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Introduction

Cancer remains a global health challenge, necessitating the development 
of novel and effective therapies. Nanotechnology has emerged as a promising 
avenue for targeted drug delivery, and vegetable oil-based nanoparticles have 
shown immense potential as environmentally friendly carriers for anticancer 
medicine. In this paper, we delve into the advancements and applications 
of vegetable oil-based nanoparticles as a greener alternative to traditional 
drug delivery systems. We explore their environmentally friendly fabrication 
methods, biocompatibility, and targeted drug delivery capabilities for anticancer 
medicine. Cancer is a complex and devastating disease affecting millions 
worldwide. Traditional chemotherapy has demonstrated limitations, such as 
off-target effects and drug resistance. Nanotechnology offers a breakthrough 
approach to improve the efficacy and safety of cancer therapy by enabling 
targeted drug delivery. Among the various nanomaterials, vegetable oil-based 
nanoparticles have gained attention due to their eco-friendly characteristics 
and promising results in delivering anticancer drugs [1].

The production of nanoparticle carriers for drug delivery can be resource-
intensive and environmentally damaging. In contrast, vegetable oil-based 
nanoparticles offer a greener alternative. The fabrication of these nanoparticles 
involves biocompatible and sustainable materials, typically derived from natural 
oils such as soybean, corn, or olive oil. The use of these oils as starting materials 
reduces the dependence on petroleum-based compounds and diminishes the 
carbon footprint of the manufacturing process. Furthermore, techniques like 
emulsification, solvent evaporation, and nanoemulsion templating allow for the 
controlled and eco-friendly production of nanoparticles, ensuring minimal waste 
and environmental impact.To achieve successful drug delivery; nanoparticles 
must be biocompatible and exhibit minimal toxicity to normal cells. Vegetable 
oil-based nanoparticles possess inherent biocompatibility due to their natural 
origin. Their surface can be further modified with biocompatible coatings, such 
as Polyethylene Glycol (PEG), to enhance their biocompatibility and evade the 
immune system's clearance mechanisms. As a result, these nanoparticles can 
circulate in the bloodstream for an extended period, facilitating efficient drug 
delivery to tumor sites [2].

One of the key advantages of vegetable oil-based nanoparticles is their 
ability to passively and actively target tumor tissues. Passive targeting relies on 
the Enhanced Permeability and Retention (EPR) effect, where nanoparticles 
preferentially accumulate in tumor tissues due to their leaky vasculature and 
impaired lymphatic drainage. The small size and surface properties of these 
nanoparticles further enhance their passive targeting capabilities. Active 
targeting involves the functionalization of nanoparticle surfaces with ligands 
that recognize specific receptors overexpressed on cancer cells. Antibodies, 

peptides, or aptamers can be conjugated to the nanoparticle surface, facilitating 
targeted drug delivery to cancer cells while sparing healthy tissues. This 
precise targeting minimizes off-target effects and maximizes the therapeutic 
index of anticancer drugs [3].

The controlled release of therapeutic agents is crucial for optimizing cancer 
treatment efficacy. Vegetable oil-based nanoparticles offer the advantage 
of sustained drug release profiles. The hydrophobic nature of vegetable oils 
allows them to encapsulate hydrophobic drugs efficiently, protecting them from 
premature degradation and clearance. Consequently, a steady release of the 
drug occurs over an extended period, reducing the need for frequent dosing 
and enhancing patient compliance. While vegetable oil-based nanoparticles 
hold great promise as environmentally friendly carriers for anticancer medicine, 
several challenges remain. Ensuring consistent and reproducible nanoparticle 
production while maintaining biocompatibility is critical for clinical translation. 
Additionally, addressing potential toxicity concerns and evaluating long-term 
effects on the environment is essential for widespread adoption.

In the future, researchers should focus on tailoring the nanoparticle 
properties to enhance their tumor penetration and cellular uptake. Combining 
these nanoparticles with other therapeutic modalities, such as photothermal 
therapy or gene therapy, may further improve their anticancer efficacy. 
Moreover, investigating the potential of vegetable oil-based nanoparticles 
in personalized medicine and immunotherapy could open new avenues for 
cancer treatment.Vegetable oil-based nanoparticles present a promising and 
environmentally friendly approach for delivering anticancer medicine. Their 
biocompatibility, targeted drug delivery capabilities, and controlled release 
profiles offer significant advantages over conventional drug delivery systems. 
As research in nanotechnology and cancer therapy progresses, it is imperative 
to continue exploring the potential of vegetable oil-based nanoparticles, 
bringing us closer to a greener and more effective treatment for cancer.

Description

Cancer remains a formidable challenge in the field of medicine, 
necessitating the continuous quest for improved therapeutic approaches. 
Traditional chemotherapy often suffers from adverse effects on healthy tissues 
and limited efficacy, demanding the development of targeted drug delivery 
systems. Nanoparticles have garnered widespread attention as vehicles for 
targeted drug delivery, offering enhanced stability, prolonged circulation, and 
selective accumulation in tumor tissues due to the Enhanced Permeability and 
Retention (EPR) effect. One such promising class of nanoparticles is derived 
from vegetable oils, which present excellent biocompatibility, biodegradability, 
and low toxicity. Additionally, the environmentally friendly synthesis methods of 
these nanoparticles align with the growing emphasis on sustainable practices 
in medical research. Vegetable oils, such as soybean, olive, and corn oils, 
possess unique physicochemical properties that make them ideal candidates for 
nanoparticle formulation. These oils contain natural lipids, mainly triglycerides, 
which can be converted into nanoparticles via various techniques, including 
emulsification, solvent evaporation, and Nano precipitation. The resulting 
nanoparticles are typically termed lipid-based or lipid-core nanoparticles.

The advantages of vegetable oil-based nanoparticles for anticancer drug 
delivery are multi-fold. Firstly, their biocompatibility ensures minimal adverse 
reactions when administered in vivo. Secondly, their biodegradability allows 
for the eventual clearance of the nanoparticles from the body, preventing 
long-term accumulation and potential toxicity. Moreover, these nanoparticles 
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can encapsulate a wide range of hydrophobic and hydrophilic anticancer 
agents, including chemotherapeutic drugs, small molecules, and gene-based 
therapies. The versatility in loading various drugs enables personalized 
treatment strategies tailored to each patient's specific cancer type and stage. 
The development of green and sustainable synthesis methods is becoming 
increasingly crucial for reducing the environmental impact of medical research 
and pharmaceutical production. The synthesis of vegetable oil-based 
nanoparticles aligns well with these objectives, offering several environmentally 
friendly methods [4].

The solvent-free method is one of the most eco-friendly approaches for 
producing vegetable oil-based nanoparticles. In this method, the vegetable 
oil is mixed with a suitable emulsifier, such as lecithin or surfactants, using 
mechanical stirring or ultra-sonication. The high shear forces generated 
during the mixing process lead to the formation of nanoparticles through self-
assembly. Since no harmful organic solvents are used, the solvent-free method 
significantly reduces the emission of Volatile Organic Compounds (VOCs) and 
eliminates the need for expensive solvent recovery processes.

Supercritical fluid technology utilizes Carbon Dioxide (CO2) as a green 
solvent to prepare vegetable oil-based nanoparticles. CO2 at its supercritical 
state exhibits properties of both gas and liquid, making it an excellent solvent 
for lipid-based materials. In this method, vegetable oil and the anticancer agent 
are combined in a high-pressure vessel with supercritical CO2, resulting in the 
formation of nanoparticles through a controlled expansion process. The use of 
CO2 as the solvent is advantageous as it is non-toxic, non-flammable, and can 
be easily removed from the final product, leaving no residue.

Nanoprecipitation is another environmentally friendly method to synthesize 
vegetable oil-based nanoparticles. This technique involves dissolving the 
vegetable oil and anticancer agent in a water-miscible solvent, such as 
ethanol or acetone, and then rapidly injecting this solution into an aqueous 
phase containing a stabilizer. The sudden diffusion of the solvent into the 
aqueous phase leads to the formation of nanoparticles with controlled size and 
morphology. This process requires no hazardous chemicals and generates 
minimal waste, making it a green approach to nanoparticle synthesis. The 
success of anticancer therapy largely depends on the precise delivery of 
therapeutic agents to the tumor site, sparing healthy tissues from unnecessary 
exposure. Vegetable oil-based nanoparticles offer unique advantages in this 
regard, as they can be modified with targeting ligands, such as antibodies or 
peptides, to improve their tumor specificity. Additionally, the EPR effect allows 
these nanoparticles to accumulate preferentially in tumor tissues due to their 
leaky vasculature and impaired lymphatic drainage.The controlled release 
of anticancer agents from the nanoparticles is another crucial aspect that 
enhances their efficacy. Vegetable oil-based nanoparticles can be engineered 
to release drugs in a sustained and controlled manner, prolonging the drug's 
presence at the tumor site. This controlled release not only increases the local 

drug concentration but also reduces the frequency of drug administration, 
minimizing systemic side effects [5].

Conclusion

The biocompatibility of vegetable oil-based nanoparticles has been 
extensively investigated in preclinical studies. These nanoparticles have 
demonstrated minimal cytotoxicity and immunogenicity, making them safe 
for systemic administration. Furthermore, their biodegradability ensures 
that they are metabolized and cleared from the body without causing long-
term harm. The inherent low toxicity of vegetable oil-based nanoparticles is 
particularly advantageous when combined with traditional chemotherapy 
agents. Conventional chemotherapeutics often cause severe side effects, 
leading to treatment discontinuation and diminished patient quality of life. 
By encapsulating these drugs within vegetable oil-based nanoparticles, their 
toxicity can be reduced, enabling higher doses to be administered without 
compromising patient well-being.
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