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Abstract:With the continuous development of the medical
field, drugs for cancer treatment are emerging in an end-
less stream. Many kinds of natural plant, animal, and
microbial extracts and some specific screened and synthe-
sized drugs have been identified in vitro with anticancer
biological activity. However, the application of 90% of
newly developed solid drugs with anticancer effects is lim-
ited because of their low solubility and low bioavailability.
On the one hand, improving the solubility and bioavail-
ability of drugs scientifically and rationally can enhance
the therapeutic effect of cancer; on the other hand, it can
promote the rational use of resources. At present, great
progress has been made in the ways to improve the solu-
bility of drugs, which play an important role in anticancer
effects. We will focus on the classification and application
of the solubilization methods of anticancer drugs and pro-
vide an effective guide for the next drug research in this
review.
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1 Introduction

Cancer is considered to be the second most deadly disease
[1,2]. At present, the main treatments for cancer are che-
motherapy [3], radiotherapy [4], and surgery [5]. With the
continuous in-depth research on various types of cancer
mechanisms and treatment options, various drugs for cancer
treatment have also been developing. It includes drugs tar-
geting tumor tissue [6–8], drugs that inhibit DNA replication
[9–11], anti-angiogenesis drugs [12–14], anti-metabolite drugs
[15–17], immunomodulatory drugs [18–20], etc. Fortunately,
more andmore natural plants [21,22], animals [23], andmicro-
organisms [24] which have good antitumor properties have
been discovered for their medicinal value, which have good
antitumor properties. Due to their natural advantages of high
biocompatibility, low toxicity, and side effects, they have
become potential candidate drug groups [25].

Although there are many types and quantities of antic-
ancer drugs, the application of most anticancer drugs are
facing a common problem, that is, poor solubility [26,27].
Common anticancer drugs, such as paclitaxel, camptothecin
(CPT), curcumin, 5-fluorouracil, and doxorubicin, all have
the same disadvantage of poor solubility, resulting in ter-
rible therapeutic effect. The solubility of a drug is directly
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related to its absorption and bioavailability in the human
body, which will affect the concentration and exposure of
the drug in the blood when the drug enters the circulatory
system. When the solubility of some anticancer drugs is very
low, the anticancer effect of them will be terrible [28]. Based
on this, related researchers are not only looking for new and
more effective anticancer drugs but also working on ways to
increase the solubility and bioavailability of anticancer
drugs. At present, several commonly used solubilization
methods for anticancer drugs mainly include the following,
which are cyclodextrin inclusion technology, drug cocrystal
technology, microenvironment pH regulation technology, solid
dispersion technology, solid lipid nanoparticles (SLNs) tech-
nology, micronization technology, and polymeric micelle
(PM) technology. For these different kinds of solubilization
methods of anticancer drugs, their mechanisms and latest
applications will be summarized in this review, respectively.

2 Several different kinds of
anticancer drug solubilization
technologies

2.1 Cyclodextrin inclusion technology

Cyclodextrin is a cyclic oligosaccharide formed by starch
degradation. As is shown in Figure 1, it is a chemical struc-
ture with a hydrophilic cavity outside and a hydrophobic
cavity inside. It has the potential to encapsulate hydro-
phobic compounds and serve as drug carriers. Cyclodextrin
inclusion technology can not only prolong the circulation
time of drugs in the blood and improve the solubility of
hydrophobic drugs but also control the drug release pattern
and protect the degradation of drugs in vivo [29,30].

Namgung et al. [31] designed a nanoassembly com-
posed of polymeric cyclodextrin (pCD) and polymeric pacli-
taxel (pPTX). Among them, CD and PTX molecules were
connected to the polymer backbone through degradable

ester groups, and the polymer backbone was a copolymer
of maleic anhydride, which reacted with the hydroxyl
groups of CD or PTX to form esters bond and carboxyl
group. The average radius of the nano-assembly in water
was 54.6 ± 11.6 nm. And the nano-assembly comprised
small ellipsoidal particles. The formation of carboxylate
ions significantly improved the water dispersibility of the
formed nanoassemblies, and the CD-wrapped PTX increased
the drug loading and water solubility. This nanoassembly
showed significant antitumor effects in vitro and in vivo on
human colon cancer cells HCT-8. In addition, the AP-1 peptide
was considered to target the interleukin-4 (IL-4) receptor over-
expressed on the cell surface of MDA-MB-231 (PTX-induced
apoptosis-insensitive cancer cells), so the use of an AP-1 pep-
tide targeting IL-4 to optimize the above-mentioned carrier
system induced efficient cellular uptake, and the AP-1-conju-
gated pPTX/pCD nano-assembly was highly stable in blood and
exhibited long-term antitumor effects for MDA-MB-231cells.

Due to the targeting and size effect ofmagnetic nanoparticles,
Ramasamy et al. [32] coated a novel hybrid β-cyclodextrin-dextran
conjugate with synthesized nickel ferrite (Ni1.04Fe1.96O4)
nanoparticles and found that 88% of CPT could be loaded
in the nanoparticles, and the release time of CPT was as long
as 500min. Moreover, the drug release rate would be faster
when the environmental pH value drops from 7.4 to 6.0.
They also found that the CPT magnetic nanoparticles had
an obvious cytotoxic effect on HeLa, MDA-MB-231, and A549
cells with low LD50 values. The cytotoxicity was even higher
than that of cisplatin and fluorouracil.

L-Asparaginase is a substance with anticancer activity,
but its bioavailability is very low. Chitosan is a polysac-
charide composed of 2-amino-2-deoxy-β-D-glucan linked by
glycosidic bonds. It is a positively charged adhesive with
biocompatibility, which can be decomposed into amino
sugar and has no toxic side effects on the body. Studies
have shown that chitosan can act as a penetration enhancer
to open epithelial tight junctions so that nanobiocomposites
containing chitosan can prolong the residence time of drugs
at the absorption site. Based on this, Baskar and Sree [33]
incorporated L-asparaginase into a nanobiocomposite synthe-
sized using β-cyclodextrin and chitosan by vacuum freeze-
drying method. The size was found to be 40–80 nm and
was spherical in shape, and found that these nanocomposites
had good anticancer activity against prostate cancer (PCa)
and lymphoma cells.

Didymin, isosakuranetin-7-beta-rutinoside, a dietary
glycoside commonly found in citrus, bergamot, orange,
and other fruits or plants, which can act as adjuvant drugs
for anticancer sensitization. However, its poor water solu-
bility leads to low bioavailability in the human body. Yao
et al. [34] prepared the inclusion complexes of didyminFigure 1: Schematic diagram of cyclodextrin inclusion technology.
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with β-cyclodextrin and 2-hydroxypropyl-β-cyclodextrin
by a saturated aqueous solution method, respectively. It
improved the solubility and bioavailability of the drug
and played a chemosensitizing effect and enhanced the
cytotoxic effect of doxorubicin (DOX) for MCF-7/ADR cells
with drug resistance.

DOX has been used in the systemic treatment of
advanced liver cancer [35]. miR-122 can play a tumor-sup-
pressive role in liver cancer by inducing apoptosis and
inhibiting cell growth [36]. The repair of miR-122 can sen-
sitize liver cancer cells to various chemotherapeutic drugs
by regulating the expression of resistance-related genes
[37]. Xiong et al. [38] synthesized novel copolymer nano-
particles that made hydrophilic polyethylene glycol (PEG)
and pH-sensitive poly-2-(dimethylamino) ethyl methacry-
late (PDMAEMA) as arms and pCD as the core part. In these
nanoparticles, PEG can form a surface shell to resist the
adsorption of serum proteins and achieve the purpose
of enhancing tumor site aggregation. The hydrophobic
cavity of the CD at the core encapsulated DOX. The outer
PDMAEMA chain interacted with miR-122 electrostatically
to condense miR-122. The first released miR-122 directly
induced apoptosis by regulating its downstream target
genes. Then, miR-122 inhibited the expression of the ATP-
binding cassette efflux transporter, resulting in an increase
in the concentration of DOX, which played a potent cyto-
toxic effect on HepG2 cells (Table 1).

2.2 Drug cocrystal technology

Studies have shown that cocrystals can change the physical
and chemical properties of certain substances, such as
crystallinity, melting point, and stability [39,40]. As shown
in Figure 2, the mechanism of drug cocrystal technology to
improve the water solubility of poorly soluble drugs is that
the active pharmaceutical ingredient (API) and the cocrystal
former form a stable complex through non-covalent inter-
actions (mainly hydrogen bonds) in a stoichiometric ratio,
which will not affect its inherent biological activity but
improve the solubility of the drug [41–43].

Curcumin is a pure natural substance with low solubi-
lity and low bioavailability extracted from the rhizome of
turmeric with anti-inflammatory, antioxidant, anti-prolif-
erative, anti-angiogenesis, and anti-cancer effects. Sanphui
et al. [44] prepared a 1:1 cocrystal of curcumin with resor-
cinol and pyrogallol by liquid-assisted grinding, and the
dissolution rates of curcumin-resorcinol and curcumin-
pyrogallol were found to be faster than curcumin itself.

Niclosamide (NIC) can produce biological activity against
lung cancer, ovarian cancer, PCa, and breast cancer by inter-
fering with multiple intracellular signaling pathways.
However, the drug is practically insoluble in water and
soluble in small amounts in several solvents, such as ethyl
acetate, diethyl ether, and tetrahydrofuran. Nicotinamide
(NCT) is a type of vitamin B3 containing CONH2 and N aro-
matic functional groups. Cocrystals containing NCTmay pre-
sent (OH·O), (OH·NH2), or (OH·N aromatic) synthons, which
are particularly versatile super molecular units for crystal
engineering applications. Based on this, Ray et al. [45] pre-
pared NIC–NCT drug cocrystals by spray drying technique.
The drug particles were uniform and small in size. Com-
pared with the pure drug, the solubility of the drug was
increased to 14.8 times, and the anti-proliferative activity
on human lung adenoma cell A549 was stronger.

5-Fluorouracil (5-FU) is a cell cycle inhibitor, most of
which are widely used in the treatment of solid tumors. At
the same time, it can also be used in combination with
other drugs to treat ovarian, gastric, and head and neck

Table 1: Summary of several kinds of anticancer drugs using cyclodextrin inclusion technology [31–34,38]

Hydrophobic drug carrier Anticancer drug Treatment of cancer types

Cyclodextrin Paclitaxel MDA-MB-231cells
β-cyclodextrin Camptothecin HeLa, MDA-MB-231, and A549 cells
β-cyclodextrin L-asparaginase Prostate cancer and lymphoma cells
β-Cyclodextrin and 2-hydroxypropyl-β-cyclodextrin Didymin MCF-7/ADR cells
Cyclodextrin Doxorubicin HepG2 cells

Figure 2: Schematic diagram of the preparation of drug co-crys-
tals (DCC).
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cancers. Zhang et al. [46] synthesized 5-FU–NCT cocrystals
with a two-dimensional layered hydrogen-bonded struc-
ture at room temperature by solvent evaporation and liquid-
phase-assisted milling, and the solubility of the cocrystal was
found to be higher than that of 5-FU alone. The results showed
that 5-Fu–NCM cocrystals had stronger lethality to HCT116 cells
than 5-FU. In the related xenograft model, 5-FU–NCM cocrystals
showed a stronger antitumor effect compared to API alone.

Apigenin (Agn) is a flavonoid widely found in common
vegetables and fruits and has various pharmacological
activities such as antioxidant, anticancer, and anti-inflam-
matory. Daidzein (Dai) is one of the main isoflavones found
in soybeans and other legumes and has biological activities
such as anti-inflammatory, phytoestrogen, anticancer, and
antioxidant. The bioavailability and clinical application of
flavonoids are often limited because of their poor water
solubility. Huang et al. [47] adopted the slow evaporation
method and used theophylline (Thp) as an auxiliary agent

to cocrystallize the above two substances, respectively. The
solubility, intrinsic dissolution rate, and permeability of
the synthesized Agn–Thp cocrystals and Dai–Thp cocrys-
tals were found to be improved compared to the pure
substances.

Quercetin (QUE) is a plant extract drug with antic-
ancer, antibacterial, and antiviral activities. Because the
low water solubility of QUE limits its clinical application,
Smith et al. [48] synthesized four new QUE cocrystals through
different preparation methods, and they were QUE:caffeine,
QUE:caffeine:methanol, QUE:isonicotinamide, and QUE:theo-
bromine dihydrate. These cocrystals were able to overcome
the water insolubility of QUE, showing solubility to a certain
extent (Table 2).

2.3 Microenvironment pH regulation
technology

The tumor microenvironment is mostly slightly acidic. In
general, the pH of normal tissue cells is around 7.4, and the
pH of the tumor microenvironment is between 5.5 and 6.5.
As shown in Figure 3, some modified nano-drugs that are
sensitive to the tumor environment have been designed. It
is beneficial to the action of the drug at a specific site and
the massive release of the drug. The pH-sensitive drug
carrier includes liposomes [49], micelles [50], and dendri-
mers and drug-polymer conjugates [51].

Licciardi et al. [52] utilized a permanent hydrophilic
block composed of 2-(methacryloyloxy)ethyl phosphorylcho-
line (MPC) residues and pH-sensitive hydrophobic blocks
comprising 2-(diisopropylamino)ethylmethacrylate residues
to prepare the diblock copolymer. Then, folic acid (FA) was

Table 2: Summary of several kinds of anticancer drugs using drug
cocrystal technology [44–48]

Drug cocrystal Anticancer
drug

Treatment of cancer
types

Resorcinol/pyrogallol Curcumin
Nicotinamide Niclosamide Human lung adenoma

cell A549
Nicotinamide 5-Fluorouracil HCT116 cells
Theophylline Apigenin
Theophylline Daidzein
Caffeine QUE
Caffeine:methanol QUE
Isonicotinamide QUE
Theobromine dihydrate QUE

Figure 3: Schematic diagram of nanomedicine-related microenvironment pH regulation technology. Due to the changes of microenvironment pH, the
anticancer drug assemblies will disintegrate to release the anticancer drugs and play a role in their anticancer effects if they enter the tumor tissue.
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conjugated to the end of the MPC block to prepare FA-MPC-
DPA copolymer. In the process of pH-induced self-assembly,
two hydrophobic anticancer drugs, tamoxifen and PTX, were
packaged in the center of the copolymer to formmicelles. The
novel assembled drug realized the solubilization effect of
anticancer drugs and realized the function of stable existence
at physiological pH and triggered drug release at lower pH
such as 5. The FA groups made these micelles carry on tar-
geted therapy for tumors containing FA receptors.

Non-small-cell lung cancer (NSCLC) has a very high inci-
dence in lung cancer cases. It is a viable option for targeted
therapy based on vascular endothelial growth factor (VEGF)
and epidermal growth factor receptor (EGFR). Erlotinib
(ERL) is an EGFR tyrosine kinase inhibitor, which achieves
the purpose of treating NSCLC by inhibiting various sensi-
tizing EGFR mutations. However, its use is plagued by low
water solubility, severe toxicity, drug resistance, and many
other factors. Bevacizumab (BEV) is a recombinant mono-
clonal antibody against VEGF or VEGF receptor. Hyaluronic
acid (HA) can specifically bind to a membrane protein CD44
that is overexpressed in the tumor area and has the function
of being degraded by the abundant hyaluronidase in tumor
tissue. Pang et al. [53] synthesized pH-sensitive HA nanoma-
terials by acylation of HA with adipic acid dihydrazide
(ADH) and conjugation with CHO-PEG-NH2. Then, they pre-
pared PH-sensitive lipid-polymer hybrid nanoparticles (LPH
NPs) of HA-ERL/BEV-LPH by ultrasonic method, realizing
high-efficiency drug loading of ERL and BEV, achieving
pH-controlled drug release at a lower pH such as 5.5 and
tumor targeting, so HA-ERL/BeV-LPH can effectively inhibit
the growth of tumor cells.

PTX can be used as a sensitizer for radiotherapy, but it
is insoluble in water and requires a toxic solvent to dis-
solve it. Based on this, Jung et al. [54] introduced PTX into
pH-sensitive block copolymer micelles, in which the pH-
sensitive block was composed of poly(β-aminoester) and
PEG components and found that the drug micelles released
PTX faster under acidic conditions (pH 6.5) and were more
stable under physiological conditions (pH 7.4). It provided
the possibility that it may trigger the massive release of
PTX in the acidic environment of the tumor site. A large
number of experiments have also verified that these drug
micelles had obvious radiosensitization effects on human
NSCLC A549 cells, and these micelles combined with radio-
therapy can significantly delay the growth of tumors.

The proteasome inhibitor bortezomib (BTZ) is the first-
line treatment for relapsed/refractory multiple myeloma
and mantle cell lymphoma. Because the water solubility
of BTZ is very poor, Kumar et al. [55] developed a lipo-
some-based nanohybrid carrier dendron to deliver the pro-
teasome inhibitor BTZ, that was, a nano-drug carrier composed
of liposomes and dendrimers. The novel drug carrier not only
achieved the solubilization and high-efficiency loading of BTZ
but also exhibited a rapid release mode of BTZ at acidic pH
such as 5.4 and had a significant inhibitory effect on lung
cancer A549 cells. More importantly, because the dendrimers
are rich in cationic groups, the traditional dendrimer drug
carriers have high blood toxicity. But the blood toxicity of
this new nanomedicine was smaller than that of the traditional
dendrimer drug carriers.

Lignin is a natural biological material mainly extracted
from the waste of the pulp and paper industry. Its relative

Table 3: Summary of several kinds of anticancer drugs using microenvironment pH regulation technology [52–56]

A pH-sensitive hydrophobic blocks Anticancer drug Treatment of cancer types

2-(Diisopropylamino)ethylmethacrylate residues Tamoxifen and paclitaxel
Acylation of HA with ADH and conjugation with CHO-PEG-NH2 ERL NSCLC
Composed of poly(β-aminoester) and PEG components Paclitaxel Human non-small-cell lung cancer A549 cells
Composed of liposomes and dendrimers Proteasome inhibitor BTZ Lung cancer A549 cells
Histidine 10-Hydroxycamptothecin Breast tumor growth

Figure 4: Schematic diagram of solid dispersion technology.
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molecular mass is small (<10 kD), and it has the potential to
be used as a nano-drug carrier with a size effect. Histidine is
a pH-responsive small molecule. Zhao et al. [56] prepared a
new pH-responsive self-assembled nanomedicine based on
aminated lignin-histidine conjugate and 10-hydroxycamp-
tothecin. It was found that the particle size was not more
than 40 nm, and the pH-responsive property achieved
the contact release of the drug at the tumor site (pH 5.5)
and showed an effective inhibitory effect on breast tumor
growth (Table 3).

2.4 Solid dispersion technology

As is shown in Figure 4, solid dispersion technology refers
to a method of dispersing a poorly soluble drug in a solid
carrier with a high degree of uniform dispersion in a mole-
cular, colloidal, microcrystalline, or amorphous state. In
this process, substances with strong water solubility and
hydrophilicity are often used as solid dispersion carriers.
Common preparation methods of solid dispersions include
melting method [57], solvent method [58], solvent-melting
method [59], grindingmethod [60], and spray dryingmethod
[61]. At the same time, some new technologies have also
been developed, such as hot melt extrusion technology
[62], supercritical fluid technology [63], and electrostatic sus-
pension method [64]. It increases the specific surface area of
the drug and accelerates the dissolution rate of the drug,
thereby improving the bioavailability of the drug through
solid dispersion technology [65].

Lycopene is a natural hydrophobic compound extracted
from tomatoes and other red fruits and vegetables. It has
functions of antioxidant, anticancer, and hypolipidemic.
Because its insolubility leads to low bioavailability in the
human body, Chang et al. [66] prepared lycopene dropping
pills based on PEG 6000 by melting method, which signifi-
cantly improved the solubility and dissolution of lycopene,
and the bioavailability of the optimized dropping pills were
approximately improved 6 times.

Chrysin (5,7-dihydroxyflavone) is a natural flavonoid
with various pharmacological activities, such as antioxidant,

anti-inflammatory, antihypertensive, antidiabetic, and antic-
ancer. It is one of the most effective breast cancer resistance
protein (BCRP) inhibitors. To improve the water solubility of
chrysin, Lee et al. [67] used a solvent method to prepare a
solid dispersion containing chrysin with hydrophilic Brij®L4
and pH regulator aminoclay as a carrier. The solubility of
chrysin can be increased by 13–53 times with the formula
of different proportions, and the dissolution and release of
the drug can be significantly improved. Meanwhile, chrysin
solid dispersion exhibited higher cytotoxicity than chrysin in
HT29 cells. The solid dispersion formulations of chrysin sig-
nificantly improved oral exposure of topotecan in rats, while
the untreated chrysin had no effect. Thereby, it exerted its
effect of inhibiting BCRP-mediated efflux of anticancer drugs
and improved the bioavailability of the anticancer drug
topotecan.

Garcinia glycosides is chemically modified from the
natural product gambogic acid, but it is also an insoluble
antitumor drug. Chen et al. [68] used a solvent melting
method to utilize a water-soluble carrier PEG as a solid
dispersion of gambogic glycosides, which can improve
the solubility, dissolution rate, and bioavailability of gam-
bogic glycosides.

Luteolin, 3,4,5,7-tetrahydroxyflavonoid, which is a
common phytochemical flavonoid found in plants such as
celery, chrysanthemum, sweet pepper, carrot, onion leaves,
and broccoli. To overcome the shortcomings of poor water
solubility, Dong et al. [69] used different proportions of
water and ethanol as dissolution media respectively to pre-
pare complexes of lactose and luteolin through spray drying
technology. The drug powder prepared was indeed effective
to improve the solubility and dissolution rate of luteolin.

Athira et al. [70] prepared a water-soluble octenyl suc-
cinylated cassava starch-curcumin nanoformulation with
higher bioavailability and anticancer potential by wet
grinding method, with a size smaller than 50 nm, which
overcame the water insolubility of curcumin and realized
the slow-release characteristics of anti-cancer drugs, which
increased the bioavailability of curcumin by about 71.27%.
It is found to be non-toxic to L929 cells but showed anti-
cancer potential to HeLa cells (Table 4).

Table 4: Summary of several kinds of anticancer drugs using solid dispersion technology [66–70]

Hydrophobic drug carrier Anticancer drug Preparation method

Polyethylene glycol 6000 Lycopene Melting method
Brij®L4 and pH regulator aminoclay Chrysin Solvent method
Polyethylene glycol Garcinia Glycosides Solvent melting method
Lactose Luteolin Spray drying technology
Octenyl succinylated cassava starch Curcumin Wet grinding method
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2.5 Solid lipid nanoparticle technology

As is shown in Figure 5, SLNs refer to prepared solid col-
loidal drug delivery system that encapsulates or embeds
drugs in the lipid core with particle size in the range of
10–1,000 nm. The carriers of solid natural or synthetic
lipids are usually lecithin, triacylglycerol, and so on. It
has the advantage of low toxicity, good biocompatibility,
and biodegradable [71]. The preparation methods of SLNs
include thermal homogenization method, warm microemul-
sion method, emulsification-solvent evaporation, emulsifica-
tion-solvent diffusion phase inversion, multiple emulsification
method, microemulsion precipitation method, ultrasonic
method, film shrinkage, etc. We should pay attention to
several key process parameters such as high temperature,
high pressure, toxic solvents, and high emulsifier concentra-
tions in the process of preparing SLNs [72].

PTX is effective in the treatment of various cancers, but
its low water solubility (0.3 μg/mL) hinders its intravenous
administration, thus limiting its clinical efficacy. Pedro et al.
[73] used cholesterol, compritol, and medium-chain trigly-
cerides (MCT) in appropriate ratios to prepare synthetic
nanostructures lipid drug particles by hot melt homogeniza-
tion and phacoemulsification in the presence of PTX. The
novel lipid drug nanoparticles not only had a very high
drug loading rate and encapsulation rate for PTX but also
increased the accumulation of PTX in the tumor site and
reduced the cytotoxic effect on normal cells (L929 and ery-
throcytes) while enhancing the cytotoxic and anti-clono-
genic effects on breast cancer cells (MDA-MB-231).

Zataria multiflora Bioss is a medicinal plant. Z. multiflora
essential oil (ZMEO) has a variety of biological activities, including
anti-cancer and antioxidant effects. However, the hydrophobicity
of ZMEO is not conducive to human absorption. Alireza et al. [74]

used high-pressure homogenization to prepare ZMEO-containing
solid lipid nanoparticles (ZMSLN) through stearic acid, surfac-
tants, and other materials. ZMSLN can significantly inhibit the
proliferation of breast cancer cells MAD-MB-468 and melanoma
cells A-375 cells, and the survival rate of both cells decreased to
less than 13% after treatment with 75μg/mL ZMSLN.

Aloe-emodin (AE) has significant antitumor activity against
various tumors such as lung cancer, liver cancer, breast cancer,
and many other cancers. Due to the low water solubility and
low bioavailability of AE, Chen et al. [75] used a high-pressure
homogenizationmethod to prepare AE-containing SLNs through
materials of glyceryl monostearate, surfactant Tween 80, etc., in
a suitable ratio. The nanoparticles achieved the effect of sus-
tained release of the nanomedicine. Compared with the AE
solution, the new drug particles significantly enhanced in vitro
cytotoxicity on human breast cancer MCF-7 cells and human
liver cancer HepG2 cells and had no obvious toxicity on human
breast epithelial MCF-10A cells.

CPT is an important topoisomerase I targeting antic-
ancer drug, but its oral administration has many problems
such as low bioavailability, serious toxic, and side effects.
Du et al. [76] synthesized lipid-CPT conjugates by coupling
CPT with palmitic acid via disulfide bonds, and then loaded
the redox-sensitive lipid-CPT conjugates into SLNs. Stable
nanoparticles were prepared by high shear homogeniza-
tion and ultrasonic technology and materials such as gly-
cerin monostearate and poloxamer 188. It was found that
anticancer drugs from nanoparticles can be released
through reduction reactions in a simulated tumor intra-
cellular environment. In the Caco-2 cell model experi-
ment, they had high anticancer activity and promoted
the absorption of Caco-2 cells.

Myricetin (MYR) has antioxidant, anti-inflammatory,
and anti-tumor effects. To overcome its poor water

Figure 5: Schematic diagram of the preparation of SLNs by phacoemulsification.
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solubility, Nafee et al. [77] first prepared the complex of
MYR and phospholipid Lipoid-S100 by a two-step method.
It was then embedded in SLN of Gelucire-based and surfac-
tant-free, followed by a carbohydrate carrier and spray-
drying to prepare respirable microparticles. In this process,
not only the drug loading of myricetin was increased but
also its antitumor activity was enhanced in the human lung
epithelial cancer cell line A549, and the preparation of inhal-
able microparticles also provided an effective way for the
effective treatment of lung cancer (Table 5).

2.6 Micronization technology

Micronized drugs have the advantages of small particles,
high surface reactivity, many active centers, high catalytic
efficiency, and strong adsorption capacity. Since the drug
micronization can increase the specific surface area of the
drug, this method is also often used to change the physical

structure of the compound, for example, changing the dis-
solution rate, solubility, and bioavailability of the drug.
Traditional pulverization techniques mainly include jet
pulverization, spray drying, freeze-drying, and solution
crystallization, but these methods have problems such as
large thermal stress, thermal degradation, wide particle
size distribution, and more residual solvent in the final
product. The new technology (as shown in Figure 6), which
uses supercritical fluid to micronize the drug, overcomes
the above difficulties [78–80].

El-Gendy and Berkland [81] obtained PTX nanosuspen-
sion by ultrasonicating the acetone solution of PTX, and
slowly injecting different surfactants and cisplatin aqueous
solution into the suspension to prepare a combined che-
motherapy preparation. L-Leucine was added to the nano-
suspension as a colloidal stabilizer to obtain nanoparticle
agglomerates after homogenization, and finally freeze-
dried to obtain corresponding freeze-dried powder. The
dissolution rate of PTX was greatly improved through

Figure 6: Schematic diagram of the preparation of target drugs by anti-solvent method in supercritical fluid micronization technology.

Table 5: Summary of several kinds of anticancer drugs using SLN technology [73–77]

Hydrophobic drug carrier Anticancer drug Preparation method Treatment of cancer types

Cholesterol, compritol, and MCT Paclitaxel Hot melt homogenization and
phacoemulsification

MDA-MB-231

Stearic acid, surfactants Z. multiflora
essential oil

High-pressure homogenization Breast cancer cells MAD-MB-468 and
melanoma cells A-375 cells

Glyceryl monostearate,
surfactant Tween 80

AE High-pressure homogenization method Human breast cancer MCF-7 cells and
human liver cancer HepG2 cells

Glycerin monostearate and
poloxamer 188

Camptothecin High shear homogenization and
ultrasonic technology

Caco-2 cells

Gelucire based and
surfactant free

Myricetin Spray-drying method Lung cancer
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this method, and it also provided an effective way for local
treatment of lung cancer.

dos Santos et al. [82] made luteolin into micronization
through gas-antisolvent technology of supercritical fluid
micronization technology, using CO2 as an antisolvent
and acetone as an organic solvent by controlling pressure
and temperature conditions. The micronization of luteolin
reduced the average particle size by 10 times in this way.
After verification by in vitro tests, it was found that the
water solubility, dissolution rate, and antioxidant activity
of luteolin have been improved.

Wang et al. [83] used ethylcellulose (EC) as the oil-
phase polymer while gum Arabic as the emulsifier and
water-phase encapsulation (wall material) to synthesize a
novel oral drug delivery system to encapsulate curcumin.
The curcumin-loaded oil-in-water emulsion was treated by
ultrasonic emulsification first and then converted from
liquid to solid by improved supercritical CO2-assisted ato-
mization technology to obtain stable curcumin micronized
oral drugs. It was found that this method can improve the
solubility of the chemotherapeutic anticancer drug cur-
cumin and improve the stability of the drug.

Artemisinin (ART) has anticancer, anti-inflammatory,
and antiviral effects, but its clinical application is limited
due to its poor water solubility. Zhang et al. [84] used the
supercritical anti-solvent precipitation method and the rapid
expansion supercritical solution method in the supercritical
CO2 technology to prepare ART ultrafine fibers and ART
microparticles, respectively, which can improve the antic-
ancer effect of artemisinin on 4T1 cells and U87 cells.

Disulfiram (DSF) is a copper-dependent antitumor drug.
To overcome the problems of poor water solubility and poor
stability, Tang et al. [85] prepared DSF micronized particles
and DSF-Cu complex by supercritical solution rapid expan-
sion process, using polyvinylpyrrolidone and methoxy b-
poly(L-lactide) 2000-poly(ethylene glycol) 2000 solution to
coat these complexes to improve their suspending ability.
This novel nano-powder improved the dissolution rate of
DSF, and the DSF-Cu complex significantly enhanced the
anti-tumor effect of DSF in MDA-MB-231 cells (Table 6).

2.7 PM technology

As shown in Figure 7, the PM technology refers to the for-
mation of micelles through the self-assembly of amphiphilic
copolymers, which act as carriers of poorly soluble drugs to
encapsulate the hydrophobic drugs in the hydrophobic
micelle core to improve the water solubility of poorly
soluble drugs. When micelles are used as drug carriers,
they have the advantages of size effect, thermodynamic sta-
bility, long cycle time, and easy production [86].

Flutamide (Flt) is an effective drug for the treatment of
PCa. Its bioavailability after oral administration is low due to
its poor solubility in aqueous solution and low permeability.
Casein (CAS) is amajor milk protein that is biodegradable and
does not elicit an immune response. Since CAS is an amphi-
philic substance with hydrophobic or hydrophilic amino
acid residues, Elzoghby et al. [87] used genipin to cross-

Table 6: Summary of several kinds of anticancer drugs using micronization technology [81–85]

Preparation method Anticancer drug Treatment of cancer types

Ultrasonic emulsification and freeze drying method Paclitaxel Lung cancer
Gas-antisolvent technology luteolin
Ultrasonic emulsification and supercritical CO2-assisted atomization technology Curcumin
Supercritical anti-solvent precipitation method and the rapid expansion supercritical solution
method

Artemisinin 4T1 cells and U87 cells

Supercritical solution rapid expansion method Disulfiram MDA-MB-231 cells

Figure 7: Schematic diagram of PM technology.
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link 28 CAS micelles and successfully prepared novel CAS
micelles of Flt by freeze-drying and significantly prolonged
the circulation of Flt in plasma.

Tetronic® 1307 is a hydrophilic ethylene oxide (EO)–propylene
oxide star block copolymer with long EO chains (total MW-
18000 and 70% EO). Patidar et al. [88]added glucose during
the formation of micelles to promote the self-assembly of
micelles, while curcumin and QUE-loaded micelles showed
improved controlled release kinetics and cytotoxicity in
CHO-K1 cell lines.

Numerous studies have shown that high concentrations
of nitric oxide (NO) have significant anti-tumor effects, and
can also improve the sensitivity of chemotherapy. Furoxan
is a type of thiol-based heterocyclic NO donor, which can
interact with glutathione transferase in the human body
and be catalyzed to generate NO, thereby exerting anti-
cancer effect. Li et al. [89] reacted furan with valproyl
chloride to form a mixed acid anhydride, which was then
coupled with mPEG-PLA to obtain mPEG-PLA-NO ester, which
was purified by filtration in cold ethanol and freeze-dried.
Then, the PLA-NO polymer and PTX were dissolved in solution
to form water micelles, and finally, freeze-dried to obtain PTX
(NO/PTX) micelles, during which the solubility and anticancer
activity (HCT116, SW480 and SGC-7901 cells) of PTX were
improved.

Halofuginone hydrobromide (HF) is a synthetic analog
of the naturally occurring quinazolinone alkaloid febrifu-
gine, which has potential therapeutic effects against breast
cancer. However, its poor water solubility limits its clinical
application. D-α-Tocopherol PEG 1000 succinate (TPGS) is a
water-soluble derivative of vitamin E. Based on this, Zuo
et al. [90] prepared HF-loaded TPGS polymer micelles by
thin-film sonication. It not only had small size, narrow
distribution, good stability, and sustained-release behavior
but also had a stronger inhibitory effect on triple-negative
breast cancer than free HF.

LA67 is a derivative of triptolide with strong antitumor
activity, but its clinical application is limited by its poor water
solubility. Cui et al. [91] prepared LA67-loaded polymermicelles
by thin-film hydration using mPEG2000-PLA1300 copolymer as
a carrier. The preparation was completely dispersed in an

aqueous solution and showed slow and sustained LA67 release.
This drug micelle can inhibit tumor growth and distant organ
metastasis more than free LA67 in C26 cells (Table 7).

2.8 Other technologies

In addition, there are many effective ways to deliver drugs.
Nanorobots are a relatively efficient way to transport
drugs in recent years. Pacheco et al. [92] used polycapro-
lactone (PCL), iron oxide nanoparticles (Fe3O4), and coated
polyethyleneimine (PEI) micelles containing the anticancer
drug DOX to make microspheres. The magnetic microro-
bots are based on PCL and incorporate magnetic nanopar-
ticles that allow them to navigate biological media in a
guided, controlled way through the application of a trans-
versal rotating magnetic field. PCL-Fe3O4/PEI@DOX mag-
netic microrobots release DOX through the enzymatic
action of lipase, naturally overexpressed in pancreatic
cancer cells, which then kills the cancer cells. Khezri
et al. [93] made machines contain reduced nanographene
oxide (n-rGO) as an outer layer and platinum (Pt) as a
catalytic inner layer. n-rGO/Pt micromachines were loaded
with DOX by physical adsorption (via π–π stacking) with
high loading efficiency. It was found that electron injection
into DOX@n-rGO/Pt micromachines leads to the controlled
release of DOX from micromachines in motion within only
a few seconds. An in vitro study confirms this efficient
release mechanism in the presence of cancerous cells.
The n-rGO/Pt micromotor enables effective DOX release,
enhances the therapeutic efficiency, and reduces the side
toxicity toward the healthy tissue.

Meanwhile, wrapping drugs in a hydrogel system is also
a good way to deliver drugs. Almawash et al. [94] prepared a
simple stable hydrogel system by using the polymerized
β-cyclodextrin and a branched PEG end-capped with a
hydrophobic moiety of cholesterol in a simple inclusion
reaction. Then, a rapid rehydration process with PBS was
utilized in the incorporation and careful distribution of a
5-FU/methotrexate mixture into the prepared hydrogel base.
The in vitro release results and in vivo studies showed the

Table 7: Summary of several kinds of anticancer drugs using polymeric micelles technology [87–91]

Hydrophobic drug carrier Anticancer drug Treatment of cancer types

Casein and genipin Flutamide
Tetronic® 1307 and glucose Curcumin and quercetin
mPEG-PLA-NO ester Paclitaxel HCT116, SW480, and SGC-7901 cells
D-α-tocopherol PEG 1000 succinate Halofuginone hydrobromide Triple-negative breast cancer
mPEG2000-PLA1300 copolymer LA67 C26 cells
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utility of the constructed hydrogel system for loading and
controlling the sustained release behavior of both the two
investigated chemotherapies for more than 4 weeks. It
demonstrated its efficacy and novelty in loading and deli-
vering important chemotherapeutic drugs for the treatment
of breast cancer. Abdellatif et al. [95] prepared hydrogels
with chitosan, β-glycerophosphate, and Pluronic F127 copo-
lymers loaded with 5-FU. The prepared hydrogel system
showed an extended and controlled drug release (30 days)
with good physicochemical properties. It has a good thera-
peutic effect on breast cancer.

Nano-based systems can be used to deliver active
drugs to specific parts of the body. In the last few decades,
a new generation of nanoparticles has emerged, which can
overcomemost of the challenges in drug delivery, such as low
water solubility and low bioavailability. These include nano-
crystals, liposomes, lipid nanoparticles, PEG polymer nano-
particles, protein nanoparticles, and metal nanoparticles [96].
We have talked about a lot of different kinds of nanoparticles.
The nanomedicine system based on this method is still devel-
oping and improving. Cetuximab (CTX) is known to have
cytotoxic effects on several human cancer cells in vitro; how-
ever, CTX is poorly water soluble. Abdellatif et al. [97] devel-
oped (PEG-4000) polymeric nanoparticles (PEGNPs) loaded
with CTX using the solvent evaporation technique and eval-
uated their in vitro cytotoxicity and anticancer properties
against human lung (A549) and breast (MCF-7) cancer cells.
The results indicated that CTX-PEGNP was an improved for-
mulation than CTX alone to induce apoptosis and DNA
damage and inhibit cell proliferation through the downregu-
lation of P21 and stathmin-1 expression. Abdellatif et al. [98]
conjugated CTX and octreotide (OCT) using a solvent evapora-
tion method. And the conjugated CTX-OCT was then loaded
onto Ca-alginate beads (CTX-OCT-Alg). Alginate was used to
coat CTX to facilitate delivery to the gastrointestinal tract. The
in vitro release results showed that CTX-OCT-Alg had a low
drug release rate after 1 h in 0.1 HCl 1.2 pH, while in phos-
phate buffer pH 7.4, all drug contents were released over 5 h.
The results demonstrate CTX-OCT-Alg beads to have excellent
gastro-resistant activity and efficiently deliver anti-cancer
drugs to the higher pH environments of the colon with higher
antiproliferative activity compared to free drugs (HCT-116,
HepG-2, and MCF-7). Etoposide (ETO) has an anticancer
activity used for treating various tumors, such as lym-
phoma, small-cell lung cancer, and leukemia; however, its
aqueous solubility and permeability is insufficient. EC is a
polymer that pH dependent with a high solubility at pH 7.4.
It is a suitable polymer for loading acid-sensitive drugs or
drugs that harm the stomach. Abdellatif et al. [99] improve
the solubility of ETO–EC microparticles using the freeze-
drying technique. The freeze-dried ET–ETO microparticles

provide significant antiproliferative activity compared to
free ETO against the tested cell lines (MCF-7 and Caco-2).
The ETO coating with EC enhanced the activity of ETO by
forming a barrier layer. EC microparticles loaded with ETO
can target a specific area in the gastrointestinal tract at pH
7.4 with potential anticancer activity.

3 Conclusion

At present, most of the drugs are lipophilic and their water
solubility are not ideal [100]. Poor drug solubility not only
slows drug absorption but also leads to mucosal toxicity in
the gastrointestinal tract due to drug deposition [101]. At
the same time, it is not enough to consider the solubility of
improvement in terms of the effectiveness of cancer drugs.
We also need to consider the biocompatibility of drugs, the
selectivity of tumor tissue, and the toxic and side effects of
drugs. Although there are many ways to improve the water
solubility and bioavailability of drugs, their effects still
need to be strengthened, and we still have a long way to
go for the solubilization of anticancer drugs. Although the
following method can improve the anticancer drugs’ solu-
bilization to a certain extent, there are still some short-
comings about them.

For cyclodextrin inclusion technology, while improving
drug solubility, cyclodextrin inclusion complexes can form
complexes with cell membrane components (such as choles-
terol, phosphatidylcholine, and proteins), thereby changing
the lipid barrier, to enhance the absorption of the drug. This
method can improve the chemical stability of the drug
through the inclusion effect, and the oxidation, photolysis,
and hydrolysis of some drugs are significantly weakened
after the inclusion of some drugs by cyclodextrin. However,
the solubility of natural cyclodextrin is very poor, andmost of
the currently used cyclodextrin derivatives are synthesized
from β-cyclodextrin. In general, the complexation efficiency
of this method is relatively low, so a relatively large amount
of cyclodextrin is usually required to achieve the solubiliza-
tion effect of the drug. For some cyclodextrin complexes,
dilution of the system may lead to precipitation. The crystal
forms of diverse inclusion complexes are very different, so
the dissolution rates are also different, and the polymorphism
of the drug is also one of the key reasons that affect its
physicochemical properties and therapeutic effect [102]. Stu-
dies have also shown that cyclodextrins may have nephro-
toxicity in the human body [103]. Drug co-crystal technology
is particularly beneficial for drugs that are easily degraded
under harsh acidic or basic conditions or drugs that lack
strong acid and basic sites. Before using the co-crystal
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method, we can combine molecular simulation technology
to make a preliminary judgment on selecting drug mole-
cules, which can save time and cost. However, some drug
particles prepared by DCC technology are not very stable in
aqueous solution, and some are even insufficient in purity
due to improper methods or are easy to crystallize [104].
Drugs designed based on changes in the pH of the micro-
environment can not only achieve the aim of sustained
release and targeted effects but also these drugs are not
easily degraded. However, the body is a complex process,
and the environment of the gastrointestinal tract is also
acidic, so such drugs are easily released and absorbed
here, which will affect the therapeutic effect of cancer;
therefore, we should take into account the unique targeting
of the tumor when designing such drugs. At the same time,
the microenvironment pH regulation technology also needs
to consider whether the pH-sensitive substances have no
toxic and side effects and whether they can be metabolized
by the human body [105]. Solid dispersion technology has
the advantages of a simple preparation method and good
reproducibility. Moreover, as an intermediate, the solid dis-
persion can be made into various dosage forms such as
capsules, tablets, pellets, drop pills, ointments, suppositories,
and injections according to actual needs. However, the use
of solid dispersion technology to prepare solid dispersion
drugs is generally only suitable for drugs with small doses.
The common disadvantage of solid dispersion technology is
that the stability of the drug dispersion state is not good, and
long-term storage is prone to aging. That is, after a long
period of storage, the solid dispersion may experience
increased hardness, precipitation of crystallization, crystal
coarsening, and decreased drug dissolution [106]. For the
SLN technology, the liposome has good cell affinity and
tissue compatibility, which can reduce the side effects on
the body, and the prepared drugs have good dispersibility,
which is beneficial to the body’s absorption and improves
the drug’s bioavailability efficacy. However, it has the dis-
advantages of difficult industrial production, high price and
unstable drug properties. And SLN technology also faces
many problems that need to be solved, such as low drug
loading, gelation, and drug precipitation [107]. For microni-
zation technology, drugs are processed into micron or even
nano-scale powders through ultra-fine powder technical means
such as grinding and dispersion, which can significantly
improve the bioavailability of drugs. However, when the
drug powder is too fine, it will also amplify the toxic and
side effects of the drug. Therefore, we should strictly control
the particle size range of the drug particles when using
micronization technology. The difficulty faced by microniza-
tion technology is that it has high technical requirements,
and there are some tough issues like low yield, low purity,

and many impurities [108]. Generally speaking, for the
polymer micelle method, the structure of micelles is very
simple, and themicelles are usually formed by self-assembly
in an aqueous solution. The preparation process is very
simple, and the formed system is generally relatively stable.
Moreover, when the particle size of the micelle is in the range
of 10–100 nm, it is not easy to be recognized and captured by
the endothelial reticulum system in the blood circulation
system, so it can exist stably in the blood for a long time. At
the same time, the most amazing thing about this method is
that passive targeting of tumor sites is achieved through the
enhanced permeability and retention effect for PMs. Gener-
ally, the drug carrier with small particle size also help
to improve the production yield. In the production process,
filter elements with 0.45- and 0.22-μm pore size can be
used to control the sterility of the drug. However, it has
high requirements for concentration and temperature.
For example, if the solution is diluted, the micelles will
be easily degraded [109].

Moreover, the solubilization research of traditional
anticancer drugs not only faces a long research cycle but
also is not friendly to limited resources. Computationalmethods
such as molecular docking and molecular dynamics simulation
can effectively solve the problems of drug screening and func-
tional prediction in drug design and development [110–112]. For
example, we can use it to judge whether the two substances
have the property of enhancing thewater solubility of the target
drug after being complexed together or to predict the absorp-
tion effect of cells on the drug in the in vivo environment
through simulation. These calculation methods can help us in
the solubilization process and have a clear target for the drug
you want to study before research, reduce the time of trial, and
speed up drug development. Based on this, we can even
develop a new program to perform unified model calculations
on similar compounds, sum up the corresponding laws, and
find their commonalities and characteristics.

In addition, we should not only consider water solubi-
lity in the treatment of cancer. It is hoped that in the future,
targeted therapy [113], immunotherapy [114], and combina-
tion therapy [115] should also be considered to design a
more scientific and comprehensive anti-cancer drug when
improving the solubilization of anticancer drugs. It means
that we should comprehensively think about multiple fac-
tors that affect treatment, for example, whether there is
interaction between various substances, whether the com-
bined treatment function can be achieved, and whether the
drug can maximize the multifunctional treatment while
reducing the damage to the human body. I believe that
with the continuous development of science, the truth of
various drugs will be gradually revealed, and cancer will
be conquered 1 day.
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