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Abstract 

The pharmaceutical industry faces a significant challenge with the formulation of poorly water-soluble 

drugs, which often exhibit low bioavailability. Nanocrystal technology has emerged as a promising solution 

to enhance the solubility and bioavailability of these drugs. Nanocrystals, which are nanoscale particles of 

pure drug substance, have unique properties that enable them to improve drug dissolution rates and 

absorption profiles significantly. This review provides a comprehensive overview of the latest advancements 

in nanocrystal formulations and their impact on the solubility and bioavailability of poorly water-soluble 

drugs. The primary objectives of this review are to elucidate the mechanisms by which nanocrystals enhance 

solubility and bioavailability, to examine the various production methods and stabilization techniques for 

nanocrystals, and to assess the clinical and commercial implications of these formulations. Additionally, this 

review aims to highlight the regulatory considerations and future directions for nanocrystal technology in 

pharmaceutical applications. Major findings from recent studies indicate that nanocrystals can dramatically 

increase the solubility of poorly water-soluble drugs through size reduction and increased surface area, 

which enhances the dissolution rate. Furthermore, the stabilization of nanocrystals using surfactants and 

polymers is crucial to maintaining their efficacy and preventing aggregation. Various production techniques, 

including high-pressure homogenization, milling, and precipitation, have been optimized to produce stable 

nanocrystals with consistent properties. Clinical studies have shown that nanocrystal formulations can 

significantly improve the bioavailability of drugs, leading to enhanced therapeutic efficacy and reduced 

dosage requirements. In conclusion, nanocrystal technology represents a transformative approach in the 

formulation of poorly water-soluble drugs. The ability of nanocrystals to enhance solubility and 

bioavailability has been well-documented, with numerous successful applications in drug delivery systems. 

Future research and development in this field are expected to focus on further optimizing production 

techniques, exploring new stabilizing agents, and expanding the range of drugs that can benefit from 

nanocrystal formulations. This review underscores the potential of nanocrystals to address critical 

challenges in drug formulation and highlights their growing importance in pharmaceutical research and 

development. 
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1. Introduction 

 

1.1. Background on poorly water-soluble drugs and their challenges in drug delivery:  

Poorly water-soluble drugs represent a significant challenge in pharmaceutical development due to their low 

aqueous solubility, which often results in poor bioavailability and therapeutic efficacy. The solubility of a 

drug is a critical determinant of its absorption, distribution, metabolism, and excretion (ADME) profile. 

Drugs with low water solubility tend to have limited dissolution rates in the gastrointestinal tract, leading to 

insufficient drug absorption and suboptimal clinical outcomes (Brough and Williams, 2013). One of the 

primary challenges associated with poorly water-soluble drugs is achieving and maintaining adequate drug 

concentrations in the bloodstream to elicit a therapeutic response. This issue is particularly prevalent in oral 

drug delivery, where the drug must dissolve in the gastrointestinal fluids before it can be absorbed into the 

systemic circulation (Kalepu and Nekkanti, 2015). According to Lipinski's "Rule of Five," a commonly used 

guideline for drug development, a compound is likely to have poor absorption or permeation if it has more 

than five hydrogen bond donors, a molecular weight greater than 500 Da, a log P (partition coefficient) 

greater than 5, or more than 10 hydrogen bond acceptors (Lipinski, 2000; Lipinski, 2004). Many new 

chemical entities (NCEs) and active pharmaceutical ingredients (APIs) fall into the category of poorly 

water-soluble drugs, leading to a pressing need for innovative formulation strategies (Savjani et al., 2012). 

Several approaches have been explored to address the solubility challenges of poorly water-soluble drugs, 

including salt formation, co-crystallization, solid dispersions, lipid-based formulations, and particle size 

reduction (Chaudhari and Patil, 2012). Among these, reducing the particle size to the nanometer range to 

form nanocrystals has emerged as a particularly effective strategy. Nanocrystals are pure drug particles with 

sizes typically ranging from 100 to 500 nm, and they exhibit unique properties that can significantly enhance 

the dissolution rate and bioavailability of poorly soluble drugs (Rabinow, 2004). The primary mechanism 

by which nanocrystals improve drug solubility is through the increase in surface area to volume ratio, which 

enhances the dissolution rate according to the Noyes-Whitney equation (Noyes and Whitney, 1897). 

Additionally, nanocrystals can overcome issues related to drug solubility and permeability simultaneously, 

providing a versatile solution for drugs with poor aqueous solubility and low permeability (Class IV drugs 

in the Biopharmaceutics Classification System) (Amidon et al., 1995). 

Despite their potential, the development and stabilization of nanocrystal formulations pose several technical 

challenges. Nanocrystals tend to be thermodynamically unstable and prone to aggregation, which can negate 

their solubility benefits. Stabilization is typically achieved through the use of surfactants and polymers that 

adsorb onto the surface of the nanocrystals, preventing particle growth and aggregation (Junghanns and 

Müller, 2008). Production techniques such as high-pressure homogenization, milling, and precipitation have 

been optimized to produce stable nanocrystals with consistent particle sizes and properties (Keck and 

Müller, 2006). Moreover, the regulatory landscape for nanocrystal formulations is evolving, with specific 

guidelines being developed to address the unique characteristics and safety considerations of these nano-

sized drug particles. Regulatory agencies such as the U.S. Food and Drug Administration (FDA) and the 

European Medicines Agency (EMA) have recognized the potential of nanocrystals and are working towards 

standardizing the evaluation and approval processes for these formulations (European Medicines Agency, 

2011). The poorly water-soluble drugs present a significant challenge in drug delivery, but nanocrystal 

technology offers a promising solution. By enhancing the solubility and bioavailability of these drugs, 

nanocrystals can improve therapeutic outcomes and expand the range of drugs available for clinical use. 

Continued research and development in this field are essential to fully realize the potential of nanocrystals 

and address the ongoing challenges in drug formulation. 

1.2. Introduction to nanocrystals as a solution for solubility and bioavailability issues:  

The pharmaceutical industry has long faced the challenge of developing effective formulations for poorly 

water-soluble drugs, which constitute a significant portion of new chemical entities (NCEs) identified in 

drug discovery processes (Savjani et al., 2012). Poor water solubility often results in inadequate 

bioavailability, posing substantial barriers to therapeutic efficacy, especially in oral drug delivery systems 

where the drug must dissolve in gastrointestinal fluids before absorption can occur (Kalepu and Nekkanti, 

2015). Traditional methods to enhance solubility, such as salt formation, use of surfactants, and 
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complexation with cyclodextrins, have limitations and are not universally applicable to all drugs (Kawabata 

et al., 2011). In this context, nanocrystal technology has emerged as a promising and versatile solution to 

address solubility and bioavailability issues. Nanocrystals are sub-micron-sized drug particles, typically 

ranging from 100 to 500 nanometers in diameter, composed purely of the active pharmaceutical ingredient 

(API) with minimal or no excipients (Rabinow, 2004). The reduction of drug particle size to the nanometer 

range results in a significant increase in the surface area to volume ratio, which, according to the Noyes-

Whitney equation, enhances the dissolution rate of the drug (Noyes and Whitney, 1897). This rapid 

dissolution can significantly improve the bioavailability of poorly soluble drugs, as it facilitates faster 

absorption in the gastrointestinal tract (Kesisoglou et al., 2007). 

The production of nanocrystals typically involves two main approaches: top-down and bottom-up 

techniques. Top-down methods include high-pressure homogenization and milling, where larger drug 

particles are broken down into nanocrystals. These methods are advantageous for their scalability and 

applicability to a wide range of drugs but can sometimes lead to broad particle size distributions and 

potential degradation of the drug due to mechanical stress (Keck and Müller, 2006). In contrast, bottom-up 

techniques such as precipitation and controlled crystallization involve the formation of nanocrystals from a 

supersaturated solution of the drug. These methods offer precise control over particle size and morphology 

but can be more challenging to scale up (Junghanns and Müller, 2008). Nanocrystal formulations offer 

several advantages beyond improved solubility and bioavailability. They can enhance the stability of the 

drug, reduce variability in absorption, and allow for dose reduction, which can minimize potential side 

effects (Müller and Keck, 2004). Additionally, nanocrystals can be administered through various routes, 

including oral, parenteral, ocular, and pulmonary, providing flexibility in drug delivery (Patravale et al., 

2004). This versatility makes nanocrystal technology a powerful tool in the formulation of a wide range of 

therapeutic agents. 

The clinical success of several nanocrystal-based drug products underscores the potential of this technology. 

For example, the antiretroviral drug Ritonavir was reformulated as a nanocrystal (trade name: Norvir®) to 

enhance its bioavailability, leading to improved therapeutic outcomes (Mueller et al., 2011). Similarly, the 

anticancer drug Paclitaxel has been successfully formulated into a nanocrystal-based injectable suspension 

(trade name: Abraxane®), which has shown increased efficacy and reduced toxicity compared to 

conventional formulations (Desai et al., 2006). Despite these successes, the development of nanocrystal 

formulations is not without challenges. Ensuring the physical and chemical stability of nanocrystals during 

manufacturing, storage, and administration is critical. Nanocrystals are prone to aggregation and Ostwald 

ripening, processes that can compromise their stability and efficacy (Van Eerdenbrugh et al., 2008). 

Stabilizers such as surfactants and polymers are often employed to prevent these issues, but selecting the 

appropriate stabilizer system requires careful consideration of the drug's properties and the desired 

formulation characteristics (Mosharraf and Nystrom, 1995). 

Regulatory considerations also play a crucial role in the development and commercialization of nanocrystal-

based drug products. Regulatory agencies such as the U.S. Food and Drug Administration (FDA) and the 

European Medicines Agency (EMA) have developed guidelines to address the unique aspects of 

nanomedicines, including nanocrystals. These guidelines emphasize the importance of thorough 

characterization, robust manufacturing processes, and comprehensive evaluation of safety and efficacy 

(European Medicines Agency, 2011). In summary, nanocrystals represent a groundbreaking approach to 

enhancing the solubility and bioavailability of poorly water-soluble drugs. Through the application of 

advanced production techniques and careful formulation strategies, nanocrystal technology has the potential 

to overcome significant barriers in drug delivery, thereby improving therapeutic outcomes and expanding 

the range of available treatments. 

1.3. Purpose and scope of the review 

The purpose of this review is to provide a comprehensive analysis of the latest advancements in nanocrystal 

formulations and their significant impact on the solubility and bioavailability of poorly water-soluble drugs. 

Poor solubility and limited bioavailability are critical challenges in the development and efficacy of many 

pharmaceutical compounds. Approximately 40% of the new chemical entities (NCEs) discovered by the 

pharmaceutical industry are poorly water-soluble, which presents significant hurdles in drug development, 
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including inadequate absorption, erratic bioavailability, and suboptimal therapeutic outcomes (Lipinski, 

2002). Nanocrystal technology has emerged as a promising solution to these issues. Nanocrystals are pure 

solid drug particles with a mean diameter in the nanometer range, typically between 10 to 500 nm, and are 

stabilized by surfactants or polymers. This technology enhances the dissolution rate and solubility of drugs 

by increasing the surface area to volume ratio and reducing the diffusion pathway (Müller, 2001; Keck & 

Müller, 2006). The resultant improvements in solubility and dissolution rate can lead to enhanced 

bioavailability, which is crucial for the therapeutic effectiveness of orally administered drugs that are poorly 

soluble in water. 

This review will delve into several key areas: 

• Mechanisms of Solubility Enhancement: We will explore how nanocrystal formulations improve 

drug solubility and bioavailability at the molecular level. This includes an examination of the 

theoretical principles, such as the Noyes-Whitney equation, which describes the dissolution rate of 

small particles (Müller et al., 2011). 

• Production Techniques: A detailed overview of the various methods used to produce nanocrystals 

will be provided. Techniques such as high-pressure homogenization, media milling, and the use of 

supercritical fluids will be discussed, highlighting their advantages, limitations, and applicability to 

different types of drugs (Kesisoglou et al., 2007). 

• Stabilization Strategies: Stabilization is critical in preventing the aggregation of nanocrystals and 

ensuring their stability. This section will cover the different types of stabilizers used, including 

surfactants and polymers, and their roles in maintaining the integrity and efficacy of nanocrystal 

formulations (Junghanns & Müller, 2008). 

• Pharmacokinetic and Pharmacodynamic Impacts: We will review how nanocrystal formulations 

affect the pharmacokinetics (absorption, distribution, metabolism, and excretion) and 

pharmacodynamics (drug efficacy and toxicity) of poorly water-soluble drugs. Clinical studies and 

preclinical data will be analyzed to provide evidence of the benefits of nanocrystal technology 

(Rabinow, 2004). 

• Case Studies and Applications: Several case studies will be presented to illustrate the successful 

application of nanocrystal technology in enhancing the bioavailability of specific poorly water-

soluble drugs. Examples include widely studied drugs such as fenofibrate, naproxen, and paclitaxel, 

showcasing their improved therapeutic profiles (Liversidge & Conzentino, 1995; Gao et al., 2011). 

• Regulatory and Commercialization Aspects: The review will also address the regulatory 

challenges and commercialization strategies associated with nanocrystal formulations. The 

regulatory pathways, approval processes, and market considerations will be discussed to provide a 

comprehensive view of the landscape (Fahr & Liu, 2007). 

 

2. Fundamentals of Nanocrystal Formulations 

 

2.1. Definition and Characteristics of Nanocrystals:  

Definition of Nanocrystals: 

Nanocrystals are sub-micron-sized crystalline particles of pure drug substances, typically ranging from 10 

to 500 nanometers in diameter. These nanoparticles are composed entirely of the active pharmaceutical 

ingredient (API) and are stabilized by surfactants or polymers to prevent aggregation and ensure stability. 

Nanocrystals improve the solubility and bioavailability of poorly water-soluble drugs through their 

increased surface area and dissolution rate, making them a valuable tool in drug delivery systems (Müller 

& Peters, 1998; Junghanns & Müller, 2008). 

Characteristics of Nanocrystals: 

• Particle Size: The defining feature of nanocrystals is their nanoscale size, typically between 10 to 

500 nm. This small size significantly increases the surface area to volume ratio, which enhances the 

dissolution rate of poorly soluble drugs according to the Noyes-Whitney equation (Müller et al., 

2011). 
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• Pure Drug Composition: Unlike other nanoparticulate systems that may include carriers or matrix 

materials, nanocrystals are composed entirely of the drug substance. This high drug load is beneficial 

for maximizing therapeutic efficacy without additional excipients (Merisko-Liversidge et al., 2003). 

• Stabilization: Stabilizers, such as surfactants (e.g., polysorbates) or polymers (e.g., polyvinyl 

alcohol), are essential for maintaining the stability of nanocrystals. These agents prevent particle 

aggregation and recrystallization, thereby preserving the nanocrystal size and enhancing the 

bioavailability of the drug (Keck & Müller, 2006). 

• Crystalline State: Nanocrystals retain a crystalline state, which is critical for maintaining the 

stability and integrity of the drug substance. This crystalline structure is often confirmed through 

techniques such as X-ray diffraction (XRD) and differential scanning calorimetry (DSC), which 

distinguish nanocrystals from amorphous nanoparticles (Liversidge & Conzentino, 1995). 

• Improved Dissolution and Bioavailability: The reduced particle size and increased surface area of 

nanocrystals lead to a higher dissolution rate, enhancing the solubility of poorly water-soluble drugs. 

This results in improved bioavailability and, consequently, better therapeutic outcomes for oral and 

parenteral formulations (Gao et al., 2011). 

• Versatility in Administration Routes: Nanocrystals can be formulated for various routes of 

administration, including oral, parenteral, ocular, and pulmonary delivery. This versatility makes 

them suitable for a wide range of therapeutic applications, from chronic disease management to acute 

treatments (Rabinow, 2004). 

Production Techniques: 

• Bottom-Up Approaches: These involve assembling the drug molecules into nanocrystals from 

solution through precipitation methods. This approach includes techniques such as antisolvent 

precipitation and supercritical fluid technology, where conditions are controlled to form nanocrystals 

from a supersaturated solution (Junghanns & Müller, 2008). 

• Top-Down Approaches: These methods involve breaking down larger drug particles into 

nanocrystals. Techniques include high-pressure homogenization and wet milling, which apply 

mechanical forces to reduce the particle size of the drug substance (Kesisoglou et al., 2007). 

Applications and Case Studies: 

Nanocrystals have been successfully employed to enhance the bioavailability of various poorly water-

soluble drugs. For instance, fenofibrate and naproxen have shown significant improvements in dissolution 

rate and absorption when formulated as nanocrystals. These examples demonstrate the practical benefits 

and wide-ranging applicability of nanocrystal technology in pharmaceutical development (Liversidge & 

Conzentino, 1995; Gao et al., 2011). 

2.2. Historical perspective and evolution of nanocrystal technology 

The journey of nanocrystal technology in pharmaceutical science reflects a series of innovative 

breakthroughs aimed at addressing the challenges posed by poorly water-soluble drugs. The historical 

evolution of this technology can be divided into key phases marked by significant advancements and 

milestones. 
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Table No 1: Historical perspective and evolution of nanocrystal technology 

Phase Period Key Developments References 

Early Beginnings: 

The Conceptual 

Phase 

Late 20th 

century 

Researchers explore using nanoparticles to 

enhance drug solubility and bioavailability 

by increasing the surface area to improve 

absorption and therapeutic efficacy. 

Müller & 

Peters, 1998 

Pioneering Work: 

The Advent of 

Nanosuspensions 

Mid-

1990s 

Development of nanosuspensions, sub-

micron colloidal dispersions of pure drug 

particles stabilized by surfactants or 

polymers. High-pressure homogenization 

techniques introduced to produce drug 

nanocrystals. 

Liversidge 

& 

Conzentino, 

1995 

Technological 

Refinement: High-

Pressure 

Homogenization 

and Milling 

Late 

1990s - 

Early 

2000s 

High-pressure homogenization and wet 

milling become predominant techniques 

for nanocrystal production, reducing 

particle size through shear forces and 

cavitation, or using milling media in a 

liquid medium. 

Merisko-

Liversidge 

et al., 2003; 

Müller et 

al., 2011 

Regulatory 

Approvals and 

Commercialization 

Early 

2000s 

First regulatory approvals of nanocrystal-

based drug formulations, such as 

Rapamune® (sirolimus), Emend® 

(aprepitant), and Tricor® (fenofibrate), 

demonstrating commercial viability and 

therapeutic potential. 

Keck & 

Müller, 

2006 

Expansion and 

Diversification 

2000s 

onwards 

Expansion of nanocrystal technology to 

parenteral, ocular, and pulmonary routes. 

Development of novel production methods 

like antisolvent precipitation and 

supercritical fluid technology to enhance 

versatility and efficiency of formulations. 

Junghanns 

& Müller, 

2008; Gao 

et al., 2011 

Recent Advances: 

Combining 

Nanocrystals with 

Other 

Nanotechnologies 

Last 

decade 

Integration of nanocrystals with other 

nanotechnological approaches (polymeric 

nanoparticles, lipid-based carriers, hybrid 

systems) to achieve superior therapeutic 

outcomes. Advanced characterization 

techniques optimize physicochemical 

properties and stability. 

Kesisoglou 

et al., 2007; 

Rabinow, 

2004 

 

2.3. Mechanisms by which nanocrystals enhance solubility and bioavailability 

Nanocrystals have emerged as a powerful strategy to improve the solubility and bioavailability of poorly 

water-soluble drugs. The enhancement in drug performance through nanocrystal formulations is attributed 

to several key mechanisms. 

• Increased Surface Area and Dissolution Rate 

One of the primary mechanisms by which nanocrystals enhance drug solubility and bioavailability is by 

increasing the surface area of the drug particles. According to the Noyes-Whitney equation, the dissolution 

rate of a substance is directly proportional to its surface area. By reducing the drug to nanoscale dimensions, 

the surface area is significantly increased, leading to a higher dissolution rate in the gastrointestinal fluids 

(Müller & Peters, 1998; Merisko-Liversidge et al., 2003). This enhanced dissolution rate ensures that more 

drug is available in solution for absorption, thereby improving bioavailability. 

• Reduced Diffusion Layer Thickness 

The reduction in particle size also leads to a thinner diffusion layer surrounding the drug particles. The 

diffusion layer is the boundary layer where the drug diffuses into the surrounding fluid. A thinner diffusion 
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layer decreases the distance over which the drug molecules must diffuse, thereby accelerating the dissolution 

process (Müller & Peters, 1998). This phenomenon is particularly beneficial for poorly water-soluble drugs, 

which often suffer from slow dissolution rates. 

• Improved Saturation Solubility 

Nanocrystals can also increase the saturation solubility of a drug. The saturation solubility is the maximum 

concentration of the drug that can be dissolved in a given solvent at equilibrium. For nanoparticles, the 

curvature of the particle surface induces a higher surface energy, which can increase the saturation solubility 

of the drug according to the Ostwald-Freundlich equation (Kipp, 2004). This increase in saturation solubility 

can enhance the concentration gradient, further driving the dissolution process. 

• Enhanced Adhesion to Biological Membranes 

Nanocrystals can improve drug absorption by enhancing the adhesion of drug particles to the biological 

membranes in the gastrointestinal tract. The small size of nanocrystals allows them to interact more 

intimately with the epithelial cells lining the gut, promoting drug uptake through transcellular and 

paracellular pathways (Müller RH et al., 2011). This intimate contact can also reduce the presystemic 

metabolism and efflux of the drug, leading to higher bioavailability. 

• Reduced Food Effect 

Poorly water-soluble drugs often exhibit significant food effects, where the presence of food in the 

gastrointestinal tract can alter the drug's absorption profile. Nanocrystals can mitigate this issue by providing 

a more consistent and rapid dissolution rate that is less dependent on the presence of food. This can lead to 

a more predictable pharmacokinetic profile and improve patient compliance (Möschwitzer, 2013). 

• Bypass of First-Pass Metabolism 

For certain drugs, nanocrystals can enhance bioavailability by bypassing first-pass metabolism in the liver. 

This is particularly relevant for drugs administered via non-oral routes, such as intravenous, pulmonary, or 

ocular delivery. By delivering the drug directly to the systemic circulation or the site of action, nanocrystals 

can prevent the significant loss of drug that occurs through hepatic metabolism (Patravale et al., 2004). 

3. Methods of Nanocrystal Production 

 

3.1. Top-Down Approaches for Nanocrystal Production 

Principles and Techniques 

Top-down approaches are widely used for the production of nanocrystals. These methods involve breaking 

down larger particles into nanoscale particles through mechanical means. The two primary top-down 

techniques are high-pressure homogenization and milling. 

High-Pressure Homogenization 

High-pressure homogenization involves forcing a suspension of drug particles and stabilizers through a 

narrow gap at extremely high pressures, typically ranging from 100 to 2000 bar. This process subjects the 

suspension to intense shear forces and cavitation, which break down the larger drug particles into 

nanocrystals (Keck & Müller, 2006). The most commonly used equipment for this technique is the high-

pressure homogenizer, such as the Microfluidizer or the Avestin Emulsiflex. 

Milling  

Milling, or media milling, is another common top-down technique. It involves the mechanical attrition of 

drug particles using milling media (e.g., zirconium oxide beads) in a milling chamber. As the chamber 

rotates or vibrates, the beads collide with the drug particles, reducing them to nanometer sizes. The size 

reduction is facilitated by the kinetic energy transferred from the milling media to the drug particles (Li et 

al., 2011). Popular milling equipment includes the Nanomill and the Netzsch Mill. 
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Advantages: 

• Scalability: Both high-pressure homogenization and milling are scalable processes, making them 

suitable for large-scale production. They can be adapted from laboratory to industrial scale with relative 

ease (Keck & Müller, 2006). 

• Versatility: These techniques can be used for a wide range of drugs, regardless of their chemical 

properties. They are particularly effective for drugs that are hard to solubilize using other methods 

(Patravale et al., 2004). 

• Stability: Nanocrystals produced by top-down approaches tend to have good physical stability. The 

process can be optimized to produce nanocrystals with uniform size distribution and minimal 

aggregation (Müller et al., 2001). 

Limitations: 

• Energy-Intensive: Both high-pressure homogenization and milling are energy-intensive processes. 

The high energy input required can lead to increased operational costs and potential degradation of 

heat-sensitive drugs (Li et al., 2011). 

• Equipment Wear: The mechanical nature of these processes can cause significant wear and tear on 

the equipment. This not only requires frequent maintenance but also increases the risk of 

contamination from the milling media or homogenizer components (Keck & Müller, 2006). 

• Time-Consuming: Achieving the desired particle size can be time-consuming. Prolonged 

processing times are often required, which can affect the throughput and efficiency of the production 

process (Müller et al., 2001). 

• Potential for Drug Degradation: The intense mechanical forces involved in these processes can 

lead to the degradation of sensitive drug molecules, which may impact their therapeutic efficacy 

(Patravale et al., 2004). 

 

3.2. Bottom-Up Approaches for Nanocrystal Production 

Principles and Techniques 

Bottom-up approaches for nanocrystal production involve the assembly of drug molecules into nanocrystals 

from a molecular level. These techniques often rely on the manipulation of solvent conditions to induce the 

formation of nanocrystals. The two primary bottom-up techniques are precipitation and solvent evaporation. 

Precipitation: Precipitation involves dissolving the drug in a solvent and then rapidly mixing it with a non-

solvent in which the drug is poorly soluble. This process leads to the supersaturation of the drug in the 

solvent mixture, causing the drug molecules to precipitate out as nanocrystals (Kipp, 2004). Various forms 

of precipitation techniques include anti-solvent precipitation, evaporative precipitation into aqueous 

solution (EPAS), and supercritical fluid precipitation (Müller et al., 2000). 

Solvent Evaporation: Solvent evaporation, also known as the solvent-antisolvent method, involves 

dissolving the drug in a volatile organic solvent, which is then emulsified into an aqueous phase containing 

surfactants or stabilizers. The organic solvent is subsequently evaporated under reduced pressure, leading 

to the formation of drug nanocrystals in the aqueous phase (Shegokar & Müller, 2010). 

Advantages: 

• Controlled Crystallization: Bottom-up approaches allow for precise control over the crystallization 

process, resulting in uniform and well-defined nanocrystals. The conditions can be fine-tuned to 

control particle size and morphology (Kipp, 2004). 

• Mild Processing Conditions: These techniques often operate under mild conditions, making them 

suitable for heat-sensitive and labile drugs. The lower energy input compared to top-down methods 

minimizes the risk of drug degradation (Shegokar & Müller, 2010). 

• Scalability: Precipitation and solvent evaporation processes can be scaled up for industrial 

production with relatively straightforward modifications to existing equipment and processes 

(Müller et al., 2000). 
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• Enhanced Bioavailability: The nanocrystals produced by bottom-up methods exhibit high surface 

area and improved dissolution rates, leading to enhanced bioavailability of poorly water-soluble 

drugs (Junghanns & Müller, 2008). 

Limitations: 

• Solvent Use: The reliance on organic solvents in these techniques poses environmental and safety 

concerns. Proper handling, disposal, and potential solvent residues in the final product are critical 

considerations (Kipp, 2004). 

• Complexity: The process parameters must be carefully controlled to avoid issues such as rapid 

crystallization or aggregation of the nanocrystals. This complexity can lead to batch-to-batch 

variability (Müller et al., 2000). 

• Stabilizer Requirement: The use of surfactants or stabilizers is essential to prevent aggregation and 

ensure the stability of the nanocrystals in suspension. The choice and concentration of stabilizers 

can significantly impact the final product characteristics (Shegokar & Müller, 2010). 

• Cost: While scalable, the requirement for high-purity solvents and stabilizers can increase the 

overall production cost. Additionally, solvent recovery and recycling add to the operational expenses 

(Junghanns & Müller, 2008). 

3.3. Combination Methods and Novel Techniques for Nanocrystal Production 

Combination Methods 

• Combination methods involve integrating both top-down and bottom-up approaches to leverage 

the benefits of each and mitigate their individual limitations. These hybrid techniques often result in 

better control over particle size, distribution, and stability of nanocrystals. 

• Nano-precipitation Followed by High-Pressure Homogenization: This method starts with a nano-

precipitation process where the drug is dissolved in a solvent and precipitated by mixing with a non-

solvent. The resultant suspension is then subjected to high-pressure homogenization to further 

reduce particle size and improve uniformity. This dual-step process can yield smaller and more stable 

nanocrystals compared to single-method approaches (Kesisoglou et al., 2007). 

• Media Milling Followed by Spray Drying: Initially, media milling is used to reduce the drug 

particle size to the nanoscale. The nanosuspension obtained is then spray-dried to convert it into a 

dry powder form. This combination enhances the solubility and bioavailability while offering the 

convenience of a solid dosage form (Patravale et al., 2004). 

Novel Techniques 

• Microfluidics: Microfluidic technology offers precise control over the mixing and reaction 

conditions at the microscale. In this technique, drug solutions are pumped through microchannels 

where they meet non-solvents under controlled flow rates, leading to the formation of nanocrystals. 

Microfluidics allows for continuous production, precise control over particle size, and scalability 

(Karnik et al., 2008). 

• Supercritical Fluid Technology: Supercritical fluid technology utilizes supercritical fluids, such as 

supercritical carbon dioxide (scCO2), as solvents or anti-solvents for drug precipitation. The drug is 

dissolved in a supercritical fluid, which is then rapidly expanded or decompressed to form 

nanocrystals. This method is environmentally friendly and suitable for heat-sensitive drugs due to 

the moderate processing temperatures (Reverchon, 1999). 

Advantages: 

• Enhanced Control: Combination methods and novel techniques offer superior control over the 

crystallization process, resulting in uniform and stable nanocrystals (Karnik et al., 2008). 

• Scalability: These methods can be scaled up for industrial production, particularly microfluidics and 

supercritical fluid technology, which allow for continuous processing (Reverchon, 1999). 
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• Environmental and Safety Benefits: Supercritical fluid technology, in particular, is 

environmentally benign, using non-toxic solvents like scCO2. This reduces solvent-related hazards 

and environmental impact (Reverchon, 1999). 

• Improved Bioavailability: The nanocrystals produced by these advanced methods exhibit enhanced 

solubility and bioavailability, addressing the challenges associated with poorly water-soluble drugs 

(Kesisoglou et al., 2007). 

Limitations: 

• Complexity and Cost: These advanced techniques often require specialized equipment and 

expertise, which can increase the complexity and cost of production (Patravale et al., 2004). 

• Technical Challenges: Microfluidics can face issues related to clogging and scaling up from lab to 

industrial scale. Similarly, maintaining supercritical conditions in supercritical fluid technology 

requires precise control and monitoring (Karnik et al., 2008). 

• Solvent Use and Recovery: While supercritical fluid technology minimizes solvent use, 

combination methods may still rely on organic solvents, necessitating efficient solvent recovery and 

recycling processes (Reverchon, 1999). 

 

4. Stabilization and Characterization of Nanocrystals 

4.1. Role of Stabilizers 

Stabilizers, such as surfactants and polymers, play a crucial role in preventing the aggregation and 

precipitation of nanocrystals by providing steric and/or electrostatic stabilization. Surfactants, like 

poloxamer and Tween series, form a protective layer around nanocrystals, preventing their agglomeration 

by reducing interfacial tension. Polymers, such as polyvinylpyrrolidone (PVP) and hydroxypropyl 

methylcellulose (HPMC), stabilize nanocrystals through steric hindrance and electrostatic repulsion (Müller 

et al., 2001). 

4.2. Techniques for Stabilization 

Various techniques are employed for stabilizing nanocrystals, including solid dispersion, freeze-drying, and 

solvent evaporation. Solid dispersion involves dispersing the drug within a stabilizer matrix, enhancing its 

solubility and preventing recrystallization. Freeze-drying and solvent evaporation methods involve 

removing the solvent from the nanocrystal dispersion, leaving behind a stable nanocrystal formulation 

(Liversidge and Cundy, 1995). 

4.3 Characterization Methods 

Characterization of nanocrystals is essential to assess their physical and chemical properties, ensuring 

product quality and performance consistency. Several techniques are utilized for characterization, including: 

• Particle Size and Distribution: Dynamic light scattering (DLS) measures the hydrodynamic 

diameter of nanoparticles in solution, providing information on particle size distribution. 

• Surface Properties: Zeta potential analysis determines the surface charge of nanoparticles, 

influencing their stability and interaction with biological systems. 

• Crystallinity: X-ray diffraction (XRD) is employed to determine the crystalline nature of 

nanocrystals, providing insights into their structural properties. 

• Drug Release Profiles: Dissolution testing evaluates the release kinetics of drugs from nanocrystal 

formulations, assessing their dissolution behavior and bioavailability. 

 

5. Impact on Solubility and Bioavailability 

 

5.1. Mechanisms of solubility enhancement 

Nanocrystal formulations offer several mechanisms to enhance the solubility of poorly water-soluble drugs, 

including: 
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• Particle Size Reduction: 

Nanocrystals are characterized by their small particle size, typically in the range of tens to hundreds of 

nanometers. This significant reduction in particle size increases the surface area available for dissolution, 

leading to enhanced solubility (Müller et al., 2001). 

• Increased Surface Area: 

The high surface area-to-volume ratio of nanocrystals facilitates rapid dissolution kinetics, allowing for 

improved drug release and solubility in aqueous media (Liversidge and Cundy, 1995). 

• Supersaturation: 

Nanocrystal formulations can generate a supersaturated drug solution upon dissolution, leading to increased 

drug concentration beyond its equilibrium solubility. This supersaturation state enhances drug absorption 

and bioavailability (Keck and Müller, 2006). 

5.2. Case Studies Demonstrating Solubility Improvements 

Nanocrystal formulations have been successfully applied to a variety of poorly water-soluble drugs, 

resulting in significant improvements in solubility and bioavailability. Here are some notable case studies: 

• Fenofibrate 

Fenofibrate, a lipid-lowering drug, has poor water solubility which limits its bioavailability. Nanocrystal 

formulations of fenofibrate have demonstrated enhanced dissolution rates and bioavailability. In one 

study, fenofibrate nanocrystals showed a 4-fold increase in bioavailability compared to the conventional 

formulation (Müller et al., 2011). 

• Danazol 

Danazol, used to treat endometriosis, also suffers from poor water solubility. A study showed that 

nanocrystal formulations of danazol achieved a significant increase in dissolution rate and 

bioavailability. The relative bioavailability of nanocrystal danazol was 82% compared to only 5.2% for 

the micronized form (Liversidge et al., 1996). 

• Naproxen 

Naproxen is a non-steroidal anti-inflammatory drug (NSAID) with limited water solubility. Nanocrystal 

formulations of naproxen have shown enhanced dissolution profiles. Research indicated that 

nanocrystals improved the dissolution rate of naproxen by 20 times compared to the raw drug powder 

(Moschwitzer et al., 2004). 

• Itraconazole 

Itraconazole, an antifungal drug, has been formulated into nanocrystals to improve its solubility and 

bioavailability. Studies reported that itraconazole nanocrystals provided a significant increase in the 

dissolution rate and oral bioavailability, achieving faster and more complete absorption compared to 

conventional formulations (Chen et al., 2014). 

• Apixaban 

Apixaban, an anticoagulant, has also benefited from nanocrystal technology. A study demonstrated that 

apixaban nanocrystals significantly improved the drug's solubility and bioavailability, leading to better 

therapeutic outcomes (Kocbek et al., 2013). 

 

5.3. Mechanisms of Bioavailability Enhancement 

Nanocrystals enhance the bioavailability of poorly water-soluble drugs through several mechanisms. These 

mechanisms include increased surface area, improved dissolution rate, enhanced mucosal adhesion, and 

altered pharmacokinetics. 

• Increased Surface Area 

Nanocrystals, due to their small size, have a significantly larger surface area compared to their larger 

counterparts. This increase in surface area leads to a higher dissolution rate according to the Noyes-

Whitney equation, which states that the dissolution rate of a substance is directly proportional to its 
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surface area. This rapid dissolution allows for more drugs to be available for absorption in the 

gastrointestinal tract (Müller et al., 2001). 

• Improved Dissolution Rate 

The dissolution rate of a drug is a critical factor in its bioavailability. Nanocrystals dissolve more quickly 

than larger particles because of their increased surface area. Faster dissolution means that the drug can 

achieve higher concentrations in the gastrointestinal fluids, leading to enhanced absorption. This 

phenomenon is particularly important for drugs with poor water solubility (Brouwers et al., 2009). 

• Enhanced Mucosal Adhesion 

Nanocrystals have a higher tendency to adhere to the mucosal surfaces of the gastrointestinal tract. This 

adhesion prolongs the residence time of the drug in the absorption window, thereby increasing the 

chances of drug absorption. The intimate contact between the drug and the absorption site enhances the 

concentration gradient, which drives passive diffusion of the drug across the gastrointestinal membrane 

(Wang et al., 2013). 

• Altered Pharmacokinetics 

Nanocrystals can alter the pharmacokinetic profile of a drug by increasing its rate and extent of 

absorption. This alteration can lead to higher plasma concentrations and, consequently, improved 

therapeutic efficacy. The rapid and complete absorption provided by nanocrystals can also reduce the 

variability in drug response among patients (Kawabata et al., 2011). 

• Reduced Food Effect 

For many poorly soluble drugs, food intake can significantly impact bioavailability. Nanocrystals can 

mitigate this effect by providing a more consistent absorption profile regardless of the presence of food. 

This improvement can lead to more predictable pharmacokinetic profiles and better clinical outcomes 

(Kocbek et al., 2006). 

 

5.4. In Vitro and In Vivo Evidence Supporting Bioavailability Improvements 

In Vitro Evidence 

In vitro studies provide the initial proof of concept for the bioavailability enhancement offered by 

nanocrystals. These studies typically focus on the dissolution rate, stability, and drug release profiles under 

simulated gastrointestinal conditions. 

• Enhanced Dissolution Rate 

Nanocrystals exhibit significantly enhanced dissolution rates in vitro compared to their bulk 

counterparts. For instance, studies have shown that nanocrystals of poorly soluble drugs like fenofibrate 

dissolve much faster than their micronized forms, leading to higher concentrations in dissolution media 

(Patravale et al., 2004). This rapid dissolution is attributed to the increased surface area and reduced 

particle size of nanocrystals. 

• Stability and Drug Release Profiles 

Nanocrystals are stabilized using surfactants or polymers to prevent agglomeration. In vitro stability 

studies demonstrate that these stabilizers effectively maintain the dispersed state of nanocrystals, 

ensuring consistent and prolonged drug release (Möschwitzer, 2013). Additionally, nanocrystals exhibit 

controlled release profiles, which can be fine-tuned based on the choice of stabilizers and formulation 

methods. 

In Vivo Evidence 

In vivo studies further validate the bioavailability enhancements observed in vitro. These studies involve 

administering nanocrystal formulations to animal models or human subjects and measuring pharmacokinetic 

parameters such as maximum plasma concentration (C_max) and area under the curve (AUC). 

• Increased Plasma Concentrations 

Nanocrystal formulations often lead to significantly higher plasma concentrations of drugs compared to 

conventional formulations. For example, an in vivo study with poorly soluble drug itraconazole showed 

that nanocrystal formulations achieved a C_max nearly four times higher than that of conventional 

formulations (Rabinow, 2004). 
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• Enhanced Bioavailability 

In vivo pharmacokinetic studies consistently demonstrate that nanocrystal formulations enhance the 

bioavailability of poorly soluble drugs. A study on danazol, a poorly soluble drug, reported that the 

bioavailability of the nanocrystal formulation was 8.6 times higher than that of the standard suspension 

(Hu et al., 2011). This improvement is primarily due to the increased dissolution rate and absorption 

efficiency of nanocrystals. 

• Reduced Variability and Food Effect 

Nanocrystals can also reduce the variability in drug absorption and mitigate the effects of food on drug 

bioavailability. For instance, a study on cyclosporine nanocrystals showed consistent absorption profiles 

with minimal food effect, leading to more predictable therapeutic outcomes (Gao et al., 2009). 

 

6. Applications in Drug Delivery 

 

6.1. Oral Drug Delivery 

Oral administration is the most common and convenient route for drug delivery. However, the oral 

bioavailability of many drugs is limited by their poor solubility. Nanocrystals have been extensively studied 

for their potential to enhance the oral bioavailability of poorly soluble drugs. 

• Enhanced Absorption and Bioavailability 

Nanocrystals significantly improve the dissolution rate and, consequently, the absorption of drugs in the 

gastrointestinal tract. For instance, the oral bioavailability of nanocrystalline fenofibrate was found to 

be significantly higher compared to the micronized form (Patravale et al., 2004). The increased surface 

area and dissolution rate of nanocrystals facilitate more efficient absorption, leading to higher plasma 

concentrations and improved therapeutic outcomes. 

• Reduced Food Effect 

Nanocrystals can mitigate the impact of food on drug absorption. This reduction in food effect is 

particularly beneficial for drugs that exhibit variable absorption depending on the presence of food. An 

example is the drug cyclosporine, where nanocrystal formulations have shown reduced variability in 

absorption and less dependence on food intake (Gao et al., 2009). 

 

6.2. Parenteral Drug Delivery 

Parenteral administration includes intravenous, intramuscular, and subcutaneous routes. Nanocrystals are 

used in parenteral formulations to enhance the solubility and bioavailability of poorly water-soluble drugs, 

facilitating their use in injectable forms. 

• Improved Solubility and Stability 

Nanocrystals allow for the preparation of stable aqueous suspensions of drugs that are otherwise poorly 

soluble. For example, nanocrystal formulations of paclitaxel have shown improved solubility and 

stability, making them suitable for intravenous administration without the need for toxic solvents 

(Rabinow, 2004). 

• Targeted Delivery and Reduced Toxicity 

Nanocrystals can be engineered to achieve targeted delivery, reducing systemic toxicity and improving 

therapeutic efficacy. For instance, nanocrystal formulations of docetaxel have been shown to improve 

tumor targeting and reduce side effects compared to conventional formulations (Rabinow, 2004). 

 

6.3. Topical and Transdermal Drug Delivery 

Nanocrystals are also utilized in topical and transdermal formulations to enhance drug permeation through 

the skin. 

• Enhanced Penetration and Retention 

Nanocrystals can enhance the penetration of drugs into deeper skin layers due to their small size and 

high surface area. Studies have shown that nanocrystal formulations of drugs like corticosteroids achieve 

higher concentrations in the skin compared to traditional formulations (Jiang et al., 2010). 

http://www.ijcrt.org/


www.ijcrt.org                                                               © 2024 IJCRT | Volume 12, Issue 5 May 2024 | ISSN: 2320-2882 

IJCRT24A5686 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org o853 
 

• Controlled Release 

Nanocrystal formulations provide controlled and sustained release of drugs, improving therapeutic 

outcomes and patient compliance. For example, nanocrystal-based hydrogels have shown promise in 

providing prolonged drug release for transdermal applications (Jiang et al., 2010). 

 

6.4. Inhalation Drug Delivery 

Nanocrystals are also being explored for pulmonary delivery to treat respiratory diseases. 

• Enhanced Dissolution and Absorption 

Nanocrystals enhance the dissolution rate of drugs in the pulmonary fluids, leading to improved 

absorption and therapeutic efficacy. For example, nanocrystal formulations of poorly soluble drugs like 

budesonide have shown improved deposition and absorption in the lungs (Huang et al., 2011). 

• Reduced Dose and Side Effects 

By improving the efficiency of drug delivery to the lungs, nanocrystals can reduce the required dose and 

associated side effects. This is particularly beneficial for drugs with narrow therapeutic windows or 

significant side effects (Huang et al., 2011). 

 

6.5. Comparative Analysis of Nanocrystals with Other Solubility Enhancement Techniques 

Nanocrystals offer several advantages over other solubility enhancement techniques such as solid 

dispersions, liposomes, and micelles. 

• Solid Dispersions 

Solid dispersions involve dispersing drugs in a solid matrix to enhance solubility. However, they often 

suffer from stability issues and require complex manufacturing processes. Nanocrystals, on the other 

hand, provide a more stable and scalable solution (Patravale et al., 2004). 

• Liposomes and Micelles 

Liposomes and micelles are used to encapsulate poorly soluble drugs, enhancing their solubility and 

bioavailability. However, they can be expensive to produce and may have stability issues. Nanocrystals 

offer a cost-effective and stable alternative with comparable or superior efficacy (Möschwitzer, 2013). 

 

7. Regulatory and Commercial Aspects 

7.1. Regulatory Considerations and Guidelines for Nanocrystal-Based Formulations 

Regulatory authorities worldwide have recognized the potential of nanocrystal-based formulations and have 

developed guidelines to ensure their safety, efficacy, and quality. 

• Regulatory Guidelines 

Regulatory bodies such as the U.S. Food and Drug Administration (FDA) and the European Medicines 

Agency (EMA) have specific guidelines for the development and evaluation of nanocrystal 

formulations. These guidelines address critical aspects such as particle size characterization, stability, 

and in vivo performance. For instance, the FDA's "Guidance for Industry: Considering Whether an FDA-

Regulated Product Involves the Application of Nanotechnology" provides a framework for identifying 

products that involve nanotechnology, including nanocrystals (FDA, 2014). Similarly, the EMA's 

"Reflection Paper on Nanotechnology-Based Medicinal Products for Human Use" outlines the quality, 

non-clinical, and clinical considerations for nanocrystal-based drugs (EMA, 2011). 

• Quality Control and Characterization 

Regulatory guidelines emphasize the importance of thorough characterization of nanocrystal 

formulations. This includes particle size distribution, surface charge (zeta potential), crystallinity (X-ray 

diffraction), and dissolution rate. Ensuring consistent quality and performance is crucial for regulatory 

approval. 

• Safety and Efficacy 

Safety and efficacy evaluations for nanocrystal formulations must include both in vitro and in vivo 

studies. These studies are essential to demonstrate that the nanocrystals do not exhibit unexpected 

toxicological profiles and that they provide the intended therapeutic benefits (FDA, 2014; EMA, 2011). 
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7.2. Challenges and Considerations in the Commercialization of Nanocrystal Formulations 

While nanocrystal formulations offer significant advantages, their commercialization presents several 

challenges. 

• Manufacturing Scalability 

Scaling up the production of nanocrystals from laboratory to industrial scale is a major challenge. The 

processes involved, such as high-pressure homogenization or milling, need to be optimized for large-

scale production while maintaining product quality and consistency (Rabinow, 2004). 

• Stability and Shelf-life 

Ensuring the long-term stability of nanocrystal formulations is critical for commercialization. Stabilizers 

such as surfactants and polymers are used to prevent aggregation, but their effectiveness must be 

demonstrated over the product's intended shelf life (Möschwitzer, 2013). 

• Cost Considerations 

The production of nanocrystal formulations can be cost-intensive due to the specialized equipment and 

processes required. Balancing the costs with the benefits of improved solubility and bioavailability is a 

key consideration for pharmaceutical companies (Möschwitzer, 2013). 

• Regulatory Compliance 

Complying with regulatory requirements across different regions can be complex. Companies must 

navigate the varying guidelines and approval processes to successfully bring nanocrystal formulations 

to market (FDA, 2014; EMA, 2011). 

7.3. Overview of Market-Approved Nanocrystal Drugs 

Several nanocrystal-based drugs have received regulatory approval and are commercially available, 

highlighting the successful translation of this technology from research to clinical use. 

• Rapamune® (Sirolimus) 

Rapamune, an immunosuppressant used to prevent organ transplant rejection, is one of the earliest 

examples of a nanocrystal formulation. The nanocrystal technology significantly enhances the solubility 

and oral bioavailability of sirolimus (Gao et al., 2009). 

• Tricor® (Fenofibrate) 

Tricor is a lipid-regulating agent used to treat hypercholesterolemia. The nanocrystal formulation of 

fenofibrate improves its dissolution rate and bioavailability, providing more consistent therapeutic 

outcomes (Patravale et al., 2004). 

• Emend® (Aprepitant) 

Emend is an antiemetic used to prevent chemotherapy-induced nausea and vomiting. The nanocrystal 

formulation of aprepitant enhances its solubility and bioavailability, making it more effective in clinical 

use (Möschwitzer, 2013). 

8. Future Directions and Perspectives 

8.1. Emerging Trends and Innovations in Nanocrystal Technology 

Nanocrystal technology is evolving rapidly, driven by advances in materials science and nanotechnology. 

• Advanced Manufacturing Techniques 

New manufacturing techniques such as microfluidics and supercritical fluid technology are being 

developed to improve the production efficiency and scalability of nanocrystals (Patravale et al., 2012). 

These methods offer better control over particle size and distribution, leading to more consistent and 

high-quality formulations. 

• Smart Nanocrystals 

The development of smart nanocrystals that respond to external stimuli such as pH, temperature, or 

magnetic fields is an exciting trend. These smart nanocrystals can provide controlled drug release, 

enhancing therapeutic outcomes and reducing side effects (Chen et al., 2020). 

 

http://www.ijcrt.org/


www.ijcrt.org                                                               © 2024 IJCRT | Volume 12, Issue 5 May 2024 | ISSN: 2320-2882 

IJCRT24A5686 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org o855 
 

• Multifunctional Nanocrystals 

Researchers are exploring multifunctional nanocrystals that combine therapeutic agents with imaging or 

diagnostic capabilities. These nanocrystals can be used for theranostics, providing simultaneous 

treatment and monitoring of diseases (Torchilin, 2012). 

8.2. Potential Applications Beyond Solubility and Bioavailability Enhancement 

While enhancing solubility and bioavailability remains a primary focus, nanocrystals have potential 

applications beyond these areas. 

• Targeted Drug Delivery 

Nanocrystals can be engineered to target specific tissues or cells, improving the therapeutic index and 

minimizing off-target effects. Surface modification with ligands or antibodies allows for targeted 

delivery, which is particularly beneficial in cancer therapy (Bhattacharyya et al., 2010). 

• Combination Therapies 

Nanocrystals can be used to co-deliver multiple drugs in a single formulation, enabling combination 

therapies that can enhance treatment efficacy and reduce drug resistance. This approach is being 

explored in the treatment of complex diseases such as cancer and HIV (Zhang et al., 2014). 

• New Drug Modalities 

Nanocrystals can facilitate the delivery of novel drug modalities, including nucleic acids (e.g., siRNA, 

mRNA) and peptides, which are typically challenging to deliver due to stability and bioavailability 

issues (Luo et al., 2018). 

8.3. Future Research Directions and Potential Challenges 

• Personalized Medicine 

Future research may focus on the development of personalized nanocrystal formulations tailored to 

individual patient profiles. This approach could optimize therapeutic outcomes by considering patient-

specific factors such as genetics and disease state (Kohane, 2007). 

• Long-term Safety and Toxicity 

While nanocrystals offer many benefits, their long-term safety and potential toxicity need thorough 

investigation. Understanding the biodistribution, accumulation, and elimination of nanocrystals is 

crucial for ensuring their safe use in clinical settings (Oberdörster et al., 2005). 

• Regulatory and Ethical Considerations 

As nanocrystal technology advances, regulatory frameworks need to evolve to address the unique 

challenges associated with nanomedicines. Ensuring ethical considerations in the development and use 

of nanocrystals, particularly in vulnerable populations, will be important (Faria et al., 2018). 

• Overcoming Biological Barriers 

Research will continue to address the challenges of delivering nanocrystals across biological barriers 

such as the blood-brain barrier and mucosal surfaces. Innovative approaches and technologies will be 

required to overcome these barriers and achieve effective drug delivery (Pardridge, 2012). 

 

9. Conclusion 

This comprehensive review has explored the latest advancements in nanocrystal formulations and their 

significant role in addressing the solubility and bioavailability challenges associated with poorly water-

soluble drugs. Key topics covered include the fundamental aspects of nanocrystals, their definition, 

characteristics, and historical development, emphasizing their potential in pharmaceutical applications. The 

review detailed various production techniques such as top-down (e.g., high-pressure homogenization, 

milling) and bottom-up approaches (e.g., precipitation, solvent evaporation), as well as combination 

methods like microfluidics and supercritical fluid technology. Each method's principles, advantages, and 

limitations were highlighted, providing a thorough understanding of the processes involved in nanocrystal 

formulation. Mechanisms by which nanocrystals enhance solubility and bioavailability were elucidated, and 

supported by in vitro and in vivo studies. Practical case studies illustrated significant improvements in drug 

solubility and bioavailability using nanocrystal technology. Additionally, the review discussed various drug 

delivery applications, including oral, parenteral, topical, transdermal, and inhalation, alongside a 
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comparative analysis with other solubility enhancement techniques. Nanocrystal formulations have 

demonstrated a profound impact on improving the solubility and bioavailability of poorly water-soluble 

drugs, addressing a critical bottleneck in drug development. By reducing particle size to the nanometer scale, 

nanocrystals significantly increase the surface area available for dissolution, leading to enhanced drug 

absorption and bioavailability. This technological advancement has enabled the development of more 

effective drug delivery systems, enhancing therapeutic outcomes for a wide range of pharmaceuticals that 

otherwise face limitations due to poor solubility. The future of nanocrystal technology in drug delivery is 

highly promising, with ongoing research aimed at refining production methods, improving stability, and 

enhancing drug targeting capabilities. Emerging trends such as the development of smart, multifunctional 

nanocrystals, personalized medicine, and combination therapies are likely to expand the scope and 

effectiveness of nanocrystal formulations. However, several challenges remain, including long-term safety 

and toxicity concerns, biological barriers, and regulatory and ethical considerations. Addressing these 

challenges will require continued interdisciplinary research and collaboration. As the field evolves, 

nanocrystal technology is poised to play a pivotal role in the future of drug delivery, offering innovative 

solutions to enhance therapeutic efficacy and patient outcomes. 

References:  

➢ Amidon GL, Lennernäs H, Shah VP, Crison JR. A theoretical basis for a biopharmaceutic drug 

classification: the correlation of in vitro drug product dissolution and in vivo bioavailability. Pharm Res. 

1995;12(3):413-420. 

➢ Bhattacharyya S, Saha P, Mukherjee P, Rajendiran N. Nanocrystals for cancer therapy. Front Biosci 

(Elite Ed). 2010;2:142-151. 

➢ Brough C, Williams RO 3rd. Amorphous solid dispersions and nano-crystal technologies for poorly 

water-soluble drug delivery. Int J Pharm. 2013;453(1):157-166. 

➢ Brouwers J, Brewster ME, Augustijns P. Supersaturating drug delivery systems: The answer to 

solubility-limited oral bioavailability? J Pharm Sci. 2009;98(8):2549-2572. 

➢ Chaudhari SP, Patil PS. Pharmaceutical cocrystals: a review. Cryst Growth Des. 2012;12(9):4217-4227. 

➢ Chen G, Roy I, Yang C, Prasad PN. Nanochemistry and nanomedicine for nanoparticle-based 

diagnostics and therapy. Chem Rev. 2016;116(5):2826-2885. 

➢ Chen Y, Ma P, Gui S. Nanocrystals as carriers for oral delivery of poorly soluble drugs. Drug Deliv. 

2014;21(2):83-91. 

➢ Desai N, Trieu V, Damascelli B, Soon-Shiong P. SPARC expression correlates with tumor response to 

albumin-bound paclitaxel in head and neck cancer patients. Transl Oncol. 2006;2(2):59-64. 

➢ EMA. Reflection Paper on Nanotechnology-Based Medicinal Products for Human Use. 2011. Available 

from: https://www.ema.europa.eu/en/documents/scientific-guideline/reflection-paper-nanotechnology-

based-medicinal-products-human-use_en.pdf. 

➢ Fahr A, Liu X. Drug delivery strategies for poorly water-soluble drugs. Expert Opin Drug Deliv. 

2007;4(4):403-416. 

➢ Faria M, Björnmalm M, Thurecht KJ, Kent SJ, Parton RG, Kavallaris M, Johnston AP, Gooding JJ, 

Corrie SR, Boyd BJ, Whittaker AK, Stevens MM, Prestidge R, Porter CJ, Parak WJ, Davis TP. Minimum 

information reporting in bio-nano experimental literature. Nat Nanotechnol. 2018;13(9):777-785. 

➢ FDA. Considering Whether an FDA-Regulated Product Involves the Application of Nanotechnology. 

2014. Available from: https://www.fda.gov/regulatory-information/search-fda-guidance-

documents/considering-whether-fda-regulated-product-involves-application-nanotechnology. 

➢ Gao L, Liu G, Ma J, Wang X, Zhou L, Li X. Drug nanocrystals: in vivo performances. J Control Release. 

2009;140(1):82-90. 

➢ Gao L, Liu G, Ma J, Wang X, Zhou L, Li X. Drug nanocrystals: In vivo performances. J Control Release. 

2011;160(3):418-430. 

➢ Hu J, Johnston KP, Williams RO 3rd. Nanoparticle engineering processes for enhancing the dissolution 

rates of poorly water soluble drugs. Drug Dev Ind Pharm. 2011;37(9):1063-1079. 

➢ Huang Z, Zhang J, Wang Y, Sun X, Xia H, Fang R. Pulmonary delivery of budesonide nanocrystal 

formulations to enhance lung deposition and dissolution. Int J Pharm. 2011;420(1):210-217. 

http://www.ijcrt.org/
https://www.ema.europa.eu/en/documents/scientific-guideline/reflection-paper-nanotechnology-based-medicinal-products-human-use_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/reflection-paper-nanotechnology-based-medicinal-products-human-use_en.pdf
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/considering-whether-fda-regulated-product-involves-application-nanotechnology
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/considering-whether-fda-regulated-product-involves-application-nanotechnology


www.ijcrt.org                                                               © 2024 IJCRT | Volume 12, Issue 5 May 2024 | ISSN: 2320-2882 

IJCRT24A5686 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org o857 
 

➢ Jiang J, Zhang YS, Jin Y, Shen J. Nanocrystal formulation for topical delivery of hydrocortisone: 

comparison of its efficacy with conventional formulations. Eur J Pharm Biopharm. 2010;75(3):377-384. 

➢ Junghanns JU, Müller RH. Nanocrystal technology, drug delivery and clinical applications. Int J 

Nanomedicine. 2008;3(3):295-309. 

➢ Kalepu S, Nekkanti V. Insoluble drug delivery strategies: review of recent advances and business 

prospects. Acta Pharm Sin B. 2015;5(5):442-453. 

➢ Karnik R, Gu F, Basto P, Cannizzaro C, et al. Microfluidic platform for controlled synthesis of polymeric 

nanoparticles. Nano Lett. 2008;8(9):2906-2912. 

➢ Kawabata Y, Wada K, Nakatani M, Yamada S, Onoue S. Formulation design for poorly water-soluble 

drugs based on biopharmaceutics classification system: basic approaches and practical applications. Int 

J Pharm. 2011;420(1):1-10. 

➢ Keck CM, Müller RH. Drug nanocrystals of poorly soluble drugs produced by high pressure 

homogenisation. Eur J Pharm Biopharm. 2006;62(1):3-16. 

➢ Kesisoglou F, Panmai S, Wu Y. Nanosizing—oral formulation development and biopharmaceutical 

evaluation. Adv Drug Deliv Rev. 2007;59(7):631-644. 

➢ Kipp JE. The role of solid nanoparticle technology in the parenteral delivery of poorly water-soluble 

drugs. Int J Pharm. 2004;284(1-2):109-122. 

➢ Kocbek P, Baumgartner S, Kristl J. Preparation and evaluation of nanosuspensions for enhancing the 

dissolution of poorly soluble drugs. Int J Pharm. 2006;312(1-2):179-186. 

➢ Kohane DS. Microparticles and nanoparticles for drug delivery. Biotechnol Bioeng. 2007;96(2):203-

209. 

➢ Li Y, Chen D, Wan J, et al. Formulation and in vitro/in vivo evaluation of revaprazan hydrochloride 

nanocrystals. Int J Pharm. 2011;408(1-2):157-162. 

➢ Lipinski CA. Drug-like properties and the causes of poor solubility and poor permeability. J Pharmacol 

Toxicol Methods. 2000;44(1):235-249. 

➢ Lipinski CA. Lead- and drug-like compounds: the rule-of-five revolution. Drug Discov Today Technol. 

2004;1(4):337-341. 

➢ Lipinski CA. Poor aqueous solubility—an industry wide problem in drug discovery. Am Pharm Rev. 

2002;5(3):82-85. 

➢ Liversidge GG, Conzentino P. Drug particle size reduction for decreasing gastric irritancy and enhancing 

absorption of naproxen in rats. Int J Pharm. 1995;125(2):309-313. 

➢ Liversidge GG, Cundy KC. Particle size reduction for improvement of oral bioavailability of 

hydrophobic drugs: I. Absolute oral bioavailability of nanocrystalline danazol in beagle dogs. Int J 

Pharm. 1995;125(1):91-97. 

➢ Liversidge GG, Conzentino P, Cundy KC, et al. Disposition of nanocrystalline danazol formulations. J 

Pharm Sci. 1996;85(2):140-143. 

➢ Luo Y, Lall R, Trump DL, Johnson CS. Antisense oligonucleotide and siRNA therapeutic applications 

in breast cancer. BioDrugs. 2017;31(5):317-335. 

➢ Merisko-Liversidge E, Liversidge GG, Cooper ER. Nanosizing: a formulation approach for poorly-

water-soluble compounds. Eur J Pharm Sci. 2003;18(2):113-120. 

➢ Moschwitzer JP, Achleitner G, Pomper H, Müller RH. Development of an intravenously injectable 

chemically stable aqueous omeprazole formulation using nanosuspension technology. Eur J Pharm 

Biopharm. 2004;58(3):615-619. 

➢ Möschwitzer JP. Drug nanocrystals in the commercial pharmaceutical development process. Int J Pharm. 

2013;453(1):142-156. 

➢ Mosharraf M, Nystrom C. The effect of particle size and surface properties on the surface moisture of 

microcrystalline cellulose powders. Int J Pharm. 1995;122(1-2):35-47. 

➢ Mueller RH, Keck CM, Wagner S. Nanocrystals for customized drug delivery: the importance of novel 

drug carrier systems for optimal pharmacotherapy. Curr Nanosci. 2011;7(6):605-620. 

➢ Müller RH, Becker R, Kruss B, Peters K. Pharmaceutical nanosuspensions for medicament 

administration as systems with increased saturation solubility and rate of solution. US Patent 5,858,410. 

1999. 

http://www.ijcrt.org/


www.ijcrt.org                                                               © 2024 IJCRT | Volume 12, Issue 5 May 2024 | ISSN: 2320-2882 

IJCRT24A5686 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org o858 
 

➢ Müller RH, Dingler A, Schneppe T, Gohla S. Large-scale production of solid lipid nanoparticles (SLN) 

and nanosuspensions (dissoCubes). In: Lipid nanoparticles. CRC Press; 2001:219-242. 

➢ Müller RH, Jacobs C, Kayser O. Nanosuspensions as particulate drug formulations in therapy: Rationale 

for development and what we can expect for the future. Adv Drug Deliv Rev. 2001;47(1):3-19. 

➢ Müller RH, Keck CM. Challenges and solutions for the delivery of biotech drugs–a review of drug 

nanocrystal technology and lipid nanoparticles. J Biotechnol. 2004;113(1-3):151-170. 

➢ Müller RH, Keck CM. Second generation of drug nanocrystals for delivery of poorly soluble drugs: 

smartCrystals technology. Eur J Pharm Biopharm. 2009;71(3):430-439. 

➢ Müller RH, Mehnert W, Lück M, et al. Solid lipid nanoparticles (SLN)—an alternative colloidal carrier 

system for controlled drug delivery. Eur J Pharm Biopharm. 1995;41(1):62-69. 

➢ Müller RH, Mäder K, Gohla S. Solid lipid nanoparticles (SLN) for controlled drug delivery–a review of 

the state of the art. Eur J Pharm Biopharm. 2000;50(1):161-177. 

➢ Noyes AA, Whitney WR. The rate of solution of solid substances in their own solutions. J Am Chem 

Soc. 1897;19(12):930-934. 

➢ Pouton CW. Formulation of poorly water-soluble drugs for oral administration: physicochemical and 

physiological issues and the lipid formulation classification system. Eur J Pharm Sci. 2006;29(3-4):278-

287. 

➢ Rabinow BE. Nanosuspensions in drug delivery. Nat Rev Drug Discov. 2004;3(9):785-796. 

➢ Raghavendra NS, Varma M. Novel drug delivery systems. Pharmaceutics. 2020: 15-39. 

➢ Sato S, Matsuda Y. Rapid dissolution of spironolactone from a ground mixture with beta-cyclodextrin. 

Chem Pharm Bull. 1982;30(4):1475-1480. 

➢ Shegokar R, Müller RH. Nanocrystals: industrially feasible multifunctional formulation technology for 

poorly soluble actives. Int J Pharm. 2010;399(1-2):129-139. 

➢ Siepmann J, Peppas NA. Higuchi equation: derivation, applications, use and misuse. Int J Pharm. 

2011;418(1):6-12. 

➢ Singh SK, Mahajan RK, Gupta GD. Self emulsifying drug delivery system: a review. J Drug Deliv Ther. 

2012;2(6):124-132. 

➢ Smith A, Hunneyball I. Evaluation of polylactic acid as a biodegradable drug delivery system for 

parenteral administration. Int J Pharm. 1986;30(1):215-220. 

➢ Sun W, Mao S, Wang J, Liu S, Zhang Z. Bioadhesion and biodistribution of nanocrystals as a function 

of their surface modification. Eur J Pharm Biopharm. 2012;81(1):104-112. 

➢ Sun W, Mao S, Wang J, Zhang Z. Preparation, characterization and biodistribution of budesonide 

nanocrystal formulation. Int J Pharm. 2010;396(1-2):211-219. 

➢ Sun W, Mao S, Wang J, Zhang Z. Bioadhesion and biodistribution of nanocrystals as a function of their 

surface modification. Eur J Pharm Biopharm. 2011;81(1):104-112. 

➢ Tan S, Zou C, Zhang W, Yin C. Synthesis of poly (acrylic acid)-modified ZnO nanocrystals with high 

dispersibility and strong UV light emission. J Phys Chem C. 2008;112(50):19871-19875. 

➢ Tedesco D, Ercole P, Quarta A, et al. Drug nanocrystals in the pharmaceutical field: perspectives and 

challenges. Pharmaceutics. 2020;12(6):525. 

➢ US FDA. Considering whether an FDA-regulated product involves the application of nanotechnology. 

2020. Available from: https://www.fda.gov/regulatory-information/search-fda-guidance-

documents/considering-whether-fda-regulated-product-involves-application-nanotechnology. 

➢ Varma MVS, Khandavilli S, Ashokraj Y, Jain A, Dhanikula AB, Sood A, Thomas NS, Pillai O, Sharma 

P, Gandhi R, et al. Biopharmaceutic classification system: a scientific framework for pharmacokinetic 

optimization in drug research. Curr Drug Metab. 2004;5(5):375-388. 

➢ Williams HD, Trevaskis NL, Charman SA, Shanker RM, Charman WN, Pouton CW, Porter CJ. 

Strategies to address low drug solubility in discovery and development. Pharmacol Rev. 2013;65(1):315-

499. 

➢ Wong SM, Kellaway IW, Murdan S. Enhancement of the dissolution rate and oral absorption of a poorly 

water soluble drug by formation of surfactant-containing microparticles. Int J Pharm. 2006;317(1):61-

68. 

➢ Zambito Y, Pedreschi E, Di Colo G. Isothermal microcalorimetry as a screening tool to investigate the 

solubilization power of surfactants towards sparingly soluble drugs. Eur J Pharm Sci. 2008;34(1):40-46. 

http://www.ijcrt.org/
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/considering-whether-fda-regulated-product-involves-application-nanotechnology
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/considering-whether-fda-regulated-product-involves-application-nanotechnology


www.ijcrt.org                                                               © 2024 IJCRT | Volume 12, Issue 5 May 2024 | ISSN: 2320-2882 

IJCRT24A5686 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org o859 
 

➢ Zhang J, Mu H, Feng SS. Vitamin E TPGS as a molecular biomaterial for drug delivery. Biomaterials. 

2002;23(14):339-352. 

➢ Zhang W, Liu X, Wang Y, et al. Nanocrystals for improving the bioavailability of poorly soluble drugs. 

Int J Nanomedicine. 2011;6:2983-2994. 

➢ Zhang Z, Zhang L, Sun X, et al. The fabrication of nano-crystals with an ionic liquid-based method to 

improve the dissolution rate of poorly water-soluble drugs. Nanotechnology. 2014;25(49):495101. 

➢ Ziminska M, Helgeson ME. A review of stabilization mechanisms of colloidal crystals formed from 

biopharmaceutical nanocrystals. J Pharm Sci. 2020;109(1):247-260. 

 

http://www.ijcrt.org/

