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ABSTRACT

Cancer is the leading cause of death in economically developed countries and the second leading cause of death in
developing countries. The World Health Organization (WHO) estimates that 84 million people will die of cancer
between 2005 and 2015. The main weakness of most chemotherapeutic approaches to cancer treatment is that most
of them are nonspecific. The polymeric nanoparticles can enhance the permeability and retention of anticancer drug
and diminish the drug exposure to healthy tissues by limiting drug distribution to the target cancer. The properties
of nanoparticles as precursor of a good nanomedicine are nanoparticle size, size distribution, surface morphology,
surface chemistry, surface charge, surface adhesion, surface erosion, inner porosity, drug diffusivity, encapsulation
efficiency, drug stability, drug release kinetics, hemodynamic and a high loading capacity to decrease the number of
the carrier required for administration. Poly (lactic-co-glycolic acid) (PLGA) is one of the most effectively used
biodegradable polymers for the development of nanomedicines due to its controlled and sustained release
properties, low toxicity, and biocompatibility with tissue and cells. PLGA is approved by the US FDA and European
Medicine Agency (EMA) in different drug delivery systems in humans. PLGA nanoparticles are commonly used for
the encapsulation of various cancer related drugs and their successful delivery in vivo. The various anticancer
drugs that have been investigated in PLGA nanoparticle preparations are discussed in this chapter. The application
of PLGA nanoparticles has provided a promising future for the anticancer nanomedicine with high efficacy and few
side effects.
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INTRODUCTION

According to World Health Organization (WHO) canoexists as one of the major public health problems
worldwide, with approximately 14 million new casasd 8.2 million cancer related deaths in 2012. filmaber of
new cases is expected to rise by about 70% ovendRe 2 decades. Among men, the 5 most commos sfte
cancer diagnosed in 2012 were lung, prostate, eclal, stomach, and liver cancer. Among women thmaost
common sites diagnosed were breast, colorectay, lcervix, and stomach cancer. More than 60% otdistotal
new annual cases occur in Africa, Asia and Cerdral South America. These regions account for 70%hef
world’s cancer deaths. It is expected that annaater cases will rise from 14 million in 2012 to\&hin the next

2 decades. The American Cancer Society estimatae than 1.5 million new cancer cases and approeimat
500,000 cancer-related deaths in 2013 in the USRA[GR2].

One of the main causes of problem for cancer tlyeiapthe lack of selectivity of anti-cancer compdsanto
neoplastic cells. Anti-cancer compounds undoubillg kancerous cells but it affects healthy cellaAs well as
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high systemic exposure to anti-neoplastic agen&naksults in dose-limiting toxicity. Therefore,dvercome these
limitations in cancer therapy, targeted drug deiine out most important now a days [3]. As a reglbbally an
effort is being done to develop new technologies ttould overcome the inherent obstacles of cheenagly and
effectively kill the cancerous cells without hamipgr healthy cells while avoiding the appearancerasistant
relapses. In this regard, over the past decadet@emmwlogy has drawn a remarkable attention asobtiee most
promising tools in cancer management [4].The Ewropfgcience Foundation defines nanomedicines a®tneine
size scale complex systems, consisting of at leastcomponents, one of which being the active idignt”.
Although mainstream nanotechnology explores paditletween 1 and 200 nm in diameter, the sizedifidual
particles tested for drug delivery of therapeutid amaging agents may range from 2 to 1000 nm. Méghe
nanomedicines used now a days are nanoparticlggneac micelles, liposomes and self-assemblingdprgs[5].
Asthe name polymeric nanoparticle itself suggeabtsse nanoparticles can be thought of as solidcfestcomposed
of intertwining polymer strands. Polymeric nanojzdes have been made from many types of polymenging
from basic polymers such as poly(lacticteglycolide) (PLGA) Figure 1), poly(lactic acid) (PLA), chitosan,
poly(alkyl cyanoacrylate) (PACA) such as polybugsdooacrylate, polgf caprolactone) (PCL), etc., to more
complex diblock and triblock polymers such as petlyylene glycol)-poly(lactide acid) (PEG-PLA)[6].mfong
these the reasons for the widespread use of PL&Asabiodegradability, its biocompatibility, arftetfact that drug
products containing PLGA have been approved foemaral use by regulatory authorities around thedmike
USFDA [7-8].

1.1.Physicochemical properties of PLGA

In order to design a better controlled and targeted) delivery device, it is essential to underdtéme physical,
chemical and biological properties of PLGA [8].PLG#as generated tremendous interest due to its lemtel
biocompatibility, biodegradability, and mechanietength. PLGA can be synthesized by a polycondiemsa
reaction or via ring-opening polymerization of dgcliesters. Ring-opening polymerization is curkerthe
preferred method for the synthesis for PLGA and/lpctic acid due to shorter reaction times and &éighonomer
conversionrates[9]. Poly (lactic-co-glycolic acid) is a copolymer syaiized via random ring opening
copolymerization of two different monomers, thel@ydimers (1, 4-dioxane-2, 5-diones) of glycolicichand lactic
acid. General catalysts used in the preparatighisfcopolymer include tin (II) 2-ethylhexanoate, fil) alkoxides
or aluminum isopropoxide. During polymerizationnsecutive monomeric units (glycolic or lactic acate linked
together in PLGA by ester linkages, so yieldingeéin amorphous aliphatic polyester produ€k In order to
improve the formulation of controlled drug delivedgvices, an understanding of the physical, chdmard
biological properties of polymers is helpful. Thelyactic acid polymer can exist in an opticallytige stereo
regular form (L-polylactic acid) and in an optigalhactive racemic form (D, L-polylactic acid). lolylactic acid is
semi crystalline in nature due to the high regtyaof its polymer chain structure, while D, L-pagtic acid is an
amorphous polymer because of irregularities inpiddymer chain structure. Polyglycolide is highlyystalline
because it lacks the methyl side groups of polidamtid. PLGA copolymers prepared from L-polylacticid and
polyglycolide are crystalline, while those from Dpolylactic acid and polyglycolide are amorphouasnature. It
has been found that PLGAs containing less than gl§#olide are amorphous. The degree of crystajliaitd the
melting point of the polymers are directly relatiedtheir molecular weight. The mechanical strengthelling
behaviour, capacity to undergo hydrolysis, andsegbently, the biodegradation rate, are direcfluémced by the
crystallinity of the PLGA polymer, which depends ¢me type and molar ratio of the individual monomer
components (lactide and glycolide) in the copolymiesin[11].The Tg (glass transition temperature) of the PLGA
copolymers are above the physiological temperatfi®/ °C and hence they are glassy in nature, $hosvs rigid
chain structure. It is also reported that Tg of RIsGlecrease with a decrease of lactide contenetisas/ molecular
weight [8]. Some of the commercially available PL@rades are listed below.

o
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Figure 1: Chemical formula of PLGA (m: humber of units of lactide, n: number of units of glycolic acidl

1.2.Biodegradation of PLGA
A fundamental understanding of the vivo phenomenon of PLGA biodegradation is importantalee this
determines the rate and mechanism of the releatefpeutic agents. PLGA copolymers are degradéuki body
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by hydrolytic cleavage of the ester linkage to itacnd glycolic acid Figure 2). These monomers are easily
metabolized in the body via the Krebs cycle andniglated as carbon dioxide and water[15-16].The pely
degradation process both in vitro dandivo is affected by several factors, including the rodtbf preparation, the
presence of low molecular weight compounds (monemaigomers, catalysts), size, shape and morpholtbg
intrinsic properties of the polymer (molecular watigchemical structure, hydrophobicity, crystatiyniand glass
transition temperature), physicochemical paramejgts temperature, and ionic strength of the emvitent), site
of implantation, and mechanism of hydrolysis. Imeml, the degradation time will be shorter for lowlecular
weight, more hydrophilic, and more amorphous polgnand for copolymers with higherglycolide contght17].

Table 1: Commercially available PLGA grades

Inherent

Company Lactide/Glycolide . Tg h . Reference
(Commercial name) Grade ratio Molecular weight ©C) V|(sctj:|7gs)|ty )
P2191 50:50 30,000 -60,000 g/mo - 0.55-0.75
RG 502 50:50 ester terminated ~ 7,000- 17,000 g/mpl42-46 0.16-0.24
RG 502 H 50:50 acid terminated 7,000- 17,000 g/mol 42-46 0.16-0.24
RG 503 50:50 ester terminated ~ 24,000-38,000 g/mpl 4-481 0.32-0.44
RG 503 H 50:50 acid terminated 24,000-38,000 g/mol 44-48 0.32-0.44
RG 504 50:50 ester terminated  38,000-54,000 g/mpl 6-504 0.45-0.60
RG 504 H 50:50 acid terminated 38,000-54,000 g/mal 46-50 0.45-0.60
Sigma Aldrich RG 505 50:50 ester terminated  54,000-69,000 g/mpl 8-52 0.61-0.74 [12]
(Resomer®) P2066 65:35 40,000-75,000 g/mol - 0.55-0.95
RG 653 H 65:35 acid terminated 24,000-38,000 g/mol 46-50 0.32-0.44
P1941 75:25 66,000-107,000g/mo - 0.55-0.75
RG 752 H 75:25 acid terminated 4,000-15,000 g/mol| 2-48 0.14-0.22
RG 756 ¢ 75:25 ester terminat | 76,00(-115,000g/mc 49-55 0.71-1.C
430471 85:15 50,000-75,000 g/mol 45-50 0.55-0.75
RG 858 S 85:15 ester terminatgd ~ 190,000-240,000g/mo - 1.3-1.7
790214 5:95 - - 1.1
10P022 50:50 ester terminatgd  70-100 kDa 0.58-0.6
10P024 50:50 ester terminatgd  15-30 kDa 0.15-0.25
10P02i 50:50 acid terminate | 40-67 kDe - 0.4C-0.5%
10P01. 50:50 acid terminate | 80-120 kD:z - 0.65-0.9C
10P016 50:50 ester terminatgd  70-100 kDa 0.60-0.]
10P017 50:50 acid terminateq 15-30 kDa E 0.25-0.40
10P001 50:50 acid terminateq 40-67 kDa E 0.40-0.55
10P019 50:50 acid terminateq 5-20 kDa - 0.15-0.25
10PO1L( 65:35 ester terminat | 45-85 kDe - 0.5C-0.6%
10P01. 65:35 acid terminate | 45-85 kD¢ - 0.5C-0.6%
10P027 75:25 ester terminatgd ~ 105-145 kDa 0.8-1.1
PCAS 10P011 75:25 ester terminatgd ~ 105-145 kDa 0.86-0. [13]
(Expansorb ®) 10P015 75:25 acid terminateq 5-10 kDa - 0.08-0.p
10P002 75:25 acid terminateq 37-84 kDa E 0.38-0.64
10P00: 75:25 acid terminate | 76-130 kD¢ - 0.7C-0.9C
10P00- 75:25 acid terminate | 11C-166 kDz¢ - 0.8-1.1C
10P021 75:25 acid terminateq 74-120 kDa E 0.60-0.70
10P008 85:15 acid terminateq 74-120 kDa E 0.55-0.75
10P009 85:15 ester terminatgd  80-115 kDa 0.55-0.
10P020 85:15 acid terminateq 10-15 kDa E 0.15-0.25
10P0O0 90:10 acid terminate | 40-65 kDe - 0.35-0.5¢
10P029 90:10 acid terminateq 50-100 kDa 4 0.60-0.70
10P023 95:05 acid terminateq 5-20 kDa - 0.15-0.25
10P025 95:05 acid terminateq 10-15 kDa E 0.25-0.40
PDLG 5002 50:50 - - 0.2
PDLG 5002A | 50:50 acid terminated - - 0.2
PDLG 5004 50:50 - - 0.4
Corbion Purac PDLG 5004A | 50:50 acid terminated - - 0.4 [14]
Biomaterials (Purasorb®) PDLG 5010 50:50 - - 1
PDLG 7502 75:25 - - 0.2
PDLG 7502A | 75:25 acid terminated - - 0.2
PDLG 7507 75:25 - - 0.7
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Figure 2: Degradation of polylactide-co-glycolide d lactic and glycolic acid

1.3. Preparation of PLGA nanopatrticles

Number of methods for polymeric nanoparticle prdituchas been developed by researchers. Theseoaeehy

mainly two approaches. The first approach genenaltjudes two main steps. The first step is to prepan

emulsified system, and this is common to all th¢hods used. The nanopatrticles are formed duringdhend step,
which varies according to the method used. In géntite principle of this second step gives its adamthe method.
The second approach consists in conduction of tepe{srocedures where emulsification is not requpgdr to

formation of nanoparticles, and are based on speptss precipitation of a polymer or through seHfessbly of

macromolecules [18]. The commonly used methodprfgparation of PLGA nanoparticles are briefly dise.

1.3.1.Two-Step Procedures Based on Emulsification

1.3.1.1. Single- or double-emulsion-solvent evaporation metd

The most generally used method for PLGA NP fornmai® the single or double-emulsion-solvent evaponat
Single-emulsion process involves oil-in-water (oAmMulsification, while the double-emulsion procissa water-in-
oil-in-water (w/o/w) technique. The w/o/w methodbisst suited to encapsulate water-soluble drukgs,deptides,
proteins and vaccines, whereas the o/w methodrfeqidor water-insoluble drugs, such as ster¢gidg 19] In
some cases, solid/ oil/water (s/o/w) techniquesehaeen used with PLGA-based microspheres, espedftalla
higher drug loading of large water-soluble peptidesh as insulifil9-20]. In o/w method, the polymer is dissolved
in an organic solvent such as dichloromethane,rofdom or ethyl acetate. The drug is dissolvedispérsed into
the preformed polymer solution, and this mixturemnsulsified into an aqueous solution to make arf@jlin water
(W) i.e.,, O/W emulsion using a surfactant/emulsifyiagent like gelatine, Poly(vinyl alcohol), Poly&ie80,
Poloxamer188, etc. Following the formation of eblteemulsion, the organic solvent is evaporatecthbynting the
temperature/under pressure or by nonstop stirBgth the above ways use a high-speed homogenization
sonication. However, these procedures are exceltena laboratory-scale procedure, but for a lasgale pilot
production, alternative methods using low-energylsification is necessitated [21].

The size can be controlled by regulating the stie,rtype and amount of dispersing agent, viscadityrganic and
aqueous phases, and temperatdthough different types of emulsions may be usstiyater emulsions are of
prime interest because they use water as the n@mtolThus this simplifies and improves processnentcs,
because it eliminates the requirement for recycliaglitating the washing step and minimizing amgkration [22].
However, this technique can only be applied todgdable drugs, and limitations are imposed by taesup of the
high energy requirements in homogenization [21].

1.3.1.2. Emulsification solvent diffusion(ESD) method (Figue 3)

In the method developed by Quintanar-Gueretral[23-24] the solvent and water are mutually satulaieroom
temperature before use to ensure the initial thdgmamic equilibrium of both liquids. Later, the argc solvent
containing the dissolved polymer and the drug isileified in an aqueous surfactant solution (tydicalith PVA as
a stabilizing agent) by using a magnetic stirrgitfrspeed homogenizer. Water is subsequently aduader uegular
stirring to the o/w emulsion system, therefore gayphase transformation and outward diffusiontaf solvent
from the internal phase, leading to the nano pitipn of the polymer and the formation of collaid
nanoparticles. At last, the solvent can be remdwedacuum steam distillation or evaporation [23hisTmethod
presents several advantages, for example high suletjon -efficiencies (generally 70%), no need for
homogenization, high batch-to-batch reproducihiliéase of scale-up, simplicity, and narrow sizerithistion.
Disadvantages are the high volumes of water toceb®ved from the suspension and the leakage of \sateble
drug into the saturated-aqueous external phasaghremulsification, reducing encapsulation efficiefR2, 25].
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Organic Phase:
Drug + Polymer +
Partially water miscible solvent

-

Magnetic Stirring Solvent evaporation

Aqueous Phase:
Distilled water +
Surfactant

Ultrasonication Solvent extraction

O/W emulsion Nanoparticles
Figure 3: Emulsification solvent diffusion (ESD) ménhod

LJ

1.3.1.3. Emulsification reverse salting-out method

The emulsification reverse salting-out method imesl the addition of polymer and drug solution tavater-
miscible solvent, like acetone, and to an aqueoligisn containing the salting-out agent, like megjinm chloride,
calcium chloride, and a colloidal stabilizer, liRelyvinyl Pyrrolidone, under forceful mechanicatring. As this
oil-in-water emulsion is diluted with a plenty anmbwof water, it induces the creation of nanopagtichhase. The
dilution produces an abrupt decrease in the saltemiration in the continuous phase of the emulsiatucing the
polymer solvent to migrate out of the emulsion detgp The residual solvent and salting-out ageatramoved by
cross-flow filtration [26-29]. Although the emulsition-diffusion technique is a modification ofettsalting-out
process, it has the advantage of avoiding the fisalts and thus eliminates the requirement foeseypurification
steps [29-30]. The most important advantage ofngaltut is that it minimizes tension to protein apsulates[31].
Salting out does not need a raise of temperatutethos, may be useful when heat sensitive subssanave to be
processed [32]. The greatest disadvantages aresdxelfunction to lipophilic drugs and the extemshanoparticle
washing steps [22, 33].

Organic Phase:

/\ Drug + Polymer +
NN water miscible solvent

Aqueous Phase: Magnetic Stirring/ Ultrasonication

Distilled water +
Surfactant

Solvent evaporation

@ mmm\

Nanoparticles

Figure 4: Nanoprecipitation method

1.3.2.0ne-Step Procedures

1.3.2.1. Nanoprecipitation method (Figure 4)

The nanoprecipitation technique is a one-step pycalso known as the solvent displacement meth8d 34].
Nanoprecipitation is performed using systems caingithree basic components, the polymer, the pahsolvent,
and the nonsolvent of the polymer [29, 35]. Usuyaltys method is used for hydrophobic drug entraptireut it has
been suited for hydrophilic drugs additionally. y#oérs and drugs are dissolved in a polar, watecibies solvent
like acetone, acetonitrile, ethanol, or methandie Tsolution is poured in a controlled manner (doggrop
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addition) into an aqueous solution with surfact&@noparticles are formed immediately by rapid sotdiffusion.
Lastly, the solvent is removed under reduced preg86-37].

1.4.PLGA nanoparticles characterization techniques

Characterization of nanoparticles is necessary dothorough understanding of their properties prevido
developing them further for pharmaceutical functiblanoparticle size is significant, not only in g®hining the
release profile and degradation manners, but alsteiermining the efficacy of the therapeutic aganterms of
tissue penetration and cellular uptake [29, 38]ti€la size, size distribution and morphology detered by
Dynamic light scattering or photon correlation gpescopy [36, 39-40], Scanning electron microsc@pl-43],
transmission electron microscopy [44-46] and Atofoirce microscopy [47-49].

The molecular weight of the polymer influences ttanoparticles size, encapsulation efficiency, aedradation
rate of the polymer [29, 50]. Molecular weight iglicative of polymer chain length, and the higher molecular
weight, the longer the chain length. In additiohaio length reflects the hydrophilicity or lipophity of the
polymer. An increase in chain length raises thedmplicity and reduces the degradation rate of ploé/mer.
Consequently, by varying the molecular weight, dbgradation rate of the polymer and release kin@ti¢he drug
can be managed [17, 29, 51]. The molecular weigtdrchined by Size exclusion chromatography [52-54].

The physical state of both the drug and the polymeexd to be determined because this will have faureimce on the

in vitro and in vivo drug release characteristics. The zeta potental influence nanoparticle constancy and
mucoadhesion, as well as intracellular traffickivfgparticles as a function of pH. Hydrophobicitytelenines the
distribution of nanoparticles in the body after adistration. Hydrophilic particles lean to remainthe blood for a
longer time [21, 29-30, 55].Zeta potential deterdrby Zetasizer[47, 56-57]. The zeta potential @slmay be
positive or negative depending on the nature ofpiigmer or the material used for surface modifarat This is a
widely used method to recognize the surface charfbs [21, 58]. Hydrophobicity and hydrophilicitgtermined
by Water contact angle measurements and hydroplimteiaction chromatography respectively [59-64jefle are
many sensitive methods for characterizing nanagesti depending upon the factor being investiggzefi

1.5.PLGA nanoparticles targeting strategies

Most current anticancer agents do not significadifferentiate between normal and cancerous ckdsling to

systemic toxicity and adverse effects. Therefoystesnic applications of these drugs often causeroigs side
effects in other tissues (such as bone marrow sgpjan, cardiomyopathy, and neurotoxicity), whicaadly limits

the maximal permissible dose of the drug. In additirapid removal and widespread distribution intmtargeted
organs and tissues require the administration dfug in large quantities, which is not cost-effegtiand often
complicated owing to nonspecific toxicity. Nanotaology suggests a more targeted approach and gooldde

important benefits to cancer patients. In fact,gkploit of nanoparticles for drug delivery andgeting is likely one
of the most exciting and clinically significant digptions of cancer nanotechnology [65]. Nanop#etisystems
offer major improvements in therapeutics via spedficity, a capability to evade multidrug resista, and proper
delivery of anticancer agents [29, 66].

Targeted delivery can be passively (by taking athge of the distinct pathophysiological featuretuofiour tissue)
or actively (by targeting the drug carrier usingyt-specific ligands) accomplished [29, 67].

1.5.1.Passive targeting

Structural changes in vascular pathophysiology a¢qubvide chances for the use of long-circulatiragtipulate
carrier systems. The aptitude of vascular endathelio present open fenestrations was describedhtorsinus
endothelium of the liver [68-69], when the endoitlmal is perturbed by inflammatory process, hypoxieas of
infracted myocardium [70] or in tumoUi¥4]. More particularly, tumour blood vessels are usuetharacterized by
abnormalities such as high proportion of prolifergtendothelial cells, pericyte deficiency and alomal basement
membrane formation leading to an enhanced vaspelaneability. Particles, such as nanocarriershignsize range
of 20-200 nm), can extravagate and accumulate aéntid interstitial space. Endothelial pores hazessivarying
from 10 to 1000 nni69, 72]. Furthermore, lymphatic vessels are absent or noatifanal in tumour which
contributes to incompetent drainage from the tuntmsue. Nanocarriers entered into the tumour ateemoved
efficiently and are thus preserved in the tumounisTpassive phenomenon has been called the “Enthance
Permeability and Retention (EPR) effect,” discodeloy Matsumura and Maeda [69, 73-75]. Rapid vasi@alton
in fast-growing cancerous tissues is known to tesulleaky, defective architecture and impaired fyratic
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drainage. This arrangement allows an EPR effect {85 76-78], resulting in the gathering of nandiphes at the
tumour site. To maximize circulation times and &gy capability, the optimal size should be ldgnt100 nm in
diameter and the surface should be hydrophilicifmumvent clearance by macrophages [65, 79-81]. cdvalent
linkage of amphiphilic copolymers (polylactic acigglycaprolactone, polycyanonacrylate chemicallypted to
PEG) is usually preferred, as it avoids aggregasiod ligand desorption when in contact with bloothponents
[65].Researcher formulated Cremophor EL-free pacdiioaded PEGylated PLGA-based nanoparticles via a
nanoprecipitation techniqudn vivotumor growth inhibition by the paclitaxel-loaded noparticles was then
investigated in transplantable liver tumor-beanmnige. Paclitaxel was shown to reach the tumortsiteugh the
improved permeation and retention effect and mairga efficient therapeutic concentration [29, 54].

1.5.2.Active targeting

In active targeting, targeting ligands are attachedhe shell of the nanocarrier for binding to g@o receptors
expressed at the target site. The ligand is chtsdgind to a receptor over expressed by tumous aalltumour
vasculature and not expressed by normal cellshEunrtore, targeted receptors should be expressedgemaously
on all targeted cells. Targeting ligands are eithenoclonal antibodies (mAbs) and antibody fragraeot
nonantibody ligands (peptidic or not). The bindaftinity of the ligands influences the tumour peatbn owing to
the “binding-site barrier.” For targets in whichlseare readily reachable, usually the tumour vitate, because of
the dynamic flow environment of the bloodstreamghhiaffinity binding appears to be preferable [62- 8
83].Various anti-cancer therapeutics, grouped urtber name “ligand targeted therapeutics,”is classifinto
different classes based on the approach of drugetgl[69, 84]. In the active targeting strategyptcellular targets
can be differentiated) the targeting of cancer cell anylthe targeting of tumoralendothelium [69].

1.5.3.Targeting of cancer cell

The aim of active targeting of internalization-peonell-surface receptors, over expressed by cacelts, is to
improve the cellular uptake of the nanocarrierseréfore, the active targeting is mainly attractiiee the
intracellular delivery of macromolecular drugs, lsuas DNA, siRNA and proteins. The improved cellular
internalization rather than an increased tumouuiedation is responsible of the anti-tumoral effigaf actively
targeted nanocarriers. This is the foundation efdlsign of delivery systems targeted to endocsAmsine surface
receptors [69, 85]. The aptitude of the nanocatidebe internalized after binding to target celk@s a significant
criterion in the selection of proper targeting tiga [69, 86]. In this strategy, ligand targetedatamriers will result

in direct cell Kill, including cytotoxicity againgtells that are at the tumour periphery and arepeddent on the
tumour vasculature [69, 87]. The more consideré&gtiralization-prone receptors are:

i) The transferrin receptor. Transferrin, a serum glycoprotein, transports itbrough the blood and into cells by
binding to the transferring receptor and then beitigrnalized via receptor-mediated endocytosie fraAnsferrin
receptor is a crucial protein involved in iron hamstasis and the regulation of cell growth. The Higvels of
expression of transferring receptor in cancer celtich may be up to 100-fold higher than the ragelpression of
normal cells, its extracellular accessibility, #&bility to internalize and its central role in thellular pathology of
human cancer, make this receptor an attractivetdog cancer therag$9, 86, 88]

ii)The folate receptor is a famous tumor marker that binds to the vitafolit acid and folate-drug conjugates or
folate grafted nanocarriers with a high affinitydacarries these bound molecules into the cellsutftrareceptor-
mediated endocytosis. Folic acid is needed in arban metabolic reactions and as a result, is gakéor the
synthesis of nucleotide bases. The alpha isofootatd receptor is over expressed on 40% of human cancers. On
the contrary, folate recept@ris expressed on activated macrophages and alftesurfaces of malignant cells of
hematopoietic origin [69, 89].

iii) Glycoproteins expressed on cell surfaces. Lectins are proteins of non-immunological origitigh are able to
identify and bind to carbohydrate moieties attacteedlycoprotein’s expressed on cell surface. Cane#ls often
express diverse glycoprotein’s compared to norrali$.cLectins interaction with certain carbohydratextremely
specific. Lectins can be incorporated into nandgleg as targeting moieties that are directed tb-sceface
carbohydrates (direct lectin targeting) and carldosites moieties can be coupled to nanoparticlearget lectins
(reverse lectin targeting). The use of lectins ardglyco conjugates for direct or reverse targesimgtegies is a
usual approach of colon drug targeting [69, 90].

iv) The Epidermal growth factor receptor (EGFR). The EGFR is a component of the ErbB family, a fgroif
tyrosine kinase receptors. Its activation stimddtey processes involved in tumor growth and pregjos. EGFR is
commonly over expressed in a lot of cancer, pdeity in breast cancer. Also it has been found tay pan
important role in the progression of several hummeaignancies. Human epidermal receptor-2 (HER-2pmrted
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to be expressed in 14-91% of patients with breaster[69, 91-92] EGFR is expressed or over expressed in a
diversity of solid tumors, including colorectal can, non-small cell lung cancer and squamous eetlicoma of
the head and neck, as well as ovarian, kidney,rpatic, and prostate cangép, 93]

1.5.4.Targeting of tumoral endothelium

Demolition of the endothelium in solid tumors casult in the death of tumor cells induced by thek laf oxygen
and nutrients. In 1971, Judah Folkman suggestedtlieatumor growth might be inhibited by preventitgnors
from recruiting new blood vessels [69]. This obsgian is the base of the design of nanomedicintigedy targeted
to tumor endothelial cells [69, 94]. By attackirng tgrowth of the blood supply, the size and metiastapabilities
of tumors can be controlled. Consequently, in gtiategy, ligand-targeted nanocarriers bind to ldhdantigenic
blood vessels and indirectly, the tumor cells thase vessels support, mostly in the tumor core.advantages of
the tumoral endothelium targeting arethere is no need of extravasation of nanocatdeashieve to their targeted
site,ii) the binding to their receptors is directly possiafter intravenous injectioiij) the possible risk of emerging
resistance is reduced due to the genetically #talf endothelial cells as compared to tumor ¢elisdiv) the
majority of endothelial cells markers are expressbdtever the tumor type, involving an ubiquitopprach and
an ultimate broad application spectrum [69, 83} Timgjor targets of the tumoral endothelium include:

i) The vascular endothelial growth factors (VEGF) aheir receptors, VEGFR-1 and VEGFR-2, mediate
imperative functions in tumor angiogenesis and masoularization [69, 95].Tumor hypoxia and oncogenes
upregulate VEGF levels in the tumor cells, resgltin an upregulation of VEGF receptors on tumorathelial
cells. Two major approaches to object angiogengaithe VEGF way have been studied: 1) targetings¥R-2 to
reduce VEGF binding and induce an endocytic pathamag 2) targeting VEGF to restrain ligand bindimg t
VEGFR-2 [96-97]i) The avp3 integrin is an endothelial cell receptor for erllular matrix proteins which
includes fibrinogen (fibrin), fibronectin, thromhmandin, osteopontin and fibronecti@i8]. The avp3 integrin is
extremely expressed on neovascular endothelias teit poorly expressed in resting endothelial caild most
normal organs, and is significant in the calciurpeatedent signalling pathway leading to endotheldll migration
[97]. Cyclic or linear derivatives of RGD (Arg-GKisp) oligopeptides are the most studied peptideiswbind to
endothelialavp3 integrin. ThexvB3 integrin is upregulated in both tumor cells andiagenic endothelial cells [69,
97].ii) Vascular cell adhesion molecule-1 (VCAM-1) isiarmunoglobulin- like transmembrane glycoproteinttha
is expressed on the surface of endothelial tumits. cdCAM-1 induces the cell to cell adhesion, & lstep in the
angiogenesis procedure. Over expression of VCAM-found in various cancers, such as leukaemia, amy
breast cancer, melanoma, renal cell carcinoma,rigastancer and nephroblastoma[®9]. The matrix
metalloproteinases (MMPs) are a family of zinc defent endopeptidases. MMPs degrade the extracethagrix,
playing an important role in angiogenesis and ntetas more particularly in endothelial cell invasiand
migration, in the formation of capillary tubes aindthe employment of accessory cells. Membrane flypeatrix
metalloproteinase (MT1-MMP) is expressed on endi@htimor cells, including malignancies of lungagiric,
colon and cervical carcinomas; gliomas and melasd®@]. Aminopeptidase N/CD13, a metalloproteinase that
eliminates amino-acids from unblocked N-terminajreents of peptides or proteins, is an endothet#tsurface
receptor involved in tumor-cell invasion, extraokdr matrix degradation by tumor cells and tumottastasis in
vitro and in vivo[100]. NGR (Asn-Gly-Arg) peptide is reported to binctbe aminopeptidag@01].

RESULTS AND DISCUSSION

1.6. PLGA nanoparticles for cancer therapy

Cancer is a worldwide public health problem, andstef millions of people presently suffer from tldsadly
disease[102]. Cancer research involves intensiiantiic efforts to identify the causes of cancedao develop
specific strategies for its prevention, diagnosieatment, and cure. Despite considerable progress early
diagnosis, but progress concerning its treatmerst been less so. In current anticancer therapy, sdarg
administered via the intravenous and/or oral raisiag conventional formulations, including injects tablets, and
capsules. Controlled and targeted delivery of ditamcer agent at the site of action is necesgsamaximize the
killing effect during the tumor growth phase andatmid drug exposure to healthy adjacent cellgethereducing
drug toxicity. It is also desirable to maintain t@aly rate of infusion of the drug into the tumornhaximize
exposure to dividing cells, resulting in tumor reggion[103]. Nanoparticle-based drug delivery systbave many
advantages for anticancer drug delivery, includingability to pass through the smallest capillaggsels, because
of their very small volume, and being able to av@igid clearance by phagocytes, so that their poesim the blood
stream is greatly prolongEsi]. Nanoparticles can also penetrate cells and gafissue to arrive at target organs,
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including the liver, spleen, lung, spinal cord, dwehph. They may have controlled-release propeudies to their
biodegradability, pH, ions, and/or temperature sieity. All these properties can improve the utiliof anticancer
drugs and reduce their toxic side effects.

PLGA nanoparticles linked to targeting ligands ased to target malignant tumors with high affiniBLGA
nanoparticles also have large surface areas amtidual groups for conjugating to multiple diagnogeg, optical,
radioisotopic, or magnetic) agents [19]. Nanopbetarriers have high stability in biological flgidand are more
able to avoid enzymatic metabolism than other addllocarriers, such as liposomes or lipid vesided].

Paclitaxel

Many anticancer drugs can be used clinically tattrearious cancers, but have limited efficacy dugaor cell
penetration. For example, paclitaxel, a mitoticilditor, has had limited clinical application becausf its low
therapeutic index, and its low solubility in watand many other pharmaceutical solvents acceptaie f
intravascular administration. Incorporation of jtaslel into PLGA nanopatrticles strongly enhancesaittitumor
efficacy compared with the free drug, with thiseetf being more relevant after more prolonged intabawith
cells. Based on these results, it can be conclubat the formulations developed so far may be ctmrsd
promising systems for in vivo paclitaxel delivef$05]. Researcher encapsulated paclitaxel and the ajoptot
signalling molecule, C6-ceramide, into a PLGA/p¢pramino ester)-blended polymer. When this nanogartic
formulation was administered intravenously to MGl MCF7TR-tumor-bearing mice, higher concentratioh
paclitaxel were found in the blood due to a longgention time and enhanced tumoral accumulatiompewed with
the free drug. In addition, the PLGA/pdblyémino ester)-blended nanoparticles were effedtivenhancing the
residence time of both drugs at the tumor site dgucing systemic clearance [106].In another stlkeyg et al
developed paclitaxel-loaded nanopatrticles to aehieetter therapeutic effects with minimum side @ffeln this
investigation, phospholipids, cholesterol, and mitzs were used to replace traditional chemical sifiets to
achieve high encapsulation efficacy and the desited) release rate [107].The methodology and empmarial
parameters used for nanoparticle preparation capadinthe physicochemical properties of the resyltin
formulations. Danhier et al have reported signiftta higher encapsulation efficacies for paclital@hded into
PLGA nanoparticles using the nanoprecipitation meétfi70%) compared with the emulsion/ solvent evaion
technique (40%) [54] Elsewhere, it was shown tlmainarease in the oil-to-water phase ratio [105] #re polymer
concentration of the organic phase [108] could enbahe entrapment efficacy of paclitaxel withinyester-based
nanoparticles produced by the nanoprecipitatiohrtieue.Mu and Feng usestocopheryl polyethylene glycol I000
succinate (vitamin E TPGS) as well as a matrix nltevith other biodegradable polymers for the faation of a
nanoparticle formulation of paclitaxel. They cordgd that vitamin E TPGS was advantageous eitheanas
emulsifier or as matrix material blended with PL&#4 the manufacture of nanoparticles enabling ciletd release
of paclitaxel [41].Surfactants and stabilizers ased to increase the physical stability of nandgeg. Reports of
the positive surface charge of a quaternary ammmorsalt, didodecyl dimethyl ammonium bromide (DMAB)
provided the incentive to aid the delivery of p&olel, because it was expected to ensure betenactton with the
negatively charged cell membrane. This could rasuilbcreased retention time at the cell surfabastincreasing
particle uptake [109]. In another study, the safatyl utility of DMAB for stabilizing PLGA nanopades was
studied. The preliminary data from this study pdeviproof-of-concept of improved efficacy and safefyoral
paclitaxel chemotherapy [110].

Docetaxel

PLGA nanoparticles containing docetaxel with thesicbel size and drug-loading characteristics suatafolr
intravenous administration can be prepared withamihg Tween 80. Esmaeili et al showed that theulzell
cytotoxicity of the nanoparticles was higher than the free drug.Docetaxel-loaded nanoparticleshead good
plasma leveldn vivo in comparison with a conventional formulation afcdtaxel [111]. The nanoprecipitation
process has been applied for the formation of doetfoaded nanoparticles [112, 113]. Cheng ehalved that
limiting drug loading to 1% (w/w) minimized part&cl aggregation and yielded docetaxel-loaded PLGA
nanoparticles with narrower size distributions[112]

Cisplatin

Mattheolabakiet al prepared cisplatin nanoparticles with an averame & 150-160 nm and an approximately 2%
w/w cisplatin content using a modified emulsificati and solvent evaporation method. The cisplathaéal
PLGAmMonomethoxy (m) PEG nanoparticles appearedet@ffective in delaying tumor growth in HT29 tumor-
bearing mice with severe combined immune deficientile group of mice treated with cisplatin-loaded

492



Malay K. Das et al J. Chem. Pharm. Res., 2016, 8(2):484-499

nanoparticles had a higher survival rate compaiéi the free cisplatin group [114] Cisplatin-loadedGA-mPEG
nanoparticles also resulted in prolonged cisplagidence time in the systemic circulation wherdugemice with
prostate cancer [115].

Doxorubicin

Betancourtet al formulated nanoparticles by nanoprecipitation oida&ended PLGA to control the release of
doxorubicin in a pH-dependent manner and delivgh fbads of active drug to an MDA-MB-231 breastazrcell
line. The pH-dependent release behaviour couldreswdt of accelerated degradation of the polymerdecreasing
ionic interaction between the drug and the polyatean acidic pH [116]. Another approach to imprawve efficacy
and selectivity of cancer treatment is the applicatof hyperthermia in combination with traditionedncer
therapeutics, such as radiation therapy and cheragk[117-118].Hyperthermia makes some cancer cedise
sensitive to radiation and can also enhance tleetedff certain anticancer drugs,thus allowing tke of decreased
chemotherapy dosgd.8]. Indocyanine green is an optical tracer that camegate heat by absorbing near-infrared
light. The significance of the Manchamtlal study is the synthesis of multifunctional PLGA pparticles and the
incorporation of drugs with different physical pesfles (indocyanine green being amphiphilic andodolicin
being hydrophobic). These indocyanine green-doxonuimanoparticles have potential applications rag dielivery
systems for combined chemotherapy and localizeélyprmif119].

Curcumin

Curcumin has been used in traditional medicinenfiany centuries in India and Chifd20]. It is chemically
diferuloylmethane,a yellow polyphenol extractedrirthe rhizomes of turmericC(rcuma longa). The only factor
that limits the use of free curcumin for cancerdpy is its poor solubility in water, which in tulimits its systemic
bioavailability when administered orally. Mukerjeand Vishwanatha formulated curcumin-loaded PLGA
nanoparticles, and suggested that a nanopartisiedbéormulation of curcumin has high potential afueant
therapy in prostate cancer [121]. Another study alestrated that curcumin encapsulation in PLGA nartapes
employing a nanoprecipitation approach in the presef polyvinyl alcohol and poly L-lysine stab#izs not only
produced a very stable nanoformulation but alseaeoéd cellular drug uptake and retention, as weBustained
release of curcumin. The optimized nanoparticlenfdation has shown a greater inhibitory effect loe growth of
metastatic cancer (A2780CP and MDA-MB-231) cellntfree curcumin[122].

Vincristine sulphate

Vincristine sulphate (VCR) is a helpful chemothexafic agent, which has been used widely for thattment of
various cancers. Unfortunately, many tumour calésrat susceptible to VCR due to efflux from thentwr cells
mediated by P-glycoprotein and associated protgi8-125]. The reason behind the association ofjslnwith
colloidal carriers against drug resistance comesh fthe reality that P-glycoprotein probably ideesfthe drug to
be effluxed out of the tumoral cell just when tHisig is present in the plasma membrane. As a dradeld NP is
typically present in the endolysosomal complexrafigernalisation by cells, it possibly escapes Rhglycoprotein
pump. Based on the optimal parameters, it was fdhatlvincristine-loaded PLGA NPs could be formethivith
expectable properties by combining the o/w emulsiolvent evaporation technique and the saltingtecnique.
This study also showed that two hydrophilic low-ewmllar-weight drugs, VCR and verapamil (VRP), a
chemosensitiser, could be simultaneously entrappged®LGA NPs, with a relatively high entrapmerfi@éncy of
55.35+4.22% for VCR and 69.47+5.34% for VRP in dmi&ed particles of 100 nm. Furthermore, theirdgs
showed that PLGA NPs simultaneously loaded withaaticancer drug and a chemosensitiser might be the
formulation with the most probable in the treatmefindirug-resistant canceinsvivo[125-127].

Etoposide

Etoposide is an anticancer agent used in the terdtrof a diversity of malignancies, including makgt
lymphomas. It acts by inhibition of topoisomerabexhd activation of oxidation-reduction reactiors dreate
derivatives that bind directly to DNA and cause DN@mage. The successful chemotherapy of tumorsndspmn
incessant exposure to anticancer agents for pretbpgriods. Etoposide has a short biological lif{B.6 hour),
and although intra-peritoneal injection would cairsgal high local tumour concentrations, prolodgexposure of
tumour cells may not be probable. It is envisadped intra-peritoneal delivery of etoposide throlgs would be a
better approach for effectual treatment of perigbnemours. In this perspective, etoposide- loatts were
prepared applying nanoprecipitation and emulsiduestt evaporation methods using PLGA in the preseoic
Pluronic F68 by Reddyt al. The methods produced NPs with high entrapmeitieficy of around 80% with
continued release of the drug up to 48 hour [128] 1
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9-Nitrocamptothecin

9-Nitrocamptothecin (9-NC) (derivative of camptathg and related analogues are a promising fanfignticancer
agents with an exclusive mechanism of action, targehe enzyme topoisomerase-I. All camptothea@nétives
undergo a pH dependent quick and reversible hydiolfrom closed lactone ring to the inactive hygtox
carboxylate form with loss of anticancer activithe delivery of lipophilic derivatives of 9-NC isifly challenging
due to instability at biological pH and its low watolubility. PLGA has been used to encapsuldieffectively
by nanoprecipitation techniques having more th&¥ 8dcapsulation efficiency with its complete biotag activity
and without disturbing lactone ring [129-130].Soofehe PLGA anticancer nanoformulation developesl lated
below (Table 2)

Table 2: PLGA anticancer nanoformulation

. . . Entrapment Drug
Pog;ner Drug (s) Par(tlr::rlr?)sme Zetazrgslt)entlal Efficiency (% loading Cell line (s) Ref(esr)ence
wi/w) (% wiw)
PLGA Paclitaxel <200 <23-(-31) 70-90 1 NCI-H69 (SCLC) [105]
PLGA Paclitaxel 300 -20 75 4 C6 glioma [131]
T47D, MCF7,

PLGA Docetaxel 172 -12.2 68 0.34 SKOV3, A549 [111]
PLGA- . . (-5.7)-

mPEG Cisplatin 130-160 (-9.3) 1.99-2.96 LNCaP [115]
PLGA Doxorubicin 230 -45 80 5 MDA-MB-231 [116]

. A2780CP, MDA-
PLGA Curcumin 76 0.06 89.5 MB-231 [122]
PLGA Docetaxel 217 -23.35 87.99 11.11 MCF-7 TAX30 [132]
Vincristine 68 (VCR) 80

PLGA Verapamil 98 -0.75 (VRP) MCF-7/ADR [127]
PLGA Paclitaxel 182 -3.45 C6 rat glioma [133]

1.7. Patented Anticancer PLGA nanoformulation(Table 3)

Bin Bet al filed a patent on preparation of particles contgjnantitumor drug and its preparation method. The
formulation with multidrug resistance between mebgmal stem cells microparticles as carriers ofcanter
drugs. The present invention is a good solutionth® problem of mesenchymal stem cells leads tooséecof
anticancer drugs between accumulation, antinedplpatticle transport can be localized to cancet slow release
drugs toachieve targeted cancer therapy to impeffieacy, reduced toxicity side effects, and hasaldrapplication
prospects [134]. Zhou [t al filed a patent on Nanoparticle formulation conitagn glycolipid antigens for
immunotherapy. A composition for stimulating NKTllseto produce anticancer and antiviral cytokingshowut
causing energy of NKT cells includes a glycolipidigen and a nanoparticle conjugated with the digabantigen.
The glycolipid antigen and the nanopatrticle are amtigenic in mouse and human being. The compaositem
further include covalent or noncovalent connectibatween the glycolipidantigen and the nanoparticle.
Theglycolipid antigen isa-galactosylceramideor an analogue of that. The panticle can be a polymer. A
production method ofthe composition includes prigfgaa nanoparticle and a glycolipid antigen andiogdhe
glycolipid antigen to the nanopatrticle. The glypdali antigen can becoated onto the surface of tihepeticle or
encapsulated within thenanoparticle. A method afhgting NKT cells to produce anticancerand amgivi
cytokines without causing energy of NKT cells isalprovided [135]. Braden AR@t al filed a patent on
formulation of active agent loaded activated PLGa#oparticles for targeted cancer nanotherapeuftus.present
invention includes compositions and methods of mgkan activated polymeric nanoparticle for targetiedg
delivery that includes a biocompatible polymer amdamphiphilic stabilizing agent noncovalently asated with a
spacer compound that includes at least one eldtlteoghat selectively reacts with any nucleophdit a targeting
agent and places the targeting agent on the exwriface of a biodegradable nanoshell, whereiactive agent is
loaded with the nanoshell [136].
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Table 3: Patented Anticancer PLGA nanoformulation

Patent
Publication Title Claim (s)
number

1. PLA or PLGA particles were prepared by emulsionveot evaporation
method with particle size 10nm~500n, drug content O. 01 ~ 30%
. PLA or PLGA polymer were used in a weight ratict6f/60~60 / 40.
. Antineoplastic particle transport can be localited¢ancer and slow releage
drugs to achieve targeted cancer therapy to impedfigacy, reduced toxicity
side effects, and has broad application prospects.

Preparation carried with particles of
CN102225054 B | antitumordrug and preparation methp
thereof.

1. A composition for stimulating NKT cells to produaaticancer and antiviral
cytokines without causing energy of NKT cells ird#is a glycolipid antiger
and a nanoparticle conjugated with the glycolipitigen.

2. PLGA nanosphereswere prepared by nanoprecipitatiethod with particle|
size of 50 nm to 500 nm.

3. The nanoparticle comprises an acyl group exposethensurface of the
nanoparticle and wherein the nanoparticle is catd) to the glycolipid by
means of an amine group positioned on the glyablihrough an amide
linkage.

Nanoparticle  formulated  glycolipiq

US8546371 B2 .
antigens for Immunotherapy.

1. An activated polymeric nanoparticle for targetedgddelivery comprising
of curcumin embedded in PLGA nanoshell comprisgmlglacticcoglycolic
dacid biocompatible polymer in contact with an arpbiilic polyol stabilizing
agent
2. Nanoparticle formulation was carried out throughnedified double
emulsion technique.
3. Greater than 90% entrapment of curcumin was obdeateoncentrations of
1 mg/ml or less with particle size of 121nm to 489n

Formulation of active agent loade
US9023395 B2 | activated PLGA nanoparticle for
targeted cancer nanotherapeutics.

CONCLUSION AND FUTURE PROSPECTIVE

Nanomedicine represents one of the fastest growéagarch areas and is regarded as one of the murstsphg
tools for cancer treatment, but it is still in tharly stage of development. They have the potetttiavercome the
limitations of conventional cancer chemotherapythmsir ability to selectively target the cancer sellithout doing
too much damage to healthy tissue. Current polymeanocarrier technologies have demonstrated rexhirk
advantages for cancer therapy when compared withecgional drugs. Among the polymers utilized tted@LGA
is very promising for the preparation of novel eaticer drug delivery systems due to its desirahéacteristics,
including good biodegradability and biocompatilyiliPLGA nanoparticles can achieve tumor targeted delivery
via passive targeting based on the enhanced peomeatd retention effect, or active targeting byagpropriate
ligand, which improves antitumor efficacy and reekicoxicity on healthy tissues. Another major adage of
PLGA over other polymers is that PLGA is approvgdhe FDA and EMA in various drug delivery systemiijch
leading PLGA-based nanoparticles in a good posifan clinical trials. For further advancement, itllwbe
necessary to focus more research attention onhtheracokinetics, biodistribution, and safety ofstn@ovel drug
delivery systems. Despite significant progressaspd large gap between the cost of preparing Ph@#oparticles
and that of conventional delivery systems is seearaimpediment to their commercial applicatiorl fidow, most
of the methods reported for preparation of PLGA ameticles have involved small batches. Scale-upatge
production volumes will certainly introduce additad challenges. As a result, the preparation poéasPLGA
nanoparticles needs to be further developed toemehthe reproducibility and scalability necessany the
marketplace. Nevertheless, nanomaterial charaateny, safety concerns, and regulatory as well asufacturing
issues hamper the widespread application of camaromedicine therapeutics. Comprehensive and regpifad
characterization of nanomedicine products to ptettieir efficacy and safety in humans is warrant€nely
contact with regulators is recommended to discess manotechnology platforms at an early stage arekpedite
evaluation and approval processes. In this promianea of cancer nanomedicine, the cooperatiotl p&ties (i.e.,
research laboratories, regulatory agencies, angsing involvement is necessary to afford patieafsid access to
innovative, safe, and efficacious treatment options
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