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Abstract 

Lipid nanoparticles (LNPs) are critical for the efficient delivery and intracellular 

transport of mRNA. They have recently been recognized as essential components of 

COVID-19 mRNA vaccines. Recent vaccinations have demonstrated the significant 

of lipid-based nanocomposite in the positive and effective delivery of mRNA 

therapies. These nanocomposites boost mRNA's efficacy by improving stability, 

biological uptake, and targeted delivery. We examine how lipid-based mRNA delivery 

methods are still being developed. 
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Lipid nanoparticles (LNPs) include a lipid matrix that is 

stabilized through the addition of surfactant. Lipid-based 

nanoparticle carriers containing therapeutically active substances 

usually contain solid lipids, surfactants, and, if required, 

cosurfactants [1]. LNPs have been the most studied platform to 

date with examples of using ionizable lipids that serve as the core 

of the mRNA material, whilst aiding in membrane fusion, 

phospholipids that stabilize the structure of the nanoparticle, 

"cholesterol" that assists to compact the core lipid, and PEGylated 

lipids, which offer extended circulation time and reduction of 

immune recognition [2, 3].  

Lipid-based nanocomposites are extensively utilized systems 

for vaccine delivery, employing liposomes and lipid nanoparticles. 

A special and adaptable release of the components is provided by 

the liposomes, which are composed of spherical vesicles with lipid 

bilayers containing hydrophobic and hydrophilic antigens [4, 5]. 

Therefore, they are made to particularly target cancer cells. After 

entering the cancer cell, the nanocomposite transports the 

therapeutic cargo to the cytoplasm by evading the endosome. 

Lipids that disrupt membranes or are pH-sensitive are used to 

accomplish this. Therapeutic cargo is released from the malignant 

cell by diffusion or enzymatic breakdown of the lipid bilayer 

(miR34a)[4]. 

Novel systems have incorporated lipid-polymer hybrid 

nanoparticle, which may also offer tissue-sensitive and selective 

delivery and therefore provide a targeting element in the delivery 

of mRNA therapeutics [6]. There has also been a trend toward 

hybrid nanoparticles developed from lipid- and polymer-based 

components to improve stability and targeting methodologies. 

Targeted delivery approaches, like ligand conjugation, create 

organ-specific mRNA delivery, which increases the accuracy of 

therapeutics while decreasing off-target effects [7]. The rapid 

clinical success of lipid nanoparticle (LNP)-based COVID-19 

vaccines has led to further interest to broaden the applications of 

LNPs for instance in cancer immunotherapy, protein replacement 

and gene editing [8, 9].  

Despite the advances in delivery systems, there will remain 

challenges for mRNA therapeutics in regard to improving 

endosomal escape, targeting specificity, reducing 

immunogenicity, establishing longer-term safety, while balancing 

cost-effective manufacture and storage [10]. Addressing these 

challenges will be required before the k5 of lipid-based 

nanomaterials can put mRNA discovery findings into practice 

beyond vaccination, including cancer immunotherapy and gene 

editing [11]. Continued investigation and innovation will help to 

develop safer, more effective , and more broadly available mRNA 

based therapeutics [12]. However, there continue to be challenges: 

The inefficient endosomal escape is still the limiting step for 

intracellularly releasing mRNA into the cell; issues with achieving 

cell or tissue specific targeting needs further refinement [13]; the 

necessity of developing strategies to deal with immune responses 

against nanoparticle components including PEG that may decrease 

efficacy and safety; the stability of the materials affects, storage 

and distribution [14]. Manufacturing and quality control practices 

that are scalable and reproducible initial constructions, because of 

clinical demands should be ramped more [15]. Overall, the 

emerging research on lipid–based nanocomposites indicates that 

the drug delivery community was quite enthusiastic about these 

nanocarriers. We are certain that these diverse drug delivery 

methods could have a significant clinical impact with additional 
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research investments at the manufacturing level and pre-clinical 

evaluation in suitable animal models. 
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