plant-derived ALA (P-ALA) compared to marine-derived
ALA (M-ALA) in a 7,12-dimethylbenz[a]anthracene (DMBA)-induced mammary gland
carcinoma model in female albino Wistar rats. The effects on body weight variation and lipid
profile were evaluated to assess systemic health and metabolic function. Results demonstrated
that P-ALA effectively mitigated weight loss and improved lipid parameters, showing superior
efficacy at higher doses compared to M-ALA. These findings highlight the potential of plant-
based ALA as a sustainable, bioactive alternative for developing safe, vegetarian-friendly
therapeutic supplements targeting cancer-related metabolic dysfunction.

Keywords: - a-Linolenic acid (ALA), omega-3 fatty acids, plant-derived PUFAS, mammary
gland carcinoma, flaxseed.

1. Introduction

Polyunsaturated fatty acids (PUFAS), particularly omega-3 (w-3) fatty acids such as a-linolenic
acid (ALA), are essential components of human nutrition due to their wide-ranging
physiological benefits, including anti-inflammatory, cardioprotective, and neuroprotective
effects. Unlike saturated and monounsaturated fatty acids, PUFAs cannot be synthesized
endogenously and must be obtained from dietary sources. Marine-derived -3 PUFAs like
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) have been widely studied for
their therapeutic potential; however, concerns related to environmental sustainability, heavy
metal contamination, oxidative instability, and undesirable sensory attributes (e.qg., fishy odor)
have spurred growing interest in plant-based alternatives (1,2).

Flaxseed (Linum usitatissimum) has emerged as a promising plant-derived source of ALA,
which serves as a metabolic precursor for EPA and DHA, and plays a critical role in vegetarian
and vegan diets (3,4). In addition to its high ALA content, flaxseed offers further nutritional
advantages, including dietary fiber, lignans, and antioxidants. Recent evidence supports the
therapeutic potential of ALA in regulating inflammation, preventing carcinogenesis, and
improving cardiovascular health, making it a viable candidate for dietary interventions and
functional food development (5-7).

This study aims to systematically evaluate the efficacy of purified plant-derived ALA (P-ALA)
in comparison with marine-derived ALA (M-ALA) in a 7,12-dimethylbenz[a]anthracene
(DMBA)-induced mammary gland carcinoma model in female albino Wistar rats. Particular
emphasis is placed on body weight variation and lipid profiling, as these parameters serve as
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critical indicators of systemic toxicity, metabolic function, and therapeutic response. Body
weight reflects the overall health status of the organism and is sensitive to both disease
progression and recovery. Meanwhile, lipid profile analysis provides insight into lipid
metabolism, oxidative stress, and the efficacy of intervention strategies (8,9).

By assessing the impact of P-ALA on these physiological markers, the study aims to establish
its potential as a sustainable, cost-effective, and vegetarian-friendly alternative to marine-based
-3 fatty acids. Furthermore, by addressing the limitations associated with marine-derived
supplements, this research contributes to the development of safer, more accessible, and
environmentally conscious therapeutic options for managing cancer-associated metabolic
dysfunction (10-12).

2. Materials and Methods
2.1 Materials

P-ALA was extracted from Linum usitatissimum using the methodology previously
published(13). The commercially available M-ALA served as the comparative standard.
Tamoxifen citrate was used as a positive control.

2.2. Methods

2.2.1. Experimental Animals: - Female albino wistar rats of 100 +20 g body weight was
procured from the Central Animal House Facility, Babasaheb Bhimrao Ambedkar University,
Lucknow. The animals were housed in polypropylene cages under controlled conditions (25 +
1°C, 12 h light/dark cycle), with a free access to a standard pellet diet and drinking water. The
experiment was performed according to the Committee for the Purpose of Control and
Supervision of Experiments on Animals (CPCSEA) guidelines for laboratory animals and
ethics, Department of animal welfare, Government of India.

2.2.2. Experimental design: - The animals were divided into seven groups (n = 6 per group)
for the treatment protocol. Group | served as the normal control and received no any treatment.
Group Il obliged as the toxic control was administered DMBA intravenously at a dose of 8
mg/kg to induce mammary gland carcinoma. Group Il received TAM orally at 1 mg/kg/day in
combination with DMBA (8 mg/kg, i.v.). Groups IV and V were treated with P-ALA at doses
of 0.25 ml/kg and 0.5 ml/kg orally, respectively, along with DMBA (8 mg/kg, i.v.). Groups VI
and VII received a M-ALA at the same respective doses of 0.25 ml/kg and 0.5 ml/kg orally,
each co-administered with DMBA (8 mg/kg, i.v.). This design allowed for a comparative
evaluation of plant-derived versus marketed ALA formulations at varying doses in the context
of DMBA-induced mammary gland carcinoma.

2.2.3. Weight variation: - Body weight was recorded using a digital precision balance with

+0.01 g accuracy to monitor the physiological status of the animals throughout the study. Initial
body weights were measured prior to the start of treatment, followed by regular interval
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measurements (e.g., weekly) until the completion of the experimental period. Final body
weights were documented on the last day of treatment. To ensure consistency and minimize
variability due to recent food or water intake, all animals were fasted overnight prior to each
weighing session(14).

2.2.4. Biochemical Evaluation of Serum Lipid Parameters

Whole blood was centrifuged at 1250g for 15 min to obtain serum. Serum were used for
measurement of total cholesterol, high density lipoprotein cholesterol (HDL), triacylglycerol
(TAG), low-density lipoprotein cholesterol (LDL) and fatty acid composition of phospholipids
(15).

3. Results and Discussion

The column graph illustrates the variation in body weight across different experimental groups
over the treatment period. Animals in the control group showed a consistent increase in body
weight, whereas the toxic group exhibited a significant reduction. The standard group
demonstrated a recovery in body weight relative to the toxic group. Treatment with M-ALA-
LD resulted in moderate weight recovery, while M-ALA-HD showed a marked recovery. P-
ALA-LD exhibited moderate improvement, whereas P-ALA-HD demonstrated the most
significant recovery, with levels approaching those of the control group figure 1.Variation in
Animal Weight in DMBA-Induced Albino Wistar Rat Models. The column graph illustrates
the variation in body weight of animals throughout the study period. The average body weight
of each animal group was measured from the first to the last day of treatment. Data are
expressed as mean = SD (n = 6). Statistical analysis was performed using two-way ANOVA
followed by Bonferroni’s post-hoc test.

Figure 1: Effect of a-Linolenic Acid on Lipid profile in a DMBA-Induced Mammary
Carcinoma Model
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Significance was determined at ****p < 0.0001 when compared to the toxic group under the
same treatment conditions. Body weight is a critical indicator of overall health, reflecting the
interplay of metabolism, nutritional intake, and systemic toxicity. In this study, significant
variations in body weight were observed among the experimental groups due to toxic exposure
and subsequent treatment interventions. The toxic group exhibited substantial weight loss,
highlighting severe systemic toxicity that likely impaired metabolic processes, appetite, and
overall physiological function, emphasizing the detrimental impact of the toxin on the animals'
health.

Figure 2: Effect of a-Linolenic Acid on Lipid profile in a DMBA-Induced Mammary
Carcinoma Model
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Both standard treatment and ALA supplementation, in both marketed and purified forms,
demonstrated protective effects as evidenced by improved body weights. The extent of
recovery was dose-dependent, with M-ALA-HD and P-ALA-HD being more effective than
their low-dose counterparts M-ALA-LD and P-ALA-LD. Notably, the high-dose purified ALA
group (P-ALA-HD) showed the most significant recovery in body weight, surpassing even the
marketed ALA high-dose group. This suggests that the purified form of ALA has greater
bioavailability or potency, enhancing its effectiveness in mitigating toxic effects. This recovery
in body weight following ALA supplementation is likely attributed to its antioxidant and anti-
inflammatory properties, which mitigate oxidative stress and cellular damage caused by the
toxin, thereby restoring metabolic functions and promoting normal growth (16,17).The bar
graph illustrating lipid profile analysis shows the concentrations of triglycerides (TG), low-
density lipoprotein (LDL), high-density lipoprotein (HDL), and very-low-density lipoprotein
(VLDL) across various experimental groups figure 2. Lipid Profile Analysis (TG, LDL, HDL,
VLDL) Across Different Treatment Groups. The bar graph shows the concentrations of TG,
LDL, HDL, and VLDL in various groups. Data are presented as mean + SD (n = 6). Statistical
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analysis was conducted using one-way ANOVA followed by Bonferroni’s post-hoc test, with
significance set at P < 0.001 compared to the toxic group under similar treatment conditions.
Lipid profile parameters are critical indicators of metabolic health and cardiovascular risk. The
toxic exposure in this study caused profound dysregulation of lipid metabolism, characterized
by increased TG, LDL, and VLDL levels and decreased HDL levels. These alterations signify
enhanced lipid peroxidation, impaired lipoprotein transport, and reduced antioxidant defenses,
all of which are hallmarks of toxicity-induced metabolic disruption. Both standard treatment
and ALA supplementation exhibited dose-dependent restoration of lipid parameters, with M-
ALA-HD and P-ALA-HD being more effective than their low-dose counterparts. Notably, P-
ALA-HD showed superior efficacy, suggesting that purified ALA might possess better
bioavailability or potency, thereby enhancing its lipid-regulating effects. The improvements in
lipid profiles can be attributed to ALA’s antioxidant and anti-inflammatory properties, which
mitigate oxidative stress and inflammation, helping to restore lipid homeostasis (14,16,17).

4. Conclusion

The study demonstrates that purified plant-derived a-linolenic acid (P-ALA), particularly at
high doses, offers significant therapeutic potential in mitigating the adverse effects of DMBA-
induced mammary gland carcinoma in albino Wistar rats. ALA supplementation, in both
marketed and purified forms, showed dose-dependent improvements in body weight and lipid
profile, two critical indicators of systemic health and metabolic function. The high-dose P-
ALA group (P-ALA-HD) was especially effective, showing near-complete recovery of body
weight and significant normalization of lipid parameters—surpassing even the efficacy of
marine-derived ALA (M-ALA). These results suggest that purified plant-based ALA not only
possesses superior bioavailability and potency but also offers a sustainable, vegetarian-friendly
alternative to marine-derived omega-3 fatty acids. Its antioxidant and anti-inflammatory
properties are likely responsible for the observed protective effects, underscoring its potential
role in the development of novel dietary supplements or adjunct therapies for managing cancer-
related metabolic dysfunction.
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