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Abstract: Around the world, remarkable resource is beinggtigated for in prevention, diagnostic
and treatment of cancer. Cancer is second leadingecof death. The current approach to treat cancer
by mainly chemotherapy agent, radiation and surdarymain obstacle is to lack of selectivity résul

in toxicity to non cancerous proliferative cell ns@ntional anticancer drug exhibit much toxic efffec

in the body. So in this review focus approachesréat cancer with minimum adverse effect. The
possible approaches regarding, site specific datgeting by polymeric drug, ligand conjugated drug
which directly binding to cancer cell by cancegtting receptor. Also discuss about chemoprotective
agent, dose reduction intermittent therapy and dgralymer which help to help reduce toxicity.
Unique challenge and opportunity in these work telanticancer drug development.
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Introduction: The conventional old treatment discussed include  targeted anticancer
for cancer therapy is associated with several nanoparticles which are depending on the
toxic effects along with several limitations. presence of unique cellular condition at the
Therefore searching and developing new desired target. Due to the presence of certain
method for cancer became important. This mini enzymes at target sites, antibody detected
review was dedicated on the design and enzymes prodrug therapy (ADEPT) gene
synthesif nanoparticles of anticancer drug for directed enzyme prodrug therapy (GDEPT),
cancer treatment [1, 2]. The approaches which is the important strategy to cancer

therapy and reduce side effect associated with
For Correspondence: anti cancer drug [3,4,5]. In these approaches, a
Shweta.run46@gmail.com. design of anticancer nanoparticles is capable
Received on: May 2018 using use of different drug polymer. Therefore
Accepted after revision: July 2018 it is a must to involve innovate approaches for
DOI: 10.30876/JOHR.7.3.2018.61-71 the design of new anticancer drug with reduced

toxicity & better therapeutic index [6, 7].
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Nanoparticles: Nanoparticles are customized been developed the role based upon their unique
drug delivery system capable of preferentially physical properties and particularly in
targeting large dose of chemotherapeutic agent biotechnology. Based upon these two factors of
or therapeutic genes into malignant cells. inorganic nanoparticles, they have certain
Nanoparticles hold great promise of physical properties that mainly include size
significantly changing the face of oncology by dependent optical, magnetic, electronic, and
their ability of target delivery, thereby catalyst properties. Biorelated application are
overcoming limitation of conventional involved for the preparation of these interesting
chemotherapy, which include undesirable nanoparticles like iron oxides, gold, silver,
biodistribution, cancer cell drug resistance, and silicon, quantum dots, etc [18].

severe systematic side effect [8,9]. There is Nanocrystal: Nanocrystal having dimensioned
numerous nanoparticles system currently being smaller than 10mm are also described as
employed for cancer therapeutics. The property Quantum Dots (QD ) .Nanocrystal are

of this system has been modulate to enhanceaggregate of around hundred or thousand of
delivery of drug to the tumor [10].The molecules that combine in a crystalline form,
therapeutic agent is either conjugated to the composed of pure drug with only a thin coating
surface of the NPs, or encapsulated & protected comprised of surfactant or combination of
inside the polymeric core [11]. By desirable surfactant [18].

quality of their unique, physicochemical Polymeric nanoparticle: Polymeric nanometre
properties nanoparticles have shown promise in is solid colloidal particle with diameter ranging
delivering a range of molecule to desired site in from 1 to 100 nm. They have been investigated
the body. NPs technology may improve the especially in drug delivery and drug targeting
therapeutic index of drug by enhancing their due to their particle size and long circulation in
efficacy and or increasing their tolerability in the blood [19, 20]. They considered of
the body. Nanoparticles could also improve the macromolecular material and can be used
bioavailability of water insoluble drugs, carry therapeutically as adjuvant in vaccines or drug
large payloads, and protect the therapeutic drugcarriers in which the active ingredient is
from physiological barrier, as well as enable the dissolved, entrapped, encapsulated, absorbed or
development of novel classes of bioactive chemically attached. Polymeric nanoparticles
macromolecule (e.g.-DNA and SIiRNA). are biodegradable, biocompatible, after
Additionally, the incorporation of imaging complete drug protection [21].

contrast with agent within nanoparticles can Dendrites: Dendrites are nano-sized, very
allow us to visually the site of drug delivery or symmetric molecule with well defined,
monitor the, in vivo efficiency of the homogenous, and monodisperse structure
therapeutic agent [12-15]. The nanoparticles can consisting of tree-like arms or branches. It has
be encapsulate drugs with high loading three main part core, branch and surface. A
efficiency and protect them from undesired variety of dendrimess exist, and each has
effect of external condition [16]. Since, biological properties such as polyvalence, self
emerging in the early 1970, controlled drug assembly, electrostatic interaction, chemical
delivery system (DDS), which are aimed to stability, low cytotoxicity, and solubility [22,
deliver drug at predetermined rates & 23].

predefined periods of time, have attracted Nanosomes. Nanosomes are currently used for
increasing attention [17]. medicine application such as targeting diagnosis
Types of nanoparticle and therapy. Brain targeting- thus nanosomes
Inorganic nanoparticle: In the field of modern  are being developed for treatment of various
material science inorganic nanoparticles has tumors (CNS Tumors). E.g. Silica coated iron
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oxide nanoparticles coated polyethylene glycol effects. Active targeting of the liposomal drug
used to access specific areas of brain involved can be achieved by using immunoliposomes or
with tumor. Tumor targeting— nanosomal ligand directed liposomes [28,29].

delivery with magnetic resonance imaging and Nanotube: This nonmaterial’s are allotropes of
laser assist in targeting the nanoparticles. carbon, made of graphite, and have been
Specifically to the tumor cells and destroy the constructed in cylindrical tubes with nanometre
cell loaded with these nanoparticles by the heat scale in diameter and several millimeters in
generated by iron oxide particle by absorbing length. Since the beginning of the*2dentury,
the infrared light [24]. they have been introduced in pharmacy and
Nanosphere: Nanospheres are the spherical medicine for drug delivery system in
particles which have the size between 10- therapeutics. Carbon nanotube is able to absorb
200nm in diameter and that exhibit some new or conjugate with variety of therapeutic
enhanced size dependent properties in molecules (drugs, proteins, antibodies, DNA,
comparison of large spheres of the same enzymes, etc [30].

material. Basically the drug is dissolved, Polymeric drug conjugate: Polymeric
entrapped, encapsulated or attached to theanticancer drugs are generally less toxic, when
matrix of polymer. In the matrix system of composed with free drug so far require
polymer the drug is physically and uniformly significantly higher concentration inside the
dispersed. Nanospheres can be amorphous ortumor to kill. The same amount of cancer cells
crystalline in nature and also they have the as low molecular drugs. This decrease in drug
ability to protect the drug from enzymatic and efficacy can be compensated by targeting a
chemical degradation [25, 26]. polymeric drug to the specific organ, tissue and
Nanocapsule: Nanocapsule show promise as cells [31, 32]. Polymeric NPs are defined by
active vectors due to their capacity to release their morphology and composition in the core
drugs, their sub cellular size allows relative and periphery. The therapeutic agent is either
higher intracellular uptake than other particulate conjugated to the surface of the NPs or
system. They can improve the stability of active encapsulated and protected inside the polymeric
substances. Nano-encapsulated system as activeore [33]. There are numerous NPs currently
substance carriers include high drug being employed for cancer therapeutics. The
encapsulation efficiency due to optimized drug properties of this system have been molecular to
solubility in the core, low polymer content enhance deliver to tumor for instant, hydrophilic
compared to other nanoparticulated system suchsurface provide the NPs with stealth property
as nanospheres. Drug polymeric shell protection for longer circulations time, and positive change
against degradation factor like pH and light and surface can enhance internalization into the
the reduction of tissue irritation due to the cancer cell. The broad scope for chemically
polymeric shell [27]. modifying the polymeric system facilitates its
Liposomes. Liposome, sphere-shaped vesicles wide utility for large therapeutic aspect in the
consisting of one or more phospholipids field of oncology. Polymeric drug conjugate
bailayers, liposomes are small artificial vesicles have shown enhance tumor accumulation,
of spherical shape that can be created from increase therapeutic index and circulation
cholesterol and natural non-toxic phospholipids. accompany by sustained release of the bound
Due to their size and hydrophobic, hydrophilic drug [34].

character (besides biocompatibility), liposome’s Polymer for anticancer nanodrug: These are
are promising system for drug delivery. So the some important polymer used for help reducing
liposomal drug gets accumulated into the toxicity of anticancer drug- such as

tumour tissue passively to produce enhanced
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Poly (ethylene Glycol) PEG: PEG is most
commonly used non-ionic polymer in the field
of polymer based drug delivery. Due to high
aqueous solubility PEG polymer is considered
as a adaptable candidate for the prodrug
conjugation. Ringworm was the first propose
the rational model for pharmacologically active
polymer in 1975 [35]. PEG in its most common
form is a linear or branched polyether
terminated with hydroxyl group. PEG is
synthesized by anionic polymerization of
ethylene oxide initiated by nucleophilic attack
of a hydroxide ion on the epoxide ring. Most
useful for polypeptide medication is
monomethoxy PEG (mPEG). Successful
conjugation of PEG with biomolecule depends
upon the chemical structure, molecular weight,
strict, hindrance, and the relativity of the
bimolecular as well polymer. In order to
synthesize a bioconjugate both chemical
entities (i.e. the bioactive as well as polymer)

mechanism Enhance Permeation and Retention
Effect. So it's diverse property it can be applied
for nanomedicine [38].

Beta cyclodextrin: Cyclodextrin (CDS) is
cyclic compound consisting of six to eight
glucose units, which are termed B, andy
respectively. These cyclic oligosaccharides
contain a some, what lyphophilic outer surface,
because of their chair conformation of
glucopyrahose units, the CDs are shaped like
reduced unit rather than perfect cylinders. CDs
are able to form dynamic molecular inclusion
complex with many drug incorporating the dry
molecule, or commonly a lipophilic moiety of
molecular into central cavity (39, 40). They are
also beneficial in improving the aqueous
solubility of poorly water-soluble molecule, to
pocket degradable substance, to obtain
sustained delivery or design innovative drug
carrier [41].

POLY (lactic-co-glycolic acid) PLGA: PLGA

need to possess a reactive or functional group has attracted considerable interest as a base

such as —COOH, -OH, -SH, or -NH, before the
synthetic methodology to form a conjugation
involve either protection or deprotection of the
group. PEG is the most widely used polymer in
delivering anticancer drug clinically.

PEGylation(i.e. the conventional attachment) of
protein drug and bioactive is known to enhance
the aqueous solubility of drugs, PEG nanodrug
have prolong circulation time, minimize non

specific cellular uptake, and achieve specific
tumor targetibility through the Enhanced

Permeability and Retention Effect. Numerous

material for biomedical application due to its
biocompatibility, failure biodegradation rate
depending on the molecular weight and
copolymer ratio. Approval for clinical use in
human by U.S food and drug administration.
Potential to modify surface property to provide
better interaction with biological material.
PLGA based material with suitable properties
and shape for specific biomedical application.
Unlike pure polylactic and polyglycolic acid
show poor solubility in. tetrahydrofuron of its
ester linkage through bulk or heterogeneous

PEG based therapeutic have been develop anderosion, in aqueous environment [42,43,44].

several have received market approval [36, 37].
N-(2-hydroxypropyl) methacrylamide
(HPMA): N-(-Hydroxypropyl) methacrylamide
or HPMA is water soluble (highly water
soluble) non immunogenic and non toxic and
long blood circulation. So it can be used as
macromolecular carrier for low molecular
weight drug (especially for anticancer drug) to
enhance therapeutic efficacy and reduce toxic
effect. Poly (HPMA) - drug conjugate

Chitosan: Chitosan is a naturally occurring

linear polysaccharide composed primarily of
repeating units of D- Glucosamine. It is

structurally similar to the cellulose and the
presence of highly reactive amine group renders
the polymer a net positive charge. Chitosan is
the most common polymer currently used for
drug/gene delivery because of excellent
properties such as good biocompatibility and
natural antibacterial, anti-inflammatory and

accumulate at cancer cell by passive targeting neuroprotective behaviours, which ensure same
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therapies. It can be enzymatically degraded in of this method is known high pressure
vivo by enzymes such as lysozoyme and emulsificaion and solvent evaporation method.
chitosanase, into oligomers and finally to N- This method involve preparation of emulsion
glucosamine, which is endogenously present in which then subjected to homogenization under
the human body [45]. high pressure follow by overall stirring to
Polyphosphester: PPEs form  another remove organic solvent the size can be control
interesting class of biomaterial that is composed by adjusting stirring rate, type and amount of
of phosphorus incorporated monomer. These dispersing agent, viscosity of organic and
polymers consist of phosphate with two R aqueous phase and temperature. However this
groups (one in the backbone and one side method can be applied to lipophilic drugs [48].
group) and can be synthesized by a number of Linker: Molecules that bind were another
routes including ring opening polymerization, (usually longer) molecule. Chemical linkers are
poly condensation and polyaddition originally used to conjugate drug polymer by formation at
developed in 1970 [46]. Polymer with repeating covalent bond. The molecule of antibody drug
phosphester bond in the backbone is structurally conjugates currently in clinical development use
versatile and biodegradable through hydrolysis, only limited number of chemical linker. This
and possible enzymatic digestion at the linker exploits difference in intracellular PH,
phosphoester linkage under physiological reduction potential or enzyme concentration to
condition. These biodegradable trigger the release of the cytotoxin in the cell.
polyphosphoester are appearing for biological One of the unique features of antibody
and pharmaceutical application because of their conjugate drug (ACD) is that they offer a
potential biocompatibility and similar to unique target therapeutic strategy, by combining
biomacromolecule such as nucleic acid [47]. the best feature of both antibodies and small
Polymer drug preparation method: The molecules drug to create a single moiety that is
selection of appropriate method for the highly specific and intracellular release. Some
nanoparticles depends on the physicochemical chemical linkers and their release mechanisms
character of the polymer and drug to be loaded. are. Hydrozone - Design for serum stability and
Method include- degradation in acidic compartment within the
* Solvent evaporation method cytoplasm [1]. Peptide- Designed to be
e Emulsion diffusion method enzymatically hydrolyzed by lysosomal
« Solvent displacement method protease such as cathepsin B.

«  Polymerization method Disulfide - Designed to be cleaved through
. Salting out method Disulfide exchapge with_ an intracellular thi(_)l,
«  Coacervation method such as glutathione. Thioether — Nonreducible
- lonic gelation method and designed for intracellular proteolytic

Solvent evaporation method: In this method d_egr_qdation [49, .50]' Peptid_es ligand has shov_vn
polymeric drug solution in a volatile solvent significant targeting potential because of their

such as dichloromethane is prepared and
emulsified into nonaqueous phase. It mainly
involve in two steps. First step require
emulsification of the polymer drug, solvent is
evaporated, inducing, polymer precipitation as

nanosphere [48]. Nanoparticles are collected by

ultracentrifugation and washed with distilled
water to remove stabilizer residue or any free
drug and lyophilized for storage. Modification
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small size, high stability, and relative easiness
of large scale synthesis with excellent quality
control [117, 118]. Peptide conjugate

nanoparticles have been widely used for
targeting cancer cell and tumor vasculature [51,
52]. The peptide Arg-Gly-Asp and Gly-Pro-

Leu-Gly are generally used for as peptide
linker. [53].
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Approaches to reduce toxicity of anticancer
drug: Uses of chemoprotective agent in the

describe specific interaction between drug and
drug carrier and target cells, usually through

treatment of cancer, chemoprotective agent are specific ligand interaction. Ligand — receptor

drug which protect the healthy tissue from the
toxic effect of anticancer drug, Amifostatine,

Mesna, Acetylcycstine, Dexrazoxane are
chemoprotective agent (54).
Countering the toxicity: Alternate /

intermittent therapy is a new way, in anticancer
drug therapy, Dose reduction, Folic acid rescue-
Leucovorin reduced folate is co-administer with
anticancer drug. Folic acid is used to rescue
bone marrow and GIT muscular cells, and is
directed converted to THFA. Use as advance
drug delivery system. Uses of suitable polymer

interaction are possible any when compound are
in close proximity (<0.5nm) [56, 57, 58].

Passive targeting: Passive targeting is based on
drug accumulation in the area around the tumor
with leaky vasculature commonly referred as
the Enhanced Permeation and Retention Effect
[59].

Enhance permeation and reaction effect:
Blood vessel increase their permeability when
affected by solid tumor or by inflammatory or
infection Process. The vessel becomes leaky,
this allowing particle to cross the wall and

for alter the physiochemical properties of drug permeate the intestinal space. The size of the
i.e. the cationic polymers are more interaction particle can vary from 10-500 nm, thus the
due to negative charge of cancer cell and drug nature of the disease affect the porosity of the
can internalize more in cancer cell (55). vasculature, allowing for control over diffusion
Approaches for targeting delivery of of the drug. The choice of properly sized carrier
Nanoparticles: The delivery of an anticancer would allow the drug to extravasate from the
drug to target tissue can be achieved by NPsblood vessel. Moreover tumor cell lack an
primarily in two ways: Passive targeting mean effective lymphatic drainage system. Both
by Enhanced Permeation and Retention (EPR) aspects facilitate structure with a size up to
effect. Active targeting by ligand based approximately 200 nm to accumulate in tumor
targeting. Tumour cell targeting i.e. tissue [60].

Transferring receptors, foliate receptors, General character of nanoparticles Size: The
epidermal growth factor receptors, basic physiological parameters such as hepatic
Glycoproteins, Matrix metalloproteinase’s. By filtration, tissue extravasations / diffusion and
charges of cancers cells. kidney excretion. It is clear the particle sizeypla
By Active and passive targeting: NPs have a key factor in the long circulation and
prolonged circulation time, minimize non biodistribution of NPs. NPs smaller than 10 nm
specific cellular uptake and achieve specific can be rapidly cleared by the kindly or though
tumour targeting therapy EPRE. The rational of extravasations while longer NPs they have
using NPs for tumor targeting is based on one of higher tendency to cleared by cell of the
the most efficiency at NPs is delivering drug in mononuclear phagocyte system MPS also
the area of the tumor target via the Enhance referred as reticuloendothelial system [61]. For
Permeability and Relation Effect. This can be example in vivo distribution result of
also be achieved by active targeting of ligand at polystyrene NPs, with consistently composition
surface at NPs. NPs limit the drug distribution and raring particle size of 50 to 500 NPs show
to target organ, hence reduce the drug exposurehigher level of agglomeration in the liver [62].
against healthy tissue. It was reported poly Another study compared different size range of
(isohexyl cyanoacrylate) hemisphere showed PEGylated spherical NPs (<100nm, 100-200nm,

higher concentration at doxorubicin in the liver, and >200nm) for protein  absorption
spleen, and lungs then in wusing make nanoparticles uptake by immuring
doxorubicin. Active targetting is used to macrophages, and blood cleared kinetic [63].
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NPs size have key for for EPRE. Several studies or specialist camera. The sample must there
have studied to determine the gap size in the able to withstand the electron beam and also the
leaky vasculature, so the size range 10-25 nm high vacuum chamber that sample is put into.
had clearly undergone EPRE [64-68]. The sample preparation can be difficult as a thin
Surface charge: It has been established that the sample and a supported grid must be prepared
surface charge of NPs also could after their the proceeds can be also be time consume and
uptake by the mononuclear phagocyte system this, along with cost are main disadvantages.
cell. The neutrally charged NPs have more This given higher resolution when is benefit
circulation time then change particle [69.70]. when study of the sample to also it require
Positive charge NPs have generated more understanding of the sample to allow
immune response compliment activation and interpretation of the results [76].

conjugated activation compare to neutral charge Conclusion: The aim of this review have been
particle. For example the molecule having overview the design of anticancer drug which
amine at the surface higher rate of nonspecific target the cancer cell the approaches which used
uptake than molecular heaving hydroxyl follow active and passive targeting Enhance
sulphate or carboxyl group. So the NPs having Permeation and Retention Effect. Their unique
charge between -10 to +10 mv have reduced ideas about anticancer drug formulation to
nonspecific cellular uptake and interaction [71, clinician offer them. New concept of the
72]. treatment to improve the therapeutic
Characterization of Nanoparticals (NPs): To effectiveness thereby providing hope for new
understand synthesis and application of NPs, treatment option in the future. However new
characterization of NP is necessary [73]. Size developed nanomedicine, whether it is carrier
determination is the primary parameter for for drug, therapeutic agent or imaging agent,
characterization of NPs. will need to be thoroughly characterized
Scanning Electron Microscopy (SEM): SEM physiochemical. Pharmacologically and
also used a high energy electron beam but theimmunological before they Can be used for
beam is scanned over the surface and the backhuman. Acute and chronic toxicity
scattering of the electron is looked at. The determination by cell line or animal model is
sample must again be under a vacuum and SEMcompulsory  for safety  of human.
electrically conductive at the surface. SEM is Nanotechnology provides hope in developing
giving morphological examination with direct new way to diagnose, treat cancer in current
visualization. For SEM characterization, NP trend.
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