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DESCRIPTION 

 

Phytochemicals, naturally occurring compounds found in plants have long been 

recognized for their therapeutic potential in addressing a variety of health 

conditions. However, their clinical application has often been limited due to poor 

bioavailability, instability and rapid metabolism in the human body. The advent of 

nanotechnology has revolutionized many fields, including medicine, by offering 

innovative solutions to overcome these challenges. By utilizing nanotechnology, 

researchers have been able to enhance the bioavailability of phytochemicals, 

thereby maximizing their therapeutic efficacy. Many phytochemicals are 

hydrophobic, making them poorly soluble in aqueous environments such as the 

gastrointestinal tract. Phytochemicals are susceptible to degradation when 

exposed to light, heat and oxygen. 

Once ingested, these compounds often undergo rapid metabolism and 

elimination, reducing their active concentration in systemic circulation. The large 

molecular size and structural complexity of certain phytochemicals hinder their 

absorption across biological membranes. Nanotechnology involves the 

manipulation of materials at the nanoscale, typically ranging from 1 to 100 

nanometers. This technology enables the design of delivery systems that can 

encapsulate phytochemicals, protect them from degradation and facilitate their 

efficient delivery to target sites. 

Spherical vesicles with a phospholipid bilayer that can encapsulate both 

hydrophilic and hydrophobic phytochemicals. Liposomes improve solubility, 

stability and bioavailability while allowing for controlled release. Solid, colloidal 

particles made of biodegradable polymers like polylactic acid or polylactic-co-

glycolic acid. These carriers enhance the protection of phytochemicals from 

enzymatic degradation. Oil-in-water or water-in-oil emulsions stabilized by 

surfactants. They improve the solubility and absorption of hydrophobic 

phytochemicals. Branched, tree-like polymers that provide high loading capacity 

and targeted delivery of therapeutic agents. Amphiphilic molecules that self-

assemble into micelles in an aqueous environment, encapsulating hydrophobic 

phytochemicals within their core. 
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Encapsulation in nanocarriers increases the solubility of hydrophobic phytochemicals, facilitating better absorption in the 

gastrointestinal tract. Nanocarriers shield phytochemicals from environmental and enzymatic degradation, ensuring their 

stability during storage and transit. Nanocarriers allow for the gradual release of phytochemicals, maintaining therapeutic 

levels over extended periods. Surface functionalization of nanocarriers with ligands enables targeted delivery to specific 

tissues or cells, reducing off-target effects and improving therapeutic efficacy. 

Curcumin, a polyphenol with anti-cancer properties, suffers from poor bioavailability. Nanotechnology based formulations 

such as curcumin-loaded nanoparticles have demonstrated enhanced cellular uptake and anti-cancer efficacy. 

Resveratrol, a phytochemical with cardio protective properties, benefits from nanoemulsion formulations that improve its 

solubility and bioavailability. Quercetin known for its neuroprotective effects has been successfully encapsulated in 

liposomes to cross the blood-brain barrier and achieve therapeutic concentrations in the brain. 

Nanocarriers have been used to deliver phytochemicals like berberine, enhancing their anti-inflammatory effects while 

minimizing gastrointestinal irritation. Nanoencapsulation of phytochemicals like eugenol has enhanced their antimicrobial 

activity against resistant pathogens. 

The long-term safety and biocompatibility of nanocarriers need thorough investigation. The production of nanocarriers at 

a commercial scale remains expensive and complex. Regulatory approval processes for nanotechnology based 

formulations are rigorous and time consuming. Differences in metabolism and physiology among individuals can 

influence the efficacy of nanotechnology-based phytochemical delivery systems. To address these challenges, 

interdisciplinary collaboration among scientists, clinicians and regulatory bodies is essential. Advances in 

nanotechnology, such as the development of biodegradable and stimulus-responsive nanocarriers hold promise for 

overcoming current limitations. 

Nanotechnology has emerged as a powerful tool in overcoming the bioavailability challenges of phytochemicals, making 

the way for their effective therapeutic use. By improving solubility, stability and targeted delivery nanotechnology based 

delivery systems maximize the therapeutic potential of phytochemicals across a range of applications. While challenges 

remain, continued research and innovation in this field are likely to yield safer, more effective and economically viable 

solutions. The synergy between nanotechnology and phytochemicals represents a promising frontier in the quest for more 

effective and sustainable therapeutic interventions. 


