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1. INTRODUCTION

Plant-based nanoparticles are proving to be a 

promising new trend in the field of drug 

delivery, combining the therapeutic 

properties of plant-derived compounds with 

the innovative potential of nanotechnology 
[1]. These nanoparticles, which are produced 

from natural plant extracts or biopolymers, 

possess several advantages in drug delivery 

systems like enhanced solubility, stability, 

and bioavailability—particularly for poorly 

soluble drugs. Their low particle size, high 

surface area, and targeted capability make 

them an attractive choice as an alternative to 

conventional drug delivery systems. Their 
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ABSTRACT 

This article thoroughly discusses the advancements and therapeutic 

potential of herbal-based nanoparticles as emerging drug delivery systems. 

Herbal nanoparticles, which were synthesized predominantly by using eco-

friendly green synthesis methods incorporating plant extracts, have 

emerged as a better option compared to conventional drug carriers by 

enhancing solubility, stability, bioavailability, and facilitating targeted drug 

delivery. The report highlights the integration of bioactive phytochemicals 

such as flavonoids, alkaloids, and terpenoids into nanoparticle systems to 

improve the therapeutic efficacy against cancer, microbial infections, and 

chronic inflammation. Key characteristics addressed include the synthesis 

pathways, drug loading capacities, controlled and sustained release 

mechanisms, biocompatibility assessment, pharmacokinetic improvement, 

and toxicity evaluation. Moreover, the advantages of herbal-based 

nanoparticles on the environment, including their biodegradability, 

reduced ecological footprint, and reduced waste during production, are 

underscored as being pivotal in fueling green pharmaceutical technologies. 

Despite challenges like bulk production and stability over long periods 

already being faced, herbala-based nanoparticles offer a promising path to 

propel personalized medicine, enhance patient outcomes, and maintain 

pharmaceutical innovation. The review confirms that additional studies in 

herbal nanotechnology are potentially revolutionary to future therapeutic 

interventions and eco-friendly environmental healthcare interventions. 
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inclusion of bioactive plant metabolites like 

flavonoids, alkaloids, and terpenoids is 

further contributing to their therapeutic 

interest, and they are therefore a powerful 

agent for ensuring maximum benefits in 

patients suffering from diseases like cancer, 

inflammation, and microbial infection. Also, 

green synthesis techniques that are 

environmentally friendly have emerged as a 

green method of synthesizing such 

nanoparticles using plant extracts to reduce 

metal ions and form nanoparticles without 

losing the bioactivity of the plant molecules. 

 

Figure 1: Herbal-Based Nanoparticles and Phytonanomedicine Applications [2] 

The growing popularity of herbal-based 

nanoparticles is brought into focus with their 

capacity to surmount the limitations of 

traditional drug delivery systems like drug 

poor solubility, instability, and absence of 

targeting to specific tissue. The property of 

targeted drug delivery of these nanoparticles, 

combined with controlled as well as 

sustained release mechanisms, ensures that 

therapeutic agents reach specific sites in the 

body with fewer side effects. This review is 

intended to investigate various synthesis 

approaches, mechanisms of drug loading and 

release, biocompatibility and toxicity profiles 

of herbal-based nanoparticles. Through 

addressing these factors, the review will seek 
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to highlight the potential of herbal-based 

nanoparticles in re-fashioning modern drug 

delivery systems and their role in advancing 

personalized medicine. 

1.1.Background Information and 

Context: 

Plant-based nanoparticles have attracted a lot 

of interest since they can combine the 

therapeutic properties of plant molecules 

with the advanced benefits of 

nanotechnology. The nanoparticles are made 

up of natural biopolymers or plant extracts, 

which contribute to their enhanced drug 

delivery attributes [3]. These include higher 

bioavailability, solubility, and stability, 

which are particularly beneficial to those 

drugs of low solubility. Apart from that, the 

recent advancements in green synthesis 

processes have also made them more 

valuable by offering a green and sustainable 

way of particle formation that provides for 

the retention of the natural bioactivity of the 

plant extracts used. 

1.2.Objectives of the Review: 

The review seeks to explore the different 

facets of herbal-based nanoparticles, with 

emphasis on their synthesis, drug delivery 

potential, and safety profiles to maximize 

their therapeutic potential [4]. 

• To examine synthesis methods, 

particularly green synthesis of herbal-

based nanoparticles. 

• To evaluate the drug loading and 

controlled release capabilities of 

these nanoparticles. 

• To assess their biocompatibility, 

toxicity, and pharmacokinetics for 

effective drug delivery. 

1.3.Importance of the Topic: 

The application of herbal-based 

nanoparticles is crucial in the design of drug 

delivery systems, particularly in the 

correction of issues such as low solubility 

and controlled release. Targeted drug 

delivery is possible using the nanoparticles, 

where the drug is delivered to the target 

location in the body with less off-target 

effect. Such specific delivery combined with 

controlled and sustained release is capable of 

greatly enhancing therapeutic benefits, 

especially in the treatment of chronic 

diseases like cancer and inflammation. With 

increasing importance being attached to 

personalized medicine, the need for more 

efficient and targeted drug delivery systems 

also grew, making herbal-based 

nanoparticles an important area of research 

and development in today's medicine. 

2. HERBAL-BASED 

NANOPARTICLES: SYNTHESIS, 

BIOCOMPATIBILITY, AND 

TARGETED DRUG DELIVERY 

Recent research into herbal-based 

nanoparticles emphasizes the use of 

environmentally sustainable synthesis 

processes, i.e., green synthesis, wherein plant 

extracts are employed to prepare 

nanoparticles [5]. Not only does this support 

sustainability, but it also utilizes the naturally 

occurring bioactive compounds present in 

plants, e.g., flavonoids, terpenoids, and 

polyphenols, that are responsible for 

therapeutic activity. Such nanoparticles are 

most beneficial in drug delivery since they 

are capable of containing a vast spectrum of 

pharmaceutical chemicals, improving the 

drug loading capability. Further, their 

potential in delivering controlled and 

sustained release of drugs enhances 

therapeutic effects by having optimal levels 

of drugs throughout duration. Besides, their 
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surface characteristics can be engineered for 

targeted delivery, allowing targeted tissue or 

organ targeting, i.e., to tumors or inflamed 

tissues, which reduces off-target effects and 

enhances therapeutic efficacy. 

2.1.Key Research Studies 

The most recent advances in the synthesis of 

herbal-based nanoparticles for drug delivery 

have unveiled numerous methods to enhance 

the therapeutic efficacy and bioactivity of 

drugs [6]. Traditional techniques like solvent 

evaporation, coacervation, and 

electrospinning have been widely used to 

produce nanoparticles with predetermined 

size and surface properties. These approaches 

allow for the encapsulation of bioactive 

plant-derived molecules such as polyphenols, 

flavonoids, alkaloids, and terpenoids, which 

possess therapeutic efficacy. These plant 

molecules, upon incorporation into 

nanoparticle formulations, can enhance drug 

bioavailability and stability, making them 

more effective in disease treatment. 

For example, nanoparticles synthesized from 

Curcuma longa (turmeric) extract have 

shown impressive anti-inflammatory and 

anticancer activities, owing to the bioactive 

compound curcumin. Turmeric-derived 

nanoparticle use not only increases curcumin 

solubility and bioavailability but also 

facilitates site-specific therapeutic 

intervention, which makes it more effective 

in the treatment of inflammation and cancer. 

Similarly, Azadirachta indica (neem) 

nanoparticles were effective in antimicrobial 

drug delivery to fight bacterial infection. 

Neem nanoparticles have also been reported 

to exhibit immunomodulatory activity that 

enhances the body's immune response. These 

findings show the potential of herbal-based 

nanoparticles in several therapeutic 

applications, including cancer therapy, 

antimicrobial therapy, and immunostimulant 

[7]. 

2.2.Methodologies and Findings 

• Synthesis Techniques: A number of 

techniques have been attempted by 

scientists to synthesize herbal-based 

nanoparticles, and the most promising 

among them is green synthesis. In it, 

plant extracts are utilized for metal ion 

or other molecule reduction to produce 

nanoparticles. This eco-friendly 

approach not only excludes the use of 

poisonous chemicals but also utilizes the 

bioactivity of the plant extracts, e.g., 

antioxidants and polyphenols, to 

enhance the therapeutic uses of the 

nanoparticles [8]. Green synthesis is 

gaining wide popularity as it is cost-

effective, sustainable, and scalable, thus 

becoming a favored method to mass-

produce nanoparticles. 

• Drug Loading and Release: It has been 

demonstrated in experiments that herbal 

nanoparticles have a high drug loading 

capacity to trap drugs from a wide range 

of pharmaceutical compounds. The 

nanoparticles have mechanisms of 

controlled release, for example, pH-

sensitive release where the drugs are 

released when they are exposed to 

specific pH levels, or sustained release 

where the drug is released slowly over a 

period of time. These mechanisms 

significantly add to the drugs' 

therapeutic benefits through targeted 

delivery and sustained action, reducing 

the frequency of dosing and minimizing 

the side effects. Regulation of drug 

release maximizes the general efficiency 

of the treatment. 

2.3.Thematic Sections 
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Herbal-derived nanoparticles are gaining 

attention due to their improved 

biocompatibility, as they are extracted from 

plant sources that are traditionally not greatly 

toxic. Preclinical studies have shown that 

such nanoparticles were tolerably well-

tolerated in animal models, with the potential 

to replace man-made drug delivery systems. 

There are, however, issues related to long-

term stability because some nanoparticles 

have the tendency to degrade over time and 

can produce toxic degradation products. 

Regardless of this, herbal nanoparticles excel 

other nanoparticles in the delivery of 

therapeutic drugs to specific tissues or 

organs, such as tumors, minimizing off-target 

toxicity and system toxicity [9]. Moreover, 

nanoparticles enhance the bioavailability of 

weakly soluble drugs significantly, resulting 

in enhanced absorption and therapeutic 

effect. This makes herbal-based 

nanoparticles a promising choice for the 

enhancement of efficacy of a vast majority of 

pharmaceutical drugs, especially those that 

are difficult to deliver by conventional 

methods. 

1. Biocompatibility and Toxicity 

Herbal-based nanoparticles tend to be 

biocompatible as they are made from sources 

of natural plants, which inherently have low 

toxicity. In preclinical models using animals, 

they were found to be well-tolerated with 

little adverse effects. Their long-term 

stability is still a challenge, though, as some 

nanoparticles have been known to degrade 

over time and release toxic by-products. 

Maintaining the stability and safety of herbal-

based nanoparticles within the body is crucial 

for their therapeutic application, and further 

research needs to be conducted to overcome 

these issues and enhance their formulation 

for long-term effectiveness [10]. 

2. Drug Targeting 

One of the major benefits of herbal-based 

nanoparticles is their specificity to target a 

specific organ or tissue, e.g., tumors, brain, or 

liver. By altering the surface properties of the 

nanoparticles, researchers can make them 

more specific such that the drug is released 

directly at the site of action where it is 

targeted. Targeted delivery of drugs 

minimizes off-target effects, thereby 

reducing possible side effects and improving 

the efficacy of treatment. The ability to target 

drugs to specific areas also enables the 

administration of lower doses, which further 

reduces the risk of toxicity and improves the 

overall therapeutic effect [11]. 

3. Pharmacokinetics 

The pharmacokinetics of herbal 

nanoparticles, i.e., their absorption, 

distribution, metabolism, and excretion, is 

crucial to their efficiency as drug delivery 

systems. Experiments have proven these 

nanoparticles to increase the bioavailability 

of the poorly soluble drugs, which are 

generally difficult to deliver effectively. 

Herbal nanoparticles increase their 

therapeutic activity by increasing the 

absorption and extending the circulation time 

of drugs. This ability to increase 

bioavailability of pharmaceuticals makes 

herbal-based nanoparticles a potential rising 

candidate for the delivery of diverse 

pharmaceutical compounds that would 

otherwise be scantily effective [12]. 

3. ENVIRONMENTAL 

SUSTAINABILITY OF HERBAL-

BASED NANOPARTICLES 

The increasing environmental concerns 

associated with conventional chemical-based 

nanoparticles (CBNPs) have prompted 

researchers to seek greener and more 
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sustainable alternatives. Traditional chemical 

synthesis of nanoparticles involves the use of 

harmful chemicals and energy-intensive 

processes, which result in environmental 

contamination and the production of toxic 

waste. Additionally, the persistence of 

synthetic nanoparticles in the environment 

can result in long-term ecological effects [13]. 

On the other hand, herbal-based 

nanoparticles (HNPs) offer a green 

alternative by leveraging plant-derived 

molecules during synthesis. These 

molecules, including polyphenols, 

flavonoids, and terpenoids, not only reduce 

the use of toxic chemicals but also endow 

further bioactive properties to the 

nanoparticles, boosting their therapeutic 

potential. 

 

Figure 2: Green Synthesis and Characterization of Herbal-Based Nanoparticles [14] 

Herbal-based nanoparticles are typically 

fabricated through green chemistry methods, 

wherein plant extracts decrease metal salts or 

form nanoparticles with natural processes. 

This process eschews toxic reagents and 

hence makes the process cleaner as well as 

more secure. Second, the use of renewable 

vegetative sources of plants ensures HNPs 

become more sustainable over time 

compared to conventional nanoparticles 

relying on non-renewable supplies such as 

petrochemicals and metals. HNPs synthesis 

is more resource and energy-efficient with 

waste reduction possibilities since plant 

extracts may be sourced from crop wastes or 

other natural wastes [15]. HNPs, therefore, 

present a potential direction towards 

minimizing the environmental footprint of 
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nanoparticle synthesis while also imparting 

further health and therapeutic benefits. 

3.1.Green Synthesis of Nanoparticles 

Green synthesis of plant-derived 

nanoparticles is the most significant 

consideration in keeping them 

environmentally sustainable. Compared to 

traditional chemical synthesis, which 

typically involves toxic chemicals and 

produces toxic by-products, green synthesis 

utilizes plant molecules like polyphenols, 

flavonoids, and terpenoids to reduce metal 

salts to nanoscale. These natural molecules 

from the richness of plant extracts are not 

only reducing agents but also introduce 

bioactive functionality to the nanoparticles. 

The green synthesis is environmentally 

friendly as it decreases the utilization of toxic 

reagents and reduces the amount of toxic 

waste generated. In addition, the process can 

frequently be carried out at mild conditions 

with fewer resources and producing fewer 

pollutants, which is in accordance with green 

chemistry principles [16]. 

3.2.Biodegradability and non-toxicity 

Herbal nanoparticles have a built-in 

biodegradability due to their natural origin. 

Relative to synthetic nanoparticles, which 

never dissolve after years in the environment, 

herbal nanoparticles are designed to 

disintegrate into harmless products with time. 

Their biodegradability matters as it assists 

them to neither build up in ecosystems nor 

persistently pollute the environment. 

Additionally, the plant-based substances 

employed in the synthesis of these 

nanoparticles, like flavonoids and alkaloids, 

are reported to be non-toxic, adding to the 

environmental and biological security of 

these particles. Herbal nanoparticles' natural 

nature is the reason why they are a safer 

option for application in both biomedical and 

environmental applications [17]. 

3.3.Reduction of Ecological Footprint 

The process of making herbal-based 

nanoparticles greatly minimizes the 

environmental impact of regular synthetic 

nanoparticles. Raw materials for making 

nanoparticles are from renewable plant 

sources, which use less energy and less 

environmental damage when they are 

cultivated. On the other hand, metal and 

petrochemical extraction, typical of 

producing conventional nanoparticles, tends 

to result in destruction of habitats, soil 

pollution, and water pollution. In addition to 

that, ecologically friendly cultivation 

techniques, i.e., organic cultivation, may be 

incorporated within the supply chain of plant-

derived nanoparticles, once again reducing 

their ecological footprint. The method in 

question guarantees nanoparticle production 

leaving behind a far reduced and eco-friendly 

ecological footprint, which supports 

sustainable development initiatives [18]. 

3.4.Potential for Waste Minimization 

Plant-based nanoparticles offer a novel 

advantage to reduce industrial waste, a major 

concern of conventional nanoparticle 

synthesis. The traditional chemical process of 

nanoparticle production usually produces 

massive amounts of waste with expensive 

and complicated disposal operations. On the 

other hand, plant extracts used in 

nanoparticle production provide a more 

environmentally friendly process. Plant 

extracts, even from agricultural by-products 

and plant residues, minimize waste by 

converting renewable resources that could 

otherwise be wasted. This not only generates 
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value from waste materials but also promotes 

a more sustainable and circular process for 

making nanoparticles. 

3.5.Circular Economy Approach 

Herbal-based nanoparticles have great 

potential in the context of a circular 

economy. Under a circular economy, the life 

cycle of products is made to be regenerative, 

i.e., materials are reused, recycled, or 

remitted back to the environment when they 

reach the end of their life cycle. For herbal 

nanoparticles, their nature assembles as 

compounds that naturally decompose and 

convert into harmless fractions upon 

finishing use in drugs delivery or as 

medication. Those components are 

recoverable without creating pollution to 

restore into the nature thereby enhancing 

ecobeautyism or environmental sustainbility. 

The process markedly contrasts with 

mainstream "take-make-dispose" mechanism 

of mainstream industries, driving them 

towards loss of resources coupled with 

ecological disqualification [19]. 

3.6.Challenges and Future Directions 

Despite the encouraging environmental 

merits, there are a number of challenges in 

the large-scale production of herbal-based 

nanoparticles. One of the main challenges is 

upscaling the green synthesis processes to 

produce large volumes of nanoparticles 

without losing their environmental benefits 

[20]. The processes must be optimized to 

address the increasing demand for the 

nanoparticles across different industries, 

such as pharmaceuticals and medical devices. 

Additionally, an extensive life-cycle 

assessment (LCA) must be conducted to 

accurately realize the environmental 

implication of herbal nanoparticles in 

relation to their conventional counterparts. 

Studies into the sustainability of these 

nanoparticles should factor in the utilization 

of resources, energy usage, and generation of 

waste in the synthesis and application of the 

nanoparticles. These will be challenges to 

overcome to push the applicability of herbal-

based nanoparticles towards practical use in 

a sustainable and environmentally friendly 

manner. 

Table 1: Summary of Studies on Herbal-Based Nanoparticles for Drug Delivery [21] 

Authors Study Focus Area Method Findings 

Rawat et 

al. (2023) 

[22] 

Herbal bioactives-based 

mucoadhesive drug 

delivery systems 

Mucoadhesive 

drug delivery 

Review of herbal 

bioactives in 

mucoadhesive 

systems 

Herbal bioactives improve 

bioavailability and 

therapeutic efficacy by 

adhering to mucosal 

surfaces, enhancing 

absorption, especially in the 

gastrointestinal tract. 

Razavi et 

al. (2024) 

[23] 

Harnessing 

Nanotechnology for 

Optimized Herbal 

Cancer Treatment 

Nanotechnology in 

cancer treatment 

Review of 

nanoscale drug 

delivery systems 

for herbal 

compounds 

Nanotechnology enhances 

stability, solubility, and 

targeted delivery of herbal 

compounds, overcoming 

bioavailability and targeting 

challenges in cancer 

therapies. 
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Saeed et 

al. (2022) 

[24] 

Phytosomes: A 

promising nanocarrier 

for enhanced delivery of 

herbal compounds in 

cancer therapy 

Phytosomes in 

cancer therapy 

Investigation of 

phytosomes as 

nanocarriers 

Phytosomes improve 

solubility and bioavailability 

of herbal compounds, 

allowing targeted drug 

delivery to cancer cells, 

enhancing therapeutic 

effectiveness. 

Shree et 

al. (2023) 

[25] 

Fabrication and 

applications of 

polymeric nanoparticles 

for herbal drug delivery 

and targeting 

Polymeric 

nanoparticles for 

herbal drug 

delivery 

Review of 

polymeric 

nanoparticle 

synthesis and 

applications 

Polymeric nanoparticles 

enhance efficacy and reduce 

side effects by controlling 

the release of herbal 

compounds and targeting 

specific sites. 

Shree et 

al. (2024) 

[26] 

Nanotechnology-

mediated herbal drug 

delivery for the 

treatment of obesity 

Nanotechnology 

for obesity 

treatment 

  

 

4. DISCUSSION 

The study registered a moderate level of 

knowledge in patients with hypertension, 

with areas of lifestyle modification and 

medication adherence observed to be lacking. 

Even though the patients held a good attitude 

towards the control of hypertension, this was 

not always brought to practice, particularly in 

adopting recommended lifestyle 

modifications such as diet and exercise. This 

gap reflects the "intention-behavior gap" 

seen in the management of chronic disease, 

whereby knowledge and positive attitudes 

are insufficient to produce important changes 

in health behavior [27]. The findings reflect 

that hypertension control needs to be more 

integrated with both pharmacologic and 

lifestyle treatment. Healthcare professionals 

need to highlight continuous education and 

behavioral support in order to close the gap 

between action and knowledge. The study 

also proposes limitations, such as a small, 

region-based sample and suggests 

subsequent studies with larger, more 

heterogeneous samples to study barriers to 

behavior change, healthcare professionals' 

ability to motivate patients, and the possible 

impact of digital health interventions. 

4.1.Interpretation and Analysis of 

Findings: 

The study discovered a moderate level of 

awareness among the hypertensive patients 

for their condition but with gaps that were 

present in areas like lifestyle modification 

and treatment compliance. Despite the 

positive attitude among patients towards 

managing hypertension, it was not always 

reflected in their behaviors. Although 

patients acknowledged the importance of 

medication and follow-up visits, they 

struggled to adopt proposed lifestyle 

changes, such as dietary adjustments and 

physical activity. This attitude-practice gap is 

indicative of the widely reported "intention-

behavior gap" with chronic disease 

management, where it is reported that 

knowledge and positive attitudes are 

insufficient to drive meaningful change in 

health behavior [28]. 

4.2.Implications and Significance: 
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The results emphasize the importance of a 

broader strategy for controlling hypertension, 

involving both pharmacologic and lifestyle 

intervention. While patients recognize the 

significance of medication adherence, 

encouraging changes in lifestyle, including 

diet and physical activity, needs more 

targeted assistance. Medical professionals 

need to introduce ongoing education and 

behavioral interventions to close the gap 

between awareness and action. This research 

focuses on the importance of healthcare 

systems in providing ongoing follow-ups and 

motivational assistance to enable patients to 

make lasting changes, which eventually lead 

to long-term health outcomes [29].  

4.3.Gaps and Future Research 

Directions: 

One of the main limitations of this study is 

the small, region-specific sample size, which 

might not be the most representative of the 

wider hypertensive population [30]. Future 

studies should have a larger and more diverse 

sample to enhance the external validity of the 

findings. It would also be useful to study the 

particular barriers to action for patients in 

translating positive attitudes into action, e.g., 

psychological, cultural, or logistical barriers. 

Additional research should also investigate 

how healthcare providers can best motivate 

and advise patients, especially in terms of 

lifestyle modification. Lastly, investigating 

the long-term effect of digital health 

interventions and mobile applications on 

medication adherence and lifestyle 

modification may offer new opportunities for 

improving hypertension control. 

5. CONCLUSION 

Herbal-derived nanoparticles are a new 

revolution in drug delivery, wherein plant-

derived therapeutic agents meet the specific 

properties of nanotechnology to enhance 

solubility, stability, and bioavailability of 

poorly soluble drugs. Plant extracts-based 

nanoparticles, produced by green synthesis 

using environmentally friendly techniques, 

increase the therapeutic value of bioactive 

compounds such as flavonoids, alkaloids, 

and terpenoids. They provide targeted 

delivery, controlled and sustained drug 

release, and enhanced drug efficacy, 

especially for chronic diseases such as cancer 

and inflammation. Moreover, their 

biocompatibility and low toxicity render 

them a safer option compared to synthetic 

drug delivery systems. The environmental 

sustainability of herbal nanoparticles in the 

form of biodegradability, waste reduction, 

and lowering the ecological footprint also 

contributes to their attractiveness, being in 

line with green chemistry and circular 

economy principles. In spite of difficulties in 

large-scale production, these nanoparticles 

can go a long way in transforming 

personalized medicine and provide a greener 

alternative in the development of drugs. 
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