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ABSTRACT  

Many techniques have been developed to overcome the bioavailability problem of poorly soluble drugs. The nanonization is one of the techniques in 
that micronized particle is converted in nanoparticle. Several processes are applied for nanocrystal production, including precipitation, milling, high 
pressure homogenization and combination method. The nanocrystal formulation is administered via various routes like oral, intravenous, 
intramuscular, pulmonary, ocular and dermal but due to safety, patient compliance and ease of administration, oral drug delivery is preferred. 
There are two basic ways to prepare drug nanocrystals like “bottom-up” and “top-down” technologies. The present literature provides an overview 
of the achievement in improving the bioavailability of the poorly soluble drug by using different methods.  
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INTRODUCTION  

About 60 % of new drugs are poorly water-soluble and it is 
believed that approximately 40% of drugs under development 
currently have solubility issues. The drug's low solubility is a 
major hurdle that must be overcome in order to create extremely 
potent pharmaceutical formulations. Low solubility medications 
have poor oral bioavailability and variable absorption, which is 
especially important for pharmaceuticals of biopharmaceutical 
class 2 (BCS) [1]. 

In oral administration, the drug must be present at the site of 
absorption in the dissolved state to achieve its pharmacological 
activity. The poor oral bioavailability of drugs caused by their poor 
aqueous solubility has always been a difficult issue in 
pharmaceutical research. To increase a drug's solubility in water, a 
variety of strategies have been explored including salt formation, co-
solvents, complexes with cyclodextrins and solid-state changes. A 
promising method to increase the apparent saturation solubility, 
dissolving rate and oral bioavailability of hydrophobic medicines 
like BCS Class II sometimes also with BCS Class IV pharmaceuticals. 
Drug nanocrystals are carrier-free submicron colloidal drug delivery 
systems with a mean particle size in the nanometre range, typically 
between 10 and 1000 nm, made up of pure medicines and the bare 
minimum of surface-active agents needed for stability [2]. 

A logical progression is "nanonization," or the reduction of 
micronized particles to nanoparticles. Many different nanonization 
techniques have been developed to improve the bioavailability and 
solubility rates of numerous drugs that are poorly soluble in water. 
These techniques include boosting surface area, altering crystalline 

morphologies and creating brand-new nanomaterials that can serve 
as controlled release carriers.  

Surface stabilised crystalline nanoparticles with sizes ranging from 
200 to 500 nm are known as drug nanocrystals. They improve the 
oral bioavailability of drugs with dissolution rate-dependent 
bioavailability by increasing the saturation solubility, dissolution 
rate and possibly mucoadhesion [3]. 

Drug nanocrystals are a versatile formulation approach that can be 
used to improve the pharmacokinetic and pharmacodynamic 
properties of poorly soluble drugs. NCs (nanocrystals) stand out not 
only among pharmaceuticals but also among other nanoparticles 
due to their ease of formulation and production scaling flexibility, as 
well as their inherent small particle size and large surface area [4, 5].  

The production of nanocrystals is just one method of modifying the 
intrinsic properties of the raw material: when particle size is reduced 
to nanosized area, intrinsic properties such as solubility are altered in 
comparison to bulk-sized drug powders. The overall advantages of 
small particle size can be divided into three categories: (I) fast 
dissolution (ii) increased solubility and (iii) improved membrane 
adhesion. The most important effect achieved with drug nanocrystals 
is a faster dissolution rate due to the large surface area per mass solid. 
However, the role of stabilisers and their careful selection should not 
be ignored. The primary function of stabiliser is to protect inherently 
unstable drug nanoparticles from aggregation and/or Ostwald 
ripening following the production and storage of nanocrystalline 
formulations. However, many of the stabilisers used can help to 
maintain the supersaturated state in vivo reached after fast dissolution 
of nanocrystals or they can act as permeation enhancers [6].

 

 

Fig. 1: Nanocrystal with surface modification 
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Characteristics of drug nanocrystals  

Drug nanocrystals also known as solid micelles, are solid drug particles 
encased in a layer of stabilizer(s). Because the nanocrystals hundreds of 
nanometer-sized particles make them unstable, stabilizer(s) are needed 
to stop the aggregation of individual nanosized particles. Polymers like 
cellulose derivatives, PVP, poloxamers, vitamin E, TPGS, or amphiphilic 
surfactants like polysorbates, SDS, are examples of common stabilisers. 
These substances can also improve solubility through improved wetting 
and solubilizing effects [7].  

Increase of dissolution velocity by surface area enlargement  

According to the Noyes-Whitney equation, the rate of dissolution is 
proportional to the surface area available for  

Equation:  

 

dC\ dt = DA (C s − C)/h  

Where:  

dc/dt = dissolution velocity 

D = diffusion coefficient 

A = surface area 

cs = saturation solubility 

cx = bulk concentration 

h = diffusional distance over which the concentration gradient occurs [8].  

Higher saturation solubility 

The saturation solubility Cs stays the same no matter what the 
compound is, what the dissolving medium is, or what the 
temperature is. But the saturation solubility also depends on the size 
of the particles below 1-2 m. It gets worse as particles get smaller 
than 1000 nm. Because of this, the saturation solubility of drug 
nanocrystals has gone up. The Ostwald-Freundlich equation shows 
how the saturation solubility of a drug and the size of its particles 
are related. 

Cs stands for saturation solubility. 

r = interfacial tension of substance 

V = molar volume of the particle material 

R = gas constant, 

T = absolute temperature 

r=radius of particle [9].  

Log
cS

ca
=

2σv

2.303RTpγ
 

Supersaturated state 

Drug nanocrystals produce a supersaturated state which is 
thermodynamically unstable similar to amorphous formulation due 
to their higher apparent solubility compared to thermodynamic 
solubility. When drug nanocrystals were compressed to a flat 
surface the concentration levels of the dissolved drug next to the 
sample surface with 580 nm nanocrystals were more than five-fold 
higher than the concentration levels achieved with bulk 
indomethacin. A traditional shake flask test was used in another 
study to determine the aqueous solubility values of nimodipine 
nanocrystals. When the aqueous solubility of crude drug after 72 h 
testing was 1.879 g/ml, the corresponding solubility values for 
nanocrystals with average particle sizes of 830 nm, 500 nm, and 160 
nm were 22.526 g/ml, 30.093 g/ml, and 51.269 g/ml, respectively, 
indicating a very high level of supersaturation and a significantly 
long time period for the investigated the kinetic solubility of 
nanocrystalline coenzyme Q10 with particle size fractions ranging 
from 80 nm to 700 nm and discovered that the kinetic solubility 
increased as particle size decreased. Used real-time NMR 
spectroscopy to investigate the maintenance of supersaturated 
states with amorphous and nanocrystalline carbamazepine by 
monitoring the amount of dissolved carbamazepine. The 
concentration of carbamazepine nanocrystals was nearly constant 
for 50 h, whereas amorphous carbamazepine had a higher initial 
concentration but then dropped below the concentration of the 
nanocrystal sample. As a result, while there are examples of higher 
apparent solubility values associated with nanocrystals, this clear 
benefit achieved with nanocrystals is frequently overlooked in 
nanocrystal applications [10].

  

Advantages 

 

Fig. 1: Thus, nanocrystal offer several advantages and drawbacks 
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Among the benefits there are  

 The ability to administer a drug via various routes (oral, 
intravenous, intramuscular, pulmonary, ocular, dermal). 

 The ability to formulate a drug in various pharmaceutical dosage 
forms (tablets, capsules, suspensions, ointments, etc.) 

 Greater solubility (thermodynamic or kinetic, counting on the 
drug's solid physical state) than conventional particles. 

 Faster dissolution rate than conventional particles. 

 Possibility of passive and active drug targeting. 

 Reduced tissue irritation in subcutaneous/intramuscular 
administration [11]. 

Fewer are the disadvantages, such as 

 Stability issues involving physicochemical. 

 When handling and transporting Bulking, extreme caution must 
be exercised. 

 It is impossible to realize a uniform and accurate dose [12]. 
 

Table 1: Properties of nanocrystal 

Properties of nanocrystal 
1. Particles size less than 1 μm  
2. There is 100% drug use. Nanocrystals do not utilise carriers. 
3. Surface active agent stabilisation is typically required. 
4. Amorphous or crystalline structure (Amorphous condition with 
benefits) 
5. Saturation solubility increases. 
6. A faster rate of disintegration [13].  
 

History of nanocrystal  

Before getting into the details of nanotechnology and nanoscale 
science, we should be clear about what we mean when we use nano 
terms like nanotechnology, nanoscience and nanoscale. The preform 
of the Greek word nanos, which means "very short man." The 
International Organization for Standardization (ISO) has defined 
nanomaterial (NM) as a material with any external dimension in the 
nanoscale or having internal structure or surface structure in the 
nanoscale and nanoparticle (NP) as a nano-object with all three 
external dimensions in the nanoscale (1–100 nm). The American 
National Standards made a Nanotechnology Standards Panel 
(ANSI-NSP), which put out a list of recommendations for what 
should be done first. Priorities for standardising nanotechnology 
fall into these four types (1) terminology for materials 
composition and properties (2) terminology for nanoscience and 
technology (3) metrology of analysis and standard test methods 
and (4) toxicity effects, environmental impacts and risk 
assessment.  

The American National Standard Institute made a Nanotechnology 
panel and put the standard terminologies into four main groups: 1) 
Organising terminotics with respect to composition and features 2) 
Universal vocabularies for nanoscience and nanotechnology 3) 
Techniques for analysis; and 4) Harmful effects and risk assessment. 
There is no one definition of NMs that is accepted around the world. 
There are many scientific ways to explain what nanotechnology is. 
Here are some of them. 

Nanoscale means that the size ranges from about 1 to 100 nm. It is 
assumed that approximately applies to both the lower and upper 
limits of the definition and that size can mean all three dimensions 
(OECD ;). The size of a feature is on the order of 100 nm or less. 
Having at least one dimension that is 100 nm or smaller Nanoscale 
technology is when we can use what we know about nanoscale 
science to make things that have new properties and abilities. To 
take advantage of all the possibilities it is important to understand 
how quantum interactions work at the nanoscale to be able to see 
nanoscale structures and to be able to make the change and even 
connect nanostructures. 

Nanoscience is the study, discovery and understanding of matter at 
the nanoscale where properties and phenomena can arise that are 
different from those of individual atoms or molecules or large 
amounts of matter. The study and manipulation of phenomena and 
materials at the atomic, molecular and macromolecular levels where 
their properties are very different from those at larger levels [14]. 

Nanomaterials are substances that have any external dimension or 
internal or surface structure at the nanoscale. a manufactured 
substance that is insoluble or bio-persistent and has one or more 
external dimensions or an internal structure on a scale from 1 to 100 
nm. One or more external dimensions of a natural, artificial, incidental 
or manufactured material, in an unbound state, as an aggregate, or as 
an agglomerate, where 50% or more of the particles in the number 
size distribution fall within the size range of 1-100 nm. Particles that 
are natural or artificial contain active or inactive substances, are 
unbound, aggregated, or agglomerated, and at least 50% of the 
particles in the number size distribution have one or more external 
dimensions that fall within the size range of 1-100 nm.  

A nano-object is a piece of material with one, two, or three external 
dimensions. At the nanoscale, material is constrained in one, two, or 
three dimensions. a nanoscale object with all three external 
dimensions. 

The term "nanoparticle" refers to a nanoscale object with all three 
external dimensions. The terms "nano rod" or "nano plate" should be 
used in place of the term "NP" if the lengths of the longest and 
shortest axes of the nano-object differ noticeably (typically by more 
than three times [15].  

Preparation of drug nanocrystals 

Several ways to make nanocrystals of drugs have been looked into. 
There are two basic ways to make drug nanocrystals, which are 
called "bottom-up" and "top-down" technologies. In the top-down 
processes, larger particles are broken up by milling or 
homogenization. In the bottom-up processes, precipitations at the 
nanometer scale are put together and controlled.  

Bottom-up processes  

From the molecules in solution, particles with crystalline or 
amorphous forms are created by aggregating the molecules. This 
process could be referred to as "a classical precipitation process" (in 
latin: via humida paratum). In this method, a solvent is used to 
completely dissolve the drug. The drug precipitates when the 
solvent solution is added to a non-solvent. Controlling influence 
factors and adding stabilisers like surfactants are important steps in 
controlling the particle structure and preventing the growth of the 
particles to the micrometre size range. Sonocrystallization, high 
gravity-controlled precipitation technology, confined impinging 
liquid jet precipitation, and multi-inlet vortex mixing are additional 
bottom-up technologies. Bottom-up processes facilitate the 
incorporation of multiple active ingredients into a single nanocarrier 
and the customization of nanoparticle surface functionality. 
However, a fundamental disadvantage of many precipitation 
processes is the need to remove organic solvent, which increases 
production costs. Large volumes of solvent are required for low 
water and organic solvent-soluble drugs in particular. Therefore the 
pharmaceutical industry has not utilised bottom-up processes for 
the production of marketed drugs [16].  

Top-down techniques 

The mechanical attrition or high-pressure collisions used in top-down 
methods for particle size diminishing can lead to contamination 
because of the equipment's wear and tear. The degree of 
contamination depends on process variables like bead size/material, 
stirrer speed, and energy input. By speeding up the process and using 
smaller bead sizes, the level of contamination can be reduced while 
still using the same bead material. High energy consumption is another 
drawback of top-down techniques especially if process times are 
lengthy. However, today especially in milling process times can be 
significantly reduced due to more energy-efficient milling equipment 
which reduces overall energy consumption. High pressure 
homogenizations and milling are carried out in suspension. Water is 
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typically used as the suspension medium, but oils or PEGs can also be 
used. These methods are environmentally friendly because it is 
possible to avoid using organic solvents. Because it increases 
molecular mobility and lowers the glass transition temperature, water 
also prevents the formation of amorphous material within the 
contents. The drug typically takes on a crystallised form after milling, 
though polymorphic changes are possible. Although high pressure 
homogenization may result in a decrease in crystallinity, the water in 
this situation also helps to stabilise the drug crystals. Technically, high 
pressure homogenization (HPH) can be divided into two different 
methods: (i) Piston-gap homogenization and (ii) Jet streaming (micro-
fluidizer, IDD-PTM, insoluble drug delivery micro-particle technology). 
While in a piston-gap type homogenizer drug suspension is forced 
with high pressure through a small gap high energy suspension flows 
collide in a micro-fluidizer during jet streaming. Piston gap 
homogenization can be further subdivided into PEG (Nano-pure®) 
and non-aqueous media (Disso-cubes®) homogenization [17].  

Combination techniques  

Combination techniques can be used if the final product cannot meet 
the necessary CQAs in a single process. Combination techniques are 
two-step procedures that involve a high-energy top-down process and 
a pre-process step, such as pre-milling or precipitation (most often 
milling or high-pressure homogenization). Combination methods have 
the advantages of frequently achieving even smaller particle sizes, 
avoiding process-related issues like clogging high-pressure 
homogenizers, and speeding up the final top-down process time.  

Despite the fact that combining techniques can be useful for 
considering the end product's properties or avoiding process-
related difficulties, more complex processes raise overall costs and 
add to the complexity of the entire production process. As a result, 
combination techniques should never be used as a first option and 
should only be chosen when doing so will result in huge advantages. 
Anti-solvent precipitation pre-processing was the first combination 
technique, which was followed by high-pressure homogenization 
(Nanoedge TM; Möschwitzer, 2003). The Smart Crystal® group of 
technologies, which debuted more recently, combine high pressure 
homogenization with various pre-processes, including CT, H42 
(spray-drying preprocess), H69 (precipitation preprocess), and H96 
(lyophilization preprocess) (media milling pre-process). For 
example, in the case, anti-solvent precipitation and ultrasonication 
are less frequently studied combinations [18]. 

Nanocrystals (Nanosuspensions) and bioavailability 

A drug's capacity to dissolve in biological fluids pass through 
membranes and effectively reach its pharmacological target al. l 
contribute to its bioavailability. Drugs in the BCS Class II group of the 
biopharmaceutical classification of drugs have a poor solubility but a 
good ability to cross membranes. Therefore increasing drug 
solubility and/or drug dissolution rate are required to improve the 
bioavailability of a BCS Class II drug.  

Particularly for nanocrystals, the following scenarios can be considered:  

1. According to the modified Noyes-Whitney law, a decrease in 
particle size leads to an increase in surface area available for 
interaction with the dissolution medium and subsequently an 
increase in the particle dissolution rate.  

2. According to Kelvin's equation, an increase in particle curvature 
(especially for colloidal particles) causes an increase in dissolution 
pressure. 

3. Increased solubility causes a greater concentration gradient at 
membranes resulting in greater penetration or permeation through 
membranes.  

4. High adhesion to biological membranes of nanocrystals which is 
favoured by their size is also beneficial for high membrane 
penetration; however adhesion can also be improved by coating 
with mucoadhesive polymer. 

5. According to a number of authors, another factor contributing to 
the improvement in bioavailability is the transcellular uptake of 
nanocrystals by epithelial cells. Nevertheless, it was determined that 

the results are conflicting and unclear and that no further 
explanation could be provided;  

6. Nanoparticles can be injected intravenously (in the form of a 
nanosuspension) and are completely bioavailable once they reach 
the intended site of action in the body. 

7. Coating nanocrystals with molecules able to interact with specific 
substrates can facilitate targeting. 

Due to their promising potential, nanocrystals have been designed 
for use in a variety of drug delivery systems. Oral drug 
administration is the most typical scenario [19, 20]. 

Nanocrystal and oral drug delivery 

Due to its safety, patient compliance, ease of production, and 
scalability, oral delivery is the preferred method for drug therapy; 
however, its main drawbacks are due to the drug's bioavailability. 
Through increased solubility, particle dissolution, increased gradient 
concentration at membranes and adhesion to the gastrointestinal 
wall, nanocrystals may enhance bioavailability. The rate-limiting 
step for BCS Class II drugs is typically drug dissolution and 
nanocrystals have been suggested to overcome this restriction.  

One of the earliest examples of this concept was implemented to 
danazol, a poorly soluble drug with poor bioavailability, which was 
formulated as three distinct formulations: an aqueous nanosuspension 
(169 nm), a danazol-hydroxypropyl-cyclodextrin complex and an 
aqueous microsuspension (10 m). The area under the curve (AUC) 
following oral administration in beagle dogs revealed that the 
nanosuspension and the cyclodextrin complex had similar levels of 
bioavailability, while the microsuspension had a lower level of 
bioavailability. The superior performance of the aqueous 
nanosuspension over the aqueous microsuspension can be attributed 
to the former's ability to overcome the limited dissolution rate 
typically observed with conventional suspensions. The authors 
proposed nanoparticles as the ideal formulation for absorption 
restricted by dissolution rate. With this study as a reference, many 
other studies confirmed that nanocrystals improve the bioavailability 
of drugs when taken by mouth. This has led to a large number of drug 
products being tested in clinical trials or already on the market. 
Nanocrystals are becoming extremely important in the pharmaceutical 
industry; up until May 2017, the US Food and Drug Administration 
(FDA) received over 80 applications for drug products containing 
nanocrystals, with over 60% of those submissions being for the oral 
route of administration. The large number of pharmaceutical dosage 
forms, including tablets, capsules and oral suspensions are designed 
for oral administration. Additionally, it should be noted that media 
milling, a top-down technology that is probably better managed by the 
pharmaceutical industry, is the preferred technology used. Media 
milling requires accurate control of all the important production 
factors through in-process tests and quality control end tests [21].  

The saturation solubility of nanocrystals in a lutein nanosuspension 
made by high pressure homogenization was 26.3 times greater than 
that of coarse powder. When delivered as pellets and hard gelatin 
capsules for use in nutraceuticals, nanocrystals released three to 
four times more in vitro than coarse particles did [22].  

Rutin nanocrystals manufactured by lyophilization and 
incorporated into tablets exhibited a higher rate of particle 
dissolution than microcrystal-loaded tablets and commercially 
available tablets. According to particle size measurements 
obtained by photon correlation spectroscopy (PCS) and laser 
diffractometry, the primary factor in the increased dissolution was 
the particle size reduction. 

Four batches of coenzyme Q10 nanocrystals (size range: 80–700 
nm) were prepared without the use of any surfactant or polymer by 
the solvent/non solvent method. The dissolution rate of coenzyme 
Q10 increased as particle size decreased, and the increased 
bioavailability of coenzyme Q10 nanocrystals after oral 
administration was confirmed in beagle dogs, where AUC0–48 was 
4,400 times greater than that of coarse suspensions [23]. 

A bioactive flavonoid called apigenin was made into nanocrystals 
using the supercritical antisolvent method. The dissolution rate of 
nanocrystals (400–800 nm) was faster than that of coarse powder. 
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In comparison to coarse particles, nanocrystals had a significantly 
lower tmax, 3.6-fold higher peak plasma concentration (Cmax) and 
3.4-fold higher area under the curve (AUC) after the administration 
of a single oral dose to rats [24]. 

Fenofibrate, a lipophilic drug used to treat hypercholesterolemia and 
hypertriglyceridemia that is practically insoluble in water, was 
processed in a probe sonicator and freeze-dried into a dry powder to 
create a nanosuspension. The saturation solubility was significantly 
increased by a particle size reduction. White rabbit pharmacokinetic 
studies revealed a 4.73-fold increase in relative bioavailability 
compared to the pure drug form [25].  

Bexarotene, a potent anti-tumour drug with low solubility and 
bioavailability, was converted into nanocrystals using a technique 
that combined precipitation and micro fluidization. With improved 
in vivo outcomes in rats, the decreased particle size thus obtained 

allowed for a significant increase in the dissolution rate. The oral 
bexarotene nanocrystals significantly improved the bioavailability of 
this critical medication and reduced its side effects, as shown by the 
higher AUC and lower Cmax. Because there was no first-pass effect 
and enterohepatic circulation, nanocrystals given intravenously had 
a higher bioavailability [26]. 

Microprecipitation and high-pressure homogenization were utilised 
to produce nimodipine nanocrystals of various size (159.0 nm, 503.0 
nm, and 833.3 nm). The in vitro and in vivo behaviour was compared 
to that of Nimotop®, a commercially available nimodipine 
formulation. Even though Nimotop® exhibited a higher dissolution 
rate than the three different nanocrystal batches, the plasma 
concentration-time curves determined in beagle dogs revealed that 
the bioavailability of optimum nanocrystals (159.0 nm and 833.3 
nm) was significantly greater than that of Nimotop®.

Table 2: Preparation of nanocrystal by various technology as nanoprecipitation, sonication, high-pressure sonication, high-pressure 
homogenisation, milling during the last 15 y 

Drug Techniques Mechanism References  
Albendazole  Nanoprecipitation, Sonication, High pressure sonication 

High pressure homogenisation, Milling 
Electrostatic repulsion 
(Prevent aggregation)  

[29, 30] 

Curcumin High-speed homogenisation, High-pressure 
homogenisation, Nanoprecipitation technique  

Spironolactone 
 

High-speed homogenisation, High-pressure 
homogenisation, Nanoprecipitation method Wet edge  
High-pressure homogenisation 

Nitrendipine  Precipitation+high pressure homogenisation 
Rutin  High pressure homogenisation 
Albendazol  Nanoprecipitation, Sonication, High–pressure 

homogenisation, High-speed homogenisation 
Edge , Antisolvent precipitation technique  

Steric barrier against aggregation 
(prevent aggregation)  

[31] 

Nitrendipine  Precipitation+high pressure homogenisation 
Ibuprofen  Wet comminution 

 Napoxen  
Prednisolone acetate  
Hydrocortisone acetate  
Anthracene  
Itraconazole Wet comminution/Wet edge    
Indomethacin Wet edge  
Quercetin High-pressure homogenisation, Bead edge, Cavi-

precipitation 
Apigenin Bead milling+high-pressure homogenisation 
Hesperetin High-pressure homogenization  

 Biological active providing further 
functions to nanocrystals 
(promotion of a stable formulation)  

[32] 
Resveratrol High-pressure homogenization Precipitation 
Caffeine Pearl edge  
Curcumin High-speed homogenization, Wet milling, High-pressure 

homogenization 
Dexamethasone Wet edge  
Diclofenac Wet edge  
Pyrimethamin Nanoprecipitation+high-pressure, homogenization 
Nifedipine High-pressure homogenization 
Spironolactone Wet edge  
Apigenin Bead edge+high-pressure homogenization 
Cinnarizine and naproxen Ball edge  
Indomethacin Dry edge, Wet edge 
Fenofibrate Milling 
Nimodipine High-pressure homogenization 
Naproxen Wet comminution 
Amoitone B High-pressure homogenization 
Prednisolone, carbamazepine, 
itraconazole, baicalin, cyclosporine 

High-pressure homogenization 

Paclitaxel Antisolvent precipitation+sonication 
Curcumin High-pressure homogenization 
Caffeine Pearl edge 
Hydrocortisone acetate High-pressure homogenization Mucoadhesion (promote 

absorption) 
[33] 

Buparvaquone High-pressure homogenisation 
Paclitaxel High-pressure homogenization Improving long circulation and 

interaction with specific receptors 
[34] 

Pioglitazone Precipitation 
Piroxicam High-pressure blending 
Meloxicam High-pressure blending 
The in vitro/in vivo relationship between nimodipine nanocrystals 
and Nimotop® was explained by the fact that some nanocrystals 
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went through macropinocytosis and caveolin-mediated endocytosis 
by enterocytes as whole nanocrystals and then skipped the liver's 
first-pass metabolism [27]. 

Similarly, no correlation between in vitro and in vivo was observed 
between itraconazole solid oral nanocrystals and the Spranox® 
formulation. The results demonstrated the nanocrystals' rapid 
dissolution, but this behaviour was not observed in a rat model in 
vivo. The longer transit time of itraconazole from nanocrystals 
facilitates the drug's rapid entrance into the small intestine, where it 
is less stable due to the lower solubility of the drug at that pH. In 
Spranox®, dissolution occurs from the surface of the sugar beads, 
which presumably have longer stomach transit times than 
nanocrystals. The highly concentrated solution formed by the 
Spranox® formulation in the stomach can stabilise the solution as it 
enters the small intestine. Thus, the stomach acts as a reservoir from 
which the highly concentrated solution can be delivered to and 
absorbed by the small intestine.  

In the previous examples, nanocrystals were made using different 
methods, such as high-pressure homogenization, lyophilization, 
supercritical antisolvent process, sonication followed by freeze-
drying, and microprecipitation combined with high-pressure 
homogenization. This means that there is still a big gap between the 
results of current research and the real chance of using lab-scale 
technology in the real world. Shegokar and Müller proposed a very 
important review that shows how lab-scale technologies can be used 
in industry. Several pieces of evidence showed that milling 
procedures had the most scale-up studies [28]. 

CONCLUSION 

Evidently, poorly soluble drugs are a good fit for nanocrystal 
technology. Drug nanocrystals can be used to treat any poorly 
soluble drugs in order to address their solubility and bioavailability 
problems. Particle size reduction to the nanoscale range has the 
advantages of increasing particle surface, curvature, saturation 
solubility, dissolving velocity, and further acceptable bioavailability. 
Drug nanocrystal synthesis involves a number of combined and 
applied technologies. Due to their increased bioavailability, drug 
nanocrystals have many benefits when administered orally. 
Additionally, because they dissolve quickly, drug nanocrystals 
enable speedy absorption, meeting the need for a quick onset. 
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