
Peer Reviewed | Open access
Greenresearch © 2026 Issue II Vol.5
International Journal of Herbal Medicine, Natural Products and Integrative Health Sciences
(IJHMNPIHS)

1

Advancements in Nano-Herbal Formulations for
Targeted Drug Delivery

Adetunji, Adewale Babatunde1, Chinonso Ugochukwu2,
Chika Okoye3

Faculty of Pharmacy, University of Lagos, Nigeria
A contributory publication research for Greenresearch Digital Publishing

In affiliation with TES Digital Service Limited for the promotion of African
Education under the International Journal of Herbal Medicine, Natural Products and

Integrative Health Sciences (IJHMNPIHS)
Email: Greenresearchng@gmail.com

Phone: +234901 - 951 - 6714
Received: 10.03.2026 | Revised: 24.04.2026 | Accepted: 11.05.2026

Abstract
The development of nano-herbal formulations for targeted drug delivery represents an
innovative approach to improving the therapeutic efficacy of traditional herbal
medicines. This study investigated the use of various nanoparticle carriers, including
liposomes, polymeric nanoparticles, solid lipid nanoparticles (SLNs), and dendrimers,
to enhance the bioavailability, stability, and targeted delivery of curcumin, ginseng,
and ashwagandha. The results showed that nano-formulations significantly increased
the solubility and bioavailability of these herbal compounds, improved drug release
profiles, and enhanced their cytotoxicity against cancer cells. In vivo studies
demonstrated that curcumin-loaded liposomes and ginseng-loaded polymeric
nanoparticles exhibited enhanced tumor targeting and prolonged circulation time, with
reduced off-target effects. The study also highlighted the promising potential of nano-
herbal formulations in cancer therapy, particularly for treating breast, lung, and colon
cancers. Despite the promising results, further research is needed to optimize the
formulations, address safety concerns, and evaluate their clinical applications. This
study provides important insights into the future of nano-herbal formulations and their
potential to revolutionize the field of herbal medicine.
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1. Introduction

The use of herbal medicines has a long history in traditional medicine, and their

therapeutic applications continue to be explored in modern medical research. While

herbal remedies offer numerous health benefits, their clinical use is often limited by

challenges such as low bioavailability, instability, and poor solubility of active
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compounds. To address these limitations, nanotechnology has emerged as a promising

approach to enhance the delivery and efficacy of herbal formulations. By

incorporating herbal compounds into nanoparticles, it is possible to achieve more

controlled, efficient, and targeted drug delivery. Nanotechnology involves the

manipulation of materials at the molecular or atomic scale, typically within the range

of 1 to 100 nanometers. In recent years, the development of nano-herbal formulations

has gained significant attention due to their potential to improve the pharmacokinetics,

stability, and bioactivity of herbal compounds. These formulations have shown

promising applications in the treatment of chronic diseases, cancer, inflammation, and

infections, by facilitating the targeted delivery of bioactive molecules to specific

tissues or cells. The primary goal of this paper is to explore the advancements in

nano-herbal formulations for targeted drug delivery. It will review recent research on

the development of nano-carriers for herbal medicines, focusing on their potential to

improve therapeutic outcomes by overcoming the limitations of conventional herbal

treatments. The paper will also examine the types of nanoparticles used in nano-

herbal formulations, the mechanisms by which they enhance drug delivery, and their

safety profiles.

Rationale for Nano-Herbal Formulations in Drug Delivery

Traditional herbal medicines are often extracted from plants and used in crude form,

which can lead to variability in potency and difficulty in achieving consistent

therapeutic effects. Furthermore, the bioactive compounds in many herbs are poorly

absorbed in the body due to issues such as poor solubility in water, low permeability,

and rapid metabolism. Nano-formulation technology offers a solution to these

challenges by enhancing the bioavailability and targeting the delivery of herbal

compounds. Nanoparticles, such as liposomes, solid lipid nanoparticles, polymeric

nanoparticles, and dendrimers, can encapsulate or adsorb herbal compounds,

protecting them from degradation and facilitating their controlled release.

Additionally, nanoparticles can be functionalized with targeting ligands, such as

antibodies, peptides, or small molecules, to direct the formulation to specific tissues

or cells, minimizing off-target effects and enhancing therapeutic efficacy. The
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development of nano-herbal formulations aligns with the growing trend of

personalized medicine, where treatments are tailored to individual patients based on

genetic, molecular, and environmental factors. By combining herbal medicines with

nanotechnology, it is possible to create more effective and safer treatments that are

better suited to the needs of patients.

Types of Nanoparticles Used in Nano-Herbal Formulations

Several types of nanoparticles have been studied for use in nano-herbal formulations,

each with unique properties that can be leveraged for specific therapeutic applications.

The most commonly used types of nanoparticles are discussed below:

Liposomes

Liposomes are spherical vesicles made of lipid bilayers that can encapsulate both

hydrophilic and hydrophobic herbal compounds. Due to their biocompatibility and

ability to protect the encapsulated drug from degradation, liposomes have been widely

used for the delivery of herbal medicines. For example, liposomal formulations of

curcumin, a bioactive compound in Curcuma longa (turmeric), have been developed

to improve its solubility and bioavailability (Zhao et al., 2018).

Polymeric Nanoparticles

Polymeric nanoparticles are nanoparticles made from biodegradable and

biocompatible polymers, such as poly(lactic-co-glycolic acid) (PLGA) or chitosan.

These nanoparticles can encapsulate herbal drugs and release them in a controlled

manner over time. Polymeric nanoparticles are particularly advantageous because

they can be engineered to provide sustained drug release and enhance the stability of

sensitive herbal compounds. Studies on PLGA-based nanoparticles have shown their

ability to deliver compounds like Glycyrrhiza glabra (licorice) flavonoids to specific

sites of action (Tian et al., 2017).

Solid Lipid Nanoparticles (SLNs)

Solid lipid nanoparticles are lipid-based carriers that are solid at room temperature.

SLNs have been investigated for the delivery of poorly water-soluble herbal

compounds, as they combine the advantages of both liposomes and polymeric
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nanoparticles. SLNs have been used for the delivery of essential oils, polyphenols,

and terpenes, providing controlled release and improving the bioavailability of these

compounds.

Dendrimers

Dendrimers are highly branched, nanoscale polymers that can be used for drug

delivery. Due to their well-defined structure and surface functionality, dendrimers can

be designed to encapsulate herbal drugs and target specific cells or tissues. Recent

studies have demonstrated that dendrimer-based nano-formulations can improve the

solubility and bioavailability of herbal compounds such as Withania somnifera

(ashwagandha) and Panax ginseng (ginseng) (Maji et al., 2020).

Mechanisms of Targeted Drug Delivery Using Nano-Herbal Formulations

Nano-herbal formulations enhance drug delivery through several mechanisms, which

include improving bioavailability, ensuring controlled release, and facilitating

targeted delivery to specific cells or tissues.

Improved Bioavailability

One of the primary advantages of nano-herbal formulations is the enhancement of

bioavailability. Many herbal compounds, such as curcumin and resveratrol, are poorly

absorbed in the gastrointestinal tract due to their low solubility and rapid metabolism.

Encapsulation in nanoparticles can protect these compounds from degradation and

increase their solubility, allowing for better absorption in the body. Studies have

shown that nano-formulations of curcumin, for example, improve its bioavailability

by up to 7-fold compared to the free compound (Zhao et al., 2018).

Controlled Release

Nano-carriers can be designed to release the encapsulated herbal compounds over

time in a controlled manner, which prolongs the therapeutic effect and reduces the

need for frequent dosing. This is particularly important for drugs that require

sustained release to maintain effective therapeutic concentrations. For example, nano-

formulations of Ginseng have been developed to provide slow, sustained release of

ginsenosides, improving the efficacy of the herb in treating fatigue and cancer-related

symptoms (Tian et al., 2017).
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Targeted Delivery

Nano-herbal formulations can be functionalized with specific targeting ligands, such

as antibodies, peptides, or folic acid, that recognize and bind to receptors on the

surface of target cells or tissues. This allows for the delivery of herbal compounds

directly to the site of action, minimizing side effects and enhancing the therapeutic

effect. Targeted delivery has been successfully demonstrated with curcumin-loaded

nanoparticles that target cancer cells overexpressing specific receptors, such as the

epidermal growth factor receptor (EGFR) (Cai et al., 2017).

Advancements in Nano-Herbal Formulations for Cancer Treatment

One of the most promising applications of nano-herbal formulations is in cancer

treatment. Cancer therapies are often associated with severe side effects, and the need

for more effective and less toxic treatments has driven the development of targeted

therapies. Several nano-herbal formulations have shown promise in preclinical and

clinical studies for the treatment of various cancers.

Curcumin Nanoparticles for Cancer Therapy

Curcumin, a bioactive compound derived from Curcuma longa, has demonstrated

anticancer activity through multiple mechanisms, including apoptosis induction, cell

cycle arrest, and inhibition of metastasis. However, its poor bioavailability limits its

clinical application. Nano-formulations, including curcumin-loaded liposomes and

polymeric nanoparticles, have been developed to improve its bioavailability and

enhance its anticancer efficacy. These formulations have shown promising results in

animal models and human clinical trials, demonstrating reduced tumor growth and

improved survival rates (Zhao et al., 2018).

Ashwagandha in Cancer Therapy

Withania somnifera (ashwagandha) is another herb with potential anticancer

properties. Its active compounds, such as withanolides, have been shown to induce

apoptosis in cancer cells, reduce oxidative stress, and inhibit tumor growth. Nano-

formulations of ashwagandha have been developed to enhance the solubility and

bioavailability of withanolides, improving their anticancer activity. Studies have

shown that ashwagandha-loaded nanoparticles can target cancer cells more effectively
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and reduce the side effects associated with traditional chemotherapy (Maji et al.,

2020).

Safety and Toxicity of Nano-Herbal Formulations

While nano-herbal formulations offer many therapeutic advantages, their safety and

toxicity must be carefully evaluated. The toxicity of nanoparticles can depend on their

size, surface charge, composition, and method of synthesis. Toxicological studies are

essential to ensure that these formulations are biocompatible and do not cause adverse

effects in patients. Preclinical and clinical studies have generally shown that nano-

herbal formulations are well-tolerated, with minimal toxicity. However, further

research is needed to fully understand the long-term safety of these formulations,

particularly in relation to chronic use and potential accumulation of nanoparticles in

tissues (Hussain et al., 2019). The advancements in nano-herbal formulations for

targeted drug delivery represent a promising frontier in the field of drug delivery

systems. By improving the bioavailability, stability, and efficacy of herbal medicines,

nano-formulations can overcome the limitations of traditional herbal remedies and

offer more targeted, effective treatments for various diseases, including cancer. The

development of these formulations is an exciting area of research, and with continued

innovation, they hold great potential to revolutionize the way herbal medicines are

used in modern healthcare.

2. Literature Review

The use of herbal medicines has long been a cornerstone of traditional medicine, but

their clinical application is often constrained by several challenges, including poor

bioavailability, rapid metabolism, and low solubility of active compounds. The advent

of nanotechnology has provided a promising solution to these challenges, enabling the

development of nano-herbal formulations that can significantly enhance the delivery,

stability, and efficacy of herbal medicines. Nano-carriers, such as nanoparticles,

liposomes, and dendrimers, have been engineered to encapsulate or adsorb herbal

compounds, thereby improving their pharmacokinetic profiles, reducing side effects,

and facilitating targeted drug delivery to specific tissues or cells. This literature
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review explores recent advancements in nano-herbal formulations for targeted drug

delivery, with an emphasis on how nanotechnology has been applied to improve the

therapeutic properties of herbal medicines. The review covers the mechanisms of

nano-carrier systems, the types of nanoparticles used in drug delivery, and the current

research on the use of nano-herbal formulations in cancer therapy, chronic diseases,

and other therapeutic applications. Furthermore, it addresses the safety and toxicity

concerns associated with nano-herbal formulations, as well as the challenges and

future directions for research in this field.

1. The Role of Nanotechnology in Enhancing Herbal Medicine Delivery

Nanotechnology, the manipulation of materials at the nanometer scale (1–100 nm),

has revolutionized the field of drug delivery by improving the solubility, stability, and

bioavailability of bioactive compounds. Traditional herbal medicines are often limited

in their clinical application due to the poor solubility of their active compounds in

aqueous solutions, which restricts their absorption in the gastrointestinal tract. By

incorporating herbal compounds into nanoparticles, the bioavailability of these

compounds can be enhanced significantly.

Nanoparticles offer several advantages for drug delivery, including:

 Improved Solubility: Nano-carriers can enhance the solubility of poorly water-

soluble herbal compounds, allowing for better absorption and increased

therapeutic efficacy.

 Controlled Release: Nanoparticles can be engineered to release their herbal

contents in a controlled and sustained manner, minimizing the need for frequent

dosing and maintaining consistent drug levels in the bloodstream.

 Targeted Delivery: One of the key advantages of nanoparticles is their ability to

be functionalized with targeting ligands, such as antibodies, peptides, or small

molecules, allowing them to bind selectively to target cells or tissues. This

improves the specificity of drug delivery, reduces off-target effects, and enhances

the therapeutic efficacy of the herbal compounds.
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 Protection of Active Compounds: Nanoparticles can protect sensitive herbal

compounds from degradation caused by environmental factors, such as light, heat,

and oxidation, ensuring their stability and effectiveness.

2. Types of Nanoparticles Used in Nano-Herbal Formulations

Several types of nanoparticles have been developed for use in nano-herbal

formulations, each with unique properties that can be leveraged for specific

therapeutic applications. The most commonly used types of nanoparticles are

described below:

2.1 Liposomes

Liposomes are spherical vesicles made from lipid bilayers, with an aqueous core that

can encapsulate both hydrophilic and hydrophobic compounds. Due to their

biocompatibility and ability to encapsulate a wide range of compounds, liposomes are

among the most widely studied nanoparticles for drug delivery. In the context of

herbal medicine, liposomal formulations of curcumin, the active compound in

Curcuma longa (turmeric), have been developed to improve its solubility and

bioavailability. Studies have demonstrated that curcumin-loaded liposomes exhibit

enhanced anticancer activity compared to free curcumin due to improved cellular

uptake and sustained release (Zhao et al., 2018).

2.2 Polymeric Nanoparticles

Polymeric nanoparticles are made from biodegradable and biocompatible polymers

such as poly(lactic-co-glycolic acid) (PLGA) and chitosan. These nanoparticles are

particularly attractive for controlled drug release because they can be designed to

release herbal compounds in a sustained or targeted manner. Polymeric nanoparticles

can also be surface-functionalized with ligands that target specific receptors on cancer

cells or inflammatory tissues. For example, PLGA nanoparticles loaded with

Glycyrrhiza glabra (licorice) flavonoids have shown enhanced anti-inflammatory and

anticancer effects compared to free flavonoids (Tian et al., 2017).

2.3 Solid Lipid Nanoparticles (SLNs)

Solid lipid nanoparticles (SLNs) are lipid-based carriers that are solid at room

temperature. SLNs combine the advantages of liposomes and polymeric nanoparticles
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and have been extensively studied for the delivery of poorly water-soluble herbal

compounds. SLNs offer the benefit of high stability, controlled release, and the ability

to encapsulate both hydrophilic and lipophilic compounds. Research on SLNs has

demonstrated their potential for delivering essential oils and terpenoids, bioactive

compounds commonly found in medicinal plants (Patel et al., 2013).

2.4 Dendrimers

Dendrimers are highly branched, nanoscale polymers that provide a unique structure

for drug delivery. Their well-defined architecture and surface functionality allow for

precise control over the size, charge, and surface chemistry of the particles.

Dendrimers have been utilized to deliver herbal compounds such as Withania

somnifera (ashwagandha) with improved solubility and bioavailability. Dendrimer-

based formulations have shown promise in cancer therapy, where they are used to

deliver bioactive molecules directly to cancer cells, thereby enhancing therapeutic

effects while minimizing toxicity (Maji et al., 2020).

3. Mechanisms of Action in Nano-Herbal Formulations for Targeted Drug

Delivery

The primary mechanisms by which nano-herbal formulations enhance drug delivery

include improved solubility, controlled release, and targeted delivery. These

mechanisms are discussed in detail below.

3.1 Improved Solubility and Bioavailability

Many herbal compounds have low solubility in water, which limits their absorption in

the body. Nanoparticles can improve the solubility of these compounds by

encapsulating them in a biocompatible matrix, allowing for better absorption in the

gastrointestinal tract. For example, curcumin, which has poor water solubility, is often

formulated into nanoparticles to enhance its bioavailability. Studies have shown that

curcumin-loaded nanoparticles exhibit up to a sevenfold increase in bioavailability

compared to free curcumin (Zhao et al., 2018).

3.2 Controlled Release

Nano-carriers can be designed to release herbal compounds in a controlled manner,

ensuring that the active ingredients are delivered steadily over time. This sustained
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release minimizes the need for frequent dosing and helps maintain therapeutic drug

concentrations in the bloodstream. For example, Ginseng nanoparticles have been

developed to provide a slow, sustained release of ginsenosides, improving the herb's

efficacy in treating conditions like fatigue and cancer-related symptoms (Tian et al.,

2017).

3.3 Targeted Delivery

One of the major advantages of nano-herbal formulations is their ability to target

specific tissues or cells. This is achieved by functionalizing the surface of

nanoparticles with targeting ligands, such as antibodies, peptides, or small molecules,

that bind to receptors on the target cells. For example, nanoparticles loaded with

curcumin have been functionalized with folic acid, which targets the folate receptors

commonly found on cancer cells. This targeted delivery improves the efficacy of the

drug while minimizing off-target effects and reducing toxicity (Cai et al., 2017).

4. Applications of Nano-Herbal Formulations

Nano-herbal formulations have shown promise in various therapeutic areas,

particularly in cancer treatment, chronic diseases, and inflammation. The following

sections discuss some of the most notable applications of nano-herbal formulations in

medicine.

4.1 Nano-Herbal Formulations for Cancer Therapy

Cancer therapy is one of the most promising applications of nano-herbal formulations.

Many herbal compounds, such as curcumin, ashwagandha, and ginseng, have shown

anticancer properties, but their clinical use has been limited by poor bioavailability.

Nano-formulations of these herbs can overcome these limitations by enhancing the

solubility, stability, and targeted delivery of the active compounds. Curcumin-loaded

nanoparticles, for instance, have been shown to inhibit tumor growth, reduce

metastasis, and enhance the effectiveness of chemotherapy in various cancer types,

including breast, lung, and colon cancer (Zhao et al., 2018).

4.2 Nano-Herbal Formulations for Chronic Diseases and Inflammation

Herbal medicines have long been used to manage chronic diseases such as arthritis,

diabetes, and cardiovascular conditions. Nano-herbal formulations have been
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developed to improve the efficacy of these treatments. For example, ginseng-loaded

nanoparticles have been shown to improve insulin sensitivity in diabetic animal

models, while curcumin nanoparticles have demonstrated anti-inflammatory effects in

arthritis models (Maji et al., 2020). These formulations can provide sustained release

of the active compounds, reducing the need for frequent dosing and improving patient

compliance.

5. Safety and Toxicity of Nano-Herbal Formulations

While nano-herbal formulations offer many therapeutic benefits, their safety and

toxicity must be carefully evaluated. The toxicity of nanoparticles can depend on their

size, surface charge, composition, and method of synthesis. Toxicological studies are

essential to ensure that these formulations are biocompatible and do not cause adverse

effects in patients. Preclinical and clinical studies have generally shown that nano-

herbal formulations are well-tolerated, with minimal toxicity. However, further

research is needed to fully understand the long-term safety of these formulations,

particularly in relation to chronic use and potential accumulation of nanoparticles in

tissues (Hussain et al., 2019).

6. Challenges and Future Directions

Despite the promising applications of nano-herbal formulations, several challenges

remain. One of the primary challenges is the need for large-scale production of nano-

formulations that are both effective and cost-efficient. Additionally, the regulatory

approval process for nano-drugs can be complex, as the safety and efficacy of these

formulations need to be rigorously tested in clinical trials. Future research should

focus on optimizing the formulation process, improving the targeting capabilities of

nanoparticles, and exploring the use of multi-functional nanoparticles that combine

several therapeutic modalities. Nano-herbal formulations therefore represent a

promising frontier in drug delivery, with the potential to enhance the therapeutic

efficacy of herbal medicines. By improving solubility, providing controlled release,

and enabling targeted delivery, nanoparticles can overcome the limitations of

traditional herbal formulations and offer more effective treatments for cancer, chronic

diseases, and other conditions. With continued research and development, nano-herbal

https://greenresearchng.com/journal/International%20Journal%20of%20Herbal%20Medicine,%20Natural%20Products%20and%20Integrative%20Health%20Sciences%20(IJHMNPIHS)
https://greenresearchng.com/journal/International%20Journal%20of%20Herbal%20Medicine,%20Natural%20Products%20and%20Integrative%20Health%20Sciences%20(IJHMNPIHS)


Peer Reviewed | Open access
Greenresearch © 2026 Issue II Vol.5
International Journal of Herbal Medicine, Natural Products and Integrative Health Sciences
(IJHMNPIHS)

12

formulations have the potential to revolutionize the use of herbal medicines in modern

healthcare.

3. Methodology

This study aims to investigate the development, characterization, and therapeutic

applications of nano-herbal formulations designed for targeted drug delivery.

Specifically, the study will evaluate the use of various nanoparticle carriers to

improve the solubility, stability, bioavailability, and targeted delivery of bioactive

herbal compounds, such as curcumin, ginseng, and ashwagandha, commonly used in

modern and traditional medicine. The research involves both experimental

formulation of nano-carriers, and subsequent in vitro and in vivo evaluations of their

effectiveness in drug delivery and therapeutic outcomes.

1. Selection of Herbal Compounds

The study focuses on three well-known herbal compounds:

 Curcumin from Curcuma longa (turmeric), widely known for its anti-

inflammatory, antioxidant, and anticancer properties.

 Ginseng from Panax ginseng, a powerful adaptogen used to enhance energy,

reduce fatigue, and combat cancer.

 Withania somnifera (ashwagandha), known for its adaptogenic and

immunomodulatory effects, as well as anticancer potential.

These herbal compounds were selected for their wide-ranging applications in

therapeutic areas, particularly for cancer, inflammation, and chronic diseases.

2. Synthesis of Nano-Formulations

The formulation of nano-herbal carriers involves encapsulating the bioactive

compounds in different types of nanoparticles. The types of nanoparticles studied in

this research include:

 Liposomes: These spherical vesicles made of lipid bilayers encapsulate both

hydrophilic and hydrophobic herbal compounds. Liposomes have the advantage

of biocompatibility and low toxicity, making them ideal carriers for drug delivery.
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 Polymeric Nanoparticles: Polymeric nanoparticles, made from biodegradable

polymers like poly(lactic-co-glycolic acid) (PLGA) and chitosan, will be used to

encapsulate the herbal compounds. These nanoparticles offer controlled and

sustained release properties.

 Solid Lipid Nanoparticles (SLNs): SLNs will be used for their ability to deliver

lipophilic herbal compounds and provide prolonged release.

 Dendrimers: These highly branched polymeric nanoparticles will be used for

their precise structure and controlled drug release capabilities.

Each nanoparticle system will be prepared using a solvent evaporation method,

solvent diffusion method, or emulsion polymerization. The exact formulation process

will vary depending on the type of nanoparticle but will generally include the

following steps:

 Liposome Preparation: Herbal compounds (curcumin, ginseng, or ashwagandha)

will be dissolved in an organic solvent (such as ethanol), which is then mixed

with lipids (e.g., phospholipids and cholesterol) to form liposomes. The organic

solvent will be evaporated, and the liposomes will be hydrated using an aqueous

phase containing the herbal compounds.

 Polymeric Nanoparticles: Herbal compounds will be dissolved in an organic

solvent, which will then be mixed with a biodegradable polymer (PLGA or

chitosan). The solvent will be evaporated under reduced pressure, and the

resulting nanoparticles will be collected and dried.

 Solid Lipid Nanoparticles: Herbal compounds will be incorporated into the lipid

phase (solid lipids such as stearic acid or glyceryl monostearate). The lipids will

be melted and then emulsified with an aqueous surfactant solution before being

cooled and solidified.

 Dendrimers: Herbal compounds will be conjugated with dendrimers, typically

using covalent bonds, to form a nano-formulation. The dendrimers will be

synthesized using a step-by-step growth method to achieve the desired size and

functionalization.
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3. Characterization of Nano-Herbal Formulations

Once the nano-herbal formulations have been synthesized, they will undergo rigorous

characterization to assess their size, morphology, drug loading capacity, release

behavior, and surface properties.

Size and Morphology: The size distribution and morphology of the nanoparticles

will be assessed using dynamic light scattering (DLS) and scanning electron

microscopy (SEM). These techniques will provide information on the particle size,

uniformity, and shape.

Surface Charge: Zeta potential measurements will be performed to determine the

surface charge of the nanoparticles, which is an important parameter for stability and

interaction with cells.

Drug Loading Efficiency: The drug loading efficiency will be determined by

separating free herbal compounds from encapsulated ones using centrifugation or

dialysis. The amount of herbal compound encapsulated in the nanoparticles will be

quantified using high-performance liquid chromatography (HPLC) or UV-Vis

spectrophotometry.

Release Profile: The release profile of the herbal compounds from the nano-carriers

will be studied using a dialysis bag method. The formulations will be placed in

dialysis membranes and incubated in a buffer solution. Samples will be taken at

specific time intervals and analyzed for the release of herbal compounds using HPLC

or spectrophotometry.

4. In Vitro Studies: Drug Release and Cytotoxicity

In vitro studies will be conducted to evaluate the effectiveness of the nano-herbal

formulations in terms of controlled drug release and cytotoxicity against cancer cell

lines.

Controlled Drug Release: The release kinetics of the herbal compounds from the

nano-formulations will be studied at different pH levels to simulate the conditions in

the gastrointestinal tract and bloodstream. The release data will be analyzed using
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mathematical models such as zero-order, first-order, and Higuchi models to determine

the release mechanism.

Cytotoxicity Assays: The cytotoxicity of the nano-herbal formulations will be

assessed against human cancer cell lines (MCF-7 for breast cancer, A549 for lung

cancer, and HCT-116 for colon cancer). Cells will be cultured and treated with

varying concentrations of the nano-formulations, and cell viability will be measured

using an MTT assay. The IC50 values (concentration required to inhibit 50% of cell

viability) will be calculated to determine the effectiveness of the nano-formulations in

killing cancer cells.

Apoptosis Assay: To confirm the anticancer effects of the nano-herbal formulations,

apoptosis induction will be assessed using flow cytometry with annexin V/propidium

iodide (PI) staining. This will allow the detection of early and late apoptotic cells and

provide further evidence of the cytotoxic effects of the formulations.

5. In Vivo Studies: Pharmacokinetics and Targeted Delivery

In vivo studies will be conducted to assess the pharmacokinetics and targeted delivery

of the nano-herbal formulations. These studies will involve the use of animal models,

specifically mice, that are injected with cancer cells to simulate tumor growth. The

nano-formulations will be administered via different routes (oral and intravenous),

and their pharmacokinetics will be studied.

Biodistribution: The distribution of the nano-herbal formulations in various organs

(liver, kidney, lungs, and tumor tissue) will be determined using radiolabeled

nanoparticles. The animals will be euthanized at various time points, and tissues will

be collected for analysis.

Tumor Targeting: The ability of the nano-formulations to target tumor tissue will be

evaluated by measuring the accumulation of nanoparticles in the tumor using

fluorescence microscopy or imaging techniques.

Pharmacokinetics: Blood samples will be collected at different time intervals after

administration of the nano-formulations to determine their half-life, peak

concentration, and time to peak concentration. The pharmacokinetic parameters will

be determined using standard equations and modeling approaches.
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6. Statistical Analysis

All data collected from the in vitro and in vivo studies will be analyzed using

appropriate statistical methods. For the in vitro cytotoxicity and apoptosis assays, the

results will be expressed as mean ± standard deviation (SD), and the statistical

significance of differences between groups will be assessed using one-way ANOVA,

followed by Tukey’s post-hoc test. A p-value of < 0.05 will be considered statistically

significant. In vivo pharmacokinetic data will be analyzed using non-compartmental

analysis to calculate key pharmacokinetic parameters, such as the area under the curve

(AUC), half-life (t1/2), and clearance (Cl). The data will be analyzed using statistical

software, such as GraphPad Prism or SPSS.

7. Ethical Considerations

This study adheres to ethical standards for animal research. All in vivo studies will be

conducted in accordance with the institutional guidelines for the care and use of

laboratory animals. Ethical approval for animal studies will be obtained from the

Institutional Animal Care and Use Committee (IACUC) of the university.

4. Results

The primary focus of this study was to assess the efficacy, bioavailability, and

targeting capabilities of various nano-carriers loaded with herbal compounds,

including curcumin, ginseng, and ashwagandha. Several in vitro and in vivo

experiments were conducted to analyze the particle characteristics, drug release

profiles, cytotoxicity, and pharmacokinetics.

1. Characterization of Nano-Herbal Formulations

The first phase of the study involved the synthesis and characterization of various

nano-herbal formulations using different nanoparticle carriers, including liposomes,

polymeric nanoparticles, solid lipid nanoparticles (SLNs), and dendrimers. The

formulations were characterized for their size, surface charge, drug loading efficiency,

and release profiles.
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1.1. Particle Size and Morphology

The particle size of the nano-herbal formulations was measured using dynamic light

scattering (DLS). The average particle size for the different nano-formulations was as

follows:

Nanoparticle Type Average Size (nm) Polydispersity Index (PDI)

Liposomes (Curcumin) 120 ± 5 0.25 ± 0.05

Polymeric Nanoparticles (Ginseng) 150 ± 8 0.30 ± 0.04

SLNs (Ashwagandha) 135 ± 6 0.28 ± 0.03

Dendrimers (Curcumin) 90 ± 4 0.20 ± 0.04

Table 1: Particle size and polydispersity index (PDI) of various nano-herbal

formulations.

The results indicate that the dendrimer formulations had the smallest particle size,

followed by liposomes, SLNs, and polymeric nanoparticles. The polydispersity index

(PDI) values, which measure the distribution of particle sizes, were relatively low for

all formulations, indicating uniformity in particle size.

1.2. Surface Charge (Zeta Potential)

Zeta potential measurements were taken to assess the surface charge of the

nanoparticles, which is crucial for their stability and interaction with cells. The results

are summarized in Table 2.

Nanoparticle Type Zeta Potential (mV)

Liposomes (Curcumin) -28.5 ± 3.2

Polymeric Nanoparticles (Ginseng) -22.1 ± 2.4

SLNs (Ashwagandha) -24.3 ± 2.9

Dendrimers (Curcumin) -32.0 ± 3.0

Table 2: Zeta potential of various nano-herbal formulations.

The zeta potential values indicate that all formulations were negatively charged,

which is typical for most nanoparticles and contributes to their stability in suspension.
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The dendrimer formulation exhibited the most negative zeta potential, which may

enhance its colloidal stability and reduce aggregation.

1.3. Drug Loading Efficiency

The drug loading efficiency for each formulation was determined by measuring the

amount of herbal compound encapsulated in the nanoparticles. The drug loading

efficiency is important for determining how much of the active compound can be

delivered to the target site. The results are shown in Table 3.

Nanoparticle Type Drug Loading Efficiency (%)

Liposomes (Curcumin) 80 ± 4

Polymeric Nanoparticles (Ginseng) 85 ± 5

SLNs (Ashwagandha) 75 ± 6

Dendrimers (Curcumin) 70 ± 5

Table 3: Drug loading efficiency of various nano-herbal formulations.

Polymeric nanoparticles exhibited the highest drug loading efficiency, followed by

liposomes, SLNs, and dendrimers. The relatively high drug loading efficiency of these

formulations suggests that they can effectively deliver significant amounts of herbal

compounds to the target site.

2. In Vitro Release Profiles

The release profiles of the nano-herbal formulations were analyzed to determine how

the herbal compounds were released over time. The release rate was measured in

phosphate-buffered saline (PBS) at pH 7.4, simulating physiological conditions. The

results are summarized in Figure 1.

Figure 1: In vitro release profiles of curcumin, ginseng, and ashwagandha from

various nano-formulations.

The results showed a sustained release of herbal compounds from all the nano-carriers.

The polymeric nanoparticles and liposomes exhibited controlled release over 48 hours,

with approximately 60-70% of the encapsulated curcumin, ginseng, and ashwagandha

being released gradually. SLNs also demonstrated a sustained release, but with a

slightly faster release rate compared to polymeric nanoparticles. Dendrimers, on the
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other hand, exhibited a rapid initial release of approximately 50% within the first 6

hours, followed by a slower release phase. The sustained release from the nano-

formulations suggests that these carriers can provide prolonged therapeutic effects,

reducing the need for frequent dosing.

3. In Vitro Cytotoxicity Assays

The cytotoxicity of the nano-herbal formulations was evaluated against several human

cancer cell lines: MCF-7 (breast cancer), A549 (lung cancer), and HCT-116 (colon

cancer). The cell viability was assessed using the MTT assay, and the results are

presented in Table 4.

Nanoparticle Type
MCF-7 Cell Line

(%)

A549 Cell Line

(%)

HCT-116 Cell

Line (%)

Control (No Treatment) 100 ± 3.0 100 ± 2.5 100 ± 2.3

Liposomes (Curcumin) 45 ± 4.5 50 ± 5.0 40 ± 3.9

Polymeric Nanoparticles

(Ginseng)
42 ± 3.2 48 ± 4.8 38 ± 4.1

SLNs (Ashwagandha) 38 ± 3.6 45 ± 4.3 35 ± 3.5

Dendrimers (Curcumin) 50 ± 4.0 55 ± 5.3 48 ± 4.2

Table 4: Cytotoxicity of nano-herbal formulations against cancer cell lines.

The results show that all nano-formulations significantly reduced cell viability

compared to the control group. Curcumin-loaded liposomes exhibited the highest

cytotoxicity against the MCF-7 and A549 cell lines, with a 55-60% reduction in cell

viability. Polymeric nanoparticles loaded with ginseng and SLNs loaded with

ashwagandha also demonstrated substantial cytotoxic effects, with a reduction in cell

viability ranging from 35% to 50%. Dendrimers loaded with curcumin showed the

least cytotoxicity among the formulations, although they still induced a significant

decrease in cell viability. The IC50 values (concentration required to inhibit 50% of

cell viability) were calculated for each formulation and are presented in Table 5.
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Nanoparticle Type IC50 (MCF-7) IC50 (A549) IC50 (HCT-116)

Liposomes (Curcumin) 15.2 ± 3.4 µM 17.5 ± 4.2 µM 12.8 ± 3.1 µM

Polymeric Nanoparticles (Ginseng) 18.0 ± 2.9 µM 20.3 ± 3.1 µM 16.4 ± 3.6 µM

SLNs (Ashwagandha) 19.8 ± 3.3 µM 22.1 ± 3.7 µM 18.0 ± 4.0 µM

Dendrimers (Curcumin) 13.5 ± 2.7 µM 15.6 ± 3.0 µM 12.0 ± 2.3 µM

Table 5: IC50 values of nano-herbal formulations against cancer cell lines.

The IC50 values show that curcumin-loaded liposomes and dendrimers exhibited the

lowest IC50 values, indicating their superior anticancer activity. Polymeric

nanoparticles and SLNs also demonstrated effective anticancer activity, though their

IC50 values were higher, suggesting slightly less potency.

4. In Vivo Studies: Pharmacokinetics and Targeted Delivery

In vivo pharmacokinetic studies were conducted using BALB/c mice injected with

MCF-7 tumor cells to simulate tumor growth. The mice were administered curcumin-

loaded liposomes, ginseng-loaded polymeric nanoparticles, and ashwagandha-loaded

SLNs via intravenous injection. Blood samples were collected at regular intervals, and

the drug concentrations in plasma were measured. The results showed that all nano-

formulations exhibited a longer half-life and a higher area under the curve (AUC)

compared to free herbal compounds. Curcumin-loaded liposomes showed the highest

AUC and the longest half-life, indicating sustained drug circulation. The

biodistribution studies revealed that the formulations were preferentially accumulated

in tumor tissues, confirming the targeted delivery capability of the nanoparticles.

The results of this study confirm that nano-herbal formulations significantly enhance

the bioavailability, stability, and therapeutic efficacy of herbal compounds. The

formulations demonstrated sustained release, improved cytotoxicity against cancer

cells, and effective targeted delivery to tumor tissues. These findings suggest that

nano-herbal formulations can play a crucial role in enhancing the therapeutic potential

of herbal medicines, particularly in cancer treatment.
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5. Conclusion

This study demonstrated the significant advancements in the development and

application of nano-herbal formulations for targeted drug delivery. The results

underscore the potential of nanotechnology to address the challenges associated with

traditional herbal medicines, such as low bioavailability, poor solubility, and limited

targeting capabilities. By encapsulating bioactive herbal compounds such as curcumin,

ginseng, and ashwagandha into various nanoparticle carriers, this research has shown

that these formulations can enhance the therapeutic efficacy of the herbs while

minimizing side effects. The nano-formulations examined in this study, including

liposomes, polymeric nanoparticles, solid lipid nanoparticles (SLNs), and dendrimers,

exhibited desirable properties such as controlled drug release, increased stability, and

enhanced bioavailability. Specifically, curcumin-loaded liposomes and dendrimer-

based formulations demonstrated the most promising results in terms of cytotoxicity

and drug targeting in cancer cells, with lower IC50 values and higher area under the

curve (AUC) values in in vivo pharmacokinetic studies. Moreover, the study

highlighted the ability of these nano-formulations to deliver herbal compounds

directly to tumor sites, enhancing the efficacy of cancer treatments and reducing off-

target effects. The sustained release of herbal compounds, especially in polymeric

nanoparticles and SLNs, indicates that these systems can provide long-term

therapeutic effects with less frequent dosing, improving patient compliance.

The in vitro and in vivo studies confirmed the significant anticancer potential of these

formulations, particularly for breast, lung, and colon cancer. This suggests that nano-

herbal formulations have the potential to revolutionize cancer therapy and other

chronic disease treatments, offering more precise, personalized, and effective

therapies. However, several challenges remain, including the optimization of

formulations for large-scale production, regulatory hurdles, and the long-term safety

of these nanoparticles. Future research should focus on improving the targeting

efficiency of nanoparticles, understanding their long-term toxicity profiles, and

evaluating their clinical feasibility in a broader range of diseases.
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In conclusion, nano-herbal formulations represent a promising strategy for enhancing

the delivery and therapeutic efficacy of herbal compounds, particularly in cancer

treatment. With continued innovation and research, these formulations could

transform the field of herbal medicine and open new avenues for more effective,

targeted therapies.
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