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ABSTRACT

Different mechanisms in cancer cells become rasidta one or more chemotherapeutics is known adianud
resistance (MDR) which hinders chemotherapy efficdeotential factors for MDR includes enhanced drug
detoxification, decreased drug uptake, increasddaellular nucleophiles levels, enhanced repaidadg induced
DNA damage, over expression of drug transportehsag P-glycoprotein(P-gp), multidrug resistanceeasated
proteins (MRP1,MRP2), and breast cancer resistgarotein (BCRP). New chemotherapeutic drug deliwsstems
have been developed to combat drug resistance aftiimg resistance. Nanogel are being used towdeldrugs
more effectively in cancer chemotherapy. Theselrap@ications and techniques include: Nanogels l@ading
siRNA. This is a small interfering RNA (siRNA) islass of double-stranded RNA molecules consisifrigl—23
nucleotides, involved in inhibition of protein syesis encoded by the messenger RNAs. Nanogelssade as
carriers to deliver siRNA. Another technique anglagtion is hyaluronic acid-based nanogel-drug payates
with enhanced anticancer activity designed for &gy of cd44-positive and drug-resistant tumons. this
technique small nanogel particles with a hydropleotmre and high drug loads formed after ultra-saticn and
demonstrated a sustained drug release followinghydrolysis of biodegradable ester linkage. Otheshihiques
and applications which will be discussed in thigiesv article include; Novel anticancer polymericnpagates of
activated nucleoside analogs, Nanogel formulatievith phosphorylated nucleoside analogs and Crokstin
Polymeric Nanogel Formulations of-Briphosphates of Nucleoside analogs.
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INTRODUCTION

The term ‘nanogels’ defined as the nanosized pestitormed by physically or chemically crosslinkedlymer
networks that swell in a good solvent. The terrmogel” (NanoGelTM) was first introduced to defin@ss-linked
bi-functional networks of a polyion and a noniorpolymer for delivery of polynucleotides (cross-latk
polyethyleneimine (PEI) and poly (ethylene glycdPEG) or PEG:I-PEI). Sudden outbreak in the field of
nanotechnology have introduced the need for deujopanogel systems which proven their potentiadiétiver
drugs in controlled, sustained and targetable mafibe

The management of cancer involves procedures, winctude surgery, radiotherapy and chemotherapy.
Development of chemo-resistance is a persistedtigmoduring the treatment of local and disseminalisdase. A
plethora of cytotoxic drugs that selectively, buit exclusively, target actively proliferating celisclude such
diverse groups as DNA alkylating agents, antimditdsy intercalating agents and mitotic inhibitoResistance
constitutes a lack of response to drug-induced tugnowth inhibition; it may be inherent in a subpégiion of
heterogeneous cancer cells or be acquired as aaceiesponse to drug exposure. Principal mechanisray
include altered membrane transport involving thgly¢oprotein product of the multidrug resistanceD[R) gene as
well as other associated proteins, altered tangeyrae (e.g. mutated topoisomerase Il), decreassgl afttivation,
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increased drug degradation due to altered expressiodrug metabolizing enzymes, drug inactivatiame do

conjugation with increased glutathione, subcelludatistribution, drug interaction, enhanced DNAaie@and failure
to apoptosis as a result of mutated cell cyclegimst Attempts to overcome resistance mainly invdhe use of
combination drug therapy using different classeslrmigs with minimal overlapping toxicities to allomaximal

dosages and with narrowest cycle intervals [2].

Drug resistance, intrinsic or acquired, is oneha most described limitations of cancer therapyghesistance
comprises up-regulation of the target enzyme (ES), up-regulation of proteins that effectivelyrts@ort anticancer
compounds out of the cell (e.g. some of the multidresistance associated proteins), down-regulatfoinflux
nucleoside transporters (e.g. the human equili@atiucleoside transporter, hENT), down-regulatidnkey-
activating enzymes (e.g., one of the dNKs), lowelsvof intracellular accumulation, and increaseatellular
deactivation (e.g., CDA or a nucleotid&}rategies aimed to improve these drugs includehleenical modification
of compounds by changes in the molecular struaiuenhanced delivery by liposomes or nanoparti@gdn this
review article we try to explore different nanodetmulations that are being used to reduce drugsteaxe in
cancer chemotherapy.

Nanogels show promise as a suitable nanomedicimieicas compared to other nanoparticles espedialigrms of
drug loading. Nanogels can be prepared or synta@sizen in the absence of the drug to be loadedugsloading
in nanogels can be efficiently done later on whan nanogels are swollen and equilibrated in watdriaogical
fluid. Drug loading occurs spontaneously in nansgel

As compared to other conventional nanoparticlespgals allow much higher drug loading (up to 50%wvefght).
Moreover the methods of preparation of nanogelssampler and do not involve the use of mechanicargy or
organic solvents. Hence the loaded drug or thetapisunot exposed to any vigorous condition dunimgparation.
After administration the nanogels safely carry gag/load, move within the cells and release theemastin the
desired place in vivo. Nanogels can be designethdditate the encapsulation of diverse classediofctive
compounds and following applications of nanogetsnstheir utility as a potential nanomedicine catrie

1.Upon intravenous injection, nanogels can reaclatbas which are not easily accessed by hydrogels.
2.Nanogels are ideal candidates for intracellulaivdey and can be safely delivered into the cytaplad the cell.
3.Nanogel dispersions have a larger surface areahidhimportant for in vivo applications.

4.Nanogels have sizable drug loading capacity, loaybuat density and high dispersion stability in ampuseemedia.
5.Nanogels enhance the efficacy of therapeutic nsalecanalogs.

6.Nanogels can encapsulate delicate compounds withotohigh molecular weights and can significanttplpng
their activity in biological environments.

7.Weakly cross-linked polyelectrolyte nanogels cawgoiporate biomacromolecules of the opposite charge.
Whereas; biomacromolecules are not able to accoratadd hydrogels due to the effects of excludedima and
cross-linking density.

8.Nanogels can be chemically modified to incorponaeous ligands for targeted drug delivery, trigegerdrug
release or preparation of composite materials.

9.Nanogels can be used for efficient delivery of bimpnaceuticals in cells as well as for increasingydielivery
across cellular barriers.

10.The nanoscale dimension of nanogels makes themstmnd rapidly to environmental changes such aamH
temperature [4]

NANOCARRIERSASPOTENTIAL DRUG DELIVERY SYSTEMSIN CANCER THERAPY

Nanovehicles such as polymeric nanoparticles, shfidi nanoparticles, magnetic nanoparticles, deners,
liposomes, micelles, quantum dots, etc. are extelysiexplored for cancer diagnosis, treatment, imggand as
ideal vectors to overcome drug resistance by dingrABC-transporter mediated drug efflux mechanisifise
major classes of nanocarriers utilized for chemmipeutic drug delivery are listed in Table 1.
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Table 1: Chemotherapeutic nanodrug delivery systems[5]

Nanocarriers Properties Characteristics
Solid lipid | Release drug in acidic microenviroment of multidrudelivers anticancer drugs to overcome P-gp medicate
nanoparticles (SLNs) | resistance cells multidrug resistance

Enhanced drug accumulation, reduction in tumor
Versatile platform for controlled, sustained andgéted | size/volume, increased animal survival rate in |rat
delivery of anticancer agents including small maolac | models, minimal cytotoxicity in cancer cell lindggh
weight drugs and macromolecules (gene and protein) | transfection activity, potential to overcome muitig

Polymeric
nanopatrticles (NPs)

resistance
Liposomes (LIPO) Made of lipid bilayers encapsulating both hydrojh#dnd | Selective targeting, P-gp inhibitory action, altedrug
p hydrophobic drugs, improved stability, long cirdida internalization and sub-cellular localization projes

Enhanced cellular uptake and bioavailability
circumvents unwanted biological interactions debve
therapeutics at cellular levels for therapeutic and
imaging in cancer

Inorganic nanocarriers with tunable size and shajgh
drug loading due to high pore volume and surfa@a,g
multi functionalization for targeted and contrdlléelivery

Mesoporous silica
nanopatrticles (MSNPs

=

Inorganic Circumvents drug resistance associated with qver
nanopatrticles (a) Iron Unique optical , electrical, magnetic and/or eleciemical | expression of ATP-binding cassette transporters,
oxide magnetic| properties, inert, stable, ease of functionalizatio increased intracellular drug retention, enhanced tof
nanopatrticles cell viability

Shape and size dependent on electronic charaiterist
versatile drug delivery system due to tunable @pt/cinduces cellular DNA damage
properties

Semiconductor inorganic fluorescent nanocrystaisalls
(2-20nm), and uniform size, high surface to volurago, | Release of toxic compounds (cadmium) and genergtion
(c) Quantum dots (QD]) surface conjugation with multiple ligands, biocottilpie, | of reactive oxygen species can result in long term
fluorescence properties help real time tracks witfairget| toxicity
cells

(b) Gold nanoparticleg
(AuNPs)

CHEMOTHERAPEUTIC NANOGEL DRUG DELIVERY SYSTEMS

I. Nanogelsfor loading SRNA
A small interfering RNA (siRNA) is a class of doekdtranded RNA molecules consisting of 21-23 nduicles,
involved in inhibition of protein synthesis encodey the messenger RNAs (mRNA). The siRNA mediatest p
transcriptional gene silencing of a specific tangedtein by disrupting mRNA when introduced intolselThey
show promise to be used for any disease- causing gg well as for targeting any cell or tissueNs\Ras a gene
regulating tool has a tremendous therapeutic pialéntthe areas of cancer treatment.

However, the clinical application of siRNA is hindd by its poor stability, degradation by endogenenzyme,
low cellular uptake efficiency, low endosomal escefficiency and short half-life in blood. Also thaked siRNA
is unable to penetrate cellular membranes duesti@aige size and high negative charge. Such obstaestrict the
delivery of siRNA in vivo and require a suitabldidery carrier. Among different carriers, nanogshow promise
as a novel transport medium for siRNA.

Dickerson et al. suggest targeted delivery of siRNoy nanogels may be a promising strategy to isere¢bhe
efficacy of chemotherapy drugs for the treatmentasfcer. It is difficult to load siRNA into nanogsrrier with
high encapsulation efficiency as it easily leaksnfithe carrier due to its hydrophilic character.ificrease siRNA
loading efficiency it is complexed with cationic &ients to enhance the affinity between the siRNA #me
particle matrix. Mimi et al. used polyethyleneimiflREl) nanogels as an effective siRNA carrier. Tiegative
charge of siRNA allows it to form a strong electatie interaction with the positively charged pdtygeneimine.
The consequential polyionic complexes also pra#&hNA against enzymatic degradation. Other neghticiearged
complexing agents used are dioleyl trimethyl ammompropane and polyamines.

Chitosan has been shown to be useful as a caorigmproving the cellular uptake of naked siRNAbat vitro and
in vivo via different administration routes. Chiawsis also useful for preventing the rapid degiadadf siRNA in
vivo.

Lee et al. explored the potential possibility ofaHyronic acid as a biocompatible and biodegradableogel for
delivery of siRNA. These nanogels crosslinked wdisulfide linkages showed target-specific intracaluelivery
of siRNA to HA-specific CD44 receptor over-expregsoancer cells.

Cationic dextran hydroxyethyl methacrylate (dex-HEMvased nanogels are promising carriers for siRié¢Avery
since they can be loaded efficiently with siRNA aakip by cells in vitro and were able to deliveaaat siRNA into
the cytosol of cells. Raemdonck et al. used theq@uymerization method to load siRNA into dextmnanogels
(dex-HEMA-co-TMAEMA) using UV induced emulsion. Té& nanogels were used as a siRNA depot from which
siRNA released at the desired time to prolong theegsilencing effect. It was reported that in theésy the sSIRNA
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dose was more efficiently deployed. Photochemidatmalization was used as a trigger to induce esrdasescape
of siRNA through the use of amphiphilic photosensits.

PEGylate cationic dex-HEMA nanogels by covalenactment of NHS-PEG to the reactive amine groupthef
nanogels with an aim to deliver siRNA in vivo. lagrshown that dex-(HE)-MA-co-AEMA-co-TMAEMA nanogel
retained their high loading efficiency of siRNA affeEGylation. The diffusion of the negatively chedgsiRNA
molecules inside the gels occurred very slowly #mat the siRNA was trapped by the cationic chargethe
nanogels. Also, siRNA-loaded PEGylateddex-(HE) MAAEMA-co-TMAEMA nanogels were able to
successfully down regulate EGFP without causingietoxicity in a HuH-7 EGFP cell line [4].

Nanogel-encapsulated active triphosphates of nucleoside analogs (NATP)
These are small particles of biodegradable catioaimogels loaded with anionic NATP efficiently irgteted with
cancer cells and released active drug compoundstiet cytoplasm. The potential of novel drug foratigins was
evaluated in the nucleoside transport-deficient NIEaC/C8) or nucleoside activation- deficient (RGY

lymphogenic cancer cells. Compared to nucleosidelogs, NATP-loaded nanogels demonstrated increased

cytotoxicity, reducing the drug resistance inde® 25 900-fold in CEM/araC/C8 cells and 70 to 10@Hm RL7/G

cells. The strong cytotoxic effect of nanoformua was accompanied by characteristic cell cycteugmations,

usually observed in drug-treated sensitive celfs] eesulted in the induction of apoptosis in alidéd drug-

resistant cells. Efficient cellular accumulation mdnogels and the consequent increase in intréaelevels of

NATP were found to be the major factors determinayjotoxic efficacy of nanoformulations. Decoratiof

nanogels with multiple molecules of tumor lymphegpecific peptide (LyP1) enhanced the binding effic of

nanocarriers with lymphogenic cancer cells. Thgesrd nanoformulation of activated gemcitabine (LYWG-

dFdCTP), when injected in subcutaneous RL7/G xeafogumor model, demonstrated two-fold more effitie
tumor growth inhibition than gemcitabine at a higlimse. Nanogel-drug formulations exhibited no esyst

toxicity during the treatment, hence extendingubesatility of nucleoside analogs in the treatn@frdrug-resistant
lymphogenic tumors [5].

Hyalur onic acid-based nanogel-drug conjugates with enhanced anticancer activity designed for targeting of
cd44-positive and drug-resistant tumors
Many drug-resistant tumors and cancer stem celBC)Cexpress elevated levels of CD44 receptor, hlael
glycoprotein binding hyaluronic acid (HA). Here, weport the synthesis of nanogel-drug conjugatesedhan
membranotropic cholesteryl-HA (CHA) for efficierérgeting and suppression of drug-resistant tumbhese
conjugates significantly increased the bioavailgbibf poorly soluble drugs with previously repatectivity
against CSC, such as etoposide, salinomycin, arcueun. The small nanogel particles (diam. 20—4Q with a
hydrophobic core and high drug loads (up to 20%né after ultra-sonication and demonstrated aased drug
release following the hydrolysis of biodegradaldteelinkage. Importantly, CHA-drug nanogels dentated 2—7
times higher cytotoxicity in CD44-expressing drugsistant human breast and pancreatic adenocarcicelsa
compared to free drugs and non-modified HA-drugjugaites. These nanogels were efficiently interedlizia
CD44 receptor mediated endocytosis and simultan@dasaction with the cancer cell membrane. Anahgrby
cholesterol moieties in the cellular membrane aftanogel unfolding evidently caused more efficientig
accumulation in cancer cells compared to non-medifiA-drug conjugates. CHA-drug nanogels were able
penetrate multicellular cancer spheroids and dygglahigher cytotoxic effect in the system modelitgnor
environment than both free drugs and HA-drug coajelgt In conclusion, the proposed design of nardhugj
conjugates allowed us to significantly enhance drogvailability, cancer cell targeting, and theattment efficacy
against drug-resistant cancer cells and multicallspheroids [6].

IV. Novel anticancer polymeric conjugates of activated nucleoside analogs

Previously, we have actively promoted the idea ttiet nanodelivery of active nucleotide species, &g
triphosphates of nucleoside analogs, can enhangag efficacy and reduce nonspecific toxicity. Instlsitudy we
report the development of a novel type of drug f@moulations, polymeric conjugates of nucleosidalags,
which are capable of the efficient transport anstaned release of phosphorylated drugs. These abnojygates
have been synthesized, starting from cholesteraliieol mucoadhesive polyvinyl alcohol or biodegral@adextrin,
by covalent attachment of nucleoside analogs thr@utptraphosphate linker. Association of cholesteroieties in
aqgueous media resulted in intramolecular polymétidig and the formation of small nanogel particbestaining
0.5 mmol/g of a 5phosphorylated nucleoside analog, e.g. 5-fludrdedxyuridine (floxuridine, FdU), an active
metabolite of anticancer drug 5-fluorouracyl (5-FUhe polymeric conjugates demonstrated rapid eatigm
release of floxuridine 'Sohosphate and much slower drug release under lytidroonditions (pH 1.0-7.4). Among
the panel of cancer cell lines, all studied polyimdétdU-conjugates demonstrated an up to 50 times#ased
cytotoxicity in human prostate cancer PC-3, breaster MCF-7 and MDA-MB-231 cells, and more thaf fithes
higher efficacy against cytarabine-resistant huidpmphoma (CEM/araC/8) and gemcitabine resistaiitctilar
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lymphoma (RL7/G) cells as compared to free drugsthe initial in vivo screening, both PC-3 and RL7/G
subcutaneous tumor xenograft models showed enhasresitivity to sustained drug release from polymedU-
conjugate after peritumoral injections and sigmific tumor growth inhibition. All these data demoat a
remarkable clinical potential of novel polymerionjugates of phosphorylated nucleoside analogs cesfyeas new
therapeutic agents against drug-resistant tumérs [7

V. Nanogel formulationswith phosphorylated nucleoside analogs
Many prospective nucleoside analogs have beenrdisdan earlier preclinical studies, or withdraveatelr from
clinical studies as their intracellular conversioto NTP was inefficient within an acceptable dasagnge. The
choice of available anticancer drugs could be atmiably broadened given that these drugs are detiviato the
cytosol in a preactivated NTP form. However, onliimaited number of efforts were made to directlyranister
NTP encapsulated in special drug-delivery vehicéssthis drug form was found to be too unstablbaaised in
chemotherapy. In one example-tphosphate of 2 3-dideoxycytidine was found to be well-protected in
circulation and delivered to mononuclear phagosy&tem in PEG stabilized liposomes. Recently, thibas have
demonstrated successful application of cationicogals for encapsulating-&iphosphates of natural nucleosides
and nucleoside analogs. Phosphate moieties of MirRefd ionic complexes with protonated amino groofpREI
and compacted into the nanogel network core, soded by a layer of PEG loops. Based on these fydin
nanogels can be used for direct delivery of immetiiaactive NTPs (instead of nucleoside analogs) iimfected or
cancerous cells. Therefore, nanogels may be deseldpo a promising therapeutic formulation. Tot tdss
strategy, nanogel/NTP formulations of several @#imt nucleoside analogs, such ddl@oroadenine arabinoside,
AZT and cytosine arabinoside were studied. Initiatleosides were converted into NTP, using wellettgyed
chemical phosphorylation methods. A polyionic dosgnplex with nanogel was formed immediately by direct
mixing of an aqueous dispersion of the carrier \thin NTP solution. Complex formation could be tchbg marked
reduction of the hydrodynamic diameter of Nanogetiples, observed by dynamic light scattering. aernative
approach involved titration of the dispersion ohogel-containing deprotonated amines with NTP inaaidic
form, until a neutral pH of the resulting solutismas reached. In both cases, lyophilised formulatiware obtained
that could be stored in dry form at 4°C, withouy drace of NTP decomposition for at least 1 yeaudNTP)
loading depended directly on the PEI content inogats, and was equal to 15 — 30% of the weight rgf d
formulation, or 0.5 mmol of NTP/g on average. Diagded nanogel particles swelled and retained énauger in
their interior to ensure a high solubility and disgion stability in aqueous media. ExperimentsroRitro drug-
release demonstrated a sustained release of ridelatiugs from nanogels in physiological mediungcténg ~
30% of the initial drug loading during the first Pdof incubation at 37°C. Evidentlin vitro release of free drug
from nanogels in circulation is slow enough to @ne serious problems associated with nonspedfic effects
of unbound nucleoside analogs.

Nanogels provided significant protection of encdat®a phosphorylated nucleosides from degradatign b
ubiquitous intra- or extra-cellular dephosphorylgtenzymes. In model experiments, 30—60% of entateslNTP
was protected and kept intact, depending on thegelnoading capacity, compared with only 10% & fltee NTP
following incubation with alkaline phosphatase aitdition, ~ 60% of degraded nucleotide was founthénform of
mono- and di-phosphates that are also active dragiass. Drugs may be released from nanogel/ NTiRutattions
by a multi-variant mechanism. Nanogel can slowlgase a considerable amount of the encapsulatedidrine
form of nucleoside gphosphates, which are formed as a result of padgphosphorylation at physiological
conditions and dissociate more easily from the gahinterior. However, a remaining fraction of tfeemulated
NTP may be unbound only in the event of bindinghwébmpetitive cellular polyanions. Previously, agtive
mechanism of drug release including interactionarfogel cationic network with negatively chargedsgholipids
and other components of the cellular membrane bas Buggested. Membranotropic properties of nasagete
clearly illustrated recently by dose-dependent ratttons of tritium-labelled nanogels with isolateellular
membranes, and by direct visualisation of thesentsvasing transmission electron and atomic forcerascopy.
These findings could clearly be observed in a twllisystem of rhodamine-labelled nanogels loadeth ai
fluorescein-labelled ATP. Initial accumulation cdnmogel on the cellular membrane was evident orethesfocal
images taken earlier, after cell treatment. Thecpss was accompanied with a fast release and atation of the
green fluorescent ATP into the cytosol. At a latere point (60 min), most of the drug loaded naneges well as
membrane-bound unloaded nanogels, were taken upnbtgcytosis (yellow and red dots) and accumulated i
endosomes. However, membrane binding and the raxfedrug release continued inside the endosonmesaa
much higher level of green fluorescent ATP was mahvgerved in the cytosol. This process has beercall
membrane triggered drug release from nanogel-ATRptexes. In this process, positively charged nahoge
competitively formed more stable complexes with ggtwlipids of the cellular membrane, fusing inte {ipid
bilayer and releasing NTP directly into the cytoeal the other side of the membrane. The featurgigee an
evident advantage over many existing drug deliwstems, as nanogel can release the drug rapigdijmdans of
bursting, as soon as the carrier reaches the tsitget
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Several cytotoxic nucleoside analogs in the forrNG®P have been formulated with nanogel. Surpriginthe
cytotoxicity of these formulations tested in vasdwman breast carcinoma cell lines was approxlynat® orders
of magnitude higher compared with the parental hosphorylated drug. This additional cytotoxic effeas
independent of the inherent cytotoxicity of therimar as similar Nanogel-ATP complexes exhibitedkadly lower
cytotoxicity. Based on previous findings, the aunthbave attributed the observed cytotoxic efficatyNanogel-
NTP formulations to the rapid creation of an exoesghibitory NTP concentration higher than theasplic pool
of cellular nucleotides.

Toxicology of many novel drug carriers constitutesserious challenge for polymer chemists and cha&mic
engineers. By analogy to the therapeutic indexmiveal drugs (usually determined as a ratio afiglcytotoxic
concentration [IC50] to the drug effective concatitm [EC50]), various drug delivery systems may aigo
compared by their own therapeutic index, which rbaydetermined as a ratio of cytotoxic concentratibnhe
carrier to the cytotoxic concentration of the cartoaded drug. The higher the therapeutic index better the drug
carrier formulation. In the case of cationic nardeg€&€P formulations, the therapeutic index value wagally > 50,
which is considered to be a very good ratio for yndirugs [8].

V1. Crosslinked Polymeric Nanogel For mulations of 5'-Triphosphates of Nucleoside analogs
Activation of cytotoxic nucleoside analodgs vivo depends primarily on their cell-specific phosphatign.
Anticancer chemotherapy using nucleoside analogslraasignificantly enhanced by intracellular adrsiration of
active phosphorylated drugs. However, the celltrlamsport of anionic compounds is very ineffectiwvel restricted
by many drug efflux transporters. Recently devetbpationic nanogel carriers can encapsulate langguats of
nucleoside Striphosphates that form polyionic complexes witlotpnated amino groups on the polyethylenimine
backbone of the nanogels. In this papetfriphosphate of an antiviral nucleoside analo¢aZdo-2, 3-
dideoxythymidine (AZT), was efficiently synthesizadd its complexes with nanogels were obtainedesatliated
as potential cytotoxic drug formulations for treatthof human breast carcinoma cells. A selectiv@sphorylating
reagent, tris-imidazolylphosphate, was used to edr&ZT into the nucleoside analogtiiphosphate using a one-
pot procedure. The correspondinga2idothymidine 5triphosphate (AZTTP) was isolated with high yi€lt6%).
Nanogels encapsulated up to 30% of AZTTP by welghtmixing solutions of the carrier and the drug.eTh
AZTTP/nanogel formulation showed enhanced cytoibkio two breast cancer cell lines, MCF-7 and MIVB-
231, demonstrating the IC50 values 130-200 timeeddhan those values for AZT alone. Exact mecmare$
drug release from nanogels remains unclear. Onénanésm could involve interaction with negativelyached
counterions. A high affinity of nanogels to isolhteellular membranes has been observed, espefialhanogels
made of amphiphilic block copolymer, Pluronic® P& llular trafficking of nanogel particles, conties by PEI-
coordinated copper (ll) ions, was studied by traesion electron microscopy (TEM), which revealed
membranotropic properties of nanogels.

A substantial release of encapsulated drug wasredxefollowing interactions of drug-loaded nanogelih
cellular membranes. A drug release mechanism trigheéoy interaction of the drug loaded nanogels with
phospholipid bilayer is proposed.

The results illustrate therapeutic potential of thteosphorylated nucleoside analogs formulated inosized
crosslinked polymeric carriers for cancer chemathgi{9].

CONCLUSION
It can be concluded that Nanogels have potentigicgiion as carriers for cancer chemotherapy.
REFERENCES

[1] Sultana F, Manirujjaman, Imran-Ul-Haque M, Arafat $harmin SJ Appl Pharm Sc2013, 3(8), 95-105.

[2] Lugmani YA.Medical prin prac 2005, 14 (1), 35-48.

[3] Peters GJ, Adema AD, Bijnsdorpa IV, Sandvold MNucleosides, Nucleotides Nucleic Aci@®11, 30(12),
1168-1180.

[4] Soni G, Yadav KSSaudi Pharm J2014, 22(2), 141-146.

[5] Kapse-Mistry S, Govender T, Srivastava R, YergerFkbntiers pharmacol2014, 5(2), 159-181.

[6] Wei X, Senanayake TH, Warren G, Vinogradov 8iaconj Chem2013, 24(4), 658-668.

[7] Senanayake TH, Warren G, Vinogradov ®conj Chem2011, 22(10), 1983-1993.

[8] Vinogradov SV Exp opin Drug Deliv2007, 4(1), 5-17.

[9] Vinogradov SV, Kohli E, Zeman ADMol Pharm 2005, 2(6), 449-461.

561



