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Abstract: Nanocrystal formulation has been increasingly investigated for overcoming the limitations of Biophar-
maceutical Classification System (BCS) Class II and IV chemotherapeutic agents. Nanocrystal (NC) formation is 
widely accepted for increasing the solubility, biological barrier permeability, and cell internalization of poorly-soluble 
chemotherapeutic drugs. Nanocrystalization improves the bioavailability of anticancer agents, increasing their cyto-
toxicity and effectiveness for cancer treatment. NCs are nanodrug particles that are coated with a thin polymer or 
surfactant layer, that enhance their stability, solubility, and internalization in tumor cells. For active targeting, NCs 
can be decorated with ligands, e.g., proteins and amino acids. NCs also undergo passive targeting by high cellular 
uptake and retention in the mononuclear phagocyte system (MPS). They are prepared by either top-down, or bottom-
up methods or a combination and can be scaled up for industrial manufacturing. NCs are safely administered by 
oral, parenteral, or transdermal routes. This review highlights the role of morphology and stabilizer, with brief dis-
cussions on nanocrystal production, ligand conjugation on drug nanocrystal targeting, and uptake in cancer cells. 
The benefits of NC formulations over conventional drug delivery are presented by discussing aspects of cytotoxicity 
studies of anticancer drugs.
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Introduction

Drug targeting, also called smart drug delivery 
design, is aimed to increase the drug concen-
tration at the diseased site, protecting healthy 
tissues from unwanted side effects. Site-spe- 
cific targeting of therapeutic agents is among 
the major drug delivery-associated difficulties. 
However, it has become possible in the past 
few decades to formulate drug nanocarriers 
targeted for treating tumors with minimum toxic 
effects on the normal tissues [1, 2]. Passive 
targeting relies on the properties of nano drug 

formulations and their interaction with the bio- 
logical environment, while active drug targeting 
involves drugs reaching specifically the target-
ed site by specific recognition with surface 
ligands. Conventional drug administration pres-
ents toxic side effects due to nonspecific bio-
distribution, whereas targeted drug delivery 
systems prolong and localize their interaction 
specifically with diseased tissues. The develop-
ment of nanocarriers like polymeric nanoparti-
cles, liposomes, and micelles is expected to 
reduce the drug-related undesirable side ef- 
fects. They can also target small molecules 
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such as genes, peptides, and small interfer- 
ing RNAs (siRNAs) to the desired site [3-6]. 
However, despite the desirable characteristics 
of nanocarriers, they usually have low drug 
loading capacity. Therefore, formulating pure 
nano-sized stabilized drug particles is an alter-
native to drug carriers that can reach directly to 
the site of action [7, 8].

Pharmaceutical NCs are nano-sized particles 
composed of the pure drug stabilized by excipi-
ents (mainly surfactants and polymers). Their 
size, ranging from a few nanometers to less 
than 1 μm using the minimum quantity of excip-
ients, will favor their solubility and bioavailabili-
ty. They possess appropriate saturation solubil-
ity and dissolution rate velocity due to a high 
surface-to-volume ratio. Nanocrystallization te- 
chniques are being adopted for poorly soluble 
drugs belonging to BCS II and class IV [9, 10]. 
NC also overcome the limitations of polymeric 
nanoparticles (NP), where NP sometimes exhib-
it low bioavailability due to entrapment in the 
matrix [10]. NC are prepared by either top-down 
or bottom-up methods. Top-down techniques 
are wet milling, high-pressure homogenization, 
micro-fluidization, and spray drying, whereas 
nanoprecipitation is bottom-up technology [11, 
12]. These methods can efficiently produce 
drug NC of small particle size with higher solu-
bility and tumor cell permeation. In addition  
to stabilize the drug nanocrystals, stabilizing 
agents have a remarkable effect in cell internal-
ization. The drug nanocrystals in suspension  
or lyophilized powder may be formulated and 
administered as oral, nasal, ocular, parenteral, 
and other dosage forms [10, 13]. The nanocrys-
tals improve the pharmacokinetics, variation in 
the crystal structure, and anisotropy. Mor- 
phologic characteristics of NCs play a signifi-
cant role in uptake, distribution, and retention 
in tumor cells [14]. NCs preparations are stud-
ied for safe and efficient drug delivery by target-
ing cancer cells without affecting viability of 
normal cells [15]. NC can be loaded in different 
carrier systems e.g. microspheres, hydrogels, 
or in-situ gels for controlled drug release [16-
19]. NC targeting has been studied by using 
stabilizers, like Pluronics, hydroxy propyl methyl 
cellulose (HPMC), polyethylene glycols (PEG), 
D-α-tocopheryl polyethylene glycol succinate 
(TPGS), surfactants such as Tween 80, and 
ligands like transferrin, biotin, and folic acids 

[20-22]. NC coating by avidin-biotin modified 
RBC membrane has been reported to possess 
higher targeting ability, drug loading, and sus-
tained release [23, 24]. A brief compilation of 
the literature on NC formulations of anticancer 
drugs of Class II and IV, showing formulation 
methods and dynamic light scattering (DLS) 
results, is given in Table 1.

This review discusses the advantages of NC for-
mulations. We are focused on the perspective 
of improved drug targeting by NC formation for 
the treatment of different cancers. We illus-
trate how the morphological properties, stabi-
lizer role, and surface functionalization by 
ligand attachment can affect the NC targeting. 
A brief discussion of NC formulation techniques 
is also presented. A comprehensive and up to-
date research survey of scientists supporting 
the improvements in cancer treatment by NC 
targeting is shown. A comparison of cytotoxicity 
of anticancer drugs with their NC formulations 
is discussed to evaluate NC’s benefits.

Nanocrystallization techniques

Pharmaceutical nanocrystals mainly consist  
of therapeutic ingredients with the minimum 
amount of excipients for stabilization. The sim-
ple nanocrystal engineering technologies and 
low ingredient concentration save on produc-
tion cost. Therefore, nanocrystals are easily 
scaled up for industrial manufacturing. Fur- 
thermore, nanocrystals can conveniently be 
sterilized by dry heat, steam, filtration, and ra- 
diation, depending on the drug stability [8, 25]. 
Top-down and bottom-up techniques are used 
for nanocrystal synthesis. Both methods are 
illustrated in Figure 1. In some situations, to 
obtain further size reduction and uniformity, a 
combination of the two methods could be 
adopted. 

Top-down method

Top-down methods involve high energy to disin-
tegrate the drug to obtain nano-sized particles, 
either by wet milling or high-pressure homoge-
nization technologies. These technologies have 
a high percentage yield that makes them suit-
able for large-scale manufacturing compared 
to bottom-up methods. Wet milling, specifically 
wet bead milling, involves the size reduction of 
poorly water-soluble drugs suspended in water 
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Table 1. Nanocrystal formulations of BCS Class II and IV cytotoxic drugs using different stabilizers/ligands, formulation methods, DLS results 
and evaluation on different cell lines

Drug [BCS class] Stabilizers Nano crystallization Technique Particle size 
Range [nm]

PDI
Range

Zeta potential 
(mV) Ref.

Paclitaxel [IV] Tween-80, Glycol Chitosan (GC), sodium alginate (SA)
PS sulfonate

Microfluidizer 194-382 0.134-0.194 -18 to -46 [100]

Hyaluronic acid
Transferrin

Nanoprecipitation 236-339 0.14-0.21 -2.7 to -16.6 [92]

Poloxamer 188 and PEG-400 High pressure Homogenization 210.6 ± 16.8 0.16 ± 0.06 -30.3 ± 5.3 [120]
Campothecin [IV] Hyaluronic acid (HA) Nanoprecipitation by Probe Sonicator 196-400 0.19 to 0.220 -4 to -28 [121]

Boric acid and PVAL Nanoprecipitation by Probe Sonicator 204-496 0.172-0.586 -5.82 to -40.1 [122]
Docetaxel [IV] Tween 80 Nanoprecipitation by Probe Sonicator 526-543 0.18-0.24 -9.6 to 10.1 [123]

Transferrin Nanoprecipitation, by Probe Sonicator 405-468 0.18-0.23 -15 to -18 [93]
Etoposide [IV] Pluronic F-127 Antisolvent precipitation 117 ± 28 0.12-0.13 -16 to -20 [112]
Sorafenib [II] Polaxamer 407 High pressure homogenization 141-544 0.188-0.797 -7 to -28 [124]
Oridonin [IV] Polyvinyl pyrrolidone K30 (PVP K30) Antisolvent 

Probe sonication
285-295 0.24-0.27 0.035-0.085 [125]

Parthenolide [IV] Pluronic F68 and lecithin High-pressure
homogenization method [PHPH]

126.9 ± 2.31 0.230 ± 0.024 -11.18 ± 0.59 [32]
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Figure 1. Schematic illustration of nanocrystal production methods, showing general processing of (A) top-down and 
(B) bottom-up technologies (created with BioRender).

with a nominal quantity of stabilizer by high 
energy forces in a tube/chamber containing 
inert grinding media. The grinding materials are 
either metallic (carbon steel, chrome steel, or 
stainless steel) or nonmetallic (alumina, zirco-
nium oxide, glass) beads, ranging from 0.05 to 
2 mm in size. The particle size reduction mech-
anism mainly involves impact, high shear forc-
es, and attrition generated by friction among 
particles. Wet bead milling is usually preferred 
to high-pressure homogenization due to parti-
cle size uniformity, easy scale-up, and conve-
nience for handling a wide range of drug quanti-
ties [26-28].

High-pressure homogenization is the second 
well-adopted top-down technology, using high 
pressure for particle size reduction in liquid 

media in the presence of surfactants by parti-
cle collision, shear forces, and cavitation forc-
es. Piston-gap homogenization and microfluidi-
zation (jet-stream homogenization) are the two 
main homogenization procedures. The advan-
tages of high-pressure homogenization are 
aqueous free preparation of nanocrystals and 
aseptic production for parenteral administra-
tion [29-31]. Particle size reduction and poly 
dispersibility index (PDI) of nanocrystals pre-
pared by high-pressure homogenization de- 
pends on homogenization pressure. Parthen- 
olide nanocrystals were successfully prepared 
by high-pressure homogenization using lecithin 
and F68 as stabilizers. During homogenization, 
the stabilizers rapidly cover the nanocrystal 
surface, providing electrostatic and steric sta-
bilization for efficient particle size reduction. 
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The particle size reduction was mainly related 
to homogenization pressure i.e., by increasing 
from 500 bar to 1000 bar reduced the particle 
size from 208.2 nm to 126.9 nm and the PDI 
decreased from 0.333 to 0.230 [32].

Particle size reduction by top-down methods 
also depends on the physical properties of the 
active ingredient, as it is affected by initial  
particle size, polymorphism, morphology, and 
Young modulus [11, 33-36]. Young modulus 
determines the strength, elastic, and plastic 
deformation of solid materials. Some special-
ized processes like freeze-drying and spray dry-
ing can be used to modify drugs with character-
istics suitable for nanocrystallization by top- 
down procedures. Drug particles obtained have 
porous structures with reduced crystallinity 
after treatment by freeze-drying or spray dry-
ing. The particles have an irregular molecular 
arrangement compared to unmodified crystal-
line particles. Due to porosity and brittleness, 
they have more breakage points and are well 
adapted for particle size reduction by high 
impact, shear, and attrition forces. For exam-
ple, the optimized particle size of glibencla- 
mide was obtained from amorphous freeze-
dried powder after treatment by high-pressure 
homogenization [37]. In another research, res-
veratrol pre-treated by spray drying resulted in 
nanosuspensions with significantly smaller par-
ticle sizes without reduction in crystallinity [38].

Bottom-up method

With bottom-up technology, also named nano-
precipitation, the drug is solubilized in a solvent 
and the solution is added to a non-solvent  
containing a stabilizer [39]. Nanoprecipitation 
method was first introduced by List and Sucker 
in 1988 [40]. Crystal growth is generated by 
nucleation occurring by either solvent-antisol-
vent mixing or solvent removal. The blending of 
drug solution and antisolvent could be done by 
magnetic stirring or impeller blades. This is fol-
lowed by sonication to promote nucleation. 
Optimization of the process variables and  
formulation aspects of nanoprecipitation is 
required to obtain the desired nanocrystal for-
mulations. It primarily depends on the physical 
properties and concentration of the drug and, 
to a lesser extent, the stabilizing agents. 
Processing parameters influencing the final 
product are stirring speed, the ratio of solvent-

antisolvent, type and depth of the sonicator’s 
probe and temperature [41-43]. Using organic 
solvent for drug solubilization has led to limited 
application of bottom-up techniques. This is 
because of the lower solubility of some new 
therapeutic agents in easily removable organic 
solvents like acetone, ethanol, or methanol, but 
which remain soluble in dimethyl sulfoxide 
(DMSO). DMSO itself is toxic and removal con-
sumes time that increases the overall produc-
tion cost [44]. 

With the advancement in pharmaceutical tech-
nology, supercritical antisolvent precipitation 
using supercritical fluids is used in nanocrystal 
production. Supercritical fluids behave like liq-
uids and convert to gas above their critical 
point e.g., carbon dioxide, ammonia, ethane, 
ethylene [45]. The drug in a solvent is spray- 
ed on supercritical antisolvent in a chamber, 
resulting in rapid nucleation and nanocrystal 
formation. This technique yields smaller parti-
cle size, and uniformity at ambient temperature 
suitable for thermosensitive materials. Another 
technology for nanocrystal production, the 
spray flash evaporation system, is well adapted 
for many benefits of short processing time and 
low temperature. The drug, dissolved in low 
boiling point solvents like acetone, ethanol or 
methanol at a concentration of 1 to 10% w/v, 
under high pressure of 40 bars, is introduced 
to a vacuum chamber. The pressure drop cre-
ates instant evaporation and crystallization 
[46]. 

Combined technologies

Both top-down and bottom-up approaches  
for nanocrystal production have limitations in 
terms of running time of energy equipment or 
initial pre-treatment to obtain micronized drug 
particles [11]. To attain the specific benefits 
and minimize the disadvantages of these two 
approaches, combination technologies can be 
adopted. One commonly used combination 
technology is NANOEDGETM introduced by 
Baxter (Baxter Pharmaceutical Solutions, LLC, 
US). This involves a pre-treatment for micropre-
cipitation of crystals, usually followed by high 
energy homogenization. The microprecipitation 
step decreases energy cost for running high 
shear equipment, whereas subsequent treat-
ment by high-pressure homogenizer increases 
size uniformity and thermodynamic stability  
of nanocrystals [47, 48]. Other combination 
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Figure 2. Mechanisms of active and passive targeting to cancer cells by drug nanocrystals (Created by BioRender).

approaches are H42 and H96 technologies 
involving a pre-treatment by spray drying and 
lyophilization (freeze-drying) followed by high-
pressure homogenization. Both spray drying 
and lyophilization remove excessive moisture 
from drug particles, making them more brittle/
breakable by high-pressure homogenization. 
With freeze-drying, H96 technology is more 
suitable for thermosensitive drugs [49, 50]. 

Some combination technologies combine the 
two top-down techniques, such as wet ball mill-
ing and high-pressure homogenization. First, 
the drug particle suspension is subjected to low 
energy ball milling, with conditions adjusted to 
yield a particle size in sub-micron range from 
600 nm to 1 micron, then treated by high-pres-
sure homogenization. The pretreatment with 
ball milling reduces the overall cost and saves 
time and energy by a high-pressure homogeniz-
er. Moreover, this method ultimately yields par-
ticles with better stability and uniformity but 
relatively larger particle size compared to the 
above-mentioned combination technologies 
[51].

Cellular uptake and targeting of nanocrystals

The presence of cell receptors has a significant 
role in cell permeation of few drugs and their 

cellular uptake. However, numerous drugs have 
remarkable therapeutic effects but poor per-
meation characteristics and cellular uptake. 
These limitations may be overcome by drug 
nanocrystal modification and formulation tech-
niques to enhance bioavailability and increase 
cell internalization. Surface modification by 
ligands and stabilizers increases active drug 
targeting for site-specific cytotoxic effects. 
Furthermore, the internalization of nanocrys-
tals is influenced by morphologic characteris-
tics, the type of stabilizer used to coat the 
nanocrystal surface, and ligand attachment 
specific to infectious cells, as illustrated in 
Figure 2.

Role of particle size and morphology

The particle size can affect the retention of 
drug nanocrystals in cells since the drug nano-
crystals smaller than 150 nm showed higher 
solubility and better accumulation in the liver, 
lungs, and kidneys than drug solution [14]. 
However, sometimes nanoparticles ranging fr- 
om 100 to 150 nm may possess pharmacoki-
netic behavior like a solution. Due to their 
immediate dissolution in blood, they are usually 
not recognized by the MPS [8]. In comparison, 
larger nanocrystals (300-400 nm or more) 
exhibit different biodistribution characteristics 
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into solution since they are recognized as for-
eign agents by MPS, readily phagocytized, and 
distributed to the liver, spleen, and lungs [26, 
51]. The MPS clearance after intravenous injec-
tion is also influenced by the stabilizers and 
method of preparation i.e., bottom-up or top-
down techniques [12]. From phagocytic cells  
of MPS, hydrophobic agents cross phagolyso-
somal membranes, enter the cytoplasm, and 
diffuse out due to the drug concentration 
gradient. 

Among morphologic characteristics, the shape 
of nanocrystals has a significant effect on their 
cellular uptake. Rod-shaped drug nanocrystals 
have better retention and invasiveness into 
pathogenic sites than spherical ones. Rod-like 
nanocrystals of immunomodulatory drugs are 
efficient to passively target the phagocytic cells 
as demonstrated with doxorubicin. An anthra-
cycline was formulated since Cis-aconityl-do- 
xorubicin labeled cellulose nanocrystal rods 
were prepared with enhanced cellular uptake. 
This shape-dependent cytotoxicity was also 
observed in rod-shaped 10-hydroxycamptothe-
cin and needle-like camptothecin nanocrystals. 
Differently shaped nanocrystals have been 
evaluated for the cellular internalization in 
human nasopharyngeal epidermal carcinoma 
KB cells. Confocal microscopy and fluores-
cence detection also showed higher retention 
of rod-like nanocrystals in comparison to spher-
ical ones. This higher retention and enhanced 
permeability of chemotherapeutic drug nano-
crystals are favorable in passive targeting of 
tumor cells. The disrupted vasculature, lym-
phatic drainage system, and defective endothe-
lium of tumor cells enhance drug nanocrystals’ 
uptake [52, 53].

Role of the nature of the stabilizer

Stabilizers have a role in the stability of drug 
NC. Addition of polymers and surfactants is 
required to stabilize NCs, to facilitate their pro-
duction at manufacturing scale [54]. Particle 
size reduction in the absence of stabilizer 
results an increase in surface area, and free 
surface energy may lead to a higher magnitude 
of attractive molecular forces. As a result of 
these unsatisfied bonding forces at the particle 
surface, they can cohere and result in aggre-
gates of larger size. Further, after being lyophi-
lized, the drug particles may develop electro-

static forces due to internal friction. The in- 
tensity of charges depends on the nature of 
compounds and the agitation produced. To 
maintain nanocrystals’ integrity, steric stabiliz-
ers such as nonionic surfactants, e.g. polysor-
bates, vitamin E TPGS 1000, or sorbitan esters, 
are added to form a thin layer around the drug 
particles. This provides a mechanical barrier 
preventing their aggregation and size incre-
ment. The presence of stabilizers on nanocrys-
tals may be confirmed by various analytical 
techniques such as Nuclear Magnetic Re- 
sonance (NMR) spectroscopy, Fourier Trans- 
form Infrared(FT-IR) spectroscopy and Raman 
spectroscopy [55].

The nanocrystal surface modification by stabi-
lizers is essential for internalizing tumor cells 
and avoiding rapid clearance by MPS. There are 
various stabilizers used for NCs to prevent their 
aggregation, and maintain their particle nano-
size required forimproved bioavailability and 
other pharmacokinetic parameters. Ionic sur-
factants e.g. sodium dodecyl sulfate (SDS) or 
cetyltrimethylammonium bromide (CTAB) in- 
crease the electrostatic charge of the par- 
ticles, thereby inducing interparticle repulsion 
and improving their stability. Moreover, the PEG 
coatings on NC shield them from undesirable 
interaction with the MPS, aggregation, and 
opsonization, prolonging circulation time. This 
ultimately increases the half-life of the drug  
in the body [56]. Polymer stabilizers like 
Poloxamers F-68, F-127, F-188, and, among 
celluloses, hydroxypropyl methylcellulose HP- 
MC, are widely used in nano crystallization. By 
absorbing on the surface of drug nanocrystals, 
Poloxamers stabilize the nanodrug particles  
by steric hindrance, preventing aggregation. 
HPMC inhibits crystal growth by hydrogen bond-
ing, due to a high degree of substitution of 
methoxy and hydroxypropoxy groups [57].

The nature of the stabilizer has a significant 
effect on drug transport and targeting by 
increasing the permeability of the drug. It may 
enhance the influx of drug nanocrystals by 
opening the tight junctions in cells, increas- 
ing the paracellular transport of the particles 
across biologic barriers. Therefore, selecting an 
appropriate stabilizing agent is critical before 
choosing other parameters for the formulation 
of drug nanocrystals [28, 57]. The stabilizer 
must have an affinity for the crystal surface for 
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adsorption, providing a strong interfacial film to 
avoid unnecessary shedding. The stabilizer 
selection should be based on the interaction 
between stabilizer and drug NCs, which can be 
confirmed by atomic force microscopy [58]. 
However, an optimum strength of interfacial 
film between stabilizer and NCs should be criti-
cally evaluated in stimuli sensitive nanodrug 
crystals. Stabilizer shedding in response to cel-
lular enzymes or other stimuli is beneficial for 
the therapeutic effects. For example, TPGS 
induces P-glycoprotein (P-gp) inhibition, there-
fore increasing the uptake of nanocrystals in 
tumor cells [59]. The efficacy of TPGS was eval-
uated by observing higher cytotoxicity of pacli-
taxel nanocrystals (PTX-NC) on KB and H460 
cell lines compared to paclitaxel (PTX) and 
other nanocrystal formulations without TPGS 
[60]. Similarly, Tween 80 facilitates cell mem-
brane permeation by P-gp inhibition and drug 
retention in the cytosol and minimum efflux to 
extracellular fluid [15]. The toxicity to MCF-7 
and MDA-MB cells of the drug solution and 
paclitaxel nanocrystals containing Tween 80 
were compared. The IC50 of pure drug solution 
was 12.17 (±1.36) nM and 7.02 (±1.27) nM on 
MCF-7 and MDA-MB cells, respectively. In com-
parison, PTX-NC with Tween 80 (PTX/NC-T80) 
had higher toxicity on MCF-7 with an IC50 of 7.41 
(±0.96) nM and MDA-MB cells with an IC50 of 
4.82 (±0.32) nM.

In addition to the stabilizer layer, the presence 
of ligands facilitates site-specific targeting of 
the drugs to tumor cells. Stimuli-sensitive poly-
mers responding to physiochemical changes 
(such as temperature, pH, ionic concentration, 
enzymes, and magnetic field) have been used 
successfully in controlled release drug delivery 
systems. Therefore, they are effectively used 
as stabilizers in nanocrystal preparation for 
drug targeting. For example, the pH of the 
tumor cells or tissues is usually lower than in 
normal cells, so pH-responsive polymers may 
be used for drug delivery [61]. Hyaluronic acid 
(HA)-coated camptothecin nanocrystals show- 
ed a pH-triggered release behavior, where 
camptothecin was released more rapidly, more 
than 55% in a mild acidic condition [pH 5.5] 
within three hours, while it was only 25% at pH 
7.4 PBS [62]. CaCO3/doxorubicin nanocrystals 
were prepared by high-pressure homogeniza-
tion. They exhibited selective toxicity at pH 4.8 
i.e., 96%, without any nonspecific cytotoxicity 

since nanocrystals had minimum toxic effects 
at neutral pH 7.4 [59]. Reactive oxygen species 
(ROS)-sensitive paclitaxel nanocrystals were 
prepared by wet milling, using a library of 10 
redox-sensitive amphiphilic block copolymers. 
ROS-responsive biodegradable polymeric sta-
bilizers were prepared by post-polymerization 
modification via the thiol-yne reaction [63]. The 
hydrophobic thiols have an affinity for the hydro-
phobic surface of oxidation-sensitive paclitaxel 
nanocrystals. This study concluded that site-
specific shedding of stabilizers is used in drug 
targeting by cellular uptake. Therefore, other 
stimuli-sensitive polymers can target the drug 
to specific infectious regions for localized 
effects without affecting the healthy cells e.g. 
poloxamers including Pluronic F68 and Plu- 
ronic F127, Poly[ethylene glycol]-poly[3-capro- 
lactone]-poly[ethylene glycol] (PCEC).

Ligand attachment

In addition to the stabilizer layer, the presence 
of ligands facilitates site-specific targeting of 
the drugs to tumor cells. The ligand molecules 
can bind specific sites specifically expressed or 
overexpressed by the malignant cells, without 
significantly affecting healthy sites. Numerous 
receptors present on cells may serve as dock-
ing sites for anticancer drug targeting including 
folate receptors, transferrin receptors, sigma 
receptors [64], bombesin receptors [65], fibro-
blast growth factor receptors, and follicle-stim-
ulating hormone receptors. Understanding the 
appropriate interactions between nanocrystals 
and cell membrane receptors is significant for 
therapeutic application [66, 67]. Several fac-
tors like ligand molecule length and density 
affect the equilibrium in receptor-mediated 
endocytosis. Higher density and rigidity in- 
crease the uniform distribution of ligand mole-
cules on the drug particle surface. The ligand 
length is proportional to binding affinity on cell 
membranes, but it is usually harder for phago-
cytic cells to engulf the drug nanocrystals with 
more extended ligands [68-72].

Some of the commonly used ligands, ligand-
conjugated chemotherapeutic agents, and 
their enhanced permeation in cancer cell mod-
els and cell lines are presented in Table 2. The 
surface decoration of nanoformulations by 
ligands is an attractive therapeutic tool for can-
cer treatment by active targeting. The folate 
receptors are commonly overexpressed on the 
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plasma membrane of most cancer cells, includ-
ing lung, endometrial, breast, ovarian, and kid-
ney cancers [73-78]. Folate receptors mediate 
the cellular uptake of folic acid, also known as 
vitamin B9, an essential vitamin for cell prolif-
eration. Therefore, folate receptors are most 
expressed in rapidly dividing cancerous cells. 
However, the folic acid is also taken by healthy 
cells through proton-coupled folate transporter 
and reduced folate carrier system [79-82]. The 
effect of folic acid conjugated cellulose nano-
crystals was determined on folate receptor-
positive cells, KB cells, and human breast cells 
(MDA-MB-468A). This formula showed selec-
tive targeting and higher internalization in the 
cell lines. This finding suggest its diagnostic 
use as an imaging agent for tumor detection at 
the early stages [83]. Elongated folic acid-mod-
ified cellulose nanocrystals and unmodified  
cellulose crystals were evaluated for cellular 
uptake to human brain tumor cells DBTRG-
05MG, H4, and C6 rat brain tumor cells. Folate 
receptor expression of the cells was verified by 
immunofluorescence staining. The modified 
nanocrystals exhibited higher cellular binding 
in DBTRG-05MG, H4, and C6 cells. They were 
1452, 975, and 46 times higher, respectively, 
than nanocrystals without folic acid. The cellu-
lar internalization was by caveolae-mediated 
endocytosis in DBTRG-05MG and C6 cells and 
in H4 cells by clathrin-mediated endocytosis 
[82, 84].

Folic acid-conjugated bioluminescent calcium 
fluorapatite nanocrystals for cancer cell fluo-
rescence imaging were tested in folate recep-
tor positive cells. The nanocrystals were bio-
compatible and readily dispersible in water 
[85]. Furthermore, by grafting the nanocrystal’s 
surface with folic acid (Quantum dots conjugat-
ed to folic acid), a highly sensitive recognition of 
the targeted sites was demonstrated by confo-
cal laser scanning microscopy in HeLa, T47D, 

and MCF-7 cells. HeLa and T47D cells overex-
pressed folate and showed high internalization 
up to 95% and 90%, respectively. In compari-
son, MCF-7 cell line had a lower growth rate, 
with negligible expression of folate receptors 
had low internalization (3% of labeling) [86].

A nanocrystal formulation of paclitaxel and 
campothecin was developed using Pluronic 
F127 polymer as a stabilizer by three-phase 
nanoparticle engineering technology, including 
amorphous precipitation, amorphous aggrega-
tion, and nanocrystal stabilization [87]. The 
nanocrystals were made of over 99% of the 
drug with a high ratio of drug to excipient. 
Antitumor activity was evaluated in vivo in two 
tumor models in mice, human lung, and murine 
breast cancers, resulting in significant tumor 
growth inhibition after intravenous and oral 
administration. The nanocrystals were further 
modified for targeted delivery of paclitaxel by 
conjugating a folate ligand to the outer stabiliz-
er layer of F127. In vitro, the folic acid conju-
gated nanocrystals showed high cell toxicity. 
The paclitaxel nanocrystals induced maximum 
toxicity at 10% concentration of F127-folate. 

Biotin and folic acid functionalized Cadmium 
selenide/Cadmium sulphide (CdSe/CdS) nano-
crystals were formulated by new seeded-type 
growth [88]. Biotin-conjugated nanorods were 
evaluated in HeLa cells and exploited as an 
alternative class of fluorescent molecular 
probes for cell and tissue imaging. Other nano-
crystals conjugated with folic acid were studied 
for selective targeting on human nasopharyn-
geal epidermal carcinoma (KB) cells, showing 
the use of these materials for targeting and 
imaging specific tumor cells [88].

In addition to folic acid, the surface of nano-
drug delivery systems may be modified by dif-
ferent agents including proteins, polysaccha-
rides, peptides, aspartame, and small mo- 

Table 2. Examples of ligand-conjugated nanocrystals for the targeting of drugs to tumor cells
Chemotherapeutic agent Ligands Tumor cells/cell lines References
Calcium fluorapatite Folic acid HepG2 and MCF-7 [126]

Campothecin and paclitaxel Folic acid Human lung cancer and murine breast cancers [87]

Paclitaxel Folic acid 4T1 breast cancer cells [108]

Cadmium selenide/Cadmium Sulphide (CdSe/CdS) Folic acid and Biotin HeLa, KB cells [88]

Paclitaxel Transferrin, Hyaluronic acid MCF-7 [127]

Doxetaxel Transferrin A549 [93]

Cadmium chalcogenide Transferrin H460 [94]
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lecules that enhance the antitumor effect [89]. 
Among these, transferrin has broad utility as a 
surface-modifier of nanocrystals for targeting 
tumor cells due to higher iron demand of can-
cer cells and overexpression of transferrin-
receptor. Therefore, transferrin-receptor-medi-
ated endocytosis is an efficiently involved 
cellular uptake pathway for delivering antican-
cer agents [90, 91]. Transferrin conjugated 
nanocrystals have enhanced internalization 
into various cell lines such as A549, MCF-7, 
MDA-MB-231 cells, HeLa cells, Caco-2 cells, 
and human H460 cells. For example, transfer-
rin-modified paclitaxel nanocrystals with TPGS 
as the stabilizer were prepared successfully for 
oral administration with improved intestinal 
absorption and resulted in a higher antitumor 
effect [60]. HA can specifically react with the 
overexpressed CD44 receptors on MDA-
MB-231 cells. Therefore, HA-modified paclitax-
el nanocrystals were prepared and evaluated 
for cytotoxicity and cellular uptake in MDA-
MB-231 cells. Nanocrystals exhibited 30.8% 
cellular uptake, whereas drug solution exhibit-
ed 15% [62]. In another study, different types of 
paclitaxel nanocrystals were prepared by the 
nano-precipitation method. The surface of 
nanocrystals was modified with transferrin and 
hyaluronic acid and compared with unmodified 
paclitaxel nanocrystals. All nanocrystals, modi-
fied and unmodified, had a mean particle size 
of 230-340 nm. The modified nanocrystals had 
higher cellular uptake in MCF-7 cells. The cell 
growth inhibition in MCF-7 cells was significant-
ly higher by modified nanocrystals than unmod-
ified nanocrystals and pure drug. On the other 
hand, transferrin and hyaluronic acid-modified 
nanocrystals were safer in normal cells. HaCaT 
cells had a cell inhibition of 11 to 12%, while in 
unmodified paclitaxel nanocrystals and pure 
drug, the cell inhibition was 17% and 23%, 
respectively [92]. Transferrin modified docetax-
el nanocrystals after 24 hours of incubation in 
A549 cells showed higher cytotoxicity (66.9% ± 
3.8%) than unmodified docetaxel nanocrystals 
(55.5% ± 6.1%) and pure drug (15.5% ± 5.7%) 
at a docetaxel concentration of 100 µg/ml [93].

A stronger binding approach of ligands/biomol-
ecules to drug crystal surface is needed to 
improve cellular targeting and nanocrystal 
uptake. This need of nanocrystal modification 
is critical for biomedical application. A facet 
engineering approach was adopted for signifi-

cantly enhancing transferrin binding to cadmi-
um chalcogenide nanocrystals. Their cellular 
uptake was evaluated by confocal microscopy 
on HeLa cells [94]. The stronger binding bet- 
ween transferrin and nanocrystals resulted in 
greater uptake of these protein - nanocrystal 
conjugates into HeLa cells. Transferrin binding 
was obtained by inner-sphere thiol complex-
ation, evaluated by competitive adsorption ex- 
periments and theoretical calculations. High 
thiol content contributed to the higher binding 
of transferrin to nanocrystals possessing soft 
metals by metal-thiol complexation. Further, 
molecular dynamics simulation revealed that 
facet-dependent transferrin modification oc- 
curred by the differential affinity of crystal fac-
ets to the monomolecular layer of water mole-
cules, which hinders access to exposed facets 
[95]. Chemical complexation is widely adopted 
for adsorption of ligand macromolecules onto 
metal-containing nanomaterials, and may be 
extended to different biocompatible nanocrys-
tals preferably containing soft metals (e.g., Au, 
Ag, Pt, Pd, and Zn) having a strong affinity to 
form coordination bonds with thiol-containing 
ligands [96, 97].

Transferrin conjugated to alloyed quaternary 
nanocrystals was found to have high recogni-
tion of tumor sites possessing higher cellular 
uptake in tumor cells and low toxicity to healthy 
cells. Stable, biocompatible nanoconjugate of 
transferrin were anchored to Ag-In-Zn-S quan-
tum dots on the surface of doxorubicin nano-
crystals. The drug nanoconjugate exhibited a 
concentration-dependent cytotoxic effect on 
the H460 cell line (human non-small cell lung 
carcinoma) [98].

Drug targeting in in-vivo studies

The nanocrystals have been found safe and 
efficient by oral, parenteral, pulmonary, and 
ophthalmic routes. Particle size and surface 
properties determine their in vivo fate by influ-
encing the absorption, dissolution, distribution 
and cellular uptake that further. After oral ad- 
ministration, drug dissolution from formulation 
to luminal fluids is the rate-limiting step. Particle 
size reduction leading to higher specific surface 
area of nanosuspensions increases their disso-
lution rate. In addition to particle size reduc-
tion, a stabilizer layer enhances the stability, 
solubility, and bioavailability [8, 99].
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The oral route has been found efficient for 
administering nanocrystals for cancer treat-
ment. The improvement in bioavailability and 
other beneficial effects of chemotherapeutic 
drugs has been investigated in many studies. 
The oral in-vivo pharmacokinetic studies dem-
onstrated that paclitaxel nanocrystals exhibit 
significant increase in area under curve (AUC 
0-t), maximum concentration (Cmax), mean resi-
dence time, MRT, and decrease in time to rea- 
ch maximum concentration (Tmax), compared to 
plain paclitaxel crystals. The increase in AUC of 
nanocrystals was almost 9-10 fold compared 
to plain paclitaxel crystals [100]. 

Finding an in vitro-in vivo correlation (IVIVC) is 
important for evaluating oral formulations. 
IVIVC was established for a drug formulation 
Foscan® comprising temoporfin for palliative 
photodynamic therapy of head and neck squa-
mous cell carcinoma. This was done based on 
in vitro drug release, particle characterization 
and in vitro tests in HL 60 cells, a prediction of 
drug accumulation in the human liver and 
lungs. In that research study, the significance  
of particle size and release rate was deter-
mined [101]. Owing to poor solubility of many 
chemotherapeutic agents and other drugs, oral 
administration route has limitations. In many 
cases, a carrier system is needed for an effec-
tive drug targeting, as porous, positively charg- 
ed N-[(2-hydroxy-3-trimethylammonium) propyl] 
chitosan chloride (HTCC) NP were found as effi-
cient carrier for PTX-NC. HTCC nanoparticles 
loaded with PTX-NC were showing more drug 
distribution. In vivo imaging studies confirmed 
their greater accumulation in subcutaneous 
tumor tissue than simple drug nanocrystals 
[102].

Although nanocrystal formation has consider-
ably attracted pharmaceutical scientists, im- 
proper absorption or insufficient retention in 
the gastrointestinal tract (GIT) remains a prob-
lem. Retention time in the GIT can be increased 
by loading the nanocrystals in mucoadhesive 
drug delivery systems. Nanocrystals, due to 
their size and almost pure drug content, are 
uniformly distributed in a suitable mucoadhe-
sive carrier and can be conveniently released 
at the targeted site. Silybin nanocrystal loaded 
in mucoadhesive microspheres with drug had a 
loading capacity of up to 35.41 ± 0.31%. An ex-
vivo study was performed on rat intestine to 

determine the mucoadhesiveness. It was found 
that the nanocrystal loaded microspheres were 
retained on intestine for more than one hour. 
Pharmacokinetic study showed a three-fold 
increase in bioavailability compared to free 
drug. Mucoadhesive microspheres, by releas-
ing the drug nanocrystals constantly, can pro-
vide a uniform therapeutic effect for a longer 
time [18]. Pluronic F127-based thermosensi-
tive in situ hydrogel was prepared and loaded 
with imatinib nanocrystals for locally treating 
cervicovaginal cancer. The hydrogel was found 
efficient for mucoadhesivesness, prolonging in 
vivo intravaginal residence time and significant 
sustained effects in comparison to hydrogel 
containing imatinib. The enhanced inhibition of 
tumor growth in mice was observed with negli-
gible mucosal toxicity [103]. Similarly mucoad-
hesive hydrogel was prepared for local delivery 
of cisplatin to colorectal cancer [104]. 

For treating lung cancer, particle size of nano-
crystals determines retention in the pulmonary 
tract. By applying aerosols of drug nanocrys-
tals, droplets are efficiently spread on the lungs 
surface due to suitable stabilizers, and dissolve 
rapidly in fluid linings the lungs, with rapid onset 
of local and systemic effect [54]. In addition to 
particle size, the nanocrystal shape influences 
cellular uptake and retention. For example, rod-
shaped camptothecin nanocrystals of size 250 
nm had a better accumulation in the lungs than 
the spherical ones. This was primarily because 
the rod-shape hinders escape from lung tis-
sues [26]. Moreover, brain tissues can take up 
nanocrystal coated with tween 80, poloxamers 
or sodium dodecyl sulfate. Specifically, polysor-
bate 80-coated nanocrystals can cross the 
blood-brain barrier; hence, they can treat differ-
ent types of brain tumor.

Regarding injectable nanosuspensions, parti-
cle size affects the pharmacokinetic behavior. 
For example, after injecting a nanosuspension 
of particle size about 100 nm, the pharmacoki-
netics was found to be similar to the solution, 
while larger-sized particles (800 to 900 nm) 
were accumulated in the liver. Nanocrystals, 
due to their smaller size, had a greater dissolu-
tion rate with extended elimination [105].

In chemotherapy, temoporfin is used in pallia-
tive care of squamous cell carcinoma of the 
head and neck. Two advanced in silico models 
were developed to determine the pharmacoki-
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netics of temoporfin nanocrystals. Model A was 
a dissolution based in silico model, assuming 
that the drug rapidly diluted after administra-
tion had high plasma protein binding. The com-
position used for in vitro release profile in phos-
phate buffer saline 7.4 was 0.01% Methyl β 
Cyclodextrin (Me-β-CD) and 10% Fetal bovine 
serum (FBS), whichreflects the dissolution pre- 
ssure applied to the formulation more realisti-
cally. Model B was based on dissolution and 
distribution that provide better correlation of in 
vivo and in vitro data. In this model, circulating 
blood is considered as the central compart-
ment. After injection, some drug remains at the 
injection site in a precipitated state while the 
nanocrystal fraction circulates abruptly and 
increases the initial plasma concentration. 
Dissolution of drug crystals and circulating frac-
tion of nanocrystals are responsible for the 
plasma concentration time profile in humans. 
The release rate and particle size play a major 
role for biodistribution [101].

Cannabidiol (CBD) is a poorly water-soluble 
drug and is subjected to massive first-pass 
metabolism resulting in low oral bioavailability. 
CBD nanocrystals were prepared through anti-
solvent precipitation method for intramuscular 
injection to improve bioavailability. They dis-
played a particle size of 141.7 ± 1.5 nm. In vitro 
drug dissolution rates were 42.91% and 91.57% 
of CBD physical mixture and CBD nanocrystal 
freeze-dried powder, respectively, within 15 
min. A higher dissolution rate of nanocrystals 
was attributed to increased surface area. Cmax 
after CBD nanocrystal freeze-dried powder IM 
injection was 239.41 ± 16.92, which was much 
higher than orally administered CBD nanocrys-
tal freeze-dried powder at 151.40 ± 35.78. 
Similarly, AUC 0-24 h value of the IM adminis-
tered formulation was 2 to 2.2 fold greater than 
oral administration, while bioavailability also 
enhanced up to 7.8 fold [114]. Tenofovir was 
converted into long-acting prodrug nanocrys-
tals, which increased its cellular uptake and 
retention. Two nano formulations, NM1TFV and 
NM2TFV, were prepared, which after a single 
IM administration demonstrated an effective 
dose for 2 months [106]. 

Curcumin (Cur) is a potential antineoplastic 
drug bearing low systemic toxicity and high 
therapeutic efficiency. However, when loaded in 
nanocrystals, uncontrollable drug release and 

high systemic metabolism hamper its further 
application in chemotherapy. The surface of 
curcumin nanocrystals (Cur-NC) was made hy- 
drophilic by modifying with HA, which reduced 
its cellular uptake and prolonged its biodistri-
bution. Flow cytometry confirmed apoptotic 
effects indicating its cytotoxicity. The half-life 
for Cur, Cur-NC and HA-Cur-NC were 11.14 ± 
1.63 h, 14.66 ± 6.58 h and 53.06 ± 18.21 h, 
respectively, indicating that half-life was incre- 
ased many fold in hyaluronic acid coated Cur-
NC. Moreover, its AUC was 6.3-fold higher than 
simple Cur-NC. Coating of NC improved bio-
availability and stability, but could inhibit leak-
age of drug in vivo [107]. 

Polyethylene glycol (PEG) and folic acid (FA) 
were coated on PTX-NCs (PTX NCs-PEG-FA). 
The NCs were prepared by thin-film hydration 
method which is a bottom-up technique. FA and 
PEG decorated Paclitaxel nanocrystals demon-
strated higher stability and were studied for tis-
sue distribution in breast cancer treatment in 
mice. The size of modified PTX-NC was 201.90 
± 2.92 nm and was unchanged for 168 h in the 
plasma, while nonmodified PT-NC exceeded 
600 nm in similar conditions. It was revealed by 
cellular uptake experiments and cellular growth 
inhibition studies, that FA and PEG modification 
of PTX NC prolonged the circulation in the 
bloodstream compared to unmodified PTX NC 
and taxol. Surface functionalization by FA 
increased the cytotoxic effect on 4T1 breast 
cancer. They were also studied in an in-vivo 
cancer model, where they showed significantly 
higher PTX accumulation and effectively inhib-
ited tumor growth. Modified PTX NCs displayed 
longer persistence in the blood indicated by a 
high mean residence time (MRT), area under 
the plasma concentration time curve (AUC), 
and lower clearance [108].

In another study, HA anchored paclitaxel nano-
crystals HA-PTX/NC were formulated by homog-
enization, a top-down method. The presence  
of HA improved the chemotherapeutic efficacy 
by effective inhibition of lung metastasis in an 
LA-7 tumor-bearing rat model. HA coated 
Paclitaxel NCs with particle size around 250 
nm imparted both longer circulation and tumor 
targeting. In vivo studies revealed prolonged 
blood circulation time, with an 8.4-fold increase 
of AUC 0-∞, active targeting, and reduced lung 
metastasis and toxicity in the LA-7 tumor bear-
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ing rat model compared to Taxol™. Hyaluronic 
acid on PTX nanocrystals is a promising app- 
roach for anticancer therapy since the study 
showed a significant increase in the blood cir-
culation time of PTX [109].

Zhang et al., also studied the advantage of pre-
paring PEGylated paclitaxel nanocrystals by 
testing them on breast cancer and lung metas-
tasis. The nanocrystals were prepared by probe 
sonication using antisolvent precipitation. In 
this work, an in vivo study was performed on 
breast cancer xenografted mice model and a 
model of lung tumor metastasis was quantified 
by luciferase activity. In both breast cancer 
xenografted mice and lung tumor metastasis, 
PEG modified NCs showing highly significant 
(P<0.001) and significant (P<0.05) tumor inhi-
bition compared to saline PTX and PTX-NC 
groups, respectively, after intravenous adminis-
tration. These studies suggest the advantages 
of PEGylated PTX nanocrystals as alternative 
drug delivery systems for anticancer therapy 
[110]. Similarly, effective tumor inhibition was 
observed by transferrin-modified PTX NCs. The 
study was performed on KB-bearing mice, 
where surface modification of NCs by transfer-
rin showed a 45% inhibition compared to an 
unmodified PTX nanosuspension showing 28% 
inhibition. These results suggest the benefit of 
using a serum protein in a non-covalent man-
ner in conjunction with paclitaxel nanocrystals 
as a promising drug delivery model for antican-
cer therapy [111]. 

The concentration profile of another antican- 
cer drug, etoposide ETO, was assessed after 
administration of its NC formulation and To- 
posar (etoposide injection USP). Injection of NC 
formulations induced a significantly higher ETO 
plasma concentration than the Toposar with an 
AUC 0-120 min almost twofold greater and a 
higher mean residence time (P<0.05) [112, 
113]. Ganta et al. intravenously injected asula-
crine, ASL NCs and had a 2.7-fold lifespan 
enhancement in the plasma compared to the 
asulacrine solution. The pharmacokinetics and 
tissue distribution of ASL, administered either 
as a nanosuspension or as a solution were 
compared after i.v. administration to mice. By 
evaluating the pharmacokinetic parameters in 
plasma, ASL nanosuspension exhibited a sig-
nificantly (P<0.01) reduced Cmax and AUC 
(0-infinity) and a significantly (P<0.010) greater 

volume of distribution, clearance, and elimina-
tion half-life compared to the ASL solution. In 
contrast, the ASL nanosuspension resulted in a 
significantly greater AUC (0-infinity) in liver, 
lung, and kidney (all P<0.01), but not in heart 
[14]. Besides the solid form of NCs increasing 
the plasma lifetime, the use of stabilizer com-
prising PEG is known to reduce protein binding 
and therefore extend the particle’s plasma con-
centration [114]. Therefore, drug nanocrystal 
formations have been found therapeutically 
efficient by systemic administration. Particle 
size reduction and stabilization modify the 
pharmacokinetics of nanocrystals compared  
to conventional drug formulations through 
increased absorption, distribution, and AUC. 
Nanocrystals possess increased surface area, 
increasing the area of contact between the dis-
solving fluid and solid, hence drug molecules 
are distributed in higher concentration to the 
infected or targeted tissues [115]. However, 
certain other factors may affect distribution. 
Usually, an equilibrium is established between 
drug concentration in systemic circulation and 
diseased targeted cells, so drug concentration 
may also depend on blood circulation in infect-
ed tissues.

The bioavailability characteristics of nanocrys-
tals may be modified by coating with certain 
polymers. Therefore, such polymeric substanc-
es function as surface modifiers, which influ-
ence the biodistribution of nanocrystals. They 
are physically absorbed on a nanocrystal sur-
face and modify the permeation and retention. 
For example, nevirapine nanocrystals were 
coated by polyethylene glycol (PEG) 1000. This 
reduced the phagocytosis of drug nanocrystals 
by macrophages [116]. PEG resists interactions 
with components of the blood stream. PEG 
coating on nanodrug carriers protects them 
from aggregation, opsonization, and phagocy-
tosis, thereby prolonging systemic circulation 
time. For this, it is the widely used “stealth” 
polymer in drug delivery, due to its long history 
of safety in humans and classification as 
Generally Regarded as Safe (GRAS) by the FDA 
[57]. Many diseases causing deformed neovas-
cularization like diabetes, some ocular disor-
ders, asthma, and multiple sclerosis can be 
targeted by PEGylated nano carriers [117]. 
Furthermore, focused ultrasound nano carriers 
are efficient targeting agents for in vivo delivery 
to the blood brain barrier. This is a non-invasive 
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treatment for brain disorders, and injuries [118, 
119]. This technique is attracting many phar-
maceutical scientists and medical researchers 
for the treatment of tumors without affecting 
normal healthy cells.

Conclusion

Targeted drug delivery by nanocrystal prepara-
tions has remarkable potential in cancer treat-
ment. Nano crystallization technology, by parti-
cle size reduction, increases the solubility and 
overcomes or minimizes bioavailability prob-
lems of poorly soluble chemotherapeutic drugs. 
Drug nanocrystals are targeted to tumor cells, 
and possess higher cellular uptake and accu-
mulate in high concentrations in the cancer tis-
sue. The drug targeting is due to their morpho-
logic characteristics that facilitates passive 
targeting. The active targeting is possible by 
ligand attachment on nanocrystals, which tar-
gets nanocrystals by interaction of ligands to 
the receptors on cancer cells. Nanocrystals 
may be used for -specific targeted drug delivery 
with higher cell internalization, preserving nor-
mal body tissues, and minimizing drug-related 
side effects.
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