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Abstract
Self-assembly of amphiphilic polymer opens a new avenue in the biomedical field;
particularly, amphiphilic polymer vesicles have generally shown promising potential
in drug delivery applications. The advantage of nanoparticle for drug delivery is
because of the direct injection of these kind molecules to the body which will circulate
in the body without any coagulation or blocking. The amphiphilic nature makes the
micelles an effective carrier for the drugs, which are struggling with poor solubility,
limited stability, and toxicity.

Introduction
Cancer is a disease that causes for millions of deaths throughout
the world every year [1]. Different decisive steps have already been
made but most of the cellular processes causes for cancer is either
unknown or not been translated into the effective cure [2]. Among
different mode of treatments (e.g. radiotherapy, immunotherapy,
and chemotherapy) chemotherapy with its different organic
molecules or inorganic metals, is the central component of the
treatment [2]. However, small molecule drugs (e.g. doxorubicin,
camptothecin, cis-platin) suffer either from solubility or sitespecificity causes for severe side-effects in real applications [3].
To deal with these different drawbacks of small molecule drugs,
researchers have employed different delivery vehicle carrying the
chemotherapeutic agent either with non-covalent encapsulation
or attached with different stimuli responsive (pH, thermal, and
enzymatic) linkers to the delivery vehicle [3-13]. This vehicle
carries single or multi drug component in aqueous environment
form self-assembled nano-structure by protecting the drugs into
its hydrophobic core and deliver the drug once it reaches to the
affected area [3-13]. There are several systems (e.g. nanoparticles,
peptides, dendrimer, and liposomes) have been explored by the
researchers which efficiently carries the drug to the targeted
sites [4]. These all particularly form excellent nano-assemblies
in aqueous environment due its amphiphilicity present in it
[14-18]. Polymer based drug delivery system is one of those
which form excellent nano-assemblies when it functionalized
with hydrophilic PEG group [7,9,11-13]. The drug can deliver
through this nano-carrier either by non-covalent encapsulation
or covalently attached with different stimuli responsive linkers
[5,7,13-15]. The polymer based nano-vehicle shows enhanced
cytotoxic effect due to its plasma stability which eventually helps
to increase the permeation and retention effect (EPR) [5-15]. Due
to leaky vesicular nature of the blood vessel around the tumour
help these nano-vehicles to reach the targeted sites [8]. In this
modern era, these delivery vehicles are even making more sitespecific by incorporating different pendent receptor moieties
into it [9]. Due to abnormal growth of the tumours it uptake more
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amount of nutrients, mineral, and vitamins compare to normal
cells which causes the formation of overexpressed receptors onto
the cancer cell surface. Folic acid and Vitamin H (biotin) are one
of those whose receptors are found overexpressed onto cancer
cellular surface [3]. Hence, functionalization of these site-specific
motifs into the nano-assemblies, which targets the receptors
those are over expressed on the surface of the cancer cell, make
the system more site-specific. Further, these nano-assemblies
are internalized efficiently by following receptor mediated
endocytosis, a well-known mechanism followed by mammalian
cells (Figure 2) [7,9,13].
Different polymeric methods with different backbones (e.g.
ROP, poly-condensation, ROMP), have already been explored
by different research groups to employ various functionalities
for synthesizing smart carriers in the field of nano-medicine
[5-14]. These different polymeric system shows excellent nanoassembly [5-14]. Upon incorporation of drugs into that by either
covalent or non-covalently form different shapes at nano-scale
level and internalize inside the cell quite efficiently [5-15].
Drugs attached through different stimuli responsive covalent
linkers follow sustain release mechanism, provide therapeutic
response over longer time period [5,7,9,11-13]. Whereas noncovalently encapsulated drug follows the burst mechanism, gives
a sudden killing of cancer cell at post-metastatic stage [15]. So,
a multifunctional nano-assembly carries the drug with generally
considered as nano-medicine is due to its ability to form selfassembled structure at the nano-meter level [5-15]. This nanomedicine open up a new way to fine tune the properties by
simply altering the functional motifs attached to the carriers and
gives a better therapeutic efficacy in terms of site-specificity and
solubility [4-15].
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Figure 1: Self-assembled nano-aggregate of amphiphilic polymer with pendent receptor motif in aqueous condition.

[7,13]. Ring opening metathesis polymerization (ROMP) is one of
those technique, where a highly functional group tolerant Grubbs’
catalyst gives the opportunity to make excellent polymers,
bearing different functionalities with narrow poly dispersity [7].
Grubbs’ catalyst with its three different generation ruthenium
catalysts can open the norbornene ring with different complex
architecture which eventually help to tune the different properties
of the biocompatible nano-carrier [13]. Theranostic systems or
site specific dual imaging motifs generally requires of anchoring
different complex synthetic molecules into a single system to
tune the properties and metathesis polymerization technique
serve it excellently [7,17,19]. By this method different nano-mater
aggregated structure can be formed with different imaging motif
and drug attached to it by variety of stimuli responsive linker or
encapsulation [7,15,17]. The functional group tolerant Grubbs’
catalyst can polymerize a variety of monomers bearing complex
motif or inorganic metal and thus we can tune the loading by
simply fine tuning the degree of polymerization (DP) [13,17].
Figure 2: A schematic representation of site-specific delivery of
polymeric nano-assembly.

Recently, drug delivery nano-vehicles are gearing up towards
the zone of theranostics, a system composed of therapeutic and
diagnostic agent together [7,9,13]. A synthetic architectural
molecule functionalized with different imaging probes (MRI
contrast agent, Fluorescent agent, and NIR-imaging probe) along
with the therapeutic agent open up a new avenue of treating
malignancies [7,9,13,16]. This modified system can diagnose the
affected area along with treatment by carrying the both in a single
system and this actually help to monitor the therapeutic pathway
of the drug [7]. These systems also help to monitor the therapeutic
efficacy of the non-emissive drugs (chlorambucil, cis-platin) in
each dose [5,9,12]. So, to incorporate the different functionalities
into a single polymeric system there is always a pressing need to
have a living polymerization technique which can form a range
of different molecular weight polymer with uniform distribution

In summary, Polymer based nano-assembled aggregates are
promising tool for the purpose of delivery of drug or theranostic
molecules. Incorporation of folic acid or biotin into the polymeric
system makes the system even more site-specific. This long chain
ampiphilic molecule form small core-shell nano-aggregate by
keeping the hydrophobic drug or imaging motifs into its core and
peg with its receptor molecule as pendent motif. The different
stimuli responsive covalent linkers can be used for sustained
release of the drug whereas for burst release mechanism noncovalent encapsulation is required.

Future Prospect

Recent reports show that the functional group tolerant Grubbs’
catalyst can form the different range of cyclo-poly-acetylene with
uniform distribution and different functionality can be employed
to that to regulate its property in terms of solubility, and so on
[20]. This biocompatible molecule can open up a new avenue to
make complex architectural molecule with better response in the
field of cancer therapy [20].
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