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Despite their extensive usage, the performance of BCS Class II drugs is often hampered 

by the low solubility of these drugs. In order to overcome these shortcomings, nano-

crystal technology enables effective reduction of particle size to the nanoscale. The 

utilization of nanocrystals helps significantly enhance the water solubility and biological 

utilization of drugs poorly solvable. However, aggregation, Ostwald ripening, and 

polymorphic transitions, among other issues, may compromise their stability and 

performance in general. Stabilizers, such as surfactants and polymers, researchers, and 

agents, help to overcome such difficulties. Two major methods are used for nanocrystals 

preparation: top-down processes (e.g., high-pressure homogenization and media 

milling), in parallel or alongside bottom-up approaches (such as antisolvent 

precipitation and supercritical fluid processing). The uniformity of particle size achieved 

by these methods makes drug dissolution and absorption easier. Nanocrystals do not 

stay in the oral administration as they have been explored for parenteral, pulmonary, 

ocular and transdermal administration thus endowing it with an additional role in 

modern medical treatments. Choosing the proper technique to prepare, stabilizing 

agents, and storage will ensure stability of products and safe therapeutic results. Modern 

developments in nanotechnology and processing have resulted in superior nanocrystal 

formulations, which are the promising ways to address barriers to solubility and 

bioavailability in pharmaceuticals. 
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INTRODUCTION 

Most drugs seeking novel delivery systems belong 

to the BCS Class II category at present. The drug 

classification of BCS II shows excellent 

permeability characteristics along with minimum 

solubility properties. Lower bioavailability 

emerges from the drug's low solubility, even 

though it is potent and permeable easily. The 

pharmaceutical production process experiences 

major challenges from medicines that possess both 

low solubility and rapid dissolution speed. 

https://www.ijpsjournal.com/
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Drugs use multiple delivery approaches and 

methods to avoid these restrictions. Enhanced drug 

solubility remains a highly desired solubilization 

method because existing techniques that include 

cyclodextrin-drug combinations and dendrimer 

additions and ionization using salting out 

processes and co-solvent incorporation have 

produced proven results [1]. 

Micro particles along with nanoparticles, emerge 

when drug or carriers experience dimensional 

reduction. The small dimensions of these 

nanoparticles provide them with numerous 

surfaces enabling increased dissolution rates. The 

drug substance exists within the formulation 

matrix as well as distributing on the outer surface 

of the particles. Different types of nanoscales 

pharmaceutical devices exist including micelles, 

liposomes, solid lipid nanoparticles, polymeric 

nanoparticles, PEGylated nanostructures, 

nanocrystals, cyclodextrin, dendrimers, nanotubes 

and metallic nanoparticles (et cetera) 2. 

Scientists can direct nano-particle adsorption to 

certain tissues or organs through changes in 

surface polarity and surface attributes together 

with modification of particle charge. Furthermore, 

research showed that these nanoparticles 

demonstrate successful application in 

gastrointestinal tract and blood-brain barrier 

mucoadhesive delivery systems [3]. 

The numerous nanotechnology-based tumour 

targeting methods benefit heavily from 

nanocrystals because they excel at drug content 

delivery during active and passive targeting [4]. 

Narrowing down the nanocrystals to nanoscale 

dimensions produces broad surfaces that boost 

saturation solubility capability while reducing 

diffusion pathway lengths to enhance drug 

availability. Nanocrystals represented a vital 

method for improving the absorption rates of drugs 

that are difficult to dissolve. The drug industry 

faces significant obstacles due to solubility 

problems that affect around 60% of synthesized 

molecules and 40% of screening molecules under 

development [5]. 

Drug nanocrystals exist as crystal particles 

measuring less than one nanometre in dimension. 

Almost the entire colloid field uses the size 

threshold of 100 nm or under 20 nm to define 

nanoparticle classification. Particle classification 

as a nanoparticle depends on what field of science 

you examine the matter through. The 

pharmaceutical industry utilizes the size unit to 

classify nanoparticles at 1000 nm (=1 m) or below 

this value as nano while micro-scale particles 

remain above 1 to 1000 m. One main distinction of 

drug nanocrystals is their lack of carrier 

components since these particles exist only as pure 

drug formations. The dispersion of drug 

nanocrystals through liquid media leads to the 

formation of Nano suspension. The use of 

stabilizers through surfactants or polymeric 

stabilizers becomes necessary to prevent dispersed 

particles from sinking from suspension. Any 

combination of water-based solutions and oil-

based media with liquid polyethylene glycol 

[PEG] can serve as dispersing fluids for 

nanocrystals. 

The outcome from transforming microcrystals into 

drug nanocrystals through precipitation methods 

varies between crystalline structures and 

amorphous forms based on the utilized production 

technology. The term nanocrystal should not be 

used to describe these amorphous drug 

nanoparticles because they do not meet the proper 

definition. The description of "nanocrystals in the 

amorphous state" appears often in literature [6]. 

The large surface-to-volume ratio of nanocrystals 

facilitates easy dissolution of low-solubility drugs 

[14]. Drug solubility increases when researchers 

convert substances through lyophilization into 
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nanocrystal structures with an amorphous state 

[15]. The production process for Nanocrystals 

proves simpler because they do not require extra 

matrix materials [14]. These nanocrystals provide 

medicine delivery options as they work through 

topical and intravenous or oral routes, which 

makes them suitable for various therapeutic needs 

[16]. Solid lipid nanoparticles served to improve 

both the drug release rate and itraconazole stability 

in blood [15]. Though promising research remains 

susceptible to dangers related to both toxicity 

development and mass-produced clinical 

applications. Additional investigational work must 

be conducted for maximum optimization of 

nanocrystal functions when applied 

therapeutically and to assess their effectiveness 

and security levels during drug delivery systems 

[17]. 

Pharmacological drug activity, together with 

bioavailability enhancement in various dosage 

forms like oral and injectable and topical, depends 

prominently on nanocrystal technology. 

Nanocrystals prove helpful for drugs that show 

weak solubility since they offer greater surface 

exposure alongside boosted solubility properties. 

Drugs can be distributed in targeted ways that 

overcome biological barriers to offer optimal drug 

delivery service because of this feature. 

Oral Dosage Forms 

The dissolution rates of poorly soluble drugs 

improve substantially after drug manufacturers use 

nanocrystals due to their enhanced solubility [18]. 

The use of excipients in formulations gives 

stability to prevent aggregation while improving 

gastrointestinal retention duration [19]. 

Nanosuspension converts into solid forms through 

spray drying and freeze-drying techniques, which 

both stabilize the product while improving 

administration ease [19]. 

Injectable Dosage Forms 

The administration of intravenous nanocrystals 

leads to rapid drug release together with enhanced 

bioavailability for difficult-to-deliver drug 

formulations [19]. 

Scientists today use modern research to design 

nanocrystals for distinct delivery systems that help 

minimize drug side effects [20]. 

Topical Dosage Forms 

Nanocrystals serve as potential candidates for 

topical applications because they improve drug 

skin penetration [16]. 

The nano-crystals show flexibility in formulations 

because they work well with different topical 

products, including creams and gels, while 

improving medical benefits in dermatological 

therapies [21]. 

2. Instability issues of nanocrystals 

Particles with smaller dimensions have more 

surface energy, which results in their size growth 

for surface energy reduction throughout storage 

duration. A review of the representative 

phenomena most influential on nanocrystal 

particle size appears in this section, which includes 

aggregation alongside sedimentation and Ostwald 

ripening. 

2.1. Aggregation 

Numerous crystal aggregates create instability in 

Nano suspensions, thus making them an unstable 

mixture of different substances in water. The 

particles in suspension perform Brownian motion 

because of their attraction and van der Waals 
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forces, while they can collide and attach, and 

coalesce with one another. During suspension 

manufacture as well as storage time, nanocrystals 

show visible signs of aggregation. The drug 

dissolution rate, along with solubility, decreases 

because aggregated nanoparticles demonstrate 

bigger dimensions and wider size distributions [7]. 

2.2. Ostwald ripening 

The process of Ostwald ripening produces crystal 

development through solubility variations 

between particles of different sizes. The solubility 

rates of an insoluble drug solution can rapidly 

increase through nanocrystal suspensions because 

of the Ostwald-Freundlich equation. Particulate 

drug dissolution increases when their size 

decreases below 1 micrometer. 

𝑙𝑜𝑔 (
𝑠2

𝑠1
) 2𝜎M (

1

𝑟2
−

1

𝑟1
) /𝜌𝑅𝑇 …… Eq. (A.1) 

The process involves the interaction of two 

variables - drug solubility S1 and S2 alongside 

particle radii r1 and r2 - as well as surface tension 

between the liquid solvent and drug σ. This 

relationship exists with the help of two parameters, 

M and ρ. The calculation includes the relative 

molecular mass M together with the density ρ of 

solid drugs and the molar gas constant R, at 

temperature T. Small crystals demonstrate greater 

saturation solubility than large crystals because of 

their increased surface free energy, although both 

are immersed in the same solution. The contact 

between small and large crystals creates a 

dispersed mass transfer that permits the growth of 

bigger crystals while the smaller particles diminish 

into nothingness [8]. 

2.3. Sedimentation 

The instability of nano suspensions occurs mainly 

from sedimentation effects. Gravity causes larger 

particles to settle below in suspensions, and their 

motion follows the principle established by Stokes' 

law. 

𝑣 = 2𝑟2𝜌1 − 𝜌2 𝑔/9η ……. Eq. (A.2) 

Where g is the gravitational acceleration, η is the 

viscosity of the dispersion medium, r is the particle 

radius, ρ1 and ρ2 are the densities of the particle 

and medium, and v is the particle's settling 

velocity. There are two categories of 

sedimentation behaviour for nanosuspension: 

flocculation and deflocculation. Rapid and loose 

sedimentation, as well as the ability to rapidly 

redisperse particles, are characteristics of 

flocculating suspensions. On the other hand, 

deflocculating suspension exhibits a gradual and 

thick settling. If the sediments can be easily 

redispersed and the deposition rate is low, 

nanocrystal deposition is acceptable. On the other 

hand, irreversible precipitation can cause 

significant variations in drug quality, making it 

impossible for patients to get a consistent dose. In 

order to increase the stability of nanocrystal 

pharmaceuticals, nanocrystal deposition must be 

inhibited [9] [10]. 

3. Methods of preparation 

Production techniques for nanocrystals follow 

either the bottom-up or the top-down method 

classifications.  The controlled precipitation 

approach drives bottom-up procedures while 

comminution provides the foundation of top-down 

approaches. The publication Traditional methods 

for producing drug nanocrystals in an aqueous or 

nonaqueous dispersion medium contains 

comprehensive information about multiple 

preparation approaches with their advantages and 

disadvantages included. The prepared product 

represents a nanosuspension, which consists of 

dispersed nanocrystals stabilized by particular 

surfactants or polymers in a dispersion medium. 

Various pharmaceutical preparation methods exist 
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for delivering drug nanocrystal formulations 

through parenteral and oral routes 

(nanosuspension, tablets, pellets, capsules, etc 

[11]. 

3.1. Top-Down Techniques 

The pharmaceutical industries now accept top-

down techniques, although limited product 

development has taken place using these methods. 

High-energy operational methods based on 

friction convert pharmaceutical particles into 

nanometre dimensions through frictional 

reduction processes. The two main top-down 

techniques include Media milling and high-

pressure homogenization. These two techniques, 

with their capability for commercial-scale 

manufacturing, have become standard processing 

methods within pharmaceutical manufacturing 

sectors [12]. The manufacturing of nanocrystals 

through top-down methods represents an accepted 

universal procedure because this approach 

provides production scale flexibility as a key 

benefit. Several nanocrystal-based commercial 

products have been produced through this method 

because it works both commonly and reliably [1]. 

Nonetheless, the method requires significant time, 

high energy reaching 1700 bar, while the heat 

produced by grinding could lead to product 

degradation or contamination. 

 
Fig 1. Preparation of nanocrystals: [22]. 

As shown in figure 1 it is a schematic diagram of 

top-down (media milling and high-pressure 

homogenization) approaches to the synthesis of 

nanocrystal. Such high-energy methods permit 

commercial scale production but may cause 

degradation or heat contamination . 

3.1.1. Media milling 

The basic elements in media milling include both 

a recirculating chamber that runs the milling 

operation, together with a cooling mechanism to 

control temperature, while adding milling media 

that processes the particles into nano-scale 

dimensions. The crucial elements used in media 

milling consist of glass pearls along with zircon 

oxide and rigid polystyrene derivatives, and other 

materials. Medium-sized slurry from the raw 

particles enters the milling chamber along with 

appropriate stabilizing surfactants through 

nonaqueous or aqueous solutions.  The grinding 

process by milling media produces particles 

extending from 10% to 50% of the recirculating 
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chamber volume (w/v) and reaching up to 30% 

(w/v) of the initial slurry volume. Agitation forces 

create powerful mechanical shear and impact, 

which results in a reduction of crude slurry 

particles' dimensions [13]. Media milling operates 

in batch processing as well as continuous 

circulation mode according to the needs of 

finished product specifications. To achieve 

consistent nanocrystals within small dimensions, 

continuous mode operation remains essential. 

Patients must be aware that temperature increases 

that occur during continuous circulation mode can 

affect drug particle stability throughout time. This 

stability problem can be prevented by using a 

coolant to control the chamber temperature 

increase. Research groups headed by Liversidge 

developed the very first version of media milling 

to produce nanocrystals. Elan Pharma implements 

this technology for commercial drugs such as 

Rapamune and Emend and Tricor, and Megace 

ES, among others, which have been released into 

the market. 

3.1.2. High-pressure homogenization (HPH) 

By using HPH technology crude drug solutions 

pass through small homogenization channels 

under intense pressure conditions. Excessive 

pressure allows several size reduction mechanisms 

to work simultaneously which includes both shear 

forces and cavitation and particle collisions and 

others. The first step of HPH process involves 

distributing crude drug powder within media 

containing surfactants as stabilizers. After 

dispersion the solution moves into 

homogenization outlets to decrease the particle 

dimensions before experiencing pressure drops. 

The proper nanocrystal production size results 

from subjecting the dispersion obtained after size 

reduction to high-pressure homogenization. Crude 

drug solutions move under extremely high 

pressure through ultra-thin homogenization 

channels in the HPH process. High-shear forces 

and cavitation, and particle collisions, together 

with other mechanisms, perform the size reduction 

process. Crude drug powders initially need to be 

dispersed in media solutions, including stabilizing 

surfactants, for the HPH operation. 

Homogenization follows size reduction through 

the processing of dispersions using three separate 

methods that include homogenization and both 

low-pressure shearing and high-speed shearing. To 

obtain optimal nanocrystal formation, the 

homogenization process requires application of 

high pressure to the size-reduced dispersion 

medium [23]. The three main types of high-

pressure homogenization differ according to 

equipment selection and media choice: 

homogenization in aqueous media and 

homogenization in nonaqueous media, and 

microfluidization. 

The production of nanosuspension in aqueous 

media using homogenization occurs at room 

temperature through aqueous media. The method 

for preparation originated from Muller as well as 

his team members. The drug distribution begins 

with mixing particles with suitable stabilizers 

present in water solutions. The obtained dispersion 

traverses through a narrow homogeneity gap while 

experiencing forced compression from a piston 

function at high pressures between 1500 and 4000 

bar. The width of the homogenization gap ranges 

from 5 to 20 μm based on how the final dispersion 

viscosity interacts with the required end-particle 

dimensions. The boiling point of aqueous media 

increases during homogenization so this generates 

the risk of gas bubble formation. Under the high-

pressure conditions within the gap the collapse 

occurs until outside liquid entrance causes 

pressure reduction leading to rapid bubble 

disintegration. The three main forces which affect 

drug particle size reduction during dispersion are 

cavitation processes combined with high-shear 
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forces and turbulent flow. Several drawbacks 

affect this approach because it uses aqueous 

solutions. The hydrolysis of aqueous-sensitive 

drugs causes stability issues in addition to 

requiring extra drying procedures using 

lyophilisation techniques at high costs and 

removal of large amounts of aqueous medium 

[24]. 

In the nonaqueous media homogenization method, 

the nanosuspension is prepared in non-aqueous 

media like PEG 400, PEG 600, oil, etc. In some 

cases, that is, when the solid phase is more soluble 

in the second liquid than in water, nanosuspension 

in nonaqueous liquids is significantly more 

favourable. These may include volatile water-

ethanol admixtures of dispersion to make dry 

products faster, oil-dispersed nanocrystals in soft 

gelatin capsules, nanosuspension of aqueous 

unstable medicines, etc. Oils and fatty acids have 

very low vapor pressures at room temperature 

compared to aqueous media, which leads them to 

have very high boiling points. Indeed, the 

formation of cavitation cannot be related to the 

decrease in the static pressure during the 

homogenization. As a consequence, this method of 

particle size reduction has lower efficiency 

compared to aqueous dispersions. The nonaqueous 

methods, as the name suggests, do not involve the 

use of water; hence, to achieve a good decrease 

process, there is a need to apply high temperatures. 

Instead, a deep freeze homogenization method has 

been used, for instance, in NanoPure/where the 

temperature is kept at -20°C. 

In microfluidization technology, the most 

important phenomenon is the jet stream. The 

suspension of the drug particles is passed through 

a homogenization chamber, which may be “Z-

shaped” or “Y-shaped,” and achieves high velocity 

and acceleration. To increase the particle 

reduction, the suspension is passed through these 

chambers several times. Sometimes that may be 

for the ideal size, repetitions may be in multiples 

of 10. Three major drawbacks of this technology 

towards a good nanocrystal preparation procedure 

include time Frame, number of cycles per 

chamber, and micro particles that are produced at 

the time of micro fluidization [25]. 

3.2. Bottom-up techniques 

3.2.1. Precipitation technique 

This technique involves the growth of nanocrystals 

in solution. This precipitation process involves 

two crucial phases. The formation of new crystals 

is one, and the nucleation process is another. The 

nucleation process is extremely important in the 

case of nanocrystal precipitation because it is 

essential to produce very small and homogeneous 

nanocrystals. More nuclei are extracted from the 

supersaturated solution when the nucleation rate is 

high. Another factor contributing to the narrow 

particle size distribution of nanocrystals is the 

large number of nuclei that were obtained 

collectively during the nucleation step [26]. 

Methods like mixing with an antisolvent or 

removing the solvent can be used to activate the 

nucleation process. The usual mixing apparatus is 

either an agitator blade or a magnetic stirrer. As an 

alternative, current equipment uses impinging jet 

reactors, multiple inlet vortex mixers, static 

mixers, etc., to provide efficient mixing in 

milliseconds. Additionally, ultrasonication is 

available to generate cavitation forces and 

encourage nucleation. Techniques like freeze-

drying or spray-drying are frequently employed to 

effectively dry the resulting nanocrystals [27]. The 

main advantages of this technique are that the 

equipment used is simple and easy to handle, and 

low-cost. Making use of static blenders, 

micromixers, etc., makes scaling up quite simple 

as well. The fact that the precipitation techniques 

are not universal in approach is their main 
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drawback. Due to uncontrolled particle growth, 

these approaches are only successful for a 

small proportion of compounds; they cannot be 

used to process the majority of pharmaceuticals. 

Because of their particular benefits in terms of 

physical qualities, diffusivity characteristics as a 

gas, and solubilization behaviour as a liquid, 

supercritical fluids such as supercritical carbon 

dioxide can be employed to create nanocrystals. 

The major advantage of this technique is the 

immediate removal of these fluids without extra 

drying of nanocrystals [28]. 

   
Fig. 2 Preparation of nanocrystals: Bottom-up process [22]. 

Figure 2 also shows bottom-up techniques like 

precipitation, which involve nucleation and crystal 

growth of a supersaturated solution. The 

uniformity of nanocrystals Nanocrystals are 

uniform since fast nucleation is imposed during 

efficient mixing equipment (e.g., impinging jet 

reactors, static mixers, ultrasonication). These 

methods are compound specific, yet otherwise 

affordable and scalable, owing to the challenge of 

directing the development of the particles. An 

alternate to this is where supercritical fluids like 

CO 2 are used to carry out the synthesis of 

nanocrystals without any subsequent drying 

process. 

3.3. Combined Techniques: Precipitation-

Homogenization 

Precipitation has the general tendency of forming 

higher and well-defined crystals up to a 

micrometre level, as seen earlier in the section on 

precipitation. Furthermore, the precipitated drug 

particles are also either amorphous or only partly 

amorphous. Because of the likelihood of going 

back to the crystalline state rather than the 

amorphous state, these affect stability and 

bioavailability. These stability and bioavailability 

issues can be overcome by using both the method 

of precipitation and homogenization. These 

combined procedures are used to further 

homogenize the precipitated particles and to 

ensure that the precipitated particles remain in the 

nanosize dimension [29]. The precipitated 

amorphous particles are then turned into 

crystalline particles that are more stable during the 

secondary homogenization process, which also 

acts as an annealing process. However, it can be 

noted that the costs of combination processes are 

higher than in the case of separate methods, which 

should be considered when selecting a method for 

preparing nanocrystals 

The use of nanotechnology has provided a new 

field of approaches in drug delivery systems as it 

has helped to bring new prosperity in all fields like 

chemistry, physics, and even life science. In 

particular, nanotechnology medicines have an 

exceptionally beneficial outlook for the treatment 
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of tumours [30]. Many pharmaceutical 

nanocrystals have been launched into the market 

due to the unique characteristics of nanocrystals. 

There are two general approaches to the 

production, including the bottom-up approach 

involving antisolvent precipitation and the top 

down involving methods such as high-pressure 

homogenization, media milling, among others. 

The bottom-up strategy has not yet manifested 

itself in a product being bought in the market. 

Instead, wet media milling or high-pressure 

homogenization are the techniques that are 

commonly applied to prepare the products to be 

sold. 

3.4. Processing of nanosuspension to form 

nanocrystals 

The most common technique that is used in drying 

of aqueous nanosuspension is lyophilization 

spray-drying methods. All these have the 

advantage of one kind or the other. In most cases, 

lyophilization is preferred since it can be utilized 

for thermolabile chemicals, recalcitrant to 

methodologies that involve heat treatment and it 

helps to avoid the disruption of the 

nanosuspensions’ structure [31]. However, spray 

drying is often used mainly because it decreases 

the amount of residual moisture in the product as 

well as time and financial resources required for 

the process [32]. Both these techniques thus 

necessarily involve the incorporation of a large 

amount of dispersants, such as sugars and 

polymers (in many cases, more than the amount of 

the drug). The extent of freezing and the rate at 

which this is done are some of the main things that 

define lyophilization. Ward’s and Lee’s studies of 

nanosuspension discussed the role of the freezing 

rate used, as well as the concentration of the 

medication about cryoprotectant. They showed 

that the increased nucleation rates and decreasing 

the size of the crystals result in the higher freezing 

rates the lower d: r/c ratios and the less 

agglomerated final products Like in experiments 

with the samples of freeze-dried danazol, loviride, 

AZ68 and oridonin it was proved that the addition 

of sugars enhances the dispersion characteristics of 

the final frozen products. Moreover, reported 

exceptions existed [33] [34]. As elaborated by 

Kumar et al., sugars in the concentration of 25–250 

wt. % are incapable of preventing the aggregation 

of albendazole nanosuspension. They could not 

observe any sign of aggregation when an extra 

12.5-weight percent HPMC or 2.5-weight percent 

carbopol was added [35]. 

The authors Van Eerdenbrugh et al. concluded that 

even though aggregation occurred in the last stage 

of drying, it was distinguishably clear that 

cryoprotective effect of sucrose could be proven 

for freeze drying of itraconazole nanocrystals 

when more sucrose levels were added. When 

water-insoluble microcrystalline cellulose is 

incorporated into the formulation, there was 

increased rate of disintegration which increase 

with increased concentration of MCC but in this 

study, MCC was proven to be a better matrix 

former. This could be attributed to characteristics 

of the drug itself as to how much of the dispersant 

is required for a reasonable re-dispersibility [36]. 

Kim et al. have shown that itraconazole required 

carrageenan concentration of at least 3 wt.% 

during the freeze-drying process while naproxen 

only required 0.5 wt.% [37]. 

Among the controlling parameters feed 

temperature and intake suspension concentration 

are deemed to play a decisive role in the modelling 

of spray dried process. As previously studied, a 

higher concentration of suspension and feed 

temperature increase the rate of the drying process; 

however, these two factors should be regulated. 

On the one hand, it must be recognized that a high 

feed temperature is not always good for the 
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stability of the drug and may lead to sugar fusion. 

On the other hand, it could also lead to the 

disruption of structural integrity of the droplet; this 

may lead to the formation of fused or donut shaped 

particles in the crystallized nanoparticles when 

undertakng the spray drying process [38][39]. 

High concentrations of sugars may be an issue 

since the product will stick to the wall of the drying 

chamber[40] Melting points are not suitable for 

comparing the glass transition temperature for the 

spray drying of seeds since they are higher. In 

current known sticky powders to be produced by 

sugars having lower glass transition temperature 

than pure sucrose that include dextrose and 

sucrose (Tg = 62°C; 31°C, respectively). 

However, mannitol has glass transition 

temperature of about 87 °C while lactose has glass 

transition temperature of about 101 °C and 

therefore it forms easily flowable powders. This is 

due to the fact that sugars, in the process of drying, 

turn from a crystalline state and thus may influence 

the precise moisture content of the dried matter. 

For example, during spray drying, it is possible for 

lactose to be converted to its monohydrate form 

and therefore the dried powders produced are more 

moist as compared to those produced from 

mannitol [41]. 

Besides, other polymers that have been used in 

spray drying of nanosuspensions include 

nifedipine (mannitol), EMD 57033 (lactose), 

microcrystalline, PVP, and others. When 

polymeric dispersants are applied in spray drying, 

their solutions in water can physically set during 

the process of water evaporation. This physical 

gelling will then reduce the mobility of the drug 

nanoparticles and the interacting chain 

involvement of the stabilizer molecules on the 

surface of the drug nanocrystals. In the nanocrystal 

suspension spray drying process, mostly, an 

amorphous structure is obtained since the solvent 

dries up very fast [42]. Since the amorphous state 

of some polymers can transform into a lower 

energy crystalline form during storage, while 

solubility and dissolving properties of the product 

can be enhanced by converting the material into 

amorphous form. Unfortunately, it is impossible to 

predict how long these conversions will last. 

4. Applications of Nanocrystals 

4.1. Oral delivery 

4.1.1. Enhanced Solubility and Dissolution 

Rates 

Particularly, it must be noted that the use of 

nanocrystals may have an ability to enhance the 

solubility of a drug by several orders. For example, 

relative solubility of Griseofulvin was 10 times 

more soluble than the solubility of a 

pharmaceutical pure grade [43]. 

When eplerenone was developed in nanocrystal 

form, it reached a very high dissolving rate of 

96.75% this is an indication that this mechanism 

of nanotechnology has worked for increasing the 

release of the drug [44]. 

The stabilizers are added to the nanocrystal 

products so that the product can remain stable and 

cannot coagulate or aggregate, which helps in 

maintaining the property of bioavailability [45]. 

It is conceivable that fine-size stable nanocrystals 

can be generate by solvent anti-solvent 

precipitation and emulsion solvent diffusion 

[43][44]. 

4.2. Injectables: 

4.2.1 Enhanced Solubility and Bioavailability 

The enhancement in solubility by nanocrystals 

having a positive treatment effect on a drug 

improves solubility of PWS especially in 
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injectable formulations through size reduction and 

stabilization technique like wet milling and high-

pressure homogenization techniques.[16][46]. 

In the traditional Chinese medicine practice, 

nanocrystals involve those that were solubilized 

and stabilized and this enhances the therapeutic 

efficacy hence reducing on drug resistance [47]. 

4.2.2 Controlled Release Systems 

It was found out that the process of encapsulating 

nanocrystals to biopolymer based injectable 

hydrogels including sodium alginate and collagen 

is the process with the most potential to delivering 

drugs with decrease. 

Stabilizers, such as polyvinyl pyrrolidine and 

sodium lauryl sulfate, come in handy in the 

attainment of the desired release characteristics of 

the nanocrystals [48]. 

4.2.3 Targeted Drug Delivery 

Analyzing the experiences with surface 

modification of nanocrystals, such as PEGylation, 

rating of targeting and interaction with mucosal 

tissues was reported to be enhanced whereas, 

direct contacting of the nanocrystals with the 

mucosal tissues was found to be reduced [49]. 

This is seen in nose-to-brain administration 

models, and these changes bring about an 

increased access and uptake in the target tissues 

[49]. 

4.3.Topical formulations: 

4.3.1 Increased Solubility: 

High saturation solubility is one of the remarkable 

characteristics of nanocrystals and it is the reason 

why, in poorly soluble drugs, these compounds 

contribute to improved permeation through the 

skin [50]. 

4.3.2 Skin Adhesiveness: 

Nanocrystals also have a distinct advantage of 

remain on the skin for longer time due to their 

small size and the process of delivery of the drug 

is enhanced [50]. 

4.3.3 Stability and Reduced Toxicity: 

Owing to the fact that nanocrystals need small 

amounts of excipients, their chemical stability is 

high and toxicity is low. therefore, they are useful, 

especially when it comes to the use by individuals 

with sensitive skin [51]. 

4.3.4 Treatment of Skin Disorders: 

There are quite many accounts of applications of 

nanocrystals in formulations for the treatment of 

diseases such as psoriasis, fungal infections, and 

wound healing, which is strong evidence of their 

significance in the therapeutic field [51]. 

4.3.5 Cosmetic Enhancements 

The use of nanocrystals in cosmetic products has 

been effective, it promotes skin transport and 

makes the skin brighter by boosting the efficacy of 

the cosmetic products such as vitamin C [52][53]. 

5.0 Marketed formulation:

5.1 Table No: 1 Marketed Nanocrystal Formulations 

Route of 

Administration 

Brand Name 

(API) 

Indication Key Advantages Approval Year 

& References 

Oral Solution Rapamune® 

(Sirolimus) 

Immunosuppressant 

(Prevention of organ 

Enhanced solubility, 

improved bioavailability, 

FDA-approved 

in 2000 [24]. 
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rejection in transplant 

patients) 

and more reliable drug 

absorption 

Oral 

Suspension 

Emend® 

(Aprepitant) 

Antiemetic (Prevention 

of chemotherapy-

induced nausea & 

vomiting) 

Rapid dissolution, increased 

absorption, improved 

bioavailability, and fewer 

drug-food interactions 

FDA-approved 

in 2003 [54][55]. 

Oral Tablets TriCor® 

Nanocrystal 

(Fenofibrate) 

Lipid-lowering agent 

(Hypercholesterolemia, 

Hypertriglyceridemia) 

Enhanced solubility, 

improved lipid-lowering 

efficacy, and higher 

bioavailability with minimal 

food effect 

FDA-approved 

in 2004 [56]. 

 
Triglide® 

Nanocrystal 

(Fenofibrate) 

Lipid-lowering agent 

(Hypercholesterolemia, 

Hypertriglyceridemia) 

Increased dissolution rate 

and improved bioavailability 

compared to coarse and 

micronized suspensions 

FDA-approved 

in 2005 [57]. 

 
Plavix® 

Nanocrystal 

(Clopidogrel) 

(Proposed) 

Antiplatelet 

(Prevention of blood 

clots) 

Intended to enhance 

dissolution rate and 

bioavailability 

Development 

proposed; 

status needs 

confirmation 

[58]. 

Table 1 demonstrates that a number of 

nanocrystal-based formulations have been 

establised and licensed in oral route of 

administration as solutions, suspensions, as well as 

tablets. These are the marketed products which 

include Rapamune 623 (Sirolimus), Emend 625 

(Aprepitant) and TriCor/Tricor 627 (Fenofibrate) 

that have shown a remarkable improvement in 

solubility, absorption, bioavailability and 

therapeutic effect. Markedly, the nanocrystal 

technology as well reduces food influences and 

enhances the rate of dissolution. Other more recent 

formulations such as Plavix Nanocrystals 

Clopidogrel are currently at the development or 

proposing stage and still need to be clinically 

proven. 

5.2 Future Perspectives: 

5.2.1 Smart nanocrystals 

Stimuli-Responsive Release: Smart nanocrystals 

allow the drug to be released to the different organs 

in the body depending on certain stimuli such as 

pH, temperature, or enzymatic action; thus, the 

therapeutic agents will only affect the diseased 

organs. 

It can be engineered in such a manner that it will 

only move to the intended tissue or a cell, which is 

the best approach towards diseases such as cancer 

or IBD [61][60]. 

It is potentially possible they should be able to 

create a vast number of therapeutic products such 

as small molecules and proteins to cure ailments in 

the body [59]. 

Thus, the shortcoming with regard to the synthesis 

of smart nanocrystals appears to be the control 

issue and the other factors that can distort when 

there is a process of developing a large number of 

nanocrystals [62]. 

Likewise, safety and regulatory concerns of these 

developments for clinical use should be well 

managed [59]. 

5.2.2 Nanocrystal-based targeted delivery 

systems. 
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These nanoparticles are designed by the scientists 

for release only under certain conditions and these 

conditions include pH, temperature or light 

making it possible to give the drug an exact 

location through pegylation and ligand addition 

Some of the strategies used in this field include 

[63][64]. 

The current position of research is to attempt to 

make nanoparticles more biocompatible, at the 

same time that may reduce the toxic effects of the 

nanoparticles during clinical trials Regulatory 

barriers Although there may be new regulations 

awaiting to emerge in the coming years, even in 

this regard, nanometallurgy and biomaterials are 

ideal to advance the existing standard but the 

problem of regulations remain a constraint for 

nanotechnology products [65]. 

Nanotechnology is likely to become the link 

between personalized therapies and effective 

medicines, or in other words the therapies will be 

more suitable to the individual and the result will 

be that the individual can expect that the treatment 

will be well received and have fewer side 

effects.The application of nanotechnology in 

delivery of drugs is a technique that has been 

incorporated through trials with clinical and as 

such, it is possible to use the technology in 

different diseases including cancer and Alzheimer 

disease [63][65]. 

CONCLUSION: 

In the present era, the BCS class II drugs are 

considered as most challenging for formulation 

due to solubility issues. To overcome these 

limitations, there is need to downscale the particles 

to nano size using the following techniques. They 

also have high surface area to volume ratio the 

make the dissolution rate to be high. Nanocrystals 

falls under the nanotechnologies formulation 

system, which is one of the most important 

formulation systems. By reducing the size of 

nanocrystals to as tiny as the nano scale then this 

makes the saturation solubility to be high due to 

the area of surface and also reduces the diffusional 

path way hence improving its bioavailability. The 

two major techniques used in nanocrystals 

synthesis are classified by two categories and they 

are the top-down approach and the bottom-up 

approach. Top down has techniques like media 

milling, high pressure homogenization etc. 

whereas bottom up is done by precipitation 

technique. To overcome of these two methods 

combined techniques is used in which the 

precipitation and the homogenized take place. 

However, as you know, this was a major issue of 

instability, to address which, stabilizers are used. 

These nano suspensions can then be subjected to 

freeze drying and lyophilization and spry drying 

methods in order to obtain a dry powder. 

Therefore, since tablets is the most convenient 

formulation, the nanocrystals can be directly 

compressed into tablets. Nano suspension are also 

directly applied in tableting as the wetting agents.  

Tableting is a critical part of making 

pharmaceuticals that necessitates attention to 

detail and good understanding of potential 

problems. The intricacies of a spectrum of matters, 

including: capping, lamination and sticking; 

change in hardness, homogeneity of content, 

friability; variability in dissolution; hygroscopicry 

and scale-up can impact the quality, efficiency and 

stability of the final tablet product. For the 

production of tablets to be carried out with fullest 

standards, all problems should be solved with the 

appropriate techniques and solutions. Technology 

advances also give useful methods to predict, 

indite and correct problem during tableting process 

such as real-time monitoring and principles of 

Quality by Design. Manufacturers will be 

guaranteed to avoid errors, get correct dosing, and 

raise the bioavailability and therapeutic efficacy of 
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drug-containing tablets if they put emphasis on 

accuracy, uniformity, and reproducibility. 

Abbreviations: 

Abbreviation Full Form 

BCS Biopharmaceutics Classification 

System 

PEG Polyethylene Glycol 

HPH High Pressure Homogenization 

MCC Microcrystalline Cellulose 

HPMC Hydroxypropyl Methylcellulose 

PVP Polyvinylpyrrolidone 

API Active Pharmaceutical Ingredient 

Graphical Abstract  

This flowchart summarizes the role of 

nanocrystal technology in enhancing the 

solubility and bioavailability of BCS Class II 

drugs, highlighting particle size reduction 

methods (top-down, bottom-up), stabilization 

challenges, solid form processing, and ultimate 

impact on marketed formulations. 

REFERENCES 

1. Chen, H., Khemtong, C., Yang, X., Chang, X., 

& Gao, J. (2011a). Nanonization strategies for 

poorly water-soluble drugs. In Drug Discovery 

Today (Vol. 16, Issues 7–8, pp. 354–360). 

https://doi.org/10.1016/j.drudis.2010.02.009 

2. Marcato PD, Durán N. New aspects of 

nanopharmaceutical delivery systems. Journal 

of nanoscience and nanotechnology. 2008 May 

1;8(5):2216-29. 

3. Brannon-Peppas L, Blanchette JO. 

Nanoparticle and targeted systems for cancer 

therapy. Advanced drug delivery reviews. 

2004 Sep 22;56(11):1649-59. 

4. Chang TL, Zhan H, Liang D, Liang JF. 

Nanocrystal technology for drug formulation 

and delivery. Frontiers of Chemical Science 

and Engineering. 2015 Mar;9:1-4. 

5. Brough C, Williams Iii RO. Amorphous solid 

dispersions and nano-crystal technologies for 

poorly water-soluble drug delivery. 



Naveen Kumar Karimaranahalli Banappa, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 8, 2200-2218 |Review 

                 
              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                 2214 | P a g e  

International journal of pharmaceutics. 2013 

Aug 30;453(1):157-66. 

6. Junghanns JU, Müller RH. Nanocrystal 

technology, drug delivery and clinical 

applications. International journal of 

nanomedicine. 2008 Dec 1;3(3):295-310. 

7. Li J, Wang Z, Zhang H, Gao J, Zheng A. 

Progress in the development of stabilization 

strategies for nanocrystal preparations. Drug 

delivery. 2021 Jan 1;28(1):19-36. 

8. Kumar Singh S, Vaidya Y, Gulati M, 

Bhattacharya S, Garg V, Kumar Pandey N. 

Nanosuspension: principles, perspectives and 

practices. Current drug delivery. 2016 Dec 

1;13(8):1222-46. 

9. Gao Y, Li Z, Sun M, Guo C, Yu A, Xi Y, Cui 

J, Lou H, Zhai G. Preparation and 

characterization of intravenously injectable 

curcumin nanosuspension. Drug delivery. 

2011 Feb 1;18(2):131-42. 

10. Martínez, N. A., Fernández-Álvarez, F., 

Delgado, Á. V., Badillo-García, M. L., Raba, 

J., Cerutti, S. E., & Arias, J. L. (2020). First 

steps in the formulation of praziquantel 

nanosuspensions for pharmaceutical 

applications. Pharmaceutical Development 

and Technology, 25(7), 892–898.  

11. Möschwitzer, J. P. (2013). Drug nanocrystals 

in the commercial pharmaceutical 

development process. In International Journal 

of Pharmaceutics (Vol. 453, Issue 1, pp. 142–

156). Elsevier B.V. 

12. Al-Kassas, R., Bansal, M., & Shaw, J. (2017). 

Nanosizing techniques for improving 

bioavailability of drugs. In Journal of 

Controlled Release (Vol. 260, pp. 202–212). 

Elsevier B.V. 

13. Merisko-Liversidge, E., & Liversidge, G. G. 

(2011a). Nanosizing for oral and parenteral 

drug delivery: A perspective on formulating 

poorly-water soluble compounds using wet 

media milling technology. In Advanced Drug 

Delivery Reviews (Vol. 63, Issue 6, pp. 427–

440). 

14. GHODRATI AD, TURK CT. Nanocrystals 

and their applications in pharmaceutical 

technology: An up-to-date overview. Journal 

of Research in Pharmacy. 2024 Nov 1;28(6). 

15. Mohammed IA, Jonnalagadda S. Enhancing 

Solubility of a BCS Class II Drug-Itraconazole 

by Developing and Optimizing Solid Lipid 

Nanoparticles using a Central Composite 

Design. Pharmaceutical nanotechnology. 

16. SIVANATHAN G, RAJAGOPAL S, 

MAHADEVASWAMY G, ANGAMUTHU 

G, DHANDAPANI NV. 

PHARMACEUTICAL NANOCRYSTALS: 

AN EXTENSIVE OVERVIEW. Int J App 

Pharm [Internet]. 2024 Nov. 7 [cited 2025 Feb. 

28];16(6):1-9. Available from: 

https://journals.innovareacademics.in/index.p

hp/ijap/article/view/52257 

17. Mukthar SAA, Solanki M. Solubility 

Enhancement of Poorly Water-Soluble Drugs. 

International Journal of Advanced Research in 

Science, Communication and Technology 

2024; : 337–344. 

18. Yanamadala, Y., Muthumula, C. M. R., Khare, 

S., & Gokulan, K. (2025). Strategies to 

Enhance Nanocrystal Formulations for 

Overcoming Physiological Barriers Across 

Diverse Routes of Administration. 

International Journal of Nanomedicine, 20, 

367–402. https://doi.org/10.2147/ijn.s494224 

19. Tsiaxerli A, Vardaka E, Moutroupidis C, 

Taylor KM, Kachrimanis K, Malamatari M. 

Updates on the conversion of nanosuspensions 

to solid oral dosage forms. Journal of Food and 

Drug Analysis. 2024 Dec 15;32(4):398. 

20. Chen J, Zhao Z, Yathavan B, Mirajkar A, Guo 

D, Huang J. Recent Advancement of 

Nanocrystal Dosage Forms. 

21. Khade, H. D., & Sonawane, S. S. (2025). 

Nanocrystal in Drug Development: Regulatory 



Naveen Kumar Karimaranahalli Banappa, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 8, 2200-2218 |Review 

                 
              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                 2215 | P a g e  

Perspective and Emerging Pharmaceutical 

Innovation. 10(1), 53–63. 

https://doi.org/10.35629/4494-10015363 

22. Pawar, V. K., Singh, Y., Meher, J. G., Gupta, 

S., & Chourasia, M. K. (2014a). Engineered 

nanocrystal technology: In-vivo fate, targeting 

and applications in drug delivery. In Journal of 

Controlled Release (Vol. 183, Issue 1, pp. 51–

66). Elsevier. 

https://doi.org/10.1016/j.jconrel.2014.03.030 

23. Joseph, E., & Singhvi, G. (2019). 

Multifunctional nanocrystals for cancer 

therapy: A potential nanocarrier. In 

Nanomaterials for Drug Delivery and Therapy 

(pp. 91–116). Elsevier. 

https://doi.org/10.1016/B978-0-12-816505-

8.00007-2 

24. Müller, R. H., Gohla, S., & Keck, C. M. 

(2011). State of the art of nanocrystals - 

Special features, production, nanotoxicology 

aspects and intracellular delivery. In European 

Journal of Pharmaceutics and 

Biopharmaceutics (Vol. 78, Issue 1, pp. 1–9). 

https://doi.org/10.1016/j.ejpb.2011.01.007 

25. Sawant, S. V, Vilasrao Kadam, D. J., Kisan 

Jadhav, D. R., & Sankpal, S. V. (n.d.). Drug 

nanocrystals: novel technique for delivery of 

poorly soluble drugs. In International Journal 

of Science Innovations and Discoveries (Vol. 

2011, Issue 3). www.ijsidonline.info        

26. Sinha, B., Müller, R. H., & Möschwitzer, J. P. 

(2013). Bottom-up approaches for preparing 

drug nanocrystals: Formulations and factors 

affecting particle size. In International Journal 

of Pharmaceutics (Vol. 453, Issue 1, pp. 126–

141). Elsevier B.V. 

https://doi.org/10.1016/j.ijpharm.2013.01.019 

27. Dong, Y., Ng, W. K., Shen, S., Kim, S., & Tan, 

R. B. H. (2009). Preparation and 

characterization of spironolactone 

nanoparticles by antisolvent precipitation. 

International Journal of Pharmaceutics, 375(1–

2), 84–88. 

https://doi.org/10.1016/j.ijpharm.2009.03.013 

28. Tozuka, Y., Miyazaki, Y., & Takeuchi, H. 

(2010). A combinational supercritical CO2 

system for nanoparticle preparation of 

indomethacin. International Journal of 

Pharmaceutics, 386(1–2), 243–248. 

https://doi.org/10.1016/j.ijpharm.2009.10.044 

29. Morakul, B., Suksiriworapong, J., 

Leanpolchareanchai, J., & Junyaprasert, V. B. 

(2013). Precipitation-lyophilization-

homogenization (PLH) for preparation of 

clarithromycin nanocrystals: Influencing 

factors on physicochemical properties and 

stability. International Journal of 

Pharmaceutics, 457(1), 187–196. 

https://doi.org/10.1016/j.ijpharm.2013.09.022 

30. Cai, H., Dai, X., Wang, X., Tan, P., Gu, L., 

Luo, Q., Zheng, X., Li, Z., Zhu, H., Zhang, H., 

Gu, Z., Gong, Q., & Luo, K. (2020). A 

Nanostrategy for Efficient Imaging-Guided 

Antitumor Therapy through a Stimuli-

Responsive Branched Polymeric Prodrug. 

Advanced Science, 7(6). 

https://doi.org/10.1002/advs.201903243 

31. Basa, S., Muniyappan, T., Karatgi, P., Prabhu, 

R., & Pillai, R. (2008). Production and in vitro 

characterization of solid dosage form 

incorporating drug nanoparticles. Drug 

Development and Industrial Pharmacy, 

34(11), 1209–1218. 

https://doi.org/10.1080/03639040802005024 

32. Heng, D., Ogawa, K., Cutler, D. J., Chan, H. 

K., Raper, J. A., Ye, L., & Yun, J. (2010). Pure 

drug nanoparticles in tablets: What are the 

dissolution limitations? Journal of 

Nanoparticle Research, 12(5), 1743–1754. 

https://doi.org/10.1007/s11051-009-9759-y 

33. de Waard, H., Hinrichs, W. L. J., & Frijlink, H. 

W. (2008). A novel bottom-up process to 

produce drug nanocrystals: Controlled 

crystallization during freeze-drying. Journal of 



Naveen Kumar Karimaranahalli Banappa, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 8, 2200-2218 |Review 

                 
              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                 2216 | P a g e  

Controlled Release, 128(2), 179–183. 

https://doi.org/10.1016/j.jconrel.2008.03.002 

34. Lee, J., & Cheng, Y. (2006). Critical freezing 

rate in freeze drying nanocrystal dispersions. 

Journal of Controlled Release, 111(1–2), 185–

192. 

https://doi.org/10.1016/j.jconrel.2005.12.003 

35. Pavan Kumar, M., Madhusudan Rao, Y., & 

Apte, S. (2008). Formulation of 

Nanosuspensions of Albendazole for Oral 

Administration. In Current Nanoscience (Vol. 

4). 

36. Bernard, V. E., Sofie, V., A.M.J., M. J., Jan, 

V., Ludo, F., Jan, V. H., Guy, V. den M., & 

Patrick, A. (2008). Microcrystalline cellulose, 

a useful alternative for sucrose as a matrix 

former during freeze-drying of drug 

nanosuspensions - A case study with 

itraconazole. European Journal of 

Pharmaceutics and Biopharmaceutics, 70(2), 

590–596. 

https://doi.org/10.1016/j.ejpb.2008.06.007 

37. Kim, S., & Lee, J. (2010). Effective polymeric 

dispersants for vacuum, convection and freeze 

drying of drug nanosuspensions. International 

Journal of Pharmaceutics, 397(1–2), 218–224. 

https://doi.org/10.1016/j.ijpharm.2010.07.010 

38. Iskandar, F., Gradon, L., & Okuyama, K. 

(2003). Control of the morphology of 

nanostructured particles prepared by the spray 

drying of a nanoparticle sol. Journal of Colloid 

and Interface Science, 265(2), 296–303. 

https://doi.org/10.1016/S0021-

9797(03)00519-8 

39. Lee, J. (n.d.). Drug Nano-and Microparticles 

Processed into Solid Dosage Forms: Physical 

Properties 

40. Dolenc, A., Kristl, J., Baumgartner, S., & 

Planinšek, O. (2009). Advantages of celecoxib 

nanosuspension formulation and 

transformation into tablets. International 

Journal of Pharmaceutics, 376(1–2), 204–212. 

https://doi.org/10.1016/j.ijpharm.2009.04.038 

41. Chaubal, M. V., & Popescu, C. (2008). 

Conversion of nanosuspensions into dry 

powders by spray drying: A case study. 

Pharmaceutical Research, 25(10), 2302–2308. 

https://doi.org/10.1007/s11095-008-9625-0 

42. Saleki-Gerhardt A, Ahlneck C, Zografi G. 

Assessment of disorder in crystalline solids. 

International journal of pharmaceutics. 1994 

Jan 25;101(3):237-47. 

43. Langari, N., & B., D. (2025). Improvement of 

Griseofulvin’s Solubility and Dissolving 

Characteristics using Nano Crystallization. 

16(1). 

https://doi.org/10.71097/ijsat.v16.i1.1315 

44. Kareem, H., & Rajab, N. (2024). Formulation 

and Characterization of Eplerenone 

Nanocrystal as Sublingual Fast-dissolving 

Film. Iraqi Journal of Pharmaceutical 

Sciences, 33(4), 150–164. 

https://doi.org/10.31351/vol33iss4pp150-164 

45. Yanamadala Y, Muthumula CM, Khare S, 

Gokulan K. Strategies to Enhance Nanocrystal 

Formulations for Overcoming Physiological 

Barriers Across Diverse Routes of 

Administration. International Journal of 

Nanomedicine. 2025 Dec 31:367-402. 

46. Chen J, Zhao Z, Yathavan B, Mirajkar A, Guo 

D, Huang J. Recent Advancement of 

Nanocrystal Dosage Forms. 

47. Ren C, Gao Y, Huang Y, Peng S, Zhang X, 

Wang W, Wu C, Pan X, Huang Z. 

Nanocrystals: Versatile Platform for 

Traditional Chinese Medicine Delivery. 

Current drug delivery. 

48. Jabeen N, Sohail M, Mahmood A, Shah SA, 

Qalawlus AH, Khaliq T. Nanocrystals loaded 

collagen/alginate-based injectable hydrogels: a 

promising biomaterial for bioavailability 

improvement of hydrophobic drugs. Journal of 



Naveen Kumar Karimaranahalli Banappa, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 8, 2200-2218 |Review 

                 
              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                 2217 | P a g e  

Drug Delivery Science and Technology. 2024 

Jan 1;91:105291. 

49. Udabe J, Martin-Saldaña S, Tao Y, Picchio M, 

Beloqui A, Paredes AJ, Calderón M. Unveiling 

the potential of surface polymerized drug 

nanocrystals in targeted delivery. ACS 

Applied Materials & Interfaces. 2024 Aug 

28;16(36):47124-36. 

50. Aldeeb MM, Wilar G, Suhandi C, Elamin KM, 

Wathoni N. Nanosuspension-based drug 

delivery systems for topical applications. 

International Journal of Nanomedicine. 2024 

Dec 31:825-44. 

51. Singh V, Bansal K, Bhati H, Bajpai M. New 

insights into pharmaceutical nanocrystals for 

the improved topical delivery of therapeutics 

in various skin disorders. Current 

pharmaceutical biotechnology. 2024 Jul 

1;25(9):1182-98. 

52. Ortiz BH, de Abreu Garófalo D, do 

Nascimento T, dos Santos Matos AP, Ricci-

Júnior E. Current Application of 

Nanotechnology to Enhance Cutaneous 

Permeation of Vitamin C and Derivatives. 

Current Nanoscience. 2025 May;21(3):481-

97. 

53. Kumar P, Mahor A, Chaudhary V, Sharma S. 

Nanotechnology: current developments, 

applications and patents for non-invasive 

topical cosmetics and dermatological 

therapeutic delivery. Drug Delivery Letters. 

2024 Sep 1;14(3):179-97. 

54. Roos, C., Dahlgren, D., Sjögren, E., Sjöblom, 

M., Hedeland, M., & Lennernäs, H. (2018). 

Jejunal absorption of aprepitant from 

nanosuspensions: Role of particle size, 

prandial state and mucus layer. European 

Journal of Pharmaceutics and 

Biopharmaceutics, 132, 222–230. 

https://doi.org/10.1016/j.ejpb.2018.09.022 

55. Zhang, H., Meng, Y., Wang, X., Dai, W., 

Wang, X., & Zhang, Q. (2014). 

Pharmaceutical and pharmacokinetic 

characteristics of different types of fenofibrate 

nanocrystals prepared by different bottom-up 

approaches. Drug Delivery, 21(8), 588–594. 

https://doi.org/10.3109/10717544.2013.86581

5 

56. Sauron, R., Wilkins, M., Jessent, V., Dubois, 

A., Maillot, C., & Weil, A. (2006). Absence of 

a food effect with a 145 mg nanoparticle 

fenofibrate tablet formulation. Int. Journal of 

Clinical Pharmacology and Therapeutics, 

44(02), 64–70. 

https://doi.org/10.5414/CPP44064 

57. Kesisoglou, F., & Mitra, A. (2012). Crystalline 

nanosuspensions as potential toxicology and 

clinical oral formulations for BCS II/IV 

Compounds. AAPS Journal, 14(4), 677–687. 

https://doi.org/10.1208/s12248-012-9383-0 

58. Denslow, A., Świtalska, M., Jarosz, J., 

Papiernik, D., Porshneva, K., Nowak, M., & 

Wietrzyk, J. (2017). Clopidogrel in a 

combined therapy with anticancer drugs—

effect on tumor growth, metastasis, and 

treatment toxicity: Studies in animal models. 

PLoS ONE, 12(12). 

https://doi.org/10.1371/journal.pone.0188740. 

59. Sahoo, P. K. (2024). Smart nanomaterials in 

drug delivery system (pp. 270–286). 

https://doi.org/10.58532/v3becm2ch19 

60. Vyshnava SS, Swetha K, Dowlathabad MR. 

Smart drug nanoparticles from 

microorganisms and drug delivery. 

InMicrobial processes for synthesizing 

nanomaterials 2023 Sep 5 (pp. 227-259). 

Singapore: Springer Nature Singapore. 

61. Stojanov S, Berlec A. Smart bionanomaterials 

for treatment and diagnosis of inflammatory 

bowel disease. Nanotechnology Reviews. 

2024 Aug 9;13(1):20240057. 

62. Yang Z, Shi A, Zhang R, Ji Z, Li J, Lyu J, Qian 

J, Chen T, Wang X, You F, Xie J. When Metal 



Naveen Kumar Karimaranahalli Banappa, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 8, 2200-2218 |Review 

                 
              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                 2218 | P a g e  

Nanoclusters Meet Smart Synthesis. ACS 

nano. 2024 Sep 24;18(40):27138-66. 

63. Abbas T, Kanwar F, Tariq H, Malik MR. 

Nanoparticles in Drug Delivery Systems: 

Challenges, Innovations, And Surface 

Modification for Targeted Therapeutics. Indus 

Journal of Bioscience Research. 2025 Jan 

15;3(1):325-36. 

64. Yalcinkaya DB, Dogan S, Ozalp VC, Guvenc 

Tuna B. Targeted Nanocarriers. 

65. Nag OK, Porell RN, Delehanty JB. 

Nanoparticle-Mediated Active Targeted Drug 

Delivery. 

 

HOW TO CITE: Naveen Kumar Karimaranahalli 

Banappa, Venkatesh Dinnekere Puttegowda, 

Advancements in Nanocrystal Technology for Enhanced 

Drug Delivery, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 

8, 2200-2218. https://doi.org/10.5281/zenodo.16918694 


