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ABSTRACT

Cancer is a leading cause of death throughout the world which suffers from treatment failures mainly due to
intensive toxicity and lack of effectiveness of conventional drugs. The application of nanotechnology in cancer
treatment promises to overcome the drawbacks of conventional drugs/dosage forms and improve their therapeutic
efficacy. Nanomaterials have novel properties that influence their in vivo performance. The biological behaviour of
nanotechnology-based medicines in the body, which is different from the in vivo performance of conventional drug
delivery systems, may provide benefits in pharmaceutical and/or clinical applications including, enhancements in
solubility, stability, therapeutic efficacy, minimized side effects, and treatment of diseases. This paper discusses the
unique characteristics and distinguished advantages of nanomaterials as anticancer drug carriers. Physicochemical
properties of nanomaterials are critical parameters to their clinical translation. Hence, the impact of the main
physicochemical properties on the efficacy of anticancer nanomaterials, which are found to effective for cancer
treatment and/or diagnosis, are presented. It is important to have reliable and robust characterization techniques
that could enable relate physicochemical properties of nanomaterials with their in vivo behaviour. Brief explanation
of the different techniques that can be used for studying the various physicochemical characteristics of
nanomaterials is given. An important consideration, to achieve fast and successful development of nanotechnology-
based anticancer drug products, is assessment and optimization of physicochemical and biopharmaceutical
properties at the early stage. Obviously this requires collaboration among the different discovery and development
scientists.
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INTRODUCTION

Drugs play a key role in promoting a good quality of
life in humans. Although many drugs that treat a wide
array of diseases have reached the market, current
conventional drug therapy have not overcome the
limitations associated with the application of relatively
bigger size materials in drug formulations, such as low
bioavailability, in vivo instability, low solubility, poor
gastrointestinal permeability, absence of sustained
delivery and targeting to intended the site, low
therapeutic efficacy, and intolerable side effects. [
Therefore, development of new and better drugs
and/carriers is  required. @ The concept of
nanotechnology has been introduced in the field of
pharmacy and was applied to improve the delivery of
poorly soluble drug several decades ago. It was known
that small size drug particles are highly solubility in
solvents, owing their large surface area. Small size
liposomes, consisting of phospholipids, were first
synthesized in 1960s. [ The application of
nanotechnology in medicine has been making great
progresses. Various kinds of nanotechnology-based
nanomaterials/drug delivery systems with variety of
compositions and shapes providing different platforms
to achieve many functions were developed in the past
few decades. B

Nanomaterials exhibit unique characteristics that differ
from that of bigger materials. The biological
performances including, biodistribution, clearance, and
toxicity of nanomaterials could differ from bigger
materials owing to the unique interaction of the
components of nanomaterials and their
physicochemical attributes with biological organelles
and molecules. [ Thus, nanotechnology has a great
potential to be a better drug delivery carrier for
conventional drugs employed for the management and
drug treatment of more challenging disorders such as
cancer, human immunodeficiency virus, diabetes, and
hypertension. [ Cancer is a leading cause of death
globally. The therapeutic outcome of anticancer drugs
is low due to their undesirable characteristics, which
include poor solubility, narrow therapeutic index, and
high toxicity to noncancerous cells, which may lead to
treatment failure in cancer. Hence, new and better
therapeutic alternatives which can deliver drug
substances and other therapeutic agents which help for
early detection and treatment of cancer are needed. [
Hence, research in cancer treatment and diagnosis are
the most studied fields of pharmaceutical
nanotechnology. This review presents the unique
characteristics and distinguished advantages of
nanotechnology-based drugs/delivery systems in the
treatment and/or diagnosis of cancer. The impact of
physicochemical properties, which are critical to

achieve successful clinical translation, on the
therapeutic and/or diagnostic effectiveness of
anticancer nanomaterials are  discussed. Brief

explanation of the different techniques that can be used
for studying the  different physicochemical
characteristics of nanomedicines is also given.
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Fig. 1: Graphical abstract

Table 1: The main unique physicochemical characteristics of
anticancer nanomaterials.

Parameter Examples

Shape Nanospheres, nanorods, nanovesicles, nanoshells,
nanotubes, nanohorns, nanohelices, nanofibers,
nanowires, nanoribbons, nanosticks, plate-like, etc.

Composition  Biological nanomaterials, organic nanomaterials,
inorganic nanomaterials, organi-inorganic hybrids,
etc.

Surface Polymer coat, targeting ligand, imaging contrast

modifications  agent

Size 1-100 nm

Stability Stability in circulation, storage, and processing
condition

The Unique  Characteristics of  Anticancer

Nanomaterials

The unique properties of nanomaterials promise
valuable benefit to cancer treatment over conventional
anticancer drug formulations. To exploit the advantage
that nanotechnology may offer in the treatment of
cancer, it is necessary to understand the unique
properties and advantages of nanomaterials. In this
review the unique physicochemical characteristic are

discussed. A  brief explanation regarding the
pharmacokinetic and theranostic properties is also
presented.

Physicochemical properties affect the biological

performance of drug substances. Nanomaterials have
unique physicochemical properties, which include
higher reactivity, small size, and large surface area,
different from bigger particles of the similar
components. These characteristics can be exploited to
solve some of the drawbacks of conventional
therapeutic and diagnostic agents. © The unique
physical and chemical properties, which are listed in
table 1, together with the high surface area to mass
ratio of nanoparticles and having similar size with
biological molecules make nanomaterials a powerful
tool for cancer imaging, detection and treatment.
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Therefore, in order to achieve early diagnosis and
treatment of cancer researchers have been examining
the role of physicochemical characteristics of a
nanoparticle in its membrane permeability,
distribution, clearance, toxicity and physiological effect.
Since nanoparticles have a larger surface to volume
ratio than macroparticles, drug loaded nanoparticles
are able to release a drug faster and more effectively
than bigger particles. This is of great help for low
solubility and poorly absorped drugs, which is
observed in a significant proportion of newly
discovered and existing drugs. Along these lines,
paclitaxel loaded alginate nanoparticles (PTX-ALG)
synthesized for breast cancer treatment demonstrated
increased solubility and enhanced antitumor effect over
paclitaxel alone. I/l The high surface to volume ratios of
nanomaterials enable modification with different
surface functional groups that cover, encapsulate, or
stabilize them. [° Functionalized nanomaterials
possess special functions, for instance, they may be
sensitive to temperature, pH, magnetic field, and
ultrasound. ! Hence, a polymer capped and integrin
receptor targeted mesoporous silica mnanoparticle
(MSN) based nanocarrier (CPMSNs) was designed and
synthesized for breast cancer combination therapy. The
polymer shell provided pH sensitivity, improved
biocompatibility, and facilitated functionalization of
MSNs with a ligand molecule arginine-glycine-aspartic
acid (cRGD) peptide. The surface modified nanocarrier
CPMSN demonstrated pH-sensitivity, cancer targeting ,
accumulation inside cancerous cells, controlled drug
release and ability to induce apoptosis in both Triple
Negative Breast Cancer (TNBC) and Multidrug
resistant breast cancer cells as investigated by in vitro
and in vivo preclinical studies. [10]

Moreover, nanomaterials have unique pharmacokinetic
properties. Anticancer drugs that are transformed in to
nano size range may have prolonged circulation,
enhanced efficacy and site-specific distribution in vivo.
The unique pharmacokinetics of nanomaterial can
enhance their bioavailability by preventing renal
clearance of drugs and protecting against clearance by
the reticuloendothelial system (RES). [l In one study,
drug loaded liposomes designed to target cancer cell
mitochondria were constructed in to overcome intrinsic
multidrug resistance (MDR) of breast cancer and it
showed higher efficacy than free drugs in vivo. It was
suggested that the PEGylated liposomes escaped from
the reticuloendothelial system, and accumulated more
in the tumor tissues rendered by the enhanced
permeability and retention effect. [121 Moreover, to
enhance tumor accumulation and distribution of gold
nanoparticles, a nanoplatform was designed by
fabricating gold (Au) nanorods and loading them into
human induced pluripotent stem cells. The
nanoplatform was found to be spatially distributed and
retained long in Human gastric cancer cell lines
(MGC803) tumor tissue in mice. [13]

In addition to drugs, nanomaterials can load and
deliver genes and proteins in vivo. For example, a
nanoparticle-stabilized nanocapsules (NPSCs) that
allow carrying of both protein and conventional small
molecule drugs without leakage of the drugs and
denaturation of the proteins was developed. NPSCs
were able to co-deliver the small molecule drug and
protein into cell cytoplasm. [ Interestingly,
nanotechnology-based medicines are applicable for
therapeutic, diagnostic and also for theranostic
purposes/combination of treatment and diagnosis. The
numerous advantages that nanomedicines possess,
over current conventional treatments, have attracted
pharmaceutical industry, resulting in the mass
production and marketing of various anticancer
nanomedicines. Nanotechnology is expected to play a
vital role in future cancer pharmacotherapy.

The Effect of Physicochemical Properties in the
Anticancer Activity of Nanomaterials

Nanomaterials possess unique physicochemical
characteristics attributable to their ultrasmall size, high
surface to volume ratio, hydrophilicity/ lipophilicity,
composition, presence of surface biochemical agents,
aggregation and physical appearance. [15] The impact of
the wvarious physicochemical properties on the
physiological interaction of anticancer nanoparticles
and which affect their therapeutic efficacy, safety and
diagnostic accuracy are discussed in this review. In an
effort to develop biocompatible vectors for cancer gene
therapy,  chitosan-based = nanocomplexes  were
synthesized and the transfection efficiency of the
nanocomplexes for gene delivery to breast cancer cells
was assessed. [191 Results suggested that, nanocarrier
containing low molecular weight chitosans were not
stable in the transfection medium and hence unsuitable
for gene delivery. However, carriers which contain
intermediate-DA (degree of acetylation) chitosans were
efficient. On the other hand, carriers containing low-
DA chitosans were too stable to release the miRNA
cargo. Findings predict that higher-DA chitosans were
able to release the miRNA into the cytosol more
efficiently than low-DA (ie., high charge density)
chitosans because of the lower stability of the carriers.
Negatively charged carriers (i.e., (+/-) charge ratios less
than 1) were not suitable for transfection. Besides, it
was observed that positively charged carriers are
effective only when they exceed a certain concentration.
It was concluded that, for optimal transfection, perfect
balance of the molecular weight, DA and (+/-) charge
ratios is required. These suggest that, physicochemical
properties can affect the biological activity of anticancer
nanomaterials and are critical to the clinical translation
of candidate nanomedicines.

To ensure safe and effective in vivo administration of a
material, understanding the underlying mechanism of
the effect of the various physicochemical attributes of
nanomaterials in their in wvivo behavior and
performance is a main prerequisite. 7] Physicochemical

Int. ]. Pharm. Sci. Drug Res. March-April, 2019, Vol 11, Issue 2 (61-70) 63



Mensura Sied Filli et al. / The Impact of Physicochemical Characteristics on Therapeutic Efficacy...........

properties of nanoparticles are probably dependent on
environmental conditions. The changeable
compositions and structures could cause nanomaterials
to show dynamic changes in physiological conditions
which results in the occurrence of special behaviors
under biological environment. 18] Therefore, for solid
conclusions with regards to the relationship between
the in vivo behavior of nanomaterials and their
physicochemical properties, which is necessary in the
development stage of materials used for clinical
applications, accurate characterization of
physicochemical properties of nanoparticles in a
biological environment and knowledge of the
interactions of nanomaterials with the biological
molecules are needed. [ This requires reliable and
robust techniques to study the various physicochemical
properties of nanomedicines. Furthermore, recent
research on therapeutic and diagnostic applications of
nanomaterials is identifying critical parameters for the
material's compatibility with physiological systems. It
has been discovered that apart from pyhsicochemical
properties pathophysiology associated with tumor
growth can be exploited for designing tumor targeting
gold nanoparticles. [l Therefore, a rationale
characterization strategy for medicinal nanomaterials
should include three essential parts [0, (1)
physicochemical characterization of surface charge,
size, surface area, size distribution, composition and
shape etc., (2) in vitro assays such as protein adsorption
and blood contact properties, and (3) in vivo studies
including assessment of nanoparticles” effects on
various biological systems and pharmacological and
toxicological properties.

The challenges associated with nanomaterial
physicochemical characterization have shifted over the
last decades. P Initally, researchers grappled with
proper ways to assess size, charge, or composition,
including which measurement technique was most
suited and what the most appropriate measurement
conditions. Now it is well accepted that materials
should be analyzed by multiple orthogonal analytical
techniques and under the appropriate biologically
relevant conditions. Many of the attributes analyzed to
characterize ~ conventional = drugs apply to
nanomaterials. Similar to larger materials, properties
such as identity, solubility, molecular structure, boiling
point, chemical composition, vapor pressure, melting
point, partition coefficient, and dissociation constant
should be determined for nanomaterials too. [17]
However, the definition and analysis of these attributes
can differ for nanomaterials. Some parameters
including zeta potential, size or size range, shape,
porosity, surface area, polydispersity, stability, surface
functionalization and others are more importantly
analyzed for nanomaterials. [17]

Size

Size and size range of nanoparticles are important
attributes that influence many properties of

nanoparticles, like cellular uptake, transport, tumor
accumulation, capacity of drug carrying and release,
distribution, targeting of site of action, therapeutic
efficacy and toxicity. [22 Optimum nanoparicle size is a
prerequisite for successful delivery of anticancer drugs.
For instance, the size of each endocytotic portal, which
has its own dynamics and size rules, governs the taken
up of nanoparticles by the endocytosis-mediated
internalization. Larger particles (>~200 nm) can not
escape the reticuloendothelial system (RES) and very
small sized particles (<~10 nm) are prone to removal by
the kidney. [®I Nanoparticles, owing to their small
particle size, display improved pharmacokinetic profile
and in vivo distribution of loaded drugs and thus
decrease toxicity owing their specific accumulation at
the intended site. ] It has been shown that specific
distribution of drug in tumors can be enhanced by
controlling the nanoparticle size. Smaller size
nanoparticles (39 nm) were easily taken up by
pancreatic carcinoma tumor cells and demonstrated
higher efficacy than that of larger size nanoparticles (68
nm and 116 nm). [ Along these lines, a surface
modified nanoparticle (PEGylated carbonate apatite
(CA) designed to enhance the toxicity and delivery of
anastrozole (hydrophobic) and gemcitabine
(hydrophilic) to breast cancer cells was developed.
Results evidenced that, the coated apatite/drug
nanoparticles demonstrated higher toxicity and tumor
regression activities compared to the free drug and
uncoated apatite/drug nanoparticles. It was suggested
that, the surface modification successfully gave rise to
optimum particles size leading to more effective uptake
and favorable pharmacokinetic properties of the
nanoparticles. [?] Furthermore, some nanoparicle
properties depend upon surface area which in turn
depends upon particle size. Decreasing the size leads to
an exponential increase in surface area of a particle,
thus, particles having the same composition can have
significant difference in levels of therapeutic and toxic
potential depending on both particle size and surface
reactivity. [2l In a study aimed to determine whether
differences in tumor pathophysiology (changes in
tumor volume) has an impact on tumor accumulation
and penetration of different size spherical gold
nanoparticles (AuNPs), it was found that difference in
pathophysiology related to tumor volume can result in
selective change in tumor uptake of different size
nanoparticles. [?71 It was found that AuNPs having
diameters of 15-45 nm are most suitable for tumors
which have sizes greater than 1.0 cm3. It was also
demonstrated that, while transport of bigger
nanomaterials is mainly due to Brownian motion, for
smaller nanoparticles, tumor accumulation depends on
the frequency of interaction of particles with the
perivascular  extracellular matrix. Reduction of
interstitial volume and enhanced porosity of stroma of
tumors, render large AuNPs more effective. As the
payloads of small sized AuNPs are less than larger

Int. ]. Pharm. Sci. Drug Res. March-April, 2019, Vol 11, Issue 2 (61-70) 64



Mensura Sied Filli et al. / The Impact of Physicochemical Characteristics on Therapeutic Efficacy...........

particles oftentimes, they may not be ideal in many
applications. Moreover, some therapeutic and
diagnostic nanomaterials are not simple and consist of
combinations of molecular self-assembly,
encapsulation, and/or the use of nanosized metal or
polymer cores, surfactants and/or proteins to improve
solubility and perform special functions. It is necessary
to characterize the precise size, size distribution and
polydispersity index of such materials. [ Generally,
particle size analysis can be broadly classified ed into
two classes, imaging and light scattering. 8] A sizing
technique will be chosen depending on the required
information. Light scattering methods include dynamic
and static light scattering and laser diffraction (LD).
The main imaging techniques are atomic force
microscopy (AFM), scanning electron microscopy
(SEM), and transmission electron microscopy (TEM). In
order to cross-validate measurements and also acquire
information about the polydispersity of a sample, size
analysis should be done using two or more techniques.
[28]

Shape

Nanotechnology-based materials fall into various
groups of particles with a variety of characteristics
which includes density, size, shape, and surface
composition. [? Based on their shape, nanomaterials

are categorized as nanospheres, nanovesicles,
nanoshells, nanotubes, @ nanohorns, nanofibers,
nanowires, nanoribbons, nanorods, nanosticks,

nanohelices, etc. In one study, development ofsurface-
functionalized FesOs magnetic nanoparticles of
different shapes (spherical, hexagonal and wire-like)
was carried out to investigate their in vitro and in vivo
photothermal anticancer effect. All Fe3O4 nanoparticles
exhibited pronounced photothermal effects, triggered
by red and near infrared laser irradiation. [0 Apart
from size, nanoparticle shape may influence its
biodistribution and membrane permeability. Four
radioactive gold (Au) nanostructures of varying shapes
but equal size were synthesized and the distribution,
tumor uptake, and intratumoral accumulation of the
nanomaterials were quantitatively analyzed in murine
EMT6 breast cancer model. Of the four shapes, the
198 Au-incorporated nanospheres demonstrated the least
removal by the reticuloendothelial system, best blood
circulation, and greatest tumor uptake compared to
nanodisks, nanorods, and nanocages. ¥ Furthermore,
while nanorods and nanocages reached the interior of
the tumors, nanospheres and nanodisks were only able
to reach on the tumor surfaces. The efficiency of drug
retention at a tumor site can be enhanced by the ability
of the delivery system to actively target its intended site
or by improving vascular permeation due to the
enhanced permeation and retention (EPR) effect. The
efficiency of the EPR effect is governed by the physical
and chemical properties of the nanomaterials, including
size and shape. In a study wusing an in wvitro
microcirculation model, to assess the impact of critical

physical parameters such as the particle shape, size,
density and a nanoparticle’s affinity towards the vessel
walls, smaller-sized and oblate-shaped nanoparticles
showed a desirable transport activity indicated by their
higher movement rates towards the vessel walls in the
microcirculation. 21 Spherical, tubular, plate-like, or
nano-porous particles of similar components may differ
significantly in their surface energy, biological activity,
and access to various physiological structures, such as
cell walls and capillary vessels. There are different
electron microscopy methods including cryogenics,
energy dispersive X-ray spectroscopy, and three-
dimensional tomography that can give more
information about a particle like shape, morphology,
and composition. 28] Methods such as AFM, SEM, and
TEM are used to assess the shape distribution in a
sample of a mnanoparticle. Transmission electron
microscope (TEM) gives images and chemical
information of nanoparticles with better spatial
resolution improving the morphological and structural
assessment of nanomaterials at the atomic scale. The
advantages of the unique nanopatricle characteristics in
the treatment of cancer are shown in figure 2.
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Fig. 2: The unique nanoparticle characteristics and their advantages
in cancer treatment.
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Composition

There are many varieties of nanomaterials for detection
and/or imaging of cancer and site specific delivery of
anticancer drugs. Nanomaterials are grouped into four
classes [2: (1) Organic nanoparticles (dendrimers,
polymeric nanoparticles, functionalized fullerenes), (2)
Inorganic nanoparticles (iron oxide core particles), (3)
organic-inorganic hybrids (quantum dots), and (4)
biological nanomaterials (liposomes). Each class has a
distinctly different composition leading to varying
physical characteristics, such as stability, solubility,
surface properties, and functions. Besides, within a
single group, possibly a variety of product
compositions is available, each with special physical
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and chemical properties, and each group requires a
different strategy for assessing its properties. [8]
Nanoparticles can be designed and synthesized in a
wide range of shapes, sizes, and components for
unique and specific use. Recently folate conjugated
nanomicelles loaded with curcumin-difluorinated
(CDF), a curcumin analogue, targeted to retinoblastoma
were synthesized. The drug loaded nanomicelles
showed good performance, such as increased drug
stability and high drug loading capacity and a
sustained release profile, enhancing delivery of a large
amount of CDF to the folate receptor over-expressing
cancer cells. B2 The safety of the formulation was
indicated by the absence of adverse toxicity on a retinal
pigment epithelial cell (ARPE-19) of human. Other
nanoparticulate carriers of various composition,
including drug nanocrystals, nanoemulsions, and
polyelectrolyte carriers were able to enhance drug
solubility and control release kinetics of the drug in
plasma and at the tumor. [%3

Polymeric nanoparticles represent effective carriers for
drug delivery. In an investigation of internalization of
tamoxifen citrate loaded polylactide-co-glycolide
(PLGA) based nanoparticles (TNPs), the drug loaded
nanoparticles showed greater cytotoxicity than the free
drug and nanocarriers were taken up well by the MCF-
7 breast cancer cells, which was observed to be
dependent in concentration. 34 Physical and chemical
properties of a polymer, such as crystallinity, molecular
weight, dispersity index, and hydrophobicity control
degradation as well as drug release kinetics of
polymeric  nanomaterials. [  Biological and
physicochemical characterization of nanocomplexes
intended for gene delivery to breast cancer cells
demonstrated that, transfection efficiency depended on
the properties of chitosan (polymer) highly. [16]
Findings of the study anticipated that complexes of
intermediate polymer molecular weight, positively
charged, and of higher-DA (degree of acetylation)
chitosans were able to release the miRNA into the
cytosol more efficiently. In another study, a poly (D, L-
lactide-co-glycolide) (PLGA)-based formulation of
miRNA-150 (miR-150-NF) was developed. [
Incorporation of polyethyleneimine (a positively
charged polymer), into the PLGA matrix, was carried
out to enhance the encapsulation of miR-150.
Characterization of miR-150-NF revealed that they had
high encapsulation effciency (~78%) and also showed
sustained release property.

Assessment of the intrinsic properties of inorganic
materials for imaging and therapeutic purposes has
been the focus of several studies. A multifunctional
nanomaterial was contracted by covering magnetic iron

oxide mnanoclusters wusing a near-infrared light-
absorbing polymer polypyrrole (PPy), to obtain
Fe;04@PPy core-shell nanoparticles, After
functionalization with polyethylene glycol these

nanoparticles were intended to be employed for

imaging guided and remotely controlled cancer
combination therapy. [¥1 The theranostic agent showed
profound synergistic activity against tumor in
biological environment. Moreover, surface
characteristics and modification of gold nanoparticles
have been employed for the administration of surface-
bound anticancer drugs. In a research work, a strategy
for direct synthesis of thiolated gold nanoparticles,
using tri-sodium citrate reduction method, was
demonstrated. A monodispersed and small sized gold
nanoparticles (~20 nm) were obtained and then
conjugated with methotrexate. It was revealed that the
methotrexate loaded gold nanoparticles caused higher
toxicity on a breast cancer cell line (MCF-7) compared
to the free drug and free gold nanoparticles. [l
However, compared to types of anticancer
nanoparticles, inorganic nanoparticles may not be
advantageous for systemic administration. Because
they do not possess controlled release properties, are
not biodegradable, and have low drug loading. [
Dendrimers are globular molecules with branching
structures and surface functional moieties available for
modification. A dendronized heparine-doxorubicin
(heparine-DOX) conjugate drug carrier sensitive to pH
was prepared and characterized. The nanoparticle
exhibited promising safety and high in vivo tumor
inhibition as a result of the combined effects of polymer
hybrid, dendrimer, and heparin nanoparticles. [0 The

various physicochemical properties of anticancer

nanomaterials and the physiological activities

influenced by them are given in table 2.

Table 2: Physicochemical characteristics of anticancer

nanomaterials and the affected physiological activities.

Parameter Physiological activity

Size Intratumor accumulation, cellular uptake, drug
loading and release, transport, distribution, tissue
targeting, toxicity, and therapeutic efficacy

Shape Blood circulation, clearance by the
reticuloendothelial ~ system, tumor uptake,
distribution, and absorption

Composition  Transfection efficiency, release kinetics in the
blood and at the tumor site, cellular uptake,
cytotoxicity, and tumor targeting

Surface Distribution,  cytotoxicity, cellular  uptake,

properties receptor mediated endocytosis, endosomal
entrapment, gastrointestinal dissolution,
distribution, and biocompatibility

Stability Therapeutic efficacy, blood circulation time,

protein binding, and evasion of the immune
system
Drug loading Therapeutic efficacy and site specificity

and release

Elemental analysis, frequently used to assess the purity
of small molecule drugs, can be employed to analyze
the composition and ratios of elements available in a
sample of nanopreparation if an element has been used
in the synthesis process. 1 For core-shell metal
nanoparticles, the ratio of core to shell material ratios
are analyzed. The composition of nanomaterials is
analyzed using atomic emission (AE) and atomic
absorption (AA) spectroscopies. [ For imaging
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applications wusing iron oxide nanoparticles or
gadolinium (Gd)-based chelates, composition analysis
is necessary to assay metals available in the
formulation. Bl Inductively coupled plasmon optical
emission spectroscopy (ICP-OES) is a good alternative
to quantify Gd in such contrast agents. Furthermore,
since biomedical nanoformulations can be composed of
a variety of substances, analysis of chemical
composition is essential to ensure their purity and
homogeneity. Purity analysis should consider the
presence of free metals and chelates, solvents, dimers,
unconjugated therapeutic or other agents, precursors. [l
Surface properties

Unlike conventional pharmaceuticals, nanoparticles
may be multipurpose systems with many components.
142l The outer surface of a nanoparticle may be attached
to polymers to increase solubility or assist the particle
escape the immune system, drugs, targeting moieties
(like antibodies), and imaging contrast agents for
diagnostic agents. In depth understanding of the
surface is needed to achieve the desired safety and
efficacy of a nanomaterial based formulation, because
surface characteristics of a nanoparticle will impact its
in vivo performance. 128! The common parameters in
characterizing the nanoparticle surface are its charge,
hydrophilic character, and targeting agents presence.
281 In a study, the mechanism and efficiency of
endocytosis of MCM-4 type organically surface
modified mesoporous silica nanoparticles (FITC-MSN)
with various charges was examined on human cervical
cancer cells (HeLa). Three functional groups, 3-
aminopropyl (AP), N-(2-aminoethyl)-3-aminopropyl
(AEAP), and N-folate-3-aminopropyl (FAP), were
attached onto the external surface of the FITC-MSN.
The amino groups of the 3-aminopropyl and the N-(2-
aminoethyl)-3-aminopropyl were transformed into
guanidinopropyl (GP) and 3-[N-(2-
guanidinoethyl)guanidino]propyl = (GEGP) groups,
respectively. Results revealed that the uptake of the
nanoparticles can be regulated by varying the surface
functional groups. The folate groups on FAP-MSN
were also able to facilitate a receptor mediated
endocytosis. The uptake of FAP-MSN was to some
extent minimized in presence of folic acid, indicating
that folic acid receptors on the surface of HeLa cell
mediated its mechanism of endocytosis. It was revealed
that the highly negatively charged FITC- and AP-MSNs
were able to escape from endosomes, while positively
charged particles, such as GP-, GEGP- and FAP-MSNSs,
were entrapped within endosomes. These result
indicated that the surface functional groups have an
impact on the ability of nanoparticles to escape
endosomal entrapment, which is an important factor in
designing intracellular drug delivery systems. [43]
Polymeric drug delivery vehicles can be tailored to
release drugs stimulated by environmental conditions
or external stimulus like, electricity, light, biomolecules,
enzymes, and temperature. pH dependent solubility

would significantly help in enhancing the oral
bioavailability of drug. In a study aimed to improve the
water solubility and the anticancer activity of
camptothecin (CPT) for colon cancer treatment, CPT
was incorporated into plymeric nanoparticles. [*! A pH
sensitive polymer coat was chosen to minimize the
rapid  dissolution of camptothecin in  the
gastrointestinal tract. It was found that camptothecin
nanoparticles coated with a polymer, gave no release in
the simulated gastric fluid, maximum release in the
colonic area, and was hardly released in the simulated
intestinal fluid. Similarly polyethylene glycolytion of a
nanocomposite developed by covering magnetic iron
oxide nanoclusters with a near-infrared light-absorbing
polymer polypyrrole (PPy), resulted in a novel
multipurpose theranostic nanomaterial applicable for
cancer therapy. 71 In an effort to enhance the delivery
and cytotoxicity of anastrozole (hydrophobic) and
gemcitabine (hydrophilic) in breast cancer cells,
researchers developed a surface modified nanoparticle
(PEGylated carbonate apatite (CA). %1 The coated
apatite/drug nanoparticles showed higher cytotoxicity
and tumor regression activities compared to the
uncoated apatite/drug nanoparticles and free drugs,
which indicate that surface modification, resulted in
optimum particles size leading to more effective tumor
retention and favorable pharmacokinetics of the
particles.

Zeta potential is commonly used as an indication of the
actual surface charge of nanoparticles. Zeta potential
measurement techniques are based on laser doppler
velocimetry and light scattering. There are no
straightforward ways of quantifying the density,
distribution, and coating and targeting molecules
presentation. 281 Hence, it is perceived that surface
coating is uniform, or the targeting moiety is bound to
the surface and able to bind to the intended receptor.
Biological assays of nanoparticles in the presence and
absence of targeting moieties are useful in getting
information about targeting ligand accessibility and
presentation. 81 A number of ways that assess desired
target-site binding and protein interactions are present.
Analytical methods such as nanopore-based detection
through tunable resistive pulse sensing (TRPS),
isothermal titration calorimetry (ITC), quartz crystal
microbalance, archimedes, dual polarization
interferometry (DPI), and surface plasmon resonance.
(28] All the approaches have different principles of
evaluating ligand binding. Quantification of surface
conjugates is commonly done using RP-HPLC. 81 Mass
spectrometry is also used for better sensitivity. When
UV-Vis detection is not sensitive enough, assay and
detection of polymers is performed with ELSD or CAD.
Stability

One property of nanoparticles that is necessary for
application in drug delivery is that, stability with
respect to size, surface morphology, size distribution
and other important properties. Stability testing
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provides information on how the properties of a
nanomaterial changes with time under the influence of
different environmental factors. Some nanoparticles for
drug delivery and/or diagnosis are multifunctional
systems with complex composition tailored to have
simultaneous targeting, therapeutic, and imaging
activities. The stability of all components is important
to maintain the intended therapeutic or diagnostic
effect of the nanoparticles. 8] Premature release of any
of the components from the multicomponent platform
may render it ineffective. It is essential to assess the in
vitro functional component stability under biological
conditions. Characterization = of pH-sensitive
amphiphilic dendron and linear polymer conjugate
based nanoparticle as a drug delivery platform,
dendronized heparin-doxorubicin  (heparine-DOX)
conjugate. [ It demonstrated a promising biosafety
and high in vivo antitumor action of the nanoplatform.
It was suggested, the observed results were as a result
of combined effects of dendrimer, polymer hybrid and
heparin indicating the stability of the nanoparticle
components in the biological environment. The ability
to escape or exploit the human natural immune defense
system may dictate the success or failure of a
nanoparticle-based drug. Blood stability can be
achieved by developing strategies to decrease protein
binding and escape the immune system. [ The
stability of a functional self-assembled protein coating
(HFBII) on 8F-labeled hydrocarbonized porous silicon
nanoparticles (THCPSi) was examined in wvitro in
biological =~ conditions  relevant for  systemic
administration. [4°1 Results of the study indicated that
circulating HFBII-®F-THCPSi nanoparticles retained
their HFBII coating for hours after systemic
administration, proving the feasibility of increasing the
circulation time with the functionalization using
biochemicals. Furthermore, a class of multiferroic
nanoparticles, targeted magnetoelectric nanoparticles
(MENSs), was developed to control drug release and
delivery. The in vitro and in vivo preclinical studies on
nude mice with xenografed ovarian carcinomas
revealed that, surface functionalization enabled the
drug (paclitaxel (PTX)) to be attached to MENs and
hence avoid its premature release. The externally
controlled delivery/release mechanism provided
flexibility in surface functionalization to -efficiently
attach the drug to the nanoparticles for avoiding
considerable drug’s loss in its journey, through the
circulatory system, to the target site. [4]

Colloidal stability in an aqueous and physiological
medium is one of the most important issues related to
the biomedical applications of nanoparticles. #71 It is
also important to determine the stability of
nanoparticles under environmental and processing
conditions to account for the effects of short-term and
long-term storage, lyophilization, ultrafiltration,
thermal exposure, pH variation, freeze-thawing, and
exposure to light. 18 In order to exploit the anticancer

effect of garcinol (GAR), a naturally occurring
polyisoprenylated phenolic agent, a novel nanoparticle
(GAR-NPs) was developed by entrapping garcinol in
Poly(lactic-co-glycolic acid) or PLGA. 8 Long term
stability analysis of the free flowing powder of GAR-
NPs obtained by lyophilisation was carried out by
assessing stored samples to determine particle size and
charge on the surface. The particle size was slightly
increased with a moderate change in polydispersity
index (PDI) value, and zeta potential exhibited the least
variation; this indicated the good storage stability of
GAR-NPs. In a research to improve the aqueous
solubility of camptothecin (CPT), hydrophobic
antineoplastic =~ agent, CPT loaded polymeric
nanoparticles were synthesized and characterized.
Stability study was performed to analyze the prepared
plain and drug loaded polymeric nanoformulations
ability to remain unchanged due to
atmospheric/environmental changes. Prepared plain
and camptothecin loaded polymeric nanoparticles
demonstrated unremarkable change in average particle
size, particle size uniformity, surface area, zeta
potential, drug content and drug release after both long
term and accelerated conditions storage conditions. [4’]
Drug loading

Drug delivery is widely explored applications of
pharmaceutical nanotechnology. A high drug loading
capacity is the measure of successful nanoparticulate
system because it minimizes the amount of matrix
material to be administered. % Drug loading can be
achieved using two approaches: (1) Incorporation
method: where the drug is added during the formation
of nanoparticle. It is a commonly used method for
lipophilic drugs. (2) Adsorption method: where the
drug is made to be adsorbed on nanoparticle. The
formed nanoparticle is placed in concentrated solution
of drug and adsorption proceeds. Total drug is
commonly measured by RP-HPLC. Drug loading and
drug release can possibly assayed by florescent tags. [?8]
In case the fluorescent tag is not included in the
nanoformulation, this method is not encouraged.

Drug release

Drug release should be assessed, under relevant
biological conditions, which accounts for the pH,
media, temperature, sampling time and volume. ] In a
study, synthesis and characterization of a modifed
polyethyleneimine (PEI) coated magnetic nanoparticles,
in which PEI was modifed by sebacoyl chloride and
targeted by folic acid to obtained polymer (PEI-Sb-FA)
was performed. The obtained PEI-Sb-FA was then
coated on magnetic nanoparticles (MNPs) to stabilize
them and curcumin was finally loaded on PEI-Sb-FA-
MNP to study the release behavior in different pH. The
released drug in acidic pH = 4.5 was more than pH =
7.4, showing drug release sensitivity toward pH of
media. [51]

In polymer coated nanoparticles the release is affected
by movement of drug from core across the polymeric
membrane. Many techniques can be employed to
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control drug release and most release methods require
separation of the drug and its carrier. 1521 Equilibrium
dialysis, ultracentrifugation, diffusion cells, and
ultrafiltration are some of the most commonly used
approaches. A method is chosen depending on
individual preparation and the ease of separation of the
released drug from the nanoparticle. For drugs
attached to a polymeric skeleton, assessment of drug
release in blood is important. [28] It is essential to
simulate physiological environment to control pH-
mediated or enzymatic separation of the drug from the
backbone. The separation site as well as the activity of
the separated drug must also be studied typically by
RP-HPLC.

Future Perspectives

Although there have been improvements in cancer
treatment, cancer is still quite difficult to treat owing to
lack of safety and effectiveness of conventional
anticancer drugs. The application of nanotechnology in
cancer treatment and/ diagnosis is perceived to
improve the therapeutic outcomes. Identifying
precisely what qualifies a nanomedicine or a
theranostic is difficult, however, a rational formulation
design and development, based on standard criteria for
acceptable quality, safety, efficacy, and desirable
pharmaceutical characteristics, is essential. This review
discusses the role of physical and chemical properties
on the therapeutic efficacy of nanoparticles found to
effective for cancer treatment and/or diagnosis in the
past decade. Most efforts to improve cancer diagnosis
and treatment through nanotechnology are at the
research or development stage. There are no common
standardized guidelines used to study the different
nanoparicle attributes. Moreover, the findings on the
impact of physical and chemical attributes of
nanomaterials on their therapeutic efficacy apply to the
specific materials tested. To achieve fast and successful
clinical translation of nanotechnology-based anticancer
drug products, complete characterization in order to
support highly reproducible manufacturing processes
is  another important prerequisite. = Common
standardized methodologies or regulatory guidelines
are required to study the different attributes of
nanoparticles developed for diagnostic or therapeutic
use. Generalized principles help to establish in vive/ in
vitro correlation between physicochemical
characteristics and in vivo performance. If this can be
successfully achieved, it has the benefit of reducing
development cost and time. To help develop such
generalized principles, collaboration among researchers
is important in pursuing preclinical physicochemical
characterization. Although the use of nanotechnology
for detection and treatment of cancer is mainly in the
development stage, already a number of
nanoplatforms-based drugs are commercialized and
many are in clinical trials. It is expected that
nanotechnology has great potential in improving future
cancer treatment.
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