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ABSTRACT

Taxanes are highly active chemotherapeutic aganthé treatment of early-stage and metastatic kdreascer.
Taxanes signify an important class of antitumorragavhich have proven to be fundamental in thettneat of
advanced and early-stage breast cancer, but thaiceli advances of taxanes have been limited by thighly
hydrophobic molecular status. Novel formulationsrdndbeen developed to improve effectiveness anceateer
toxicity associated with these cytotoxic agents.oVercome the poor water solubility of Taxaneipidibased
solvents have been used as a vehicle, and newrsgdiermulations have been developed, mostly fatitpael,
which are Cremophor-free and increase the circolattime of the drug. ABI-007 is a novel, albuminud, 130-
nm particle formulation of paclitaxel, free fromyakind of solvent apart from this, technologicalgraeters such
as polymer concentration and polymer compositiovehsignificant influences on characterization ohoparticles.
These parameters lead to variations in particle sind surface charge of nanoparticles which areyuemportant
parameters on their transmembranal passage anddisargeting properties. The encapsulation of pactl in
biodegradable and non-toxic nanodelivery systemmspratect the drug from degradation during circudat and in-
turn protect the body from toxic side effects ef dhug thereby lowering its toxicity, increasing dirculation half-
life, exhibiting improved pharmacokinetic profileés)d demonstrating better patient compliance. is teview we
two types of developed paclitaxel nano-deliveryesys such as polymer based and albumin basedevibmpared
for the best choice of drug delivery system of panticels.
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INTRODUCTION

Paclitaxel is an anti-cancer chemotherapy druglitBgel is classified as a "plant alkaloid," a "#&me" and an
"antimicrotubule agent." The Paclitaxel compoundexdracted from the Pacific yew tree Taxus breidfakith
antineoplastic activity. Paclitaxel is a crystatlipowder which is white to off-white in appearanite.empirical
formula is C47H51NO14 and is known to have a mdacweight of 853.9 units. It is highly lipophilihus highly
insoluble in water. Its melting point is around 22%67°C. Paclitaxel binds to tubulin and inhibite isassembly of
microtubules, thereby resulting in the inhibitiohall division. Two major side-effects of pacliglxtherapy are
frequent hypersensitivity reactions and neurop#thgtandard paclitaxel contains Cremophor EL ashest thus
requiring premedication with high doses of antémisines and corticosteroids, as well as prolongagion times.
Since nano-delivery systems could have the poleotiae free of Cremophor EL and ethanol, to enbdPaclitaxel
solubility, improved pharmacokinetic profiles invei and to decrease its side effects , various tygbé&aclitaxel
nano-delivery systems have been developed sududs as polymeric nanoparticles, lipid-based foatioihs,
polymer conjugates, inorganic nanoparticles, carbanotubes, nanocrystals, and cyclodextrin naniofest To
date, the Paclitaxel albumin-bound Nano partichdg@xane®) have been approved by the FDA for teattnent of
metastatic breast cancer and NSCEiGand there are a number of novel Paclitaxel natiocgés formulations in
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clinical trials. This review we have made an attetopcompare two important formulations of Nanogagkl one
is polymer based and another one is albumin based.

1. Advantages of Nanoparticle-Based Paclitaxel Delivery Systems

The engineering, characterization, synthesis, amdaf materials and devices of 100 nanometersssrigcalled
nanotechnology®™. The appliance of nanotechnology to medicine, glested as nanomedicine has greatly
accelerated the diagnosis, imaging and treatmemtaofy diseases. In cancer medicine, nanotechndlagypecome

a potential application for the development of nzarticles as drug delivery systems. As an effective
chemotherapeutic agent, Paclitaxel has been fotetulan various nano-delivery systems which haveessv
advantages over the standard-of-care therapy. Hnous types of the paclitaxel were formulated & the
improvements in the properties

1. The aqueous solubility of paclitaxel can be tiyeenhanced when it is conjugated with water-stdyimlymers,
or encapsulated into lipid-based NPs.

2. They are small in size (several to several heshdranometers in diameter), which enables the namtal

delivery of Paclitaxel into the tumor site duehe £nhanced permeability and retention (EPR) effec

3. They can escape the recognition of reticulodm@ system (RES) in healthy tissues and theeefeduce the
side effects of the drug. As a consequence, higtzeimum tolerated doses (MTD) of NPs are realfZed

4. F(?Sl]thh, the pharmacokinetic profiles of the dftgm NPs are improved and decrease the sigetsfbf the
drug™.

2. Common Nanoparticles Used in Cancer Medicine

Nanotechnology showed a new path to the developwfediverse organic and inorganic drug carriergvn as
nanoparticle. Source materials include phosphdiplédctic acid, chitosan, dextran, polyethylenecgly(PEG),
cholesterol, carbon, silica, and some metdfs"®%'% Accordingly the nanopaclitaxel includes Polymeric
nanoparticels, Albumin Nanoparticles, Lipid-Basedandparticles, Micro- and Nano-Emulsions, Inorganic
Nanoparticles, Carbon Nanotubes (CNTs), Nanocrystayclodextrin (CD) Nanoparticles, Nanogel, ANGO&0
Though the pharmacists and researches understeadhgact of nanomedicine in cancer therapy, irctpa the
commonly used nanoparticels are albumin based alythpr based . So let us have a comparative asabjshese
two nano paclitaxel.

2.1. Polymeric nanoparticles:

The polymers which have been employed for drugvdgli must be chemically inert and free of leachable
impurities. It must also have an appropriate plafsitructure, with minimal undesired aging, and rbadily
processablé™!' The desirable physical properties of the polymers cores with the drug delivery are elasticity,
insulating ability, physical strength and transpase hydrophilicity , toughness and lack of swalirsuspension
capabilities

2.1.1Significance of polymeric nanoparticles > *¥

» Improves the stability of any volatile pharmaceaitiagents

» Easy fabrication of large quantities

» Varity of methods available

» Improvement in the efficiency of the drugs.

» Delivers a higher concentration of pharmaceutigaind to a desired location.
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The most commonly used are classified as shoMig.in

Types of polymers
g ¥
Natural polymers [14:15.16.17] Synthetic polymers [15:19]
¥
* Chitosan * DPolylactides(PLA)
* Sodium alginate * DPolvglvecolides(PGA)

* Poly{lactide co-glvcolides) (PLGA)
* Polvanhvdrides

* Polvorthoesters

* Polvcvanoacrvlates

# Polycaprolactone

* Poly glutamic acid

* DPoly malic acid

* Polv(N-vinvl pvirolidone)
* Polv(methvl methacrvlate)
* Poly{vinvl alcohol)

* Poly{acrvlic acid)

* DPoly acryvlamide

* Polv(ethvlene glvcol)

* Polv(methacrylic acid)

2.2. Methods of preparation of Polymer based Nanoparticles

The polymeric nanoparticles (PNPs) are preparea taocompatible and biodegradable polymers in bizisveen
10-1000 nm where the drug is dissolved, entrappradapsulated or attached to a nanoparticle mdepending
upon the method of preparation nanoparticles, names or nanocapsules can be obtained. The metifods
preparation must be adopted depending upon théepdrticular application. The properties of theaparticels
must be optimized according to the applicationspBision of drug in preformed polymers is a comitezhnique
used to prepare biodegradable nanopatrticles frdyn(faetic acid) (PLA), poly (D, L-glycolide) (PLG)oly (D, L-
lactide-co-glycolide) (PLGA) and poly (cyanoacrgpt{PCA). These can be accomplished by differenthaus
described belok®

 Solvent evaporation

» Nanoprecipitation

» Emulsification/solvent diffusion

* Salting out

* Dialysis

» Supercritical fluid technology (SCF)

Methods for preparation of nanoparticles from padyiration of monomers
» Emulsion

* Mini emulsion

* Micro emulsion

* Interfacial polymerization

Controlled/Living radical polymerization(C/LRP)

2.3. Improved Physicochemical and Phar macokinetic properties of polymer based nanoparticles:

Over the past few decades, there has been condieldrderest in developing biodegradable nanogdadi@as
effective drug delivery devices various polymerseéhdeen used in drug delivery research as theyetfantively
deliver the drug to the target site and thus irseethe therapeutic benefit while minimizing sidfeef'*!. Studies
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show that polyethylene glycom (PEG) on nanopartsti€faces prevents opsonization by complement dher o
serum factors. PEG molecules with brush-like anerimediate configurations reduce phagocytosis angptement
activation, whereas surfaces comprised of PEG mitkhroom-like structures are potent complemenvaictis and
favoured phagocytosié’]. Prolonged circulation can help to achieve adetffect for targeted (specific ligand-
modified) drugs and drug carriers, allowing moradifor their interaction with the target because¢hefincreased
number of passages through it with the blood. Chalhmodification of pharmaceutical nanocarriershvREG is
the approach most frequently used to impart in-Vorgevity to drug carrier$® The mechanisms by which PEG
prevents opsonization include shielding of the aeefcharge, increased surface hydrophilicity, ecdémepulsive
interaction between polymer-coated nanocarrierstdodd components, and the formation of the polymkyer
over the particle surface, which is impermeable lfwge molecules of opsonins even at relatively loalymer
concentration&”

As a protecting polymer, PEG provides a very ativaccombination of properties and excellent sditybiin
aqueous solutions, high flexibility of its polymelnain, very low toxicity, immunogenicity and antigeity, lack of
accumulation in RES cells, and minimal influencespecific biological properties of modified pharreaticals’®®.

The polymer based nanopaclitaxel is showing implopdarmacokinetic profiles of the drug , for exaepl
increasing the half-life and tumour accumulatiorpatlitaxel also the surface of paclitaxel a namiga system
can be functionalized with active ligands for tdingg purpose, which in-turn will further increagesttumor uptake
and decrease the side effects of the diif. Yadav et al synthesized N-isopropylacrylamideryVipyrrolidone
(NIPAAmM/VP) nanoparticles by radical polymerizatiand conducted Physico- chemical characterizatioth®
polymeric nanoparticles dynamic light scatterimgnsmission electron microscopy, scanning electn@roscopy
and nuclear magnetic resonance. They assessedutheetbase using a spectrophotometer and prdnggloaded
nanoparticles were associated with increased alof MCF-7 and B16FO0 cells in comparison to figaclitaxel
Bl paclitaxel encapsulated PLGA nanoparticels shoeedanced in vitro cytotoxicity as compared to free
Paclitaxel in various cancer cell lines, such asngh C6 cells*¥, L. Mu et. al conclude that vitamin TPGS has
advantages either as emulsifier or as matrix madtbiended with PLGA for the manufacture of nantipkes for
controlled release of paclitaxéf. Fonseca et al demonstrated that the in vitrotantbral activity of Ptx-PLGA-
Nanaoparticles on human small cell lung cancerloedl (NCI-H69 SCLC) is more compared to the irrwianti-
tumoral activity of the commercial formulation Tdxand also the incorporatio n of Ptx in nanopaescktrongly
enhances the cytotoxic effect of the drug as coeppay Taxof*

Paclitaxel loaded PEGylated PLGA-based nanopastiselre prepared by Danhier et al and it was prakatthe
tumour growth inhibition effect in vivo on TLT tumef theses nanoparticels is greater, compared Tattol. !
Kim et al prepared chitosan-coated Poly (D,L-lactide-co-glige) (PLGA) nanoparticels and slowed the in vitro
drug release rate and significantly changed tha petential from negative (-30.1+/-0.6 mV) to psit(26+/-1.2
mV) and also the drug release rate from chitosardoaanoparticles was slightly slower than thathef uncoated
nanoparticles®® Chakravarthi et al*”'demonstrated that the A 4-10 fold increase inutall association of
paclitaxel was observed when chitosan was adsoobembnjugated to the PLGA particles. Chitosan-cgajad
PLGA microparticles were most cytotoxic with an %0} value of 0.7{iM and also chitosan-PLGA microparticles
adhered to the surface of 4T1 cells. Bhardwaj &'alormulated poly(lactide-co-glycolide) (PLGA) naraficles
using a quaternary ammonium salt didodecyl dimetimphonium bromide (DMAB) and the MTT and LDH assays
showed the surfactant to be safe to in vitro celtutes at concentrations <33 microM. PLGA nandpkes
prepared using this stabilizer were also found éonbn-toxic to cell lines . A comparative study vaime on a
series of polymers to PVA in a 2(2) full factoridgésign®®. The influence of the concentration of PVA and the
polymers tested on particle size and zeta potemtible and found that the Zeta potential valuesewsesually
slightly negative. Poly (vinyl alcohol) (PVA) is éhmost commonly used emulsifier. Other emulsifisese also
applied in PLGA NPs. For example, whem-decopheryl polyethylene glycol 1000 succinate (B} ®@vas utilized

in PX-loaded PLGA NPs as the surfactant emulsifiee PLGA/TPGS NPs could achieve drug encapsulation
efficiency of 100%"“” and enhanced cellular uptake and cytotoxi€ity compared to that of PVA-emulsified
PLGA NPs. The TPGS-emulsified. Fully biodegradabfathetic polymers have been available since maaysy
such as poly (lactic acids) (PLA). Among all biopokrs, PLA was extensively studied in medical impdasuture,
and drug delivery systems since 1980s due todiddgjradability.

A paclitaxel/MPEG-PLA block copolymer conjugate warepared*? and the antitumor activity of the conjugate
against human liver cancer H7402 cells was evalubyeMTT method. The results showed that paclitaesl be
released from the conjugate without losing cytatidyi paclitaxel-loaded polylactide (PLA)-polyetieyle glycol
(stealth) nanoparticld’ and showed that the nanoparticles are internalizeMICF-7 breast cancer cells within 1
h. Preliminary biodistribution studies also shownwogarticle accumulation in tumor xenograft modeheT
nanoparticles are suitable for the controlled deglivof bioactive agents. Paclitaxel-polylactide x{FRLA)
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conjugate nanoparticles (N4 found to be able to effectively target prostateesfic membrane antigen in a cell-
specific manner. Paclitaxel-loaded copolymer palstide)—de-tocopheryl polyethylene glycol 1000 succinate
(PLA-TPGS) nanoparticlé®! were prepared and the characteristics suchrésceunorphology, size distribution,
zeta potential, solubility and apoptosis were itigasedin vitro and proved that spherical nanoparticles were
negatively charged with a zeta potential of abdl® mV with the size around 44 nm and a narrow gdiggibution
and are universal cancer chemotherapeutic agenttibnal polylactide-g-paclitaxel-poly(ethylene gy), a novel
graft polymer—drug conjugate (GPDC) with paclitaX®TXL) as the divalent agent to bridge between the
degradable polylactide (PLA)-based backbone anddpyilic poly(ethylene glycol) (PEG) side chdffiswere
prepared and the DLS analysis proved that GPDC aulede assembled in water to form nanoparticles siiths of
8—-40 nm, A system of novel nanoparticles of stapsidl cholic acid-core polylactide-ddtocopheryl polyethylene
glycol 1000 succinate (CA-PLA-TPGS) block copolynvesis developed for paclitaxel delivery for breashaer
treatmerif” and characterized in terms of size, surface chang#ace morphology, drug encapsulation efficiency
and in vitro drug release and showed that the CA-PPGS nanoparticles have higher antitumor efficdkgn the
PLA-TPGS nanoparticles and PLGA nanopatrticles trovand in vivo. Paclitaxel-loaded poly(ethylengagil)-b-
poly(l-lactide (LA)) (PEG-PLA) micelles weré® prepared and the the antitumor activity of thelipael-loaded
micelles against human liver cancer H7402 cells wasluated by 3-(4,5-Dimethylthiazol-2-yl)-2,5-dgiyl
tetrazolium bromide (MTT) method and proved thatotlBthe paclitaxel-loaded micelles showed comparabl
anticancer efficacy with the free drug.

3. Albumin based nano paclitaxel:

Protein-bound paclitaxel is aninjectableformulation ofpaclitaxe] amitotic inhibitordrugused in the treatment
of breast cancerung canceandpancreatic cancét®". In this formulation, paclitaxel is bonded dtbuminas a
delivery vehicle 2. It is sometimes calledab-paclitaxel. It is manufactured and sold in tbmited
Statesby Abraxis BioScienceainder the trade nanfeoraxane where it is designated as arphan drugas first-line
treatment, in combination witllemcitabinefor theorphan diseasémetastatic adenocarcinoma of the pancr&és”
Albumin is a protein that can be obtained from gaets of sources, including egg white (ovalbumiodyine serum
albumin (BSA), and human serum albumin (HSA). Alliiiis a major soluble protein of the circulatingm and
involved in the maintenance of osmotic pressurekinding and transport of nutrients to the cellany drugs and
endogenous molecules are known to bind to albumlbumin serves as a depot and transporter prdtéin
Albumin is widely used in the preparation of narteses and nanocapsulé¥. These albumin nanocarriers are
biodegradable, easy to prepare, and have well-efgizes and reactive functional groups (thiol, rexpiand
carboxyl) on their surface that can be used faridybinding and other surface modifications. Drelgase from
albumin nanoparticles can be achieved naturallgroyease digestion.

3.1.Various methods of producing Albumin based paclitaxel *°':

e Cross linking in w/o emulsion (for theeparation of BSA & HAS)

» Phase separation in aqueous medium ( for the @tpanf BSA )

» simple coacervation technique ( forpheparation of BSA)

» Desolvation Method ( for theeparation of paclitaxel-loaded biodegradable bewarum albumin

nanoparticles

3.2.lmproved Characteristics of albumin based paclitaxel

Nanoparticle albumin-bound paclitaxelap ™ paclitaxel; ABI-007; Abraxarf® is a novel CrEL-free formulation of
paclitaxel. This formulation is prepared by higlegsure homogenization of paclitaxel in the presearicgerum
albumin, resulting in a nanoparticle colloidal seisgion®” The albumin concentration is 3-4%, which is simita
the albumin concentration in the blo8d.The human albumin-stabilized paclitaxel partitiase an average size of
approximately 130 nm, which allows intravenous & without the risk of capillary blockagé@Nab-paclitaxel
can be reconstituted in normal saline at conceatratof 2-10 mg/ml compared with 0.3-1.2 mg/ml forEL-
paclitaxel; therefore, the volume and infusion tiare reduceff”! The nab-paclitaxel formulation provides several
practical advantages over CrEL-paclitaxel: prematibns for hypersensitivity reactions are not reeg the
infusion time is shorter (30 min forab-paclitaxel vs 3 h for CrEL-paclitaxel) and convenal infusion equipment
may safely be used since there is no danger ofilegplasticizers from infusion bags or tubing.

ABI-007 , albumin-bound, nanoparticle paclita¥8l was developed to retain the therapeutic benefifsaolitaxel
and reported that the the maximum tolerated dos&Bd#f007 was higher than that reported for Taxal imth an
every-3-weeks regimen and the response rates sigmiicantly higher for ABI-007 than for Taxol. adaclitaxel
(Abraxane)® and found to show very fast dissolution in plastiigh tumor/plasma ratio, and dose-proportional
PK, and showed IG-001 is a superior alternativ€a®ol and despite a lack of serum albumin in iterfalation, 1G-
001 takes full advantage of its ability to rapidlgliver paclitaxel to the targeted tissue via dsual in mediated
transport
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In is proved that, in vitro, the non-crosslinkedtjzdes could rapidly disintegrate and the crogshwas stable and
the the pharmacokinetics of both formulations wiéfeiknt especially at early time and the non-clioked
particles were cleared rapidf?. After non-crosslinked particle treatment packthkad a tendency to accumulate
into heart and kidney and following therapy witle ttrosslinked particles, paclitaxel was liable ¢odelivered into
lung, spleen and liver. The delivery efficiency médiclitaxel into tumor following the non-crosslinkgrticle
treatment was greater than that of the crosslinged< 0.05), thus resulting in a considerably immav
antineoplastic activity

The study on nab-paclitaxel showed that it causeie mapid and deeper tissue penetration and slelivaination

of paclitaxel compared with solvent based paclitaxess-frequent neutropenia with nab-paclitaxeh dze
explained by the rapid decline of paclitaxel corcations below the threshold of 720 ng/mL in ciatidn 3.
Tumor-homing peptides to target abraxane was peep& and showed that nanoparticles can be effectively
targeted into extravascular tumor tissue and trgeting can enhance the activity of a therapawaimparticle.

In addition to human albumin, Zhao et &P prepared PX-loaded bovine serum albumin (BSA) NBisg a
desolvation method, and subsequently coated NFslizyacid for targeting. The folate-decorated N#dhibited
high stability and desired surface properties whsgkecifically targeted to human prostate cancer B€l3. In
another study, a novel octyl-modified bovine semibrumin (OSA) was synthesized to improve the liglgty of
albumin and facilitate to form PX-loaded core-shhomicelles. The OSA NPs had smaller particle, diigher
drug entrapment efficiency, and greater stabilitgnpared to unmodified NP

DISCUSSION AND CONCLUSION

Paclitaxel is effective against a wide range ofceas that are inflexible to conventional therapgvEloping a
suitable carrier system for this drug has provetida challenge due to the physicochemical chaistits of the
drug, and although widely used, the commerciallgilable solution dosage form of paclitaxel remdias from
ideal due to toxicities resulting from the vehicle.

Various drug delivery carriers have been used torave the efficacy and reduce side effects of catizerapy.
Among these carriers, small biodegradable and bipedtible nanoparticles (<1@®) have received the most
attention. For systemic delivery of anticancer diugis generally accepted that small particlesO@nm) can avoid
the reticuloendothelial system (RES), resulting ionger circulation tim&™

The development of nanoparticle drug delivery systés expected to have a major impact on the tresmttrof
cancers and other life-threatening diseases. Pratal polymers from natural sources are promisiaternals for
constructing the nanocarrier systems. Of the varfmoateins for drug delivery applications, gelatird albumin are
most widely used. The commercial success of albtbased nanoparticles has created a great interesther
proteins. By rationally designing protein nanopgaes based on their behaviors in the tumor micrisenment and
based on cancer cell biology, improved efficacy aadety of cancer therapy can be achieved. Althotigh
application of protein nanoparticles for cancerdpy has already produced some exciting resultshatds even
greater promise in the future,

Despite being clinically very active, paclitaxelassociated with many serious side effects whiténgbreclude the
prolonged use in patients. A number of these siflects have been associated with the vehicles teedhe
formulation: the cremophor EL (CrEL-polyethoxylateaistor oil)*® for paclitaxel that alters their pharmacokinetic
profiles. Paclitaxel-loaded nanoparticles show tittally enhanced cytotoxicity compared to pure jtaxél and
Polymer-paclitaxel conjugates are expected to pplineir plasma half-life and to have high tumocianulation
due to their slow excretion from kidney and theamded permeation and retention effects, respegtitekt al.®
reported that PG-PTX prolonged over 100 times a@sipla compared with that of Taxol, and tumor accatian of
PG-PTX was five times higher than that of TaxomiBir trends were observed with PGG-P¥% PK showed 23
times extended duration of PGG-PTX than that ofdllaand tumor accumulation of PGG-PTX was severesim
higher than that of Tax8. On the basis of the results of PK and tumor aetation, the findings of prolonged PK
and enhanced tumor accumulation of polymer-paditaonjugates could have important efficacy of tantior
activity. However, none of the polymer based pag#t conjugate have as yet been approved by theRo&l and
Drug Administration. Here we focus this review opesific clinically relevant anticancer polymer ptetel
therapeutics. This review might shed light on deisig and the improves pharmacokinetics of varioak/mer
based and albumin based nanoparticles which canagletter idea for the researchers to go for thpgpation of
such nanopaclitaxel and lead to be a new andrbptiymer paclitaxel therapeutics for potential icamicer
applications in the clinical applications.
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