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ABSTRACT  

Nano formulations have garnered significant attention in modern pharmacology for their potential to 

enhance the bioavailability and therapeutic efficacy of drugs. The nanoscale particles or molecules that 

make up nanomedicines, which are utilized to deliver drugs, can increase the drug's bioavailability. 

Nano formulations given in smaller dosages restore the individual’s health immediately. The review 

delves into the current advancements, potential benefits, and challenges associated with nano 

formulations of Rasaushadhis, providing a comprehensive overview of this emerging field. 
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INTRODUCTION  

Rasaushadhi, integral to Rasashastra, are traditional Ayurvedic medicines derived from metals and 

minerals. The definition of the word “Rasa” of Rasashastra as mentioned in the texts 

of Rasashastra clearly indicates the specific forms of the drugs for therapeutic application purposes. 

These are claimed as biologically produced nanoparticles.1,2 Despite their proven therapeutic efficacy, 

the bioavailability of these drugs can be limited due to their particulate nature and complex preparation 

processes. Scientists use of modern techniques including hydrothermal synthesis, sol-gel, and others to 

produce nanoparticles is similar to Ayurvedic techniques comprises Bhasma, Kupipakva Rasayana and 

Kshara, preparations; the though the former are very fine and later are gross. When materials are 

reduced to the nanoscale, their properties change from those observed at the macroscale3. 

Nanotechnology offers promising solutions to enhance the bioavailability and therapeutic efficacy of 

Rasaushadhi.4 This review aims to provide an in-depth analysis of the advancements in nano 

formulations of Rasaushadhi, highlighting their potential benefits and the challenges involved.  

 

 

 

MATERIALS AND METHODS  
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Current Advancements in Nano formulations of Rasaushadhi: 

Nanoparticle Synthesis Techniques5-10 

Method Technique Description Advantages Challenges 

Top-Down 

Methods 
Mechanical 

Milling 

Reduction of 

particle size 

through 

mechanical forces 

using a high-

energy ball mill. 

Simple and cost-

effective. Suitable 

for various 

materials. 

Potential for 

impurities. 

Achieving 

uniform particle 

size can be 

challenging. 

High-Pressure 

Homogenization 

Uses high 

pressure to force 

bulk material 

through a narrow 

orifice, causing 

shear forces and 

turbulence. 

Produces uniform 

nanoparticles. 

Scalable for large 

production. 

Requires 

specialized 

equipment. Not 

suitable for all 

materials. 

 

Bottom-Up 

Methods 
Sol-Gel Synthesis 

Transition of a 

solution (sol) into 

a solid (gel) phase 

using metal salts 

or organic 

precursors. 

Precise control 

over particle size 

and composition. 

Requires careful 

control of reaction 

conditions. Can 

be time-

consuming. 

Chemical 

Reduction 

Metal ions in 

solution are 

reduced to 

elemental form 

using reducing 

agents to form 

nanoparticles. 

Simple and cost-

effective. 

Produces a wide 

range of metal 

nanoparticles. 

Choice of 

reducing agent 

and stabilizers 

affects size and 

stability. 

 

Co-Precipitation 

Simultaneous 

precipitation of 

multiple 

components from 

a single solution 

using a 

precipitating 

agent. 

Easy to 

implement. 

Suitable for large-

scale production. 

Control over 

particle size and 

distribution can be 

difficult. Potential 

for impurities. 

 

 

Characterization of Nano formulations11,12 

To accurately characterize the size, morphology, and crystalline structure of nanoparticles, several 

advanced analytical techniques are employed: 

1. Scanning Electron Microscopy (SEM) 

o Description: SEM uses a focused beam of electrons to scan the surface of a sample, 

producing high-resolution images. 

o Application: SEM is primarily used to analyze the surface morphology and topography of 

nanoparticles. It provides detailed images that reveal the shape and size of the particles. 

o Advantages: High resolution and depth of field, providing detailed surface images. 

o Limitations: Requires conductive coating for non-conductive samples, which can alter the 

surface features. 

https://urr.shodhsagar.com/
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2. Transmission Electron Microscopy (TEM) 

o Description: TEM passes a beam of electrons through a thin sample to form an image. 

It provides high-resolution, two-dimensional images of the internal structure. 

o Application: TEM is used to study the internal structure, morphology, and size 

distribution of nanoparticles. It can reveal details at the atomic level. 

o Advantages: Extremely high resolution, capable of imaging atomic arrangements 

within nanoparticles. 

o Limitations: Sample preparation is complex and time-consuming, requiring very thin 

specimens. 

3. Dynamic Light Scattering (DLS) 

o Description: DLS measures the scattering of light by particles in suspension to 

determine their size distribution. 

o Application: DLS is used to measure the hydrodynamic diameter of nanoparticles in 

solution, providing information on size distribution and stability. 

o Advantages: Rapid and non-invasive, suitable for particles in suspension. 

o Limitations: Less effective for non-spherical particles and can be influenced by the 

presence of large aggregates. 

4. X-ray Diffraction (XRD) 

o Description: XRD involves directing X-rays at a sample and analyzing the diffraction 

pattern to determine the crystalline structure. 

o Application: XRD is used to identify the crystalline phases and study the crystal 

structure, size, and strain in nanoparticles. 

o Advantages: Provides detailed information about the crystalline structure and phase 

composition. 

o Limitations: Requires crystalline samples, and the interpretation of complex mixtures 

can be challenging. 

Enhancement of Bioavailability in Rasaushadhis through Nano formulations13-16 

Nano formulations offer significant improvements in the bioavailability of Rasaushadhis by leveraging 

several key mechanisms: 

1. Increasing Surface Area 

o Description: Nanoparticles possess a higher surface area-to-volume ratio compared to 

their bulk counterparts. This increased surface area enhances the interaction between 

the drug and the biological environment. 

o Mechanism: The higher surface area allows for greater dissolution rates and more 

efficient absorption of the active ingredients in the gastrointestinal tract or other target 

sites. 

o Benefits: Improved absorption rates lead to enhanced therapeutic efficacy, allowing 

lower doses to achieve the desired effect, thereby minimizing potential side effects. 

2. Improving Solubility 

o Description: Many traditional Rasaushadhis have poor water solubility, which limits 

their bioavailability. Nanoparticles can enhance the solubility of these hydrophobic 

drugs. 

o Mechanism: By reducing the particle size to the nanoscale, the surface energy 

increases, leading to improved wetting and dissolution properties. Additionally, 

https://urr.shodhsagar.com/
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nanoparticles can be coated with surfactants or other agents to further enhance 

solubility. 

o Benefits: Enhanced solubility facilitates better absorption and bioavailability, ensuring 

that a higher proportion of the administered dose reaches the systemic circulation and 

the target site. 

3. Targeted Delivery 

o Description: Nanocarriers can be engineered to deliver drugs directly to specific 

tissues or cells, enhancing therapeutic outcomes and reducing systemic toxicity. 

o Mechanism: Targeting can be achieved through passive mechanisms, such as the 

enhanced permeability and retention (EPR) effect in tumor tissues, or active targeting 

by conjugating targeting ligands (e.g., antibodies, peptides) to the nanoparticle surface. 

o Benefits: Targeted delivery ensures that the drug is concentrated at the desired site of 

action, reducing off-target effects and minimizing adverse reactions. This precision in 

drug delivery is particularly beneficial in treating localized diseases and conditions 

with high precision requirements. 

Detailed Mechanisms of Action 

Increasing Surface Area 

Nanoparticles' higher surface area-to-volume ratio significantly enhances the drug dissolution rate. This 

phenomenon is explained by the Noyes-Whitney equation, which states that the dissolution rate is 

directly proportional to the surface area of the drug. As the particle size decreases, the surface area 

increases exponentially, leading to a faster dissolution rate and more efficient absorption in the 

biological system. 

Improving Solubility 

Solubility enhancement through nanoparticle formulation involves several strategies: 

• Particle Size Reduction: Smaller particles dissolve more readily due to the increased surface 

area. 

• Amorphous State: Nanoparticles often exist in an amorphous state, which has higher solubility 

compared to crystalline forms. 

• Use of Surfactants: Coating nanoparticles with surfactants or hydrophilic polymers can 

improve wetting and solubility, allowing for better dispersion in aqueous environments. 

Targeted Delivery 4 

Targeted delivery can be broadly categorized into passive and active targeting: 

• Passive Targeting: Utilizes the EPR effect, where nanoparticles accumulate in tumor tissues 

due to leaky vasculature and poor lymphatic drainage. 

• Active Targeting: Involves the functionalization of nanoparticles with ligands specific to 

receptors overexpressed on target cells. This ensures that the nanoparticles bind specifically to 

the target site, enhancing drug concentration at the site of action. 

Therapeutic Efficacy of Rasaushadhis as formulation18,19  

Preclinical and Clinical Studies 

Several preclinical studies have demonstrated the enhanced therapeutic efficacy of nano-Rasaushadhis 

in treating various conditions, including: 

• Anti-inflammatory effects: Enhanced delivery of anti-inflammatory minerals like Swarna 

Bhasma. 

• Antioxidant properties: Improved efficacy of Rasaushadhis with antioxidant properties, such 

as Tamra Bhasma. 

https://urr.shodhsagar.com/
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Case Studies 

• Swarna Bhasma nanoparticles: Enhanced anti-inflammatory and immunomodulatory effects 

in experimental models.18 

• Tamra Bhasma nanoparticles: Improved efficacy in reducing oxidative stress and lipid 

peroxidation.19 

DISCUSSION 

Since it has been able to decrease the amount of drug that needs to be loaded, various dose-related 

adverse effects can be prevented using the principles of nanotechnology. This will also help to increase 

the potency and safety issues related to Ayurvedic drugs and formulations20. 

Challenges and Future Directions21 

Toxicity assessment: Comprehensive studies are required to assess the long-term toxicity of 

Rasaushadhis as nano-formulation. Standardization: Establishing standardized protocols for the 

preparation and characterization of nano formulations. Regulatory frameworks: Developing clear 

regulatory guidelines for the approval and use of Rasaushadhis as nano-formulation. Ethical 

considerations: Addressing ethical concerns related to the use of nanotechnology in traditional 

medicine. Mechanistic studies: Investigating the mechanisms underlying the enhanced bioavailability 

and therapeutic efficacy of Rasaushadhis as nano-formulation. Clinical trials: Conducting extensive 

clinical trials to validate the safety and efficacy of nano formulations in human populations. Integration 

with conventional therapies: Exploring the potential of combining Rasaushadhis as nano-formulation 

with conventional therapies for synergistic effects. 

 

CONCLUSION  

The integration of nanotechnology in the formulation of Rasaushadhis holds great promise for 

enhancing their bioavailability and therapeutic efficacy. It is mentioned in the texts of Rasashastra that 

a Rasaushadhi will be applicable as medicine when it attains the absorbable, assimilable, and adaptable 

(Rasibhavan) form. While significant advancements have been made, further research is needed to 

address safety concerns, establish standardization protocols, and validate clinical efficacy. The future 

of Rasaushadhis as nano formulations looks promising, with the potential to revolutionize Ayurvedic 

medicine and offer new avenues for treating various health conditions. 
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