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ABSTRACT

Cancer is recognized as a one of the major health hazards worldwide
and also accounts for one in eight deaths globally. Chemotherapy, which
is considered a principal treatment in cancer, is plagued by significant
limitations because of its imminent drug resistance. Our focus should
be in providing effective and long lasting treatment procedures without
compromising longevity and quality of life of cancer patients. Resistance
to chemotherapeutics and designing an effective means of drug delivery
system, to overcome cancer treatment failure, remain a challenging
task for researchers and scientists. Nanoparticles (NPs) are broadly
being applied to improve the therapeutic index, because of their higher
bioavailability, solubility and retention time. Apart from that, several
studies have used poly butyl cyanoacrylate (PBCA) as one of the most
common carriers in drug delivery purpose for the treatment of cancer
.PBCA and its co-polymers are important in designing NPs with desired
characteristics such as biocompatibility, biodegradation, smaller particle
size, unique surface properties, facile drug release and target specificity.
In this article. We aim to review and summarize the literature behind the
use of PBCA nanoparticles as an effective drug carrier in the treatment of
different cancers.
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INTRODUCTION

Cancer is a major health hazard and one of
the leading causes of high morbidity [1]. Cancer
is characterized by the explosive growth and
differentiation of anomalous cells in the living body

* Corresponding Author Email: azisusan@gmail.com

[2]. Over 200 different types of cancers have been
reported so far for humans, [3] and environmental
factors have known to be responsible for 80-90%
cancers, [4] followed by heredity, which has been
linked to about 3-10% [3].
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Chemotherapy is one of procedures for
treatment of cancer, although the most popular,
have limited application because of its eventual
drug resistance [5, 6]. Patients in whom the tumour
has already metastized, are usually resistant to
drug administration[7].

Lu et al. divided resistance to chemotherapy
into two categories, namely, intrinsic and
acquired and associated intrinsic immunity to
heterogeneous nature of tumours [5]. On the
other hand, acquired resistance which had been
linked to genetic and epigenetic causes can
result in changing the sensitivity of the drug [8].
Chemotherapeutic agents which are conventional
are also known to be vague in their delivery in
human body; as a result, they may affect cells
which are both cancerous and normal, thus
limiting their use due to excessive toxicities [9].

In most recent years, nanotechnology is being
extensively applied in medical therapeutics [10].
Nanoparticles (NPs) are being used to boost the
medical benefit for treatment of cancer because
of their enhanced biocompatible and soluble
nature and improved time of retention [11]. Drug-
nanoparticle combination is known to be less toxic
and more economical [12]. The concept of nano-
medicine can be traced back to 1980s and had
been used for nano-encapsulation in augmented
drug effect, selectivity, efficacy, and clinical level
of the drugs in question [13]. It is known that
nano-medicines have many tangible benefits,
which includes: interaction with the surrounding
biological environment, increased absorption
into an intended tissue, bioavailability, utilization
time and increased intracellular dispersion [14].
These vesicles like components made from lipids
were used as possible drug distributors because
of the secure sheath that they develop around
encapsulating different drugs in their centre.

Also, liposomes have demonstrated poorer
encapsulation capacity, weakstabilityinstorageand
accelerated escape of water-soluble medications
in the blood, hence their ability to regulate the
release of several drugs might not be sufficient.
Therefore, biodegradable and biocompatible
polymeric NPs have been recognized as an
alternative in transportation of particulate matter
in the clinical and pharmaceutical sectors [15]. Due
to their higher encapsulation performance, better
bioavailability and retention period, polymeric
NPs have proven advantageous in a variety of ways
over micro particles [16].
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Poly butyl cyanoacrylate (PBCA) is one such
unique nanosized polymer which is wholly
synthetic, that has biodegradable properties
and exhibits much lower cellular toxicity. PBCA
nanocarriers (NCs) are considered to have such
compelling properties as: small size, simplistic
synthesizing procedure, ease in levelling up and
hassle free purification, exhibiting stability in vitro
and rapid body elimination [17]. One big benefit
of this NP is its capacity to resolve multidrug
resistance in tumour cells [18].

There are two methods for synthesizing PBCA
NPs, namely, polymerization reaction using anionic
components and mini-emulsion polymerization
methods [19]. In vitro studies have shown that
mini-emulsion polymerization mode being the
most suitable mode for the preparation of cisplatin-
PBCA NPs in ovarian cancer, [20] but results in
past studies have shown polymerization via mini
emulsion could not be deemed an appropriate
method for loading drugs into PBCA NPs [21].
Principal questions that need to be addressed are:
which method of PBCA is appropriate for delivery
of drugs, and which mode is more efficient in what
type of cancers. Thus, this review sheds light on
the preparation methods of polymer synthesis
of PBCA NP and its efficiency as an effective drug
source in cancer therapeutics.

Furthermore to PBCA, there are other
poly (alkyl cyanoacrylate) NPs for example
poly (2-ethyl-butyl cyanoacrylate) PEBCA, poly
(ethyl 2-cyanoacrylate) PECA, and poly (octyl
cyanoacrylate) POCA that have attracted the
interest of numerous researchers [22, 23].

Introduction to preparation methods of polymeric
PBCA NPs

Latest studies on the PBCA synthesis process
exhibit that there are several preparation
approaches for these nanoparticles [24].
Surface parameters may be adjusted to regulate
the interaction between NPs and living systems,
which facilitates the in vivo management of NPs
[25]. Introduction via the surface of NPs during
the period of emulsification or adsorption is the
most common approach of preparing drug-laden
PBCA-NPs [26, 27]. Production factors such as the
stabilizing agent, the medium pH and the volume
and duration of the addition of the drug are
perceived to be as advantageous considerations to
increase the carrying capacity. The drug launching
and encapsulation efficiency may be enhanced by
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selection of suitable drug and nanoparticle matrix
with ligands where hydrophilic/hydrophobic
properties of poly (BCAco-OCA) can be modulated
[28]. Poly (BCAC-OCA) is a matrix material for
nanoparticles that is a synthetic copolymer
of made of n-butyl cyanoacrylate (BCA) and
2-octyl cyanoacrylate (OCA) monomers. The
physicochemical properties of this structure
specify that it is appropriate for encapsulating
hydrophilic drug materials and promote the drug
loading efficiency [28, 29].

The first NPs for pharmaceutical uses were
produced in the 1970s by polymerization method.

Types of PBCA nanoparticles

Based on preparation methods of NCs,
nanospheres or nano capsules can be produced.
Nanospheres own a single unified (matrix)
framework in which drugs are either deposited
or adsorbed superficially or embedded within the
particles [30]. Capsules of nano dimension (NC'’s)
are vesicular structures serving as a storage system
and liquids having a fluid centre (i.e. oil or water)
enclosed by a rigid material framework [31] are
restricted to the cavity. Schematic diagram images
of polymer NPs, presented in Fig. 1.

Methods for preparation of polymer nanoparticles
Various methods for preparing polymer NPs
are present. Two of the most frequently used

methods are: (1) nanoprecipitation-based; (2)
polymerization-based [32]" Fig. 2 represents
strategies for processing PBCA-NCs, where
biodegradable NCs are graded as nanocapsule
and nanosphere according to complex structure
organization,
Nanoprecipitation-based method

This method is necessary for PCBA-NC
preparation beginning from polymer which has
been synthesized previously. In brief, sufficient
volume of stabilizer is administered in water
or PBS to receive the water phase and its pH is
then gradually modified to an acceptable value.
The acetone solution comprising previously-
synthesized PBCA is then transferred in drops
in the water phase, the solution is kept under
continuous stirring, and the resultant suspension
is nullified with a solution of 0.1 N of sodium
hydroxide to conclude the polymerization process.
The excess acetone will eventually be extracted by
rotating evaporation. Depending on the solubility,
the drug can either be added to the aqueous phase
(ie, water) or organic phase (ie, acetone) [33, 34].

Organic solvents, such as acetone, ethanol,
hexane, methylene chloride or dioxane which
are satisfyingly soluble in water and extract via
evaporation easily, are often used as polymer
solvents. Among these organic solvents, acetone
is often used. This is generally prepared from
mixed solvents, for example acetone with nominal

Fig. 1. Classification of NPs having drug (A & B) in nanocapsules containing oil (C) and nanocapsules containing water (D).
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Fig. 3. The process of direct emulsion polymerization, adopted from [36].

amounts of water, acetone mixture of acetone
with methanol and ethanol. Apart from that, the
phase lacking of solvent comprises a non-solvent,
or a mixed form containing of non-solvents,
supplemented by one or several synthetic or
natural surfactants.
Polymerization-based method

In this method, polymerization of monomer
occurs in an aqueous solution to form NPs. Upon
polymerization completion the drug is adsorbed
either by submerging in the medium or by diffusion
onto the nanoparticles [35]. The polymerization-
based approach is characterized as BCA monomer
polymerization activated by an anion (anion
initiated polymerization) or radical (radical
initiated polymerization) at room temperature
(Fig. 5), which also involves polymerization using
emulsions, polymerization of the interfaces and
polymerization of mini-emulsions [32] (Fig. 2).

Emulsion polymerization, where an
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emulsification of monomer occurs into a non-
solvent surfactant, the formation of monomer-
swollen micelles and stable monomer droplets
occurs. The polymerization is achieved in presence
of an initiator [36] (Fig. 3).

This method includes polymerization via
emulsion in presence of an organic phase, which
is continuous, and emulsion polymerization in
an aqueous continuous phase [36]. Since PBCA
can be extensively produced via mini-emulsion
and anionic polymerization, our focus will be on
the stated methods. Several studies have been
reported which describe the preparation of PBCA
loaded with paclitaxel NPs via mini-emulsion
procedures or polymerization which is anionic in
nature [29, 37].

Mini-emulsion is a method of generating small,
robust droplets continuously utilizing high shear
stress[38]. The droplet sizes particularly rely on
the nature and the volume of applied emulsifier,
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Fig. 5. The mechanism of PBCA polymerization applied during polymerization via encapsulation method. (A) Anion; (B) Radical,
Adapted from [32].

varying from system to system. Mini-emulsion
polymerization uses small stabilized droplets to
initiate polymerization, i.e. polymerization occurs
in small nanodroplets. Long-chain alkanes have
been applied as stabilizers for direct mini-emulsion
(oil-in-water). Fig. 4 presents the process of direct
(oil-in-water)  mini-emulsion  polymerization
[39]. This method, in contrast to emulsion
polymerization, does not need monomers or other
compounds that have less affinity towards water
from one tank into a polymerization place [40].
For this reason, mini-emulsion polymerization
is considered as a one-step nano-encapsulation
procedure for the encapsulation of hydrophobic
compounds [41].
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The majority of poly(alkyl cyanoacrylate)
NP are a result of anionic polymerization [42].
The cyanoacrylate monomers are synthesized in
aqueous medium through anionic polymerization
[20]. Anionic polymerization happens when the
butyl cyanoacrylate monomer is dispersed on
the aqueous medium to forms particles as shown
in Fig. 5. Previously it was shown that dsDNA
molecules have been encapsulated successfully
into nanocapsules containing PCBA through
polymerization of anionic nature, which interacts
between the mini-emulsion droplets and the
continuous phase [43].

BCA polymerization can happen both via
anions, as well as radicals, polymerization through
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Fig. 6. Schematic description of interfacial interactions in inverse emulsion; one monomer (violet) is given in the aqueous droplets,
the other (light green) is inserted, dissolved in solvent. The reaction ends in a polymer shell like shielded structure that encloses the
droplets of water. Adapted from [97].

emulsion and miniemulsion polymerization
processes initiated via radicals, have recently
been explained [32]. Polymerization generated
through radicals is similar to the polymerization
process induced by anion except that it involves
a far reduced pH in medium (almost(>1.0)
including the introduction of radical originator,
e.g. 2,2-azobis(2-methylpropionitrile) with cerium
ions, before adding BCA monomer. Consecutively,
disproportionation and coupling methods hinder
radical polymerization (Fig. 5).

Another method which needs to be mentioned
is interfacial polymerization where monomers
polymerization occurs at the junction of two
phases which are immiscible. This method is done
in an environment which is water based and in
presence of organic phase that has been emulated
and homogenized at micro-fluidized volume by
severe mechanical shakings. This cycle dissolves
the drug and monomer in a combination of oil
and ethanol followed by gradual addition to the
aqueous phase containing surfactant through a
small tube or syringe [44] (Fig. 6).

Effect of nanoparticles characteristics regarding
drug delivery mechanism

Characterization of Nanoparticles (based on
particle morphology such as size, distributions,
charge on its surface, Drug loading, Entrapment
efficiency and ease of Drug release)

Distribution of particle size is the most
significant characterization parameters in NPs.
The primary use of NPs is in drug discharge and
drug targeting. Particulate size has been shown
to influence product production and ever after
that. Smaller particles have a larger range. As a
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consequence, much of the drug installed into
them would be released to the surface of particles
contributing to its accelerated release. Smaller
particles have a broader surface; as a consequence,
much of the drug mounted into them would be
revealed to the surface of particles contributing
to accelerated release of the drug. Alternatively,
there is a gradual diffusion of drugs within larger
particles. As a limitation, smaller particles appear
to accumulate during nanoparticular dispersion,
storage and transport. Hence, a contrast occurs
between a smaller size and the maximized stability
of NPs [30]. The size distributions of NPs are known
as important factors affecting the cell membrane
and also their penetration as physiological drug
barriers. Studies have considered NPs size is
dependent on the type of tissue, its target site and
circulation [45]. Temperature and pH are perhaps
the two triggers used most commonly and have
gained further consideration from researchers.
Solution pH plays a crucial function in the NCs’
scale and polydispersity measure. PH=1, A pH of
1 has been found to be ideal for average size of
NP, since higher pH values improve the NC scale
[46]. Temperature promotes the polymerization
rate and nanoparticle production, but it in no way
alters the molecular weight of the synthesized
nanoparticles [47]. High temperatures tend to
improve the stability of PBCA NPs below the PBCA
polymer’s glass stage, which is around 100 °C.
Buffers affect the size of nanoparticles, as shown
by Kamaly et al. Therefore, the H,PO, medium
(which is acidic in nature) initiates the formation
of smaller nanoparticles with higher molecular
weight [48]. In fact, the stabilizer has a major
impact on the volume, polydispersity index and
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Table 1. The physical and chemical properties of PBCA-NPs and its different preparation physicochemical properties of drug loaded

PBCA-NPs prepared by different methods.

DLE%/EE%/PDI/

Drug Method (A-E) Zeta potential (mv) Nanoparticle size (nm) Target sites Ref
Paclitaxel E 1.07/99.23/0.27/- 224.5+5.7 Ovarian [51]
Cisplatin B 5/25/0.429/-20 489.3 Ovarian [20]

Carboplatin B 3.6/40/0.384/-10.3 36030 Ovarian [40]
Cisplatinum and 4/-/0.21/-8 287
Carboplatinum A 6/-/0.24/-7.2 319 Breast [21]
doxorubicin and 0.619/49.98/-/+32.23
curcumin AJE 1.17/94.52/-/+32.23 133£5.34 Breast (52]
Doxorubicin A -/46.8/-/+23.14 ~174 +8.23 Breast/Liver [53]
Cisplatin B 6/30/-/-19.5 451+11 Brain [54]
Cisplatin C —/—/0.470/+5.1 222 Brain [55]
Doxorubicin A 10.58/ 87.43/-/- 120.5+30.8 Brain [56]
Doxorubicin C 71.10-73.38/-/-/- 210-215 Brain [57]
Doxorubicin C 80/-/-/- 270 Brain [58]
Cisplatin c 1419/ 0_'1215_0'44/ 7 355-386 Lung [59]
Paclitaxel D ~/73.8-90.8/-/-32.58~ 291-325 Sarcoma [60]
-44.50
Curcumin A —/90.04/-/+29.11 ~250 Liver [61]

A: polymerization through emulsification; B: polymerization through mini emulsion; C: Anionic-Emulsion; D: polymerization through
radicals; E: polymerization via interfaces; DLE: efficiency of drug loading; EE: efficiency of entrapment; PDI: polydispersity index;

“~ not mentioned.

physical and chemical properties of synthesized
NPs. The disparity in the impact of stabilizers, such
as dextran 40 and poloxamer 188, on the size of
nanoparticles was discovered by Pons et al., who
found that if there was a decrease in the average
size of stabilizers, NP mean size decreases [49].

The stability of colloids is evaluated by zeta
potential of NPs. Large zeta potential figures,
whether positive or negative, should be obtained
and preserved to ensure equilibrium and to
prevent particle aggregation [50]. Theoretically, an
effective network of nanoparticles would have a
large drug-loading potential thus decreasing the
amount of matrix materials for distribution. Drug
loading efficiency (DLE) and entrapment efficiency
(EE) greatly rely on solid-state solubility of drug
in matrix substrate or polymer (solid dissolution
or diffusion) relevant to the structure of the
product, interaction between polymer and drug
molecular weight and functional groups present at
the end [30]. Table 1 represents the physical and
chemical properties of PBCA-NPs and its different
preparation methods.

Biodegradability and release mechanisms of
PBCA-NPs

Drug discharge based on carrier of particulate
network relies on the cross-linking, shape,
volume, particle density and chemical and physical
properties of the drug as well as adjuvant’s

760

presence. In vitro drug release from nanoparticles
depend on several factors namely, temperature,
pH, drug solubility, surface-binding property
or ease of desorption of adsorbed drug, drug
dissemination through the swelling and erosion
of nanoparticles matrix and the convergence of
diffusion and erosion processes [62]. There are
three basic models for drug release; in Phase | of a
triphasic escape profile is attributed to the impact
of burst release, that is the sudden launch of drug
molecules nearby or at the surface of water. The
release profile phase Il is a controlled release
process governed by gradual drug dissemination
through the polymer matrix or via existing pores,
which is parallel to hydrolysis and degradation of
polymers. Phase Il may be a more rapid release
process, when erosion begins [48] (Fig. 7). Table
2 presents different studies reported using PBCA-
NPs for drug release. Diffusion coefficient and
rate of biodegradability are the main factors
affecting drug release, apart from the importance
of biological environment. There are two major
biodegradation pathways for PBCA NPs; the main
pathway being enzymatic breakage of butyl ester
group from the polymer followed by production
of an acidic polymer and butanol. In another
pathway, the polymeric chain is degraded and
formaldehyde is formed, where its amount is too
low to physiologically cause any risk to the body.
Both metabolites formed are water-soluble and

J Nanostruct 11(4): 754-771, Autumn 2021
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Table 2. The reported different studies

using PBCA-NPs for drug release.

Drug Method Phase PH (PBCA-NCs) Ref
Paclitaxel Dialysis Phase | 7.4 [51]
Cisplatin ICP-EOS Phase II* Neutralized withNaOH [20]

Carboplatin ICP-EOS Phase II* Neutralized withNaOH [40]
Temozolomide Dialysis Phase II** 5.0 [69]
Cisplatin ICP-EOS Phase II*** Neutralized withNaOH [54]
Cisplatin - - Neutralized withNaOH [55]
Cisplatin Dialysis Phase | 7.0 [59]
Paclitaxel Dialysis Phase | 7.4 [60]
Model drug release profiles (Phase Il); II*: burst and zero-order release; |1**: releasethrough triple

”

phase; II***: triphasic dissemination with short phase II; *

excreted through kidneys [44].

In recent years, nanoparticles as one of
the potential components in the treatment of
patients have attracted the attention of many
researchers. However, due to limited research on
toxicity and safety, insufficient success has been
made in the pharmaceutical use of nanoparticles
[63]. Nanoparticle toxicity may be evaluated on
three levels: molecular, cellular, and tissue. By
interacting with diverse biological environments
such as organelles, cytoplasm, extracellular
matrix, and blood, nanoparticles induce changes
in biomolecules, cellular components, and tissue
structures [64]. One of the most important
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not mentioned

challengesinthe use of nanoparticlesistheimmune
response to these structures. Nanoparticles can
interact with various components of the immune
system and alter the functioning of the immune
system. When this shift in immune response is
not related to nanoparticles’ specific function,
it is termed a side effect of nanoparticles, and
nanoparticle immunotoxicity is addressed.
Cytokines, particularly proinflammatory cytokines,
serve as biomarkers for detecting nanoparticle
immunotoxicity. High levels of inflammatory
cytokines are associated with toxicity adverse
reactions and low therapeutic efficacy when using
nanoparticles [65]. A growing body of evidence
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Fig. 8. PBCA-NCs accomplish tumor targeting typically in two ways: namely by passive targeting system as well as by active targeting
approach.

suggested that nanoparticles have the potential
to polarize the balance of TH1 and TH2 cytokines
towards a specific pathway. This evidence suggests
that some nanoparticles raised serum levels of
TH1 cytokines such as IL-2, IFN-y and TNF-q,
while decreasing TH2 cytokines such as IL-4,
IL-5 and IL-6 and others did the reverse[66, 67].
Another concern with nanoparticle application
is the abnormal generation of reactive oxygen
species (ROS). These structures have a high
oxidant capacity and can generate high level of
ROS. ROS through interactions with proteins, lipid
peroxidation, DNA and RNA damage, and genomic
mutations can all impair cell membrane integrity
and lead to apoptosis and necrosis [68]. However,
more study is needed to improve researchers’
understanding of the toxicity of nanoparticles,
particularly polymeric nanoparticles.

Surface properties of nanoparticles and targeted
drug delivery

The reticuloendothelial system (RES), primarily
the spleen and liver, are significant carrier for
efficient targeting, owing to their capacity to
detect these processes; eliminate them from
systemic circulation and by doing so restrict the

762

optimal distribution of NPs to organs other than
belonging to RES [70].

PBCA-NCs accomplish tumour targeting
typically in two ways: by passive targeting system
as well as by active targeting approach respectively
(Fig. 8). According to the unique structural
properties of the tumour vasculature, active
PBCA-NCs continue to be stored and preserved
in tumour tissues. The Ilymphatic channels,
identified as the efflux network, are often
defective in tumours, contributing to inadequate
drainage [71], hence to achieve active targeting,
ligands are attached to the exterior of NCs to
target endothelial cancer tumour cells which
provide the tumour with oxygen and nutrients.
Carcinoma cells tracking ligands incorporate:
folate receptor, glycoprotein transferrin receptor,
receptor epidermal growth factor (EGFR); and
component of vascular endothelial formation for
tumour endothelial cell targeting. Ligands are
attached to the surfaces of the nanocarriers to
attack carcinogenic endothelial cells, which supply
the tumour cells with nutrients and oxygen. To
invade the tumour cells, the ligands include: the
EGFR and glycoproteins, the folate receptor, the
transferrin receptor, and the matrix metalloprotein

J Nanostruct 11(4): 754-771, Autumn 2021
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integrins in endothelial cells of cancer, vascular
cells adhesion molecule, the vascular endothelial
growth factor receptors [32, 72]. Many alteration
techniques have been developed to disguise or
mask NPs from MPs. PBCA-based NCs provide
complex surface modification to realize active
targeting by changing pharmacokinetic variables
such as PEG (a water-soluble polymer with
reduced immunogenicity and antigenicity, safe in
blood circulation and capable of increasing drug
launch time simultaneously) [73] such as chitosan
(because of its desirable biological properties
such as ease of degradation in biological systems,
biocompatible and non-toxic nature) [32].
Antibodies, such as Hyaluronic acid, Folic acid
(one of the most effective targeting agents in
cancer therapeutic purposes), [32] Tween 20/80
(drugs that work effectively against diseases
associated with the central nervous system, must
travel through the blood—brain barrier (BBB) to
make its way to the brain , through the blood
compartment) (Fig. 9) [32]. Table 3 presents the
reported studies using surface-modified PBCA-
NPs and performance of drug-loaded PBCA-NCs
against cancer.

Applying PBCA to drug delivery in different cancers

In following sections, the literature is reviewed
and summarized for the applicability of PBCA in the
delivery of different drugs by various procedures
and their mechanisms have been the extensively
discussed.

Using PBCA in ovarian cancer treatment
Paclitaxel is an effective drug against different

A B

cancers and especially ovarian cancer [74].
Although it has insufficient aqueous solubility, its
commercial formulation faces major challenges
[75]. In addition, it has been studied previously
that the difficulty in overcoming multidrug
resistance (MDR) may be a result of NPs adsorption
on the cell surface. &3 In the past, studies have
reported providing paclitaxel-loaded PBCA NPs
through mini-emulsion procedures or anionic
polymerization [31].

Ren, Chen etal. studied to analyze the capability
of PBCA NPs loaded with paclitaxel to alleviate
the MDR in ovarian resistant cells in humans
(A2780/T) and also to investigate the probable
mechanism [51]. Paclitaxel-loaded PBCA NPs were
formulated through interfacial polymerization
procedure which resulted in their spherical form
having an average diameter of 224.5+5.7 nm. Their
results showed NPs formulated with paclitaxel
could increase cellular toxicity and also alleviation
of MDR by the inhibition of P-glycoprotein
action created by the NPs system was observed.
The researchers also compared emulsion
polymerization with interfacial polymerization
and stated that interfacial polymerization resulted
in high encapsulation and drug loading amounts
because of introduction via lecithin and dextran
70 like surfactants [76]. Another research assessed
the cytotoxicity effects of cisplatin-charged PBCA
NPs on cisplatin-resistant ovarian cancer cell
line A2780cp [20]. Cisplatin, one of the most
important drugs in treatment of ovarian cancer
and their effect, is attributed to DNA binding
and apoptosis initiation. They synthesized NPs
through mini-emulsion polymerization procedure.

Fig. 9. PBCA-NCs modified with different materials (A) molecules having longer chain as PEG or Dextran, one moleculecular terminal
is embedded into PBCA-NCs and another is available in the medium; (B) For Tween 80 like surfactants , materials are adsorbed to
the outer most layer of PBCA-NCs; (C) shows hyaluronic acid HA) ligand-modified surface and packing of chemotherapy agents, rel-
atively large-linear molecules such as targeting ligands, linear molecules are needed to form a link between the NC and the targets;
(D) Surface modified drug loaded PBCA NPs with FA-Chitosan, enhancing the relative bioavailability of NPs and a targeting agent.
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Table 3. The reported studies using surface-modified PBCA-NPs and relevance of PBCA-NCs armed with anti-cancer medications.

Drug

Additive used

In vitro
investigation

In vivo

. . Ref
investigation

Paclitaxel

Cisplatin

Carboplatin

Cisplatinum and
Carboplatinum

doxorubicin and

Lecithin/ Dextran 70

Dextran/ PEG400

Dextran 70/PEG3350

Dextran 70/PEG600

Chitosan/Antibody/Tw

PBCA NPs loaded with Paclitaxel can increase

cytotoxicity and resolve MDR via the
inhibition mechanism of P-gp activity of NP

- [51]

induced system.
PEGylated NPs demonstrated enhanced
medication effects involving increased
stability, antitumor impact and decreased - [20]
nano-drug release levels, compared
tostandard drug.
PEGylated NPs showed improvement of
cytotoxicity, size, EE% and DLE% compared - [40]
with non- PEGylated NPs.
PEGylated nanodrugs (both drugs) resulted in
enhanced cytotoxicity in MCF-7 cell line than - [21]
their unbound counterparts free drugs.
The analysis indicate that the dual-agent
mounted PBCA NPs system had comparable
systemic toxicity to co-administer 2
individual-agent mounted PBCA-NPs, - [52]

curcumin een 20 marginally higher than the free combination
of drugs, to single free drug / another stacked
PBCA-NPs combination.
DOX-PBCA NPs redardless of folate groups
displayed comparable cytotoxicity in case
of both MCF-7 cells and HepG2cell types,
- S . while folate-when conjugated with DOX-
Doxorubicin Folic acid/ Chitosan PBCA NPs displayed increased cell utilization, (53]
increased targeting efficiency and increased
cytotoxicity to MCF-7 cells
that overexpress folate receptors.
In addition, it can enhance the stability of the
D PEGA4!
Cisplatin extran/PEG400 tumor cell and increase its chances of drug - [54]
delivery.
Dextran IC50 on C6 cells of drug solution, blank PBCA
Cisplatin NPs and drug-loaded NPs were 99.5, 164 and - [55]
67 uM, respectively.
Cisplati jugated PCBA
Increasing the concentration of PEG improved ISpAa n conjugate .
the efficiency of drug loading, drug release nanoparticles lead to the decrease in
Cisplatin Dextran 70/PEG2000 . v g - & 8 tumor volume unlike its unbound [59]
profile and cytotoxicity impacts of drug-
form and the control under
loaded NPs. . .
consideration.
- -PB
L The profiles of the in vitro release showed PTX 'emb'edded'HA PBCA NPs were
Hyaluronic acid/ R . primarily of higher potency for
. that the HA adjustment will delay the release .
Paclitaxel Tween 80/ Dextran L R suppressing tumour growth than [60]
of the drug and that the initial burst will be
. . PTX-loaded PBCA NPs or PTX
lowered in the first 10h. -
injection.
The elimination half-life and the
average time of residenceof complex
Enhanced therapeutic efficacy of Antibody- formed with PBCA NP were higher
Curcumin Antibody/Chitosan/Tw NPs cytotoxicity in HepG2 cells compared to than that of free curcumin. Nano- 61]

een 20/

PBCA-NPs and free drug.

drug reduced hepatocellular
carcinoma growth in murine
xenograft models and controlled r
angiogenesis. of tumour

n

DLE: Drug loading efficiency; EE: Entrapment efficiency; not mentioned.

Size, size distribution and zeta potential of NPs
were evaluated as 489 nm, 0.429, and -20 mV,
respectively. This research shed light on the
efficacy of cisplatin-PBCA NPs and their usage in in
vivo ovarian cancer studies.

Kanaani, Ebrahimi Far et al. recently reviewed
the basic properties and cellular effects of nano-
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poly (butyl cyanoacrylate) on ovarian cancer
cells with carboplatin. The non-PEGylated and
PEGylated nano particles were prepared by
polymerizing PBCA NPs with mini-emulsions.
The cytotoxicity findings showed both of these
nano drugs are of higher toxicity than that of
unloaded drug. This can be explained with drug
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accumulation in loaded form which is remarkably
higher than free form and thus increases drug
delivery to tumor as compared to free drug.
However PEGylated carboplatin PBCA was more
toxic on the cells than no-PEGylated nano drug,
because of the presence of PEG which could
augment the stability and increase drug delivery
to tumor, and also was able to prolong the period
of drug release. These researchers concluded that
both NPs are suitable for carrying carboplatin to
ovarian cancer cell line A2780CIS [40].

Other study showed, the introduction of
cisplatinum and carboplatinum drugs on PBCA
NPs by means of emulsion polymerization method
in varied types of cancer treatment, one of them
is/ would be on ovarian cancer cells [21]. It was
showed a loading efficiency of ~5 % that agreed
with the value reported by Egea Mas [77]. It
was studied that, in spite of administration in
equal doses, cisplatinum exhibited higher toxic
property toxicity in comparison to its counterpart
carboplatinum, both as free and loaded on
nanocarrier [78]. Both theses nano drugs exhibited
lower cytotoxicity on MCF-7 cell line owing to its
lower loading capacity, which was more evident
in for carboplatinum nanoparticles. The authors
concluded other approaches such as miniemulsion
polymerization were more favourable in loading
such drugs onto PCBA nanoparticles, unlike only
emulsion polymerization.

Using PBCA in gastric cancer treatment

Drugs that are magnetically responsive show
promising results for treating solid tumours, as
they can be smoothly transported via intravenous
system to any systemic position. The impact of
magnetic poly butyl cyanoacrylate NPs charged
with aclacinomycin A on the growth of gastric
cancer under in vivo and in vitro conditions was
previously investigated [79]. Aclacinomycin A
along with magnetic PBCA nanospheres was
encapsulated through interfacial polymerization.
The content of aclacinomycin A into magnetic
PBCA nanospheres was 12.0% and the mean
particle size was 210 nm. Aclacinomycin A
exhibited PBCA-NCs accomplish tumour targeting
typically in two ways: by passive targeting system
as well as by active targeting approach. Inhibitory
rates of (8 mg/kg bm), high dosage of magnetic
PBCA nanospheres entrapped with aclacinomycin
A (8 mg/kg bm); low amount of magnetic PBCA
nanospheres entrapped with aclacinomycin A
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(1.6 mg/kg bm) and magnetic PBCA nanospheres
regarding study on human gastric carcinoma in
nude mice amounted to 22.63%, 52.55%, 30.66%
and 10.22%, respectively.

In vitro study showed that the effect of
aclacinomycin-MPNS-PBCA-NCs on gastric cancer
cell line was less differences in comparison with
that of the physical blend of blank MPNs-NPs
with aclacinomycin solution, without any external
magnetic field. When the magnetic field with
surface field strength of 2.5 T was implanted into
the core of the cancer cells, the inhibitory rate of
aclacinomycin-MPNS-PBCA-NCs on human gastric
carcinoma (52.55%) was relatively twice higher
than that of the aclacinomycin solution (22.63%).

In spite of the remarkable targeting capability
of magnetic NCs in animal tests, there is still
some difficulties in its use to humans, for example
insignificant targeting at a depth of 42 cm within
the body, poor preservation of the magnetic
carriers upon the removal of magnet and also
poor drug binding and release capacity of the
carriers [32].

The researchers concluded that the
magnetically targeted chemotherapy using
aclacinomycin a conjugated magnetic PBCA
nanospheres showed improved tumour targeting,
lower toxicity and therapeutic efficiency.

Applying PBCA in breast cancer treatment

Anticancer property of cisplatin was well
entrapped into dextran NPs which showed
considerable effect on treatment for breast cancer,
was studied by Li et al. Studies have also shown
the improvement the efficacy of cisplatin is related
to various NPs [80] Farhat, Ibrahim et al. assessed
that lipoplatin in combination with liposomal
cisplatin and vinorelbine has the potential to
act positively and with good tolerability in the
treatment of HER2/neu negative metastatic breast
cancer, and such a combination show promising
results in first line of treatment [81].

Koohi Moftakhari Esfahani, Alavi et al.
evaluated the effectiveness of cisplatin-conjugated
PBCA NPs in treating breast cancer and employed
an orthotopic model of this tumour. They
synthesized PBCA NPs in conjugation with cisplatin
through mini-emulsion polymerization procedure
and concluded that cisplatin-conjugated PBCA NPs
had the potential to enhance the effectiveness of
cisplatinand lower the toxicity of the drug. Cisplatin
-PCBA nanoparticles lead to the reduction in tumor
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size dissimilar its free form and the control sample
[17]. Cabeza, Ortiz et al. evaluated the activity
of doxorubicin as an antitumour agent in breast
cancer, with the application of PBCA-NPs. NPs was
synthesized through emulsion/polymerization
technique. Size and size distribution of NPs were
assessed as 135 nm and 0.071, respectively.
It was showed that doxorubicin-encapsulated
PBCA-NPs is of importance in decreasing the
amount of doxorubicin required in achieving an
appropriate result as an anticancer agent but
with negligible toxicity in other tissues, because
of two features including biodegradability and
size. Small size of NPs makes them appropriate
candidates for easy penetration via tiny capillaries
into the target tissues and when constructed
using biodegradable materials, they can easily
remain in the body for several days and lead to
proper drug discharge [82].

In another study, co-encapsulation of
doxorubicin (DOX) and curcumin (CUR) were
done on PBCA-NPs using polymerization through
emulsion and via interfacial approaches. The
prepared nanoparticles were used for in vitro
anticancer evolution on breast cancer cells. CUR—
DOX—PBCA-NPs had average particle size and zeta
potential of 133+5.34 nm and +32.23+4.56 mV
respectively. The dual incorporation of curcumin
along with doxorubicin gained maximum reversal
effectiveness and unequivocally down regulated in
P-glycoprotein in an MCF-7 breast cancer cell line
which shows resistance to Adriamycin [52].

Duan et al [53] prepared chitosan coated PBCA
NPs loaded doxorubicin and after which folic acid
was subsequently conjugated to fabricate a folate-
targeted drug conveyer in drug delivery against
cancer. The average size and zeta potential of
synthesized DOX-PBCA-NPs (DOX-PBCA NPs) were
~174 £ 8.23 nm and 23.14 £ 4.25 mV, respectively
with 46.8 + 3.32% encapsulation capacity. Folate-
doped DOX-PBCA NPs presented improved cellular
intake, enhanced aiming capacity, and augmented
cell toxicity toward MCF-7 cells which overexpress
folate receptor compared to DOX-PBCA-NPs
lacking folate groups.

Applying PBCA in prostate cancer treatment

A study was conducted to investigate the
prostate cancer cells incubated with PBCA
regarding free Nile Red solubilized in growth
medium [83]. They investigated the consumption
and distribution throughout cells, using flow
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cytometry and confocal laser scanning microscopy.
They concluded that delivery of antitumour drugs
into the cytosol via a contact-induced mechanism
is not possible directly to the intracellular targets.
They also stated that contact-dependent transfer
mechanism and enhanced consumption of bound
drugs compared to non-bound ones could be
successful in delivering of hydrophobic anticancer
drugs as a therapeutic means for cancer therapy.

Applying PBCA in glioblastoma cancer treatment
Glioblastoma stands among one of the fiercest
and most aggressive of known human cancers.
In treating glioblastoma, pharmaceutical agents
should be able to cross blood-brain barrier (BBB).
Ebrahimi, Movahedi et al. studied the efficacy of
cisplatin-loaded PBCA prepared by miniemulsion
polymerization on the glioblastoma. Size and
zeta potential of NPs were evaluated as 489 nm
and -20 mV, respectively. Polysorbate 80 (surface
structure) was used as a coating agent to amiably
pass BBB in glioblastoma-bearing rats. Polysorbate
80wasused by one of them as endocytosis receptor
via brain endothelial cells, where absorption of
apolipoprotein E in plasma was preferred. NPs
functionalized with apolipoprotein E, absorbed
into brain, are notified as LDL. The researchers
concluded that nano drugs show low efficacy
rather than free drug, because of mean survival
time in nanodrug receivers was 17.5 days, while it
was 19.6 days for free drug receivers. In addition
decreasing side effects in vivo, this indicates their
favourable applicability in treatment against other
tumours. It was suggested that lowering the size
and altering the surface structure and properties
may be effective in smooth passing of BBB [35, 84].

Applying PBCA in brain cancer treatment

Studies have confirmed PBCA in conjugation
with  non-ionic  surfactant  polysorbate-80
appropriately delivered various small molecule
drugs of polar nature into the central nervous
system (CNS) [85, 86]. Drugs ranging from
doxorubicin to loperamide to tubocurarine,
and dalargin were readily targeted to CNS, by
adsorbing onto PBCA-NPs, its site for showing
pharmacological activity ,[85] by creating a
specific disruption of the BBB. Studies have
proposed that NPs nonspecifically permeabilize
BBB, which negates their effectiveness in brain
intake [87]. It has been reported that PBCA-NPs
are capable of drug delivery in BBB impenetrable

J Nanostruct 11(4): 754-771, Autumn 2021
[@)er |



S. Semyari et al. / PBCA as a Cancer Drug Delivery

fluorophores of a variety of sizes ranging from
500-Da targeted polar molecules to 150,000-
Da marked immunoglobulins into living mouse
brain [88]. However, high doses of PBCA-NPs with
polysorbate-80 can cause damage to the BBB.
Other studies have reported that PBCA-NPs only
have pharmacological effects after administration
of drugs. It is shown that LDL uptake system plays
vital role in initiating polysorbate 80 absorbing
of plasmatic apolipoprotein E (Apo-E) and NPs
coated with Apo-E [89]. Conducting investigative
studies on rats, unlike non targeted NPs, poly-
lactic-co-glycolic acid NPs decorated with
polysorbate 80 and charged with methotrexate-
transferrin, displayed higher penetrability, lower
toxicity effects on organs, and better activity
against tumour [90]. Kreuter and Gelperina
showed that PCBA-NPs charged polysorbate 80 /
poloxamer 188 was able to transfer doxorubicin
across the BBB and significantly lowered to PBCA-
NCs accomplish tumour targeting typically in two
ways: by passive targeting and by active targeting
approach [91]. Apart from that, the importance
of magnetic nanoparticles in treatment of brain
cancer is of utmost consideration since, brain
cells are particularly sensitive to its administration
and leading to their ease of diffusion across BBB,
unlike cells in liver and heart[92, 93]. Reimold,
Domke et al. used fluorescence microscopy to
evaluate brain-NP delivery through mini-emulsion
technique to produce PBCA particles of high
reproducibility and yield, in an efficient manner.
The NPs were loaded with 1.5% (w/v) fluorescein-
isothio-cyanate-dextran  (FITC-dextran), 1.5%
rhodamine-123 or 7.3% doxorubicin. 10% w/v
of polysorbate 80 was used to coat the NPs, and
injected into rats. Their results indicated that
surface-coupled PBCA-NPs could pass the BBB
and additionally mediate in drug-delivery to the
CNS. It was concluded that polymeric systems of
colloidal nature show an encouraging pathway to
surpass BBB [94]. Tian, Lin et al. conducted a study
to evaluate PBCA-NPs covered by polysorbate-80
to carry drugs into the animal brain. NPs were
prepared by emulsion polymerization. Higher
concentration of polysorbate-80-coated PBCA NPs
coupled with temozolomide was discovered in the
brain compared to unbound drug. They concluded
that delivery of temozolomide to the brain can
possibly be accomplished using polysorbate-80
coated PBCA-NPs delivery [69].

In another study, cisplatin loaded PBCA
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NPs (Cisplt-PBCA-NPs) were synthesized by
polymerization using by mimi-emulsion
technique for treating A172 brain cancer cell
line. The average size and zeta potential of
cisplatin conjugated-PBCA-NPs were 451.2+11.1
nm and 0.452+ 0.09 mV, respectively. Cisplatin
was physically administered and only 4.7% of
cisplatin was released after 68 h. Cisplt-PBCA-
NPs showed more cytotoxic effects on the cancer
cells in comparison to free cisplatin by enhanced
apoptosis rate in tumours. The results were at
par with the research on Cispt-PBCA-NPs showing
enhanced number of apoptotic and necrotic cells
in comparison to unbound cisplatin [95]. The
authors concluded that Cisplt-PBCA-NPs were
more effective in treatment of A172 brain cancer
cells compared to cisplatin in free/unbound form
[54].

In a similar study, PBCA NPs coupled
with cisplatin were synthesized by anionic
polymerization method, and their cytotoxic effect
was evaluated on the rat glioma cell line C6. The
synthesized nanoparticles were of optimum size
(222 nm) and zeta/surface potential was (5.1 +
0.2 mV) suitable for drug delivery. The results
presented that nanoconjugates of cisplatin have
more cytotoxic effect (IC50 of 67 uM) on brain cell
line than that of the free drug (IC50 of 99 uM) [55].
Nanoparticles were efficiently passed through the
barrier cells and cisplatin added an alkyl group to
DNA molecules, thus DNA replication is inhibited in
this manner which stimulates apoptosis induction
in cancer cells.

Applying PBCA in other cancer treatment
Cisplatin-loaded PBCANPs were prepared by
means of an anionic polymerization procedure
for the cure of lung cancer cells. It was displayed
that the size and the drug binding capacity of the
spherically synthesized NPs were 355-386 nm and
14-19%, respectively, and the drug escape profile
was a slow and controlled, around 10% release
over 48 h. Furthermore, the PBCANPs importantly
enhanced the cellular toxicity twice to that of
cisplatin in in vitro and increased the healing
property of the drug in vivo by increasing the
survival by 20%, in case of lung-cancer-containg
mice, unlike the standardized drug receiver group.
They presented that the prepared formulation
with 1.0% (w/v) PEG stabilizer at the temperature
of 65 °C had the maximum ease of drug loading,
cytotoxicity effects, and anticancer efficacy in vivo
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[59].

He et al. described preparation of hyaluronic
acid (HA) coated PBCA NPs using radical
polymerization method [60]. The NPs sizes ranged
from of 291-325nm. HA coating could considerably
decrease the cytotoxicity. It was found that
consumption of HA-PBCA NPs were nine and a
half time higher in Sarcoma-180 (S-180) cells that
of PBCA NPs, because of HA has specific receptors
in various tumours, thus gaining active targeting
and more absorb by tumour’s cells. It was showed
that paclitaxel (PTX)-bound HA-PBCA NPs were
of higher effectiveness in growth suppression of
cancer cells compared to PTX-conjugated PBCA
NPs or PTX administered intravenously to S-180
tumour containing mice. The author claimed that
the HA-PBCA NPs could were a potent as well as
safe for carrying hydrophobic antitumour drugs of
systemic nature.

Evangelatov was successful in synthesizing
epirubicin-conjugated PBCA NPs via the pre-
polymerization procedure and used this to
treat cervical carcinoma cells. It was showed
that cytotoxicity of the epirubicin-loaded PBCA
decreased as compared to the free drug .They
demonstrated that epirubicin and epirubicin-
loaded NPs as well as the free drug initiated cell
death, but showed innumerable cell responses
along with dissimilar cellular localization [96]
821 Epirubicin-loaded NPs were consumed /up
taken through endocytosis, showed endosomal
aggregation and resulted in twice the stronger
pro-apoptotic signal in comparison to unbound
drug.

PBCA-NPs coupled with chitosan synthesized,
using encapsulated formulation of curcumin via,
emulsion polymerization were synthesized by
Duan and co-workers [61]. The spherical curcumin
conjugated PBCA NPs had a mean particle size of
~ 250nm, making them suitable carriers in drug
delivery. A positive charge of 29.11+1.69mV on
the surface was successful in enhancing their
interaction with negatively charged biological
membranes and also stability as biological cations
and for targeted in-vivo delivery. Curcumin-PBCA-
NPs suppressed both COX-2 and VEGF expression
simultaneously inhibiting abnormal growth of
human hepatocellular carcinoma cell lines in vitro.
The cell viability of the HepG2, Bel7402 and Huh7
cell decreased from 87.35% to 8.5%, 92.47% to
4.84% and 94.57% to 0.99%, respectively, as the
curcurmin NPs concentration augments from 5
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to 50ug/mL after 24 h incubation at 37 <C. In vivo
study showed that curcumin NPs inhibited cancer
cell growth in liver in murine xenograft models
and these effects were accompanied via a potent
antiangiogenic response.

CONCLUSION

This review article aimed to summarize the
studies conducted on PBCA technique in drug
delivery, with some studies on cancer models of
higher significance, while several others require
further investigation. It is indeed a thorough
task to sum up and represent the drug delivery
efficiency of PCBA entirely. The review has mostly
focused on beneficial effects of PBCA as successful
drug delivery system. Considering the preparation
method, mini-emulsion polymerization looks
promising, and as its therapeutic applicability,
PCBA, showed positive results in suppressing
brain cancer in in vivo models. Overall, further
investigation is required to confirm the clinical
efficiency of PCBA.

ACKNOWLEDGMENT
We thank Prof. Azim Akbarzadeh for his critical
reading of this manuscript.

CONFLICT OF INTEREST

The authors declare that there is no conflict
of interests regarding the publication of this
manuscript.

REFERENCES

1. el Szic KS, Palagani A, Hassannia B, Sabbe L, Heyninck
K, Haegeman G, et al. Phytochemicals and Cancer
Chemoprevention: Epigenetic Friends or Foe? Phytochem-
Bioactivities and Impact on Health. 2011.

2. Zeng Y-W, Yang J-Z, Pu X-Y, Du J, Yang T, Yang S-M, et al.
Strategies of functional food for cancer prevention in
human beings. Asian Pac J Cancer P. 2013;14(3):1585-
1592.

3. Stenberg U, Ruland CM, Miaskowski C. Review of the
literature on the effects of caring for a patient with cancer.
Psycho-oncology. 2010;19(10):1013-1025.

4. Abdulla M, Gruber P. Role of diet modification in cancer
prevention. BioFactors. 2000;12(1-4):45-51.

5. Lu B, Huang X, Mo J, Zhao W. Drug delivery using
nanoparticles for cancer stem-like cell targeting. Front
Pharmacol. 2016;7:84.

6. Taghvaei F, Rastin SJ, Milani AT, Khameneh ZR, Hamini
F, Rasouli MA, et al. Carboplatin and epigallocatechin-
3-gallate synergistically induce cytotoxic effects in
esophageal cancer cells. Res Pharm Sci. 2021;16(3):240.

7. Mohammadian M, Zeynali-Moghaddam S, Ansari MHK,
Rasmi Y, Azarbayjani AF, Kheradmand F. Dihydropyrimidine

J Nanostruct 11(4): 754-771, Autumn 2021
[@)er |


http://dx.doi.org/10.5772/28499
http://dx.doi.org/10.5772/28499
http://dx.doi.org/10.5772/28499
http://dx.doi.org/10.5772/28499
http://dx.doi.org/10.7314/apjcp.2013.14.3.1585


http://dx.doi.org/10.7314/apjcp.2013.14.3.1585


http://dx.doi.org/10.7314/apjcp.2013.14.3.1585


http://dx.doi.org/10.7314/apjcp.2013.14.3.1585


http://dx.doi.org/10.1002/pon.1670


http://dx.doi.org/10.1002/pon.1670


http://dx.doi.org/10.1002/pon.1670


http://dx.doi.org/10.1002/biof.5520120108


http://dx.doi.org/10.1002/biof.5520120108


http://dx.doi.org/10.3389/fphar.2016.00084


http://dx.doi.org/10.3389/fphar.2016.00084


http://dx.doi.org/10.3389/fphar.2016.00084


http://dx.doi.org/10.4103/1735-5362.314822

http://dx.doi.org/10.4103/1735-5362.314822

http://dx.doi.org/10.4103/1735-5362.314822

http://dx.doi.org/10.4103/1735-5362.314822

http://dx.doi.org/10.15171/apb.2019.052


http://dx.doi.org/10.15171/apb.2019.052



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

S. Semyari et al. / PBCA as a Cancer Drug Delivery

dehydrogenase levels in colorectal cancer cells treated
with a combination of heat shock protein 90 inhibitor and
oxaliplatin or capecitabine. Adv Pharm Bull. 2019;9(3):439.
Zahreddine H, Borden K. Mechanisms and insights into
drug resistance in cancer. Front Pharmacol. 2013;4:28.
Cho K, Wang X, Nie S, Shin DM. Therapeutic
nanoparticles for drug delivery in cancer. Clin Cancer Res.
2008;14(5):1310-1316.

Jahanshahi M, Babaei Z. Protein nanoparticle: a unique
system as drug delivery vehicles. Afr J Biotechnol.
2008;7(25).

Shenoy DB, Amiji MM. Poly (ethylene oxide)-modified
poly (e-caprolactone) nanoparticles for targeted delivery
of tamoxifen in breast cancer. Int J Pharm. 2005;293(1-
2):261-270.

De Jong WH, Borm PJ. Drug delivery and nanoparticles:
applications and hazards. Int J Nanomedicine.
2008;3(2):133.

Fassas A, Buffels R, Kaloyannidis P, Anagnostopoulos A.
Safety of high-dose liposomal daunorubicin (daunoxome)
for refractory or relapsed acute myeloblastic leukaemia. Br
J Haematol. 2003;122(1):161-163.

Alexis F, Pridgen E, Molnar LK, Farokhzad OC. Factors
affecting the clearance and biodistribution of polymeric
nanoparticles. Mol Pharm. 2008;5(4):505-515.

Muthu M. Nanoparticles based on PLGA and its co-
polymer: An overview. Asian J Pharm. 2014;3(4).

Kumari A, Yadav SK, Yadav SC. Biodegradable polymeric
nanoparticles based drug delivery systems. Colloids Surf B.
2010;75(1):1-18.

Koohi Moftakhari Esfahani M, Alavi SE, Shahbazian S,
Ebrahimi Shahmabadi H. Drug delivery of cisplatin to
breast cancer by polybutylcyanoacrylate nanoparticles.
Adv Polym Tech. 2018;37(3):674-678.

Vauthier C, Dubernet C, Chauvierre C, Brigger |, Couvreur
P. Drug delivery to resistant tumors: the potential of poly
(alkyl cyanoacrylate) nanoparticles. J Control Release.
2003;93(2):151-160.

Wu M, Frochot C, Dellacherie E, Marie E, editors. Well-
Defined Poly (butyl cyanoacrylate) Nanoparticles via
Miniemulsion Polymerization. Macromol Symp; 2009:
Wiley Online Library.

Doun SKB, Alavi SE, Esfahani MKM, Shahmabadi HE,
Alavi F, Hamzei S. Efficacy of Cisplatin-loaded poly butyl
cyanoacrylate nanoparticles on the ovarian cancer: an in
vitro study. Tumor Biolo. 2014;35(8):7491-7497.

Fatemeh DRA, Shahmabadi HE, Abedi A, Alavi SE,
Movahedi F, Esfahani MKM, et al. Polybutylcyanoacrylate
nanoparticles and drugs of the platinum family: Last
status. Indian J Clin Biochem. 2014;29(3):333-338.

Pandya AD, lversen T-G, Moestue S, Grinde MT, Mgrch
Y, Snipstad S, et al. Biodistribution of Poly (alkyl
cyanoacrylate) Nanoparticles in Mice and Effect on Tumor
Infiltration of Macrophages into a Patient-Derived Breast
Cancer Xenograft. Nanomaterials. 2021;11(5):1140.

Obinu A, Rassu G, Corona P, Maestri M, Riva F, Miele D, et
al. Poly (ethyl 2-cyanoacrylate) nanoparticles (PECA-NPs)
as possible agents in tumor treatment. Colloids Surf B
Biointerfaces. 2019;177:520-528.

Salgueiro A, Gamisans F, Espina M, Alcober X, Garcia M,
Egea M. Cyclophosphamide-loaded nanospheres: analysis
of the matrix structure by thermal and spectroscopic
methods. J Microencapsul. 2002;19(3):305-310.

J Nanostruct 11(4): 754-771, Autumn 2021
[@)er |

25.

26.

27.

28.

29.

30.

31

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43,

Vauthier C, Labarre D, Ponchel G. Design aspects of poly
(alkylcyanoacrylate) nanoparticles for drug delivery. J Drug
Target. 2007;15(10):641-663.

IlumL, Khan M, MakE, Davis S. Evaluation of carrier capacity
and release characteristics for poly (butyl 2-cyanoacrylate)
nanoparticles. Int J Pharm. 1986;30(1):17-28.

Zhang Z, Liao G, Nagai T, Hou S. Mitoxantrone polybutyl
cyanoacrylate nanoparticles as an anti-neoplastic targeting
drug delivery system. Int J Pharm. 1996;139(1-2):1-8.
Huang C-Y, Lee Y-D. Core-shell type of nanoparticles
composed of poly [(n-butyl cyanoacrylate)-co-(2-octyl
cyanoacrylate)] copolymers for drug delivery application:
synthesis, characterization and in vitro degradation. Int J
Pharm. 2006;325(1-2):132-139.

Huang C-Y, Chen C-M, Lee Y-D. Synthesis of high loading
and encapsulation efficient paclitaxel-loaded poly (n-butyl
cyanoacrylate) nanoparticles via miniemulsion. Int J
Pharm. 2007;338(1-2):267-275.

Dadwal M, Solan D, Pradesh H. Polymeric nanoparticles as
promising novel carriers for drug delivery: an overview. J
Adv Pharm Educ Res. 2014;4(1).

Couvreur P, Dubernet C, Puisieux F. Controlled drug delivery
with nanoparticles: current possibilities and future trends.
Eur J Pharm Biopharm. 1995;41(1):2-13.

Gao S, Xu Y, Asghar S, Chen M, Zou L, Eltayeb S, et al.
Polybutylcyanoacrylate nanocarriers as promising targeted
drug delivery systems. J Drug Target. 2015;23(6):481-496.
Yordanov GG, Dushkin CD. Preparation of poly
(butylcyanoacrylate) drug carriers by nanoprecipitation
using a pre-synthesized polymer and different colloidal
stabilizers. Colloid Polym Sci. 2010;288(9):1019-1026.

He W, Jiang X, Zhang Z-R. Preparation and evaluation of
poly-butylcyanoacrylate nanoparticles for oral delivery of
thymopentin. J Pharm Sci. 2008;97(6):2250-2259.
Mohanraj V, Chen Y. Nanoparticles-a review. Trop J Pharm
Res. 2006;5(1):561-573.

Murthy R, Reddy LH. Poly (alkyl cyanoacrylate)
nanoparticles for delivery of anti-cancer drugs.
Nanotechnology for cancer therapy: CRC Press; 2006. p.
251-288.

Hekmatara T, Gelperina S, Vogel V, Yang S-R, Kreuter J.
Encapsulation of water-insoluble drugs in poly (butyl
cyanoacrylate) nanoparticles. J Nanosci Nanotechnol.
2009;9(8):5091-5098.

Landfester K. Synthesis of colloidal particles in
miniemulsions. Annu Rev Mater Res. 2006;36:231-279.
Landfester K, Musyanovych A. Hydrogels in miniemulsions.
Chemical design of responsive microgels. 2010:39-63.
Kanaani L, Far ME, Kazemi SM, Choupani E, Tabrizi MM,
Shahmabadi HE, et al. General characteristics and cytotoxic
effects of nano-poly (butyl cyanoacrylate) containing
carboplatin on ovarian cancer cells. Asian Pac J Cancer P.
2017;18(1):87.

Antonietti M, Landfester K. Polyreactions in miniemulsions.
Prog Polym Sci. 2002;27(4):689-757.

NicolasJ, Couvreur P. Synthesis of poly (alkyl cyanoacrylate)-
based colloidal nanomedicines. Wiley Interdisciplinary
Reviews:  Nanomedicine and  Nanobiotechnology.
2009;1(1):111-127.

Musyanovych A, Landfester K. Synthesis of poly
(butylcyanoacrylate)  nanocapsules by interfacial
polymerization in miniemulsions for the delivery of
DNA molecules. Surface and interfacial forces—from

769


http://dx.doi.org/10.15171/apb.2019.052


http://dx.doi.org/10.15171/apb.2019.052


http://dx.doi.org/10.15171/apb.2019.052


http://dx.doi.org/10.3389/fphar.2013.00028


http://dx.doi.org/10.3389/fphar.2013.00028


http://dx.doi.org/10.1158/1078-0432.ccr-07-1441

http://dx.doi.org/10.1158/1078-0432.ccr-07-1441

http://dx.doi.org/10.1158/1078-0432.ccr-07-1441

http://dx.doi.org/10.1088/2053-2571/ab01f6ch1

http://dx.doi.org/10.1088/2053-2571/ab01f6ch1

http://dx.doi.org/10.1088/2053-2571/ab01f6ch1

http://dx.doi.org/10.1016/j.ijpharm.2004.12.010


http://dx.doi.org/10.1016/j.ijpharm.2004.12.010


http://dx.doi.org/10.1016/j.ijpharm.2004.12.010


http://dx.doi.org/10.1016/j.ijpharm.2004.12.010


http://dx.doi.org/10.2147/ijn.s596


http://dx.doi.org/10.2147/ijn.s596


http://dx.doi.org/10.2147/ijn.s596


http://dx.doi.org/10.1046/j.1365-2141.2003.04395_3.x

http://dx.doi.org/10.1046/j.1365-2141.2003.04395_3.x

http://dx.doi.org/10.1046/j.1365-2141.2003.04395_3.x

http://dx.doi.org/10.1046/j.1365-2141.2003.04395_3.x


http://dx.doi.org/10.1021/mp800051m



http://dx.doi.org/10.1021/mp800051m



http://dx.doi.org/10.1021/mp800051m


http://dx.doi.org/10.4103/0973-8398.59948

http://dx.doi.org/10.4103/0973-8398.59948

http://dx.doi.org/10.1016/j.colsurfb.2009.09.001


http://dx.doi.org/10.1016/j.colsurfb.2009.09.001


http://dx.doi.org/10.1016/j.colsurfb.2009.09.001


http://dx.doi.org/10.1002/adv.21709

http://dx.doi.org/10.1002/adv.21709

http://dx.doi.org/10.1002/adv.21709

http://dx.doi.org/10.1002/adv.21709

http://dx.doi.org/10.1016/j.jconrel.2003.08.005

http://dx.doi.org/10.1016/j.jconrel.2003.08.005

http://dx.doi.org/10.1016/j.jconrel.2003.08.005

http://dx.doi.org/10.1016/j.jconrel.2003.08.005

http://dx.doi.org/10.1002/masy.200950705


http://dx.doi.org/10.1002/masy.200950705


http://dx.doi.org/10.1002/masy.200950705


http://dx.doi.org/10.1002/masy.200950705


http://dx.doi.org/10.1007/s13277-014-1996-8

http://dx.doi.org/10.1007/s13277-014-1996-8

http://dx.doi.org/10.1007/s13277-014-1996-8

http://dx.doi.org/10.1007/s13277-014-1996-8

http://dx.doi.org/10.1007/s12291-013-0364-6

http://dx.doi.org/10.1007/s12291-013-0364-6

http://dx.doi.org/10.1007/s12291-013-0364-6

http://dx.doi.org/10.1007/s12291-013-0364-6

http://dx.doi.org/10.3390/nano11051140

http://dx.doi.org/10.3390/nano11051140

http://dx.doi.org/10.3390/nano11051140

http://dx.doi.org/10.3390/nano11051140

http://dx.doi.org/10.3390/nano11051140

http://dx.doi.org/10.1016/j.colsurfb.2019.02.036


http://dx.doi.org/10.1016/j.colsurfb.2019.02.036


http://dx.doi.org/10.1016/j.colsurfb.2019.02.036


http://dx.doi.org/10.1016/j.colsurfb.2019.02.036


http://dx.doi.org/10.1080/02652040110081352


http://dx.doi.org/10.1080/02652040110081352


http://dx.doi.org/10.1080/02652040110081352


http://dx.doi.org/10.1080/02652040110081352



http://dx.doi.org/10.1080/10611860701603372



http://dx.doi.org/10.1080/10611860701603372



http://dx.doi.org/10.1080/10611860701603372


http://dx.doi.org/10.1016/0378-5173(86)90131-6
http://dx.doi.org/10.1016/0378-5173(86)90131-6
http://dx.doi.org/10.1016/0378-5173(86)90131-6
http://dx.doi.org/10.1016/0378-5173(96)04550-4

http://dx.doi.org/10.1016/0378-5173(96)04550-4

http://dx.doi.org/10.1016/0378-5173(96)04550-4

http://dx.doi.org/10.1016/j.ijpharm.2006.06.008
http://dx.doi.org/10.1016/j.ijpharm.2006.06.008
http://dx.doi.org/10.1016/j.ijpharm.2006.06.008
http://dx.doi.org/10.1016/j.ijpharm.2006.06.008
http://dx.doi.org/10.1016/j.ijpharm.2006.06.008
http://dx.doi.org/10.1016/j.ijpharm.2007.01.052

http://dx.doi.org/10.1016/j.ijpharm.2007.01.052

http://dx.doi.org/10.1016/j.ijpharm.2007.01.052

http://dx.doi.org/10.1016/j.ijpharm.2007.01.052

http://dx.doi.org/10.22159/ajpcr.2018.v11i1.22035

http://dx.doi.org/10.22159/ajpcr.2018.v11i1.22035

http://dx.doi.org/10.22159/ajpcr.2018.v11i1.22035


http://dx.doi.org/10.3109/1061186x.2015.1020426


http://dx.doi.org/10.3109/1061186x.2015.1020426


http://dx.doi.org/10.3109/1061186x.2015.1020426


http://dx.doi.org/10.1007/s00396-010-2226-6


http://dx.doi.org/10.1007/s00396-010-2226-6


http://dx.doi.org/10.1007/s00396-010-2226-6


http://dx.doi.org/10.1007/s00396-010-2226-6


http://dx.doi.org/10.1002/jps.21148


http://dx.doi.org/10.1002/jps.21148


http://dx.doi.org/10.1002/jps.21148

http://dx.doi.org/10.4314/tjpr.v5i1.14634


http://dx.doi.org/10.4314/tjpr.v5i1.14634


http://dx.doi.org/10.1201/9781420006636-15

http://dx.doi.org/10.1201/9781420006636-15

http://dx.doi.org/10.1201/9781420006636-15

http://dx.doi.org/10.1201/9781420006636-15

http://dx.doi.org/10.1166/jnn.2009.gr05

http://dx.doi.org/10.1166/jnn.2009.gr05

http://dx.doi.org/10.1166/jnn.2009.gr05

http://dx.doi.org/10.1166/jnn.2009.gr05

http://dx.doi.org/10.1146/annurev.matsci.36.032905.091025

http://dx.doi.org/10.1146/annurev.matsci.36.032905.091025

http://dx.doi.org/10.1007/12_2010_68


http://dx.doi.org/10.1007/12_2010_68


http://dx.doi.org/10.31557/apjcb.2016.1.1.9-13
http://dx.doi.org/10.31557/apjcb.2016.1.1.9-13
http://dx.doi.org/10.31557/apjcb.2016.1.1.9-13
http://dx.doi.org/10.31557/apjcb.2016.1.1.9-13
http://dx.doi.org/10.31557/apjcb.2016.1.1.9-13
http://dx.doi.org/10.1016/s0079-6700(01)00051-x

http://dx.doi.org/10.1016/s0079-6700(01)00051-x

http://dx.doi.org/10.1002/wnan.15
http://dx.doi.org/10.1002/wnan.15
http://dx.doi.org/10.1002/wnan.15
http://dx.doi.org/10.1002/wnan.15
http://dx.doi.org/10.1007/2882_2008_089
http://dx.doi.org/10.1007/2882_2008_089
http://dx.doi.org/10.1007/2882_2008_089
http://dx.doi.org/10.1007/2882_2008_089

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

770

S. Semyari et al. / PBCA as a Cancer Drug Delivery

fundamentals to applications: Springer; 2008. p. 120-127.
Ebrahimifar M KS, Mazloumi Tabrizi M. Nano Drug Delivery
to Brain Cancer. 2017.

Brannon-Peppas L, Blanchette JO. Nanoparticle and
targeted systems for cancer therapy. Adv Drug Deliv Rev.
2004;56(11):1649-1659.

Lescure F, Zimmer C, Roy D, Couvreur P. Optimization of
polyalkylcyanoacrylate nanoparticle preparation: influence
of sulfur dioxide and pH on nanoparticle characteristics. J
Colloid Interface Sci. 1992;154(1):77-86.

Behan N, Birkinshaw C, Clarke N. Poly n-butyl cyanoacrylate
nanoparticles: a mechanistic study of polymerisation and
particle formation. Biomaterials. 2001;22(11):1335-1344.
Kamaly N, Yameen B, Wu J, Farokhzad OC. Degradable
controlled-release polymers and polymeric nanoparticles:
mechanisms of controlling drug release. Chem Rev.
2016;116(4):2602-2663.

Pons M, Garcia M, Valls O. Influence of stabilizers
on particle size and polydispersity of polybutyl-and
polyisobutil-cyanoacrylate nanoparticles. Colloid Polym
Sci. 1991;269(8):855-858.

Pangi Z BA, Evangelatos K. PEGylated nanoparticles for
biological and pharmaceutical applications. Adv Drug Del
Rev. 2003;55(3):403-419.

Ren F, Chen R, Wang Y, Sun Y, Jiang Y, Li G. Paclitaxel-loaded
poly (n-butylcyanoacrylate) nanoparticle delivery system
to overcome multidrug resistance in ovarian cancer. Pharm
Res. 2011;28(4):897-906.

Duan J, Mansour HM, Zhang Y, Deng X, Chen Y, Wang J, et
al. Reversion of multidrug resistance by co-encapsulation
of doxorubicin and curcumin in chitosan/poly (butyl
cyanoacrylate) nanoparticles. Int J Pharm. 2012;426(1-
2):193-201.

Duan J, Liu M, Zhang Y, Zhao J, Pan Y, Yang X. Folate-
decorated chitosan/doxorubicin poly (butyl) cyanoacrylate
nanoparticles for tumor-targeted drug delivery. ) Nanopart
Res. 2012;14(4):1-9.

Chiani M, Milani AT, Nemati M, Rezaeidian J, Ehsanbakhsh
H, Ahmadi Z, et al. Anticancer effect of cisplatin-loaded
poly (Butylcyanoacrylate) nanoparticles on A172 brain
cancer cells line. Asian Pac J Cancer P. 2019;20(1):303.
Mohamadi N, Kazemi SM, Mohammadian M, Milani AT,
Moradi Y, Yasemi M. Toxicity of cisplatin-loaded poly
butyl cyanoacrylate nanoparticles in a brain cancer cell
line: Anionic polymerization results. Asian Pac J Cancer P.
2017;18(3):629.

Zhang Y, Yu J, Zhang L, Cai J, Cai D, Lv C. Enhanced anti-
tumor effects of doxorubicin on glioma by entrapping
in polybutylcyanoacrylate nanoparticles. Tumor Biol.
2016;37(2):2703-2708.

Ambruosi A, Gelperina S, Khalansky A, Tanski S, Theisen
A, Kreuter J. Influence of surfactants, polymer and
doxorubicin loading on the anti-tumour effect of poly
(butyl cyanoacrylate) nanoparticles in a rat glioma model.
J Microencapsul. 2006;23(5):582-592.

Gulyaev AE, Gelperina SE, Skidan IN, Antropov AS, Kivman
GY, Kreuter J. Significant transport of doxorubicin into the
brain with polysorbate 80-coated nanoparticles. Pharm
Res. 1999;16(10):1564-1569.

Alavi SE, Muflih Al Harthi S, Ebrahimi Shahmabadi H,
Akbarzadeh A. Cisplatin-loaded polybutylcyanoacrylate
nanoparticles with improved properties as an anticancer
agent. Int J Mol Sci. 2019;20(7):1531.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

He M, Zhao Z, Yin L, Tang C, Yin C. Hyaluronic acid coated
poly (butyl cyanoacrylate) nanoparticles as anticancer
drug carriers. Int J Pharm. 2009;373(1-2):165-173.

DuanJ, Zhang Y, Han S, Chen Y, Li B, Liao M, et al. Synthesis
and in vitro/in vivo anti-cancer evaluation of curcumin-
loaded chitosan/poly (butyl cyanoacrylate) nanoparticles.
Int J Pharm. 2010;400(1-2):211-220.

Rizvi SA, Saleh AM. Applications of nanoparticle systems
in drug delivery technology. Saudi Pharm J. 2018;26(1):64-
70.

Voigt N, Henrich-Noack P, Kockentiedt S, Hintz W, Tomas J,
Sabel BA. Toxicity of polymeric nanoparticles in vivo and in
vitro. Journal of nanoparticle research. 2014;16(6):1-13.
Wolfram J, Zhu M, Yang Y, Shen J, Gentile E, Paolino D, et
al. Safety of nanoparticles in medicine. Curr Drug Targets.
2015;16(14):1671-1681.
Elsabahy M, Wooley KL.
of nanoparticle immunotoxicity.
2013;42(12):5552-5576.

Liu Y, Jiao F, Qiu Y, Li W, Lao F, Zhou G, et al. The effect
of Gd@ C82 (OH) 22 nanoparticles on the release of Th1/
Th2 cytokines and induction of TNF-a mediated cellular
immunity. Biomaterials. 2009;30(23-24):3934-3945.
Dwivedi PD, Tripathi A, Ansari KM, Shanker R, Das M.
Impact of nanoparticles on the immune system. J Biomed
Nanotechnol. 2011;7(1):193-194.

Yu Z, Li Q, Wang J, Yu Y, Wang Y, Zhou Q, et al. Reactive
oxygen species-related nanoparticle toxicity in the
biomedical field. Nanoscale Res Lett. 2020;15:1-14.

Tian X-H, Lin X-N, Wei F, Feng W, Huang Z-C, Wang
P, et al. Enhanced brain targeting of temozolomide
in  polysorbate-80  coated  polybutylcyanoacrylate
nanoparticles. Int J Nanomedicine. 2011;6:445.

Jawahar N, Meyyanathan S. Polymeric nanoparticles for
drug delivery and targeting: A comprehensive review. Int
j res health allied sci. 2012;1(4):217.

Matsumura Y, Maeda H. A new concept for macromolecular
therapeutics in cancer chemotherapy: mechanism of
tumoritropic accumulation of proteins and the antitumor
agent smancs. Cancer Res. 1986;46(12 Part 1):6387-6392.
Milani AT, Khadem-Ansari MH, Rasmi Y. Effects of thyroid-
stimulating hormone on adhesion molecules and pro-
inflammatory cytokines secretion in human umbilical vein
endothelial cells. Res Pharm Sci. 2018;13(6):546.
Ebrahimifar M, Nili-Ahmadabadi A, Akbarzadeh A,
Shahemabadi HE, Hasanzadegan M, Moradi-Sardareh H,
et al. Preparation, characterization and cytotoxic effects
of pegylated nanoliposomal containing carboplatin
on ovarian cancer cell lines. Indian J Clin Biochem.
2017;32(2):230-234.

Rogers B, editor Taxol: a promising new drug of the’90s.
Oncol Nurs Forum; 1993.

Gelderblom H, Verweij J, Nooter K, Sparreboom A.
Cremophor EL: the drawbacks and advantages of
vehicle selection for drug formulation. Eur J Cancer.
2001;37(13):1590-1598.

Lo Y-L. Phospholipids as multidrug resistance modulators
of the transport of epirubicin in human intestinal epithelial
Caco-2 cell layers and everted gut sacs of rats. Biochem
Pharmacol. 2000;60(9):1381-1390.

Egea MA, Gamisans F, Valero J, Garcia M, Garcia
M. Entrapment of cisplatin into biodegradable
polyalkylcyanoacrylate nanoparticles. Farmaco (Societa

Cytokines as biomarkers
Chem Soc Rew.

J Nanostruct 11(4): 754-771, Autumn 2021
[@)er |


http://dx.doi.org/10.1007/2882_2008_089
http://dx.doi.org/10.21767/2321-547x.1000016

http://dx.doi.org/10.21767/2321-547x.1000016

http://dx.doi.org/10.1016/j.addr.2004.02.014

http://dx.doi.org/10.1016/j.addr.2004.02.014

http://dx.doi.org/10.1016/j.addr.2004.02.014

http://dx.doi.org/10.1016/0021-9797(92)90079-2
http://dx.doi.org/10.1016/0021-9797(92)90079-2
http://dx.doi.org/10.1016/0021-9797(92)90079-2
http://dx.doi.org/10.1016/0021-9797(92)90079-2
http://dx.doi.org/10.1016/s0142-9612(00)00286-6

http://dx.doi.org/10.1016/s0142-9612(00)00286-6

http://dx.doi.org/10.1016/s0142-9612(00)00286-6

http://dx.doi.org/10.1021/acs.chemrev.5b00346

http://dx.doi.org/10.1021/acs.chemrev.5b00346

http://dx.doi.org/10.1021/acs.chemrev.5b00346

http://dx.doi.org/10.1021/acs.chemrev.5b00346

http://dx.doi.org/10.1007/bf00657453

http://dx.doi.org/10.1007/bf00657453

http://dx.doi.org/10.1007/bf00657453

http://dx.doi.org/10.1007/bf00657453

http://dx.doi.org/10.1016/s0169-409x(02)00226-0

http://dx.doi.org/10.1016/s0169-409x(02)00226-0

http://dx.doi.org/10.1016/s0169-409x(02)00226-0

http://dx.doi.org/10.1007/s11095-010-0346-9
http://dx.doi.org/10.1007/s11095-010-0346-9
http://dx.doi.org/10.1007/s11095-010-0346-9
http://dx.doi.org/10.1007/s11095-010-0346-9
http://dx.doi.org/10.1016/j.ijpharm.2012.01.020
http://dx.doi.org/10.1016/j.ijpharm.2012.01.020
http://dx.doi.org/10.1016/j.ijpharm.2012.01.020
http://dx.doi.org/10.1016/j.ijpharm.2012.01.020
http://dx.doi.org/10.1016/j.ijpharm.2012.01.020
http://dx.doi.org/10.1007/s11051-012-0761-4

http://dx.doi.org/10.1007/s11051-012-0761-4

http://dx.doi.org/10.1007/s11051-012-0761-4

http://dx.doi.org/10.1007/s11051-012-0761-4

http://dx.doi.org/10.31557/apjcp.2019.20.1.303

http://dx.doi.org/10.31557/apjcp.2019.20.1.303

http://dx.doi.org/10.31557/apjcp.2019.20.1.303

http://dx.doi.org/10.31557/apjcp.2019.20.1.303

http://dx.doi.org/10.31557/apjcp.2019.20.1.303

http://dx.doi.org/10.31557/apjcp.2019.20.1.303

http://dx.doi.org/10.31557/apjcp.2019.20.1.303

http://dx.doi.org/10.31557/apjcp.2019.20.1.303

http://dx.doi.org/10.31557/apjcp.2019.20.1.303


http://dx.doi.org/10.1007/s13277-015-4106-7



http://dx.doi.org/10.1007/s13277-015-4106-7



http://dx.doi.org/10.1007/s13277-015-4106-7



http://dx.doi.org/10.1007/s13277-015-4106-7


http://dx.doi.org/10.1080/02652040600788080

http://dx.doi.org/10.1080/02652040600788080

http://dx.doi.org/10.1080/02652040600788080

http://dx.doi.org/10.1080/02652040600788080

http://dx.doi.org/10.1080/02652040600788080


http://dx.doi.org/10.1023/a:1018983904537


http://dx.doi.org/10.1023/a:1018983904537


http://dx.doi.org/10.1023/a:1018983904537


http://dx.doi.org/10.1023/a:1018983904537

http://dx.doi.org/10.3390/ijms20071531


http://dx.doi.org/10.3390/ijms20071531


http://dx.doi.org/10.3390/ijms20071531


http://dx.doi.org/10.3390/ijms20071531


http://dx.doi.org/10.1016/j.ijpharm.2009.02.012


http://dx.doi.org/10.1016/j.ijpharm.2009.02.012


http://dx.doi.org/10.1016/j.ijpharm.2009.02.012


http://dx.doi.org/10.1016/j.ijpharm.2010.08.033
http://dx.doi.org/10.1016/j.ijpharm.2010.08.033
http://dx.doi.org/10.1016/j.ijpharm.2010.08.033
http://dx.doi.org/10.1016/j.ijpharm.2010.08.033
http://dx.doi.org/10.1016/j.jsps.2017.10.012

http://dx.doi.org/10.1016/j.jsps.2017.10.012

http://dx.doi.org/10.1016/j.jsps.2017.10.012


http://dx.doi.org/10.1007/s11051-014-2379-1


http://dx.doi.org/10.1007/s11051-014-2379-1


http://dx.doi.org/10.1007/s11051-014-2379-1

http://dx.doi.org/10.2174/1389450115666140804124808


http://dx.doi.org/10.2174/1389450115666140804124808


http://dx.doi.org/10.2174/1389450115666140804124808


http://dx.doi.org/10.1039/c3cs60064e


http://dx.doi.org/10.1039/c3cs60064e


http://dx.doi.org/10.1039/c3cs60064e


http://dx.doi.org/10.1016/j.biomaterials.2009.04.001
http://dx.doi.org/10.1016/j.biomaterials.2009.04.001
http://dx.doi.org/10.1016/j.biomaterials.2009.04.001
http://dx.doi.org/10.1016/j.biomaterials.2009.04.001
http://dx.doi.org/10.1166/jbn.2011.1264

http://dx.doi.org/10.1166/jbn.2011.1264

http://dx.doi.org/10.1166/jbn.2011.1264

http://dx.doi.org/10.1186/s11671-020-03344-7


http://dx.doi.org/10.1186/s11671-020-03344-7


http://dx.doi.org/10.1186/s11671-020-03344-7


http://dx.doi.org/10.2147/ijn.s16570


http://dx.doi.org/10.2147/ijn.s16570


http://dx.doi.org/10.2147/ijn.s16570


http://dx.doi.org/10.2147/ijn.s16570


http://dx.doi.org/10.4103/2278-344x.107832

http://dx.doi.org/10.4103/2278-344x.107832

http://dx.doi.org/10.4103/2278-344x.107832

http://dx.doi.org/10.1016/s0169-409x(00)00134-4

http://dx.doi.org/10.1016/s0169-409x(00)00134-4

http://dx.doi.org/10.1016/s0169-409x(00)00134-4

http://dx.doi.org/10.1016/s0169-409x(00)00134-4

http://dx.doi.org/10.4103/1735-5362.245966


http://dx.doi.org/10.4103/1735-5362.245966


http://dx.doi.org/10.4103/1735-5362.245966


http://dx.doi.org/10.4103/1735-5362.245966


http://dx.doi.org/10.1007/s12291-016-0596-3
http://dx.doi.org/10.1007/s12291-016-0596-3
http://dx.doi.org/10.1007/s12291-016-0596-3
http://dx.doi.org/10.1007/s12291-016-0596-3
http://dx.doi.org/10.1007/s12291-016-0596-3
http://dx.doi.org/10.1007/s12291-016-0596-3
http://dx.doi.org/10.1177/104345429301000108

http://dx.doi.org/10.1177/104345429301000108


http://dx.doi.org/10.1016/s0959-8049(01)00171-x


http://dx.doi.org/10.1016/s0959-8049(01)00171-x


http://dx.doi.org/10.1016/s0959-8049(01)00171-x


http://dx.doi.org/10.1016/s0959-8049(01)00171-x

http://dx.doi.org/10.1016/s0006-2952(00)00451-2
http://dx.doi.org/10.1016/s0006-2952(00)00451-2
http://dx.doi.org/10.1016/s0006-2952(00)00451-2
http://dx.doi.org/10.1016/s0006-2952(00)00451-2
http://dx.doi.org/10.3109/03639049609041987


http://dx.doi.org/10.3109/03639049609041987


http://dx.doi.org/10.3109/03639049609041987



78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

S. Semyari et al. / PBCA as a Cancer Drug Delivery

chimica italiana: 1989). 1994;49(3):211-217.

Doz F, Berens ME, Dougherty DV, Rosenblum ML.
Comparison of the cytotoxic activities of cisplatin and
carboplatin against glioma cell lines at pharmacologically
relevant drug exposures. J Neuro-Onco. 1991;11(1):27-35.
Gao H, Wang J-Y, Shen X-Z, Deng Y-H, Zhang W. Preparation
of magnetic  polybutylcyanoacrylate  nanospheres
encapsulated with aclacinomycin A and its effect on gastric
tumor. World J Gastroenterol. 2004;10(14):2010.

Li M, Tang Z, Zhang Y, Lv S, Li Q, Chen X. Targeted
delivery of cisplatin by LHRH-peptide conjugated dextran
nanoparticles suppresses breast cancer growth and
metastasis. Acta Biomater. 2015;18:132-143.

Farhat F, Ibrahim K, Kattan J, Bitar N, Jalloul R, Nsouly G,
et al. Preliminary results of a phase Il study of liposomal
cisplatin-vinorelbine combination as first-line treatment in
HER2/neu negative metastatic breast cancer (MBC). J Clin
Oncol. 2009;27(15_suppl):1068-1068.

Cabeza L, Ortiz R, Arias JL, Prados J, Martinez MAR, Entrena
JM, et al. Enhanced antitumor activity of doxorubicin in
breast cancer through the use of poly (butylcyanoacrylate)
nanoparticles. Int J Nanomedicine. 2015;10:1291.
Snipstad S, Westrgm S, Mgrch Y, Afadzi M, Aslund AK, de
Lange Davies C. Contact-mediated intracellular delivery of
hydrophobic drugs from polymeric nanoparticles. Cancer
Nanotechnol. 2014;5(1):1-18.

Shahmabadi HE, Movahedi F, Esfahani MKM, Alavi SE,
Eslamifar A, Anaraki GM, et al. Efficacy of Cisplatin-loaded
polybutyl cyanoacrylate nanoparticles on the glioblastoma.
Tumor Biolo. 2014;35(5):4799-4806.

Kreuter J. Nanoparticulate systems in drug delivery and
targeting. Taylor & Francis; 1995.

Friese A, Seiller E, Quack G, Lorenz B, Kreuter J. Increase
of the duration of the anticonvulsive activity of a novel
NMDA receptor antagonist using poly (butylcyanoacrylate)
nanoparticles as a parenteral controlled release system.
Eur J Pharm Biopharm. 2000;49(2):103-109.

Olivier J-C, Fenart L, Chauvet R, Pariat C, Cecchelli R,
Couet W. Indirect evidence that drug brain targeting
using polysorbate 80-coated polybutylcyanoacrylate
nanoparticles is related to toxicity. Pharm Res.
1999;16(12):1836-1842.

J Nanostruct 11(4): 754-771, Autumn 2021
[@)er |

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

Koffie RM, Farrar CT, Saidi L-J, William CM, Hyman BT,
Spires-Jones TL. Nanoparticles enhance brain delivery
of blood-brain barrier-impermeable probes for in
vivo optical and magnetic resonance imaging. PNAS.
2011;108(46):18837-18842.

Kreuter J, Ramge P, Petrov V, Hamm S, Gelperina SE,
Engelhardt B, et al. Direct evidence that polysorbate-80-
coated poly (butylcyanoacrylate) nanoparticles deliver
drugs to the CNS via specific mechanisms requiring
prior binding of drug to the nanoparticles. Pharm Res.
2003;20(3):409-416.

Jain A, Jain A, Garg NK, Tyagi RK, Singh B, Katare OP, et al.
Surface engineered polymeric nanocarriers mediate the
delivery of transferrin-methotrexate conjugates for an
improved understanding of brain cancer. Acta Biomater.
2015;24:140-151.

Kreuter J, Gelperina S. Use of nanoparticles for cerebral
cancer. Tumori j. 2008;94(2):271-277.

Laurent S, Burtea C, Thirifays C, Hafeli UO, Mahmoudi
M. Crucial ignored parameters on nanotoxicology: the
importance of toxicity assay modifications and “cell vision”.
PLoS One. 2012;7(1):e29997.

Mahmoudi M, Laurent S, Shokrgozar MA, Hosseinkhani
M. Toxicity evaluations of superparamagnetic iron oxide
nanoparticles: cell “vision” versus physicochemical properties
of nanoparticles. ACS nano. 2011;5(9):7263-7276.

Reimold I, Domke D, Bender J, Seyfried CA, Radunz H-E,
Fricker G. Delivery of nanoparticles to the brain detected
by fluorescence microscopy. Eur J Pharm Biopharm.
2008;70(2):627-632.

Bendale Y, Bendale V, Paul S. Evaluation of cytotoxic
activity of platinum nanoparticles against normal and
cancer cells and its anticancer potential through induction
of apoptosis. Integr Med Res. 2017;6(2):141-148.
Evangelatov A, Skrobanska R, Mladenov N, Petkova M,
Yordanov G, Pankov R. Epirubicin loading in poly (butyl
cyanoacrylate) nanoparticles manifests via altered
intracellular localization and cellular response in cervical
carcinoma (Hela) cells. Drug Deliv. 2016;23(7):2235-2244.
Wurm FR, Weiss CK. Nanoparticles from renewable
polymers. Front Chem. 2014;2:49.

771


http://dx.doi.org/10.3109/03639049609041987


http://dx.doi.org/10.1007/bf00166994


http://dx.doi.org/10.1007/bf00166994


http://dx.doi.org/10.1007/bf00166994


http://dx.doi.org/10.1007/bf00166994


http://dx.doi.org/10.3748/wjg.v10.i14.2010

http://dx.doi.org/10.3748/wjg.v10.i14.2010

http://dx.doi.org/10.3748/wjg.v10.i14.2010

http://dx.doi.org/10.3748/wjg.v10.i14.2010

http://dx.doi.org/10.1016/j.actbio.2015.02.022
http://dx.doi.org/10.1016/j.actbio.2015.02.022
http://dx.doi.org/10.1016/j.actbio.2015.02.022
http://dx.doi.org/10.1016/j.actbio.2015.02.022

http://dx.doi.org/10.1200/jco.2009.27.15_suppl.1068


http://dx.doi.org/10.1200/jco.2009.27.15_suppl.1068


http://dx.doi.org/10.1200/jco.2009.27.15_suppl.1068


http://dx.doi.org/10.1200/jco.2009.27.15_suppl.1068


http://dx.doi.org/10.1200/jco.2009.27.15_suppl.1068

http://dx.doi.org/10.2147/ijn.s74378


http://dx.doi.org/10.2147/ijn.s74378


http://dx.doi.org/10.2147/ijn.s74378


http://dx.doi.org/10.2147/ijn.s74378


http://dx.doi.org/10.1186/s12645-014-0008-4


http://dx.doi.org/10.1186/s12645-014-0008-4


http://dx.doi.org/10.1186/s12645-014-0008-4


http://dx.doi.org/10.1186/s12645-014-0008-4


http://dx.doi.org/10.1007/s13277-014-1630-9

http://dx.doi.org/10.1007/s13277-014-1630-9

http://dx.doi.org/10.1007/s13277-014-1630-9

http://dx.doi.org/10.1007/s13277-014-1630-9

http://dx.doi.org/10.3109/10611869509015940


http://dx.doi.org/10.3109/10611869509015940


http://dx.doi.org/10.1016/s0939-6411(99)00073-9
http://dx.doi.org/10.1016/s0939-6411(99)00073-9
http://dx.doi.org/10.1016/s0939-6411(99)00073-9
http://dx.doi.org/10.1016/s0939-6411(99)00073-9
http://dx.doi.org/10.1016/s0939-6411(99)00073-9
http://dx.doi.org/10.1023/a:1018947208597

http://dx.doi.org/10.1023/a:1018947208597

http://dx.doi.org/10.1023/a:1018947208597

http://dx.doi.org/10.1023/a:1018947208597

http://dx.doi.org/10.1023/a:1018947208597

http://dx.doi.org/10.1073/pnas.1111405108

http://dx.doi.org/10.1073/pnas.1111405108

http://dx.doi.org/10.1073/pnas.1111405108

http://dx.doi.org/10.1073/pnas.1111405108

http://dx.doi.org/10.1073/pnas.1111405108

http://dx.doi.org/10.1023/a:1022604120952


http://dx.doi.org/10.1023/a:1022604120952


http://dx.doi.org/10.1023/a:1022604120952


http://dx.doi.org/10.1023/a:1022604120952


http://dx.doi.org/10.1023/a:1022604120952


http://dx.doi.org/10.1023/a:1022604120952


http://dx.doi.org/10.1016/j.actbio.2015.06.027
http://dx.doi.org/10.1016/j.actbio.2015.06.027
http://dx.doi.org/10.1016/j.actbio.2015.06.027
http://dx.doi.org/10.1016/j.actbio.2015.06.027
http://dx.doi.org/10.1016/j.actbio.2015.06.027
http://dx.doi.org/10.1177/030089160809400220

http://dx.doi.org/10.1177/030089160809400220

http://dx.doi.org/10.1371/journal.pone.0029997


http://dx.doi.org/10.1371/journal.pone.0029997


http://dx.doi.org/10.1371/journal.pone.0029997


http://dx.doi.org/10.1371/journal.pone.0029997


http://dx.doi.org/10.1021/nn2021088

http://dx.doi.org/10.1021/nn2021088

http://dx.doi.org/10.1021/nn2021088

http://dx.doi.org/10.1021/nn2021088

http://dx.doi.org/10.1016/j.ejpb.2008.05.007


http://dx.doi.org/10.1016/j.ejpb.2008.05.007


http://dx.doi.org/10.1016/j.ejpb.2008.05.007


http://dx.doi.org/10.1016/j.ejpb.2008.05.007


http://dx.doi.org/10.1016/j.imr.2017.01.006

http://dx.doi.org/10.1016/j.imr.2017.01.006

http://dx.doi.org/10.1016/j.imr.2017.01.006

http://dx.doi.org/10.1016/j.imr.2017.01.006

http://dx.doi.org/10.3109/10717544.2014.962117
http://dx.doi.org/10.3109/10717544.2014.962117
http://dx.doi.org/10.3109/10717544.2014.962117
http://dx.doi.org/10.3109/10717544.2014.962117
http://dx.doi.org/10.3109/10717544.2014.962117
http://dx.doi.org/10.3389/fchem.2014.00049

http://dx.doi.org/10.3389/fchem.2014.00049


	A Review of Poly Butyl Cyanoacrylate Nanoparticles as a Cancer Drug Delivery and Targeting 
	Abstract
	Keywords
	How to cite this article 
	INTRODUCTION 
	Introduction to preparation methods of polymeric PBCA NPs 
	Types of PBCA nanoparticles 
	Methods for preparation of polymer nanoparticles   
	Polymerization-based method 
	Effect of nanoparticles characteristics regarding drug delivery mechanism 
	Characterization of Nanoparticles (based on particle morphology such as size, distributions, charge 
	Biodegradability and release mechanisms of PBCA-NPs  
	Surface properties of nanoparticles and targeted drug delivery 
	Applying PBCA to drug delivery in different cancers 
	Using PBCA in ovarian cancer treatment 
	Using PBCA in gastric cancer treatment 
	Applying PBCA in breast cancer treatment 
	Applying PBCA in prostate cancer treatment 
	Applying PBCA in glioblastoma cancer treatment 
	Applying PBCA in brain cancer treatment 
	Applying PBCA in other cancer treatment 
	CONCLUSION 
	ACKNOWLEDGMENT  
	CONFLICT OF INTEREST 
	REFERENCES 

