
 

~ 127 ~ 

International Journal of Chemical Studies 2025; 13(5): 127-130

 
 
 
 
 
 
 
 
 
 
 
P-ISSN: 2349-8528 
E-ISSN: 2321-4902 

Impact Factor (RJIF): 6.85 

www.chemijournal.com 

IJCS 2025; 13(5): 127-130 

© 2025 IJCS 

Received: 12-08-2025 

Accepted: 18-09-2025 

 
Dr. Madhu Kumari Gupta 

Assistant Professor, Department 

of Chemistry, Magadh Mahila 

College, Patna University, 

Patna, Bihar, India  

 

Dr. Shanish Kumar  

Assistant Professor, Department 

of Chemistry, BS College, 

Danapur, Patliputra University, 

Patna, Bihar, India 

 

Dr. Rajni Pandey 

Senior Assistant Professor, PG 

Department of Home Science, 

Patna University, Patna, Bihar, 

India 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Corresponding Author: 

Dr. Madhu Kumari Gupta 

Assistant Professor, Department 

of Chemistry, Magadh Mahila 

College, Patna University, 

Patna, Bihar, India 

 

 

 

 

 

 

 

 

 

 

 

 

The role of nanoparticles in advancing herbal 

medicine 

 
Madhu Kumari Gupta, Shanish Kumar and Rajni Pandey 
 
Abstract 

Herbal chemistry, the study of plant-derived compounds and their medicinal properties, is a cornerstone 

of traditional medicine. Recent advancements in nanotechnology have revolutionized this field, offering 

solutions to longstanding challenges in herbal medicine. This chapter examines the importance of 

nanoparticles in herbal chemistry, detailing their role in enhancing solubility, stability, and targeted 

delivery of herbal compounds. 

Nanoparticles, defined as particles with dimensions in the nanometer range (1-100 nm), possess unique 

physical and chemical properties due to their small size and large surface area-to-volume ratio. These 

properties facilitate enhanced interactions with biological systems, making nanoparticles ideal for 

pharmaceutical applications. Types of nanoparticles include polymeric, lipid, metallic, and silica 

nanoparticles, each offering specific benefits in drug delivery and therapeutic efficacy. 

A primary challenge in herbal medicine is the poor solubility and low bioavailability of many 

hydrophobic herbal compounds. Nanoparticles can encapsulate these compounds, significantly 

improving their solubility and bioavailability. For instance, curcumin from turmeric shows greatly 

enhanced bioavailability when delivered via nanoparticles. Additionally, nanoparticles protect herbal 

compounds from environmental degradation, increasing their stability and extending shelf life, as seen 

with essential oils prone to oxidation. 

Nanoparticles also offer targeted drug delivery, engineered to recognize and bind to specific receptors on 

target cells, such as cancer cells, thereby minimizing side effects and maximizing efficacy. Examples 

include green tea and ginger extracts, which show enhanced anticancer effects when delivered through 

nanoparticles. Furthermore, nanoparticles enable controlled release of herbal compounds, maintaining 

therapeutic levels while reducing toxicity risks, crucial for compounds with narrow therapeutic windows. 

Case studies highlight the successful application of nanoparticles in herbal chemistry. Curcumin, 

quercetin, and silymarin nanoparticles exhibit improved solubility, stability, and bioavailability, 

enhancing their therapeutic potential in treating diseases, including cancer and cardiovascular conditions. 

Ongoing research is essential to fully exploit the potential of nanoparticles in herbal chemistry, with 

future advancements expected to yield more efficient and targeted delivery systems. For clinical 

integration, comprehensive studies on safety, efficacy, and regulatory approval are crucial. In conclusion, 

nanoparticles significantly advance herbal chemistry, transforming traditional herbal medicines into more 

effective and reliable treatments, promising novel therapeutic strategies and improved patient outcomes. 

 

Keywords: Solubility enhancement, stability improvement, targeted delivery, bioavailability, traditional 

medicine 

 

1. Introduction 

Herbal chemistry, the study of plant-derived compounds and their medicinal properties, has 

been an integral part of traditional medicine for centuries. It involves the extraction, isolation, 

and study of bioactive compounds from plants, aiming to understand their therapeutic effects 

and potential applications in modern medicine. Despite the rich history and proven benefits of 

herbal medicine, there are significant challenges associated with the bioavailability, stability, 

and delivery of herbal compounds. These challenges have limited the widespread adoption and 

efficacy of herbal treatments in clinical settings. 

In recent years, the integration of nanotechnology has emerged as a promising solution to these 

challenges. Nanotechnology, the science of manipulating materials at the nanoscale (1-100 

nm), offers unique opportunities to enhance the properties and effectiveness of herbal 

medicines. This chapter explores the significance of nanoparticles in herbal chemistry, 

focusing on their role in improving the solubility, stability, and targeted delivery of herbal 

compounds.  
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By addressing these key issues, nanoparticles have the 

potential to revolutionize the field of herbal medicine, making 

it more effective and accessible for modern therapeutic 

applications. 

 

2. Overview of Nanoparticles 

2.1 Definition and Characteristics 
Nanoparticles are defined as particles with dimensions in the 

nanometer range (1-100 nm). Due to their small size and large 

surface area-to-volume ratio, nanoparticles exhibit unique 

physical, chemical, and biological properties that distinguish 

them from bulk materials. These properties include enhanced 

reactivity, increased solubility, and improved interaction with 

biological systems. The high surface area of nanoparticles 

allows for greater absorption and interaction with cells and 

tissues, making them highly suitable for pharmaceutical 

applications. 

 

2.2 Types of Nanoparticles 
Several types of nanoparticles are used in pharmaceutical and 

herbal chemistry, each with specific properties and 

applications: 

 Polymeric nanoparticles: These are made from 

biodegradable polymers such as poly (lactic-co-glycolic 

acid), (PLGA) and chitosan. Polymeric nanoparticles can 

encapsulate both hydrophilic and hydrophobic drugs, 

protecting them from degradation and enhancing their 

bioavailability (Kumari et al., 2010) [6]. 

 Lipid nanoparticles: This category includes liposomes 

and solid lipid nanoparticles (SLNs). Lipid nanoparticles 

are biocompatible and can encapsulate lipophilic drugs, 

improving their solubility and stability. They are 

particularly useful for delivering drugs across biological 

barriers (Mehnert & Mäder, 2012) [8]. 

 Metallic nanoparticles: Metallic nanoparticles, such as 

gold and silver nanoparticles, exhibit unique optical and 

electronic properties. They are often used in diagnostic 

and therapeutic applications, including targeted drug 

delivery and imaging (Dreaden et al., 2011) [4]. 

 Silica nanoparticles: Silica nanoparticles have a porous 

structure that can be used for drug delivery. They are 

stable, biocompatible, and can be functionalized with 

various chemical groups to enhance their interaction with 

biological molecules (Slowing et al., 2007) [16]. 

 

3 Enhancing Solubility and Bioavailability 

3.1 Challenges in Herbal Medicine 
A significant challenge in herbal medicine is the poor 

solubility and low bioavailability of many herbal compounds. 

Hydrophobic compounds, which are not soluble in water, 

often have limited absorption in the gastrointestinal tract, 

reducing their therapeutic efficacy. For example, curcumin, a 

compound derived from turmeric, has well-documented 

health benefits but suffers from poor water solubility and 

rapid metabolism, leading to low bioavailability (Siviero et 

al., 2015) [15]. 

 

3.2 Role of Nanoparticles 
Nanoparticles can encapsulate hydrophobic herbal 

compounds, enhancing their solubility and bioavailability. By 

forming a nano-sized carrier system, nanoparticles can 

improve the dissolution rate of these compounds in biological 

fluids, facilitating better absorption and distribution in the 

body. For instance, curcumin encapsulated in nanoparticles 

shows significantly improved bioavailability compared to its 

free form, enabling higher therapeutic efficacy (Anand et al., 

2007) [1]. Similarly, other hydrophobic compounds, such as 

quercetin and silymarin, benefit from nanoparticle 

encapsulation, which enhances their solubility and 

bioavailability (Liu et al., 2021; Kroll et al., 2007) [7, 5]. 

 

4 Improving Stability 

4.1 Sensitivity of Herbal Compounds 
Herbal compounds are often sensitive to environmental 

conditions such as light, heat, and pH changes. These factors 

can lead to the degradation of the active ingredients, reducing 

their effectiveness and shelf life. For example, essential oils, 

which are prone to oxidation, lose their therapeutic properties 

when exposed to air and light (Bhattacharya et al., 2000) [3]. 

 

4.2 Nanoparticle Protection 
Nanoparticles can protect herbal compounds from degradation 

by encapsulating them within a stable matrix. This 

encapsulation shields the active ingredients from 

environmental stressors, preserving their potency and 

extending their shelf life. For instance, essential oils 

encapsulated in nanoparticles show increased stability and 

prolonged therapeutic effects (Nair et al., 2022) [10]. Similarly, 

other sensitive herbal compounds, such as phenolic acids and 

flavonoids, benefit from nanoparticle encapsulation, which 

protects them from oxidative degradation and enhances their 

stability (Slowing et al., 2007) [16]. 

 

5 Targeted Drug Delivery 

5.1 Importance of Targeted Delivery 
Targeted drug delivery is crucial for enhancing the efficacy of 

therapeutic agents and minimizing side effects. By directing 

drugs to specific sites in the body, targeted delivery ensures 

that the active compounds exert their effects precisely where 

needed, reducing the exposure of non-target tissues to 

potentially harmful substances (Peer et al., 2007) [11]. 

 

5.2 Mechanisms of Targeted Delivery 
Nanoparticles can be engineered to achieve targeted delivery 

through various mechanisms. One common approach is to 

functionalize the surface of nanoparticles with ligands that 

recognize and bind to specific receptors on target cells. For 

example, nanoparticles functionalized with folic acid can 

target cancer cells that overexpress folate receptors, ensuring 

that the encapsulated herbal compounds are released precisely 

at the tumor site (Pillai et al., 2015; Yan et al., 2020) [12, 19]. 

Another approach involves the use of stimuli-responsive 

nanoparticles that release their payload in response to specific 

triggers such as pH changes, temperature, or enzymatic 

activity. This allows for controlled and site-specific release of 

herbal compounds, enhancing their therapeutic efficacy and 

reducing systemic toxicity (Yang et al., 2009) [20]. For 

instance, green tea and ginger extracts, known for their 

anticancer properties, show enhanced effects when delivered 

via nanoparticles that target tumor cells (Prasad et al., 2011) 
[13]. 

  

6 Reducing Toxicity 

6.1 Challenges of Toxicity 
Some herbal compounds have a narrow therapeutic window, 

meaning the range between an effective dose and a toxic dose 

is small. This can pose significant challenges in ensuring safe 

and effective treatment, as even slight variations in dosage 

can lead to adverse effects (Mensah et al., 2019) [9]. 
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6.2 Controlled Release 
Nanoparticles can address this issue by providing controlled 

release of herbal compounds. By encapsulating the active 

ingredients, nanoparticles can regulate the rate and duration of 

drug release, maintaining therapeutic levels without reaching 

toxic concentrations. This controlled release mechanism, 

combined with targeted delivery, minimizes the exposure of 

non-target tissues to potentially harmful substances, reducing 

the risk of toxicity (Pillai et al., 2015) [12]. 

For example, nanoparticle-based formulations of curcumin 

and silymarin enable sustained and controlled release, 

ensuring consistent therapeutic effects while minimizing 

adverse reactions (Yallapu et al., 2012; Kroll et al., 2007) [18, 

5]. This approach enhances the safety and efficacy of herbal 

treatments, making them more reliable for clinical 

applications. 

 

7 Case Studies of Nanoparticles in Herbal Chemistry 

7.1 Curcumin Nanoparticles 
Curcumin, a compound derived from turmeric, is known for 

its anti-inflammatory, antioxidant, and anticancer properties. 

However, its clinical application is limited by poor solubility, 

low bioavailability, and rapid metabolism. Nanoparticle 

encapsulation has been shown to overcome these limitations, 

enhancing the therapeutic effects of curcumin. For instance, 

curcumin-loaded nanoparticles exhibit significantly improved 

bioavailability and therapeutic efficacy in cancer treatment 

compared to free curcumin (Yallapu et al., 2012) [18]. These 

nanoparticles protect curcumin from degradation, enhance its 

solubility, and facilitate targeted delivery to tumor cells, 

maximizing its anticancer potential. 

 

7.2 Quercetin Nanoparticles 
Quercetin, a flavonoid with potent antioxidant and anti-

inflammatory properties, faces challenges related to poor 

solubility and stability. Nanoparticle formulations of 

quercetin have been developed to address these issues, 

improving its therapeutic potential. Studies have shown that 

quercetin-loaded nanoparticles enhance its solubility, 

stability, and bioavailability, making it more effective in 

treating conditions such as cancer and cardiovascular diseases 

(Vinayak & Maurya et al., 2019 & Liu et al., 2021) [17, 7]. 

These nanoparticles enable controlled release of quercetin, 

ensuring sustained therapeutic effects and reducing the risk of 

toxicity. 

 

7.3 Silymarin Nanoparticles 
Silymarin, a compound extracted from milk thistle, is known 

for its hepatoprotective properties. However, its clinical 

application is limited by low bioavailability. Encapsulation of 

silymarin in nanoparticles significantly improves its solubility 

and bioavailability, enhancing its effectiveness in liver 

protection. Studies have demonstrated that silymarin-loaded 

nanoparticles provide better therapeutic outcomes in liver 

diseases compared to free silymarin, making them a 

promising approach for treating hepatic disorders (Kroll et al., 

2007) [5]. 

 

8 Future Perspectives 

8.1 Ongoing Research 
The field of nanotechnology in herbal chemistry is rapidly 

evolving, with ongoing research focused on developing more 

efficient and targeted delivery systems. Advances in 

nanotechnology are expected to yield novel nanoparticles 

with enhanced properties, such as greater biocompatibility, 

improved targeting capabilities, and controlled release 

mechanisms. These advancements will further enhance the 

therapeutic potential of herbal compounds, making them more 

effective and reliable for clinical applications (Roco, 2011) 
[14]. 

 

8.2 Integration into Clinical Practice 
For the benefits of nanoparticles in herbal chemistry to be 

realized in clinical settings, comprehensive studies on safety, 

efficacy, and regulatory approval are necessary. Preclinical 

and clinical trials are essential to evaluate the therapeutic 

effects and potential risks of nanoparticle-based formulations. 

Additionally, regulatory frameworks need to be established to 

ensure the safe and effective use of these technologies in 

healthcare. Successful integration of nanotechnology into 

herbal chemistry will require collaboration between 

researchers, clinicians, and regulatory authorities to address 

these challenges and bring innovative treatments to patients 

(Zhang et al., 2008) [21]. 

 

9. Conclusion 

Nanoparticles represent a significant advancement in herbal 

chemistry, addressing many limitations of traditional herbal 

medicines. By enhancing solubility, stability, bioavailability, 

and providing targeted delivery, nanoparticles have the 

potential to transform herbal medicine, leading to more 

effective and reliable treatments. The integration of 

nanotechnology into herbal chemistry promises novel 

therapeutic strategies and improved patient outcomes, 

heralding a new era in medicinal science. Continued research 

and collaboration will be essential to fully harness the 

potential of nanoparticles in herbal medicine, paving the way 

for innovative and effective treatments for a wide range of 

diseases. 
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