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ABSTRACT

Pullulan, an extracellular a-glucan, having botanical name as Pullularia
pullulans, anatural polymer was discovered in 1900’s. It is recently being
investigated for biomedical applications in various fields like targeted
drug delivery, gene delivery, diagnostic imaging using quantum dots etc.
Pulluan being biocompatible gives a great scope in the biomedical
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applications. Pullulan ishighly capable of replacing currently commercially
used polymers in biomedical application in the form films, blend or
nanocomposite. The main aim of the review isto make the readers aware
of the various modifications done in Pullulan to make it more suitable for
critical applicationslike genedelivery, controlled drug rel ease etc.

© 2012 Trade Sciencelnc. - INDIA

INTRODUCTION

Thestructureof pullulan, an extracellular a-glucan
elaborated by Pullularia pullulans, has been shown
to be apolymaltotriose polymerized through (a-1, 6-
bonds on theterminal glucose residues of thetrisac-
charide3, Wdlenfelset d.12 have presented evidence
for 6’-a-glucosylmaltotriose and 6-a-maltotrio-
sylglucose as minor tetrasaccharide components of
pullulan, and presumed their location to besolely at the
termini of the polymer (Figurela). Catley et d .1 pro-
posed the presence of asmal | number of mato-tetraose
unitslocated withinthebas ¢ polymdtotriose structure,
and showed themto belinked through o-1,6-bondson
their termind residues(Figurelb). It had been observed®
that thereis, perhaps, no uniquestructurefor pullulan,
sinceitistheterm used to describeany extracd lular o-

glucan elaorated by P. pullulans cultured under ava
riety of conditionson avariety of substrates. Theloca
tion and content, therefore, of thetetrasaccharide de-
scribed by Wallenfels et al. and Catley et a. are not
heldtobein conflict.
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Figure 1 : (a) The structure of pullulan proposed by
Wallenfelset al. with terminal tetrasaccharideunits. (b) The

structureproposed by Catley et al. with maltotetr aose units
located within thepolymer.
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Recently pullulanarebeing investigated for itsbio-
medica applicationsin variousfieldsliketargeted drug
ddivery, geneddivery and diagnosticimaging using
guantum dotsetc*7.

PULLULAN NANOGELSANDAMPHIPHILIC
POLYMERSIN BIOMEDICAL APPLICATION

The study of nanogel (i.e. hydrogel nanoparticle)
hasintensified during the last decade dueto enormous
potentia applicationsin the devel opment and imple-
mentation of new environmentally responsiveor smart
material's, biomimetics, biosensors, artificial muscles,
drug ddlivery systemsand chemical separationdd. The
nanogel s can be designed to undergo large changesin
their chemical, mechanical, optical and/or electrical
makeupinresponseto achemica simulus, biomolecular
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interaction or eectromagneticfid d®. Suchmaeridscan
beviewed asbiomedica amplifiersor senstizersof the
environmenta event!?,

Akiyoshi’s group has made significant advances
through theformul ation of amphiphilic polymerswith
the propensity to self-aggregate, referred to as
nanogel §1*131. Monodisperse and colloidally stable
nanogel particles (20-30 nm) form upon the self-as-
sembly of partly hydrophobized (less than 5 wt%o)
cholesteryl group-bearing pullulans(CHP) inwater (see
Figure 2). These CHP nanoparticlesformscomplexes
spontaneoudly with it?4, Inthisregard, acationic hy-
drogel nanoparticle (CHPNH,) designed for intracel lu-
lar proteinddlivery wasdeve oped™. CHP nanoparticles
have protein-folding and refolding activity ex vivol®,
their behaviour being quite reminiscent of theartificial
chaperonemodd proposed by Rozemaand Gdlman*7.
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Figure2: Sructureof cholesterol-bearing pullulan (CHP) and cationicCHP(CHPNH,).

Given that the down regul ation of chaperone ex-
pression and/or activity isthought to be heavily impli-
cated in the pathogenesi sof various neurodegenerative
diseased®®, nanogels could be of particular value as
artificid chaperonesin neuro-nanomedicing™.

Sebastien et a. tested the effectiveness of CHP
nanogel sto bind on b-amyloid peptide monomers,
and to the more del eterious b-amyloid peptide oli-

LBioTe ecﬁtzo/o_qy C—

gomers, demonstrating their ability to decrease cy-
totoxicity in primary mixed cortical and microglial
cellsinculture. By employing fluorescent CHP ana-
logswith different chargesit wasfound that: (i) Both
neutral and positively charged CHP nanoparticles
interact with b-amyloid monomersand oligomers, (ii)
Neutral CHP is non-toxic, but positively charged
derivatives (CHPNH,) aretoxic, particularly in pri-
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mary cortical cultures, and (iii) Binding of both mo-
nomeric and oligomeric b-amyloid to CHP signifi-
cantly reduces b-amyloid toxicity in both the primary
cortical andmicroglia cells.

Theseresultssuggest that CHP nanogel scould pro-
videavalid complementary approach to antibody im-
munotherapy inneurologica disorderscharacterized by
theformation of solubletoxic aggregates, such asthose
inAlzheimer’s disease!?.

Jeong et d. synthesized amphiphilic macromolecules
composed of pullulan and poly(dl-lactide-coglycolide)
(PLGA) (PULG) togiveamphiphilicity and biodegrad-
ability asnovel drug carriers (Figure 3 and 4). Intro-
duction of PLGA into awater-soluble polysaccharide,
pullulan, successfully induced amphiphilicity and pro-
vided unique physicochemical properties. PULG
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nanospheres had around shapewith aparticle size of
about 75-150 nm.

Pullulan Backbone

~100 glucose units
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Figure 3 : Schematic depiction of a cholesterol-bearing
pullulan (CHP) and thehydrogel nanoparticle.
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Figure4: Synthesisschemeof PuL G graft copolymer

Thedrug contentsof the PUL G nanosphereswere
approximately 20-30% (w/w). As the drug contents of
PuL G nanospheresincreased, thedrug rel easeratefrom
nanospheres decreased. The drug release rate from
PUL G nanosphereswas dd ayed asthemol ecular weight
of PULG increased. PuL G copolymer with higher graft
ratio of PLGA showed dower degradation raterather

thanthat with lower graft ratio!.

PULLULANSIN PROMOTING HORMONE
SECRETION

During thelast decade, there have been severa at-
temptsto produce artificial pancreasfor thetreatment

——— %iogecﬁnokyy
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of diabetesmdlitus, with an emphasison hybrid struc-
tures that combine insulin-secreting cells with
biomateria §%225, A mgor problemwith thisconceptis
theimpact that theimmune-modul ating membranesand
extracdlular matrix have on the physiologica function-
ing of the structure, including oxygen supply, and the
large number of pancreaticisletsthat are needed for
such astructureg2,

Sungwon et al. attempted to promoteinsulin se-
cretionfrominsulinomacell linesor pancreaticidets
through anumber of mechanisms, including direct
dimulation of cdlsby interaction with sulfonylurea(SU)
conjugated to macromol ecul e3**%3 and glucagon-like

N.N-dicyclohexylcarbodiimide

RN

peptide-1 (GLP-1) and by incorporating cross-
linked haemogl obin*4. An SU/polymer (SUP) conju-
gate was prepared (see figure 5) using pullulan, a
polysaccharidethat has been used previously indrug
delivery because of its solubility and good
biocompatibility®!, In vitro static experiment showed
that sulfonylureaconcentration in SUP over 50 um
wasrequiredto stimulatetherat isets. Thelong-term
(2 month) culture experiment demonstrated that the
microcapsulesof idetswith SUP, with well-preserved
morphol ogy, presented higher insulin secretion level
and better ability in responding to glucose changes
than those without SUP.
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Figure5: Thesynthetic schemeof a SUP

PULLULANSINDRUGDELIVERY SYSTEMS

Drug délivery system enablesto precisely control
thereleaserate or target drugsto aspecific body site
having an enormousimpact on the hedthcare. Among
them, theadminitration of drugsto small intestineand
colon by theoral route still remainsonegoal towards
which numerous biotechnol ogy companiesarestriving
forl®4%, The main advantages presented by oral drug
ddivery arethe ease of target accessibility, enhanced
patient compliance owingto thenon-invasveddivery
method, and thepossihility of locd and systemicthergpy.
Carrier technology offersanintelligent approach for ord
drug delivery by couplingthedrugtoacarrier particle
such asmicrospheres, nanoparticles, liposomes, etc.,
which modul atesthe rel ease and the absorption char-

inogecﬁtzofo_qy C—

acteristics of the drugs*-#4. Polymeric microspheres
represent animportant part of these particulatedrug
ddivery systemsdueto their small sizeand efficient
carrier characteristics. For instance, polymeric
microspheres can beeasily functionalized with anionic
or cationicgroupsallowing highloading of drugspos-
sessing opposite charges*#8l. In addition, the e ectro-
stati c interactions between drug and polymer increase
the chemica stability or mask the unpl easant taste of
thedrugs*.

Congantinet d. prepared poly(vinyl dcohol) (PVA)
microspheres by dispersionreticulation with glutaral-
dehyde and further aminated it (seefigure 6). These
microsphereswerefirstly loaded with diclofenac (DF)
and then entrapped in cellul ose acetate butyrate (CAB)
microcapsul esby an o/w solvent evaporation technique
forintestina delivery of drug.
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Theencapsulated PVA microspheresdueto their
low swelling degree in intestinal fluids do not have
enough forceto producethe disruption of CAB shell;
therefore succinoylated pullulan microspheres (SP-Ms,
figure 7) were co-encapsul ated. Thereleaseof DFin
intestinal fluidswas possibledueto theruptureof CAB
shell under the pressure caused by the high swelling
degree of SP-Mg%,

Toachievedrug ddivery, stimuli-sensitive polymer
systemshave beenintensively exploited as candidate
materia %054, Among the stimuli-sensitive polymers,
poly(N-isopropylacrylamide) (PNIPAAmM) has at-
tracted the most attention because of its sharp phase
trangtionor lower critica solution temperature (LCST)
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around 32°Cinagueoussolution, whichiscloseto the
human body temperature®>*4, When the temperature
of the polymer inthe gl stateisraised aboveLCST, a
phase separation occurswithinthe polymer, being char-
acterized by adramatic shrinkageinvolume. Thischar-
acteristic hasbeen exploited for the devel opment of
thermo-sensitivedrug ddlivery systemd>57,

Besidesthermo-sengitive hydrogels, another class
of stimuli sengitive hydrogel sisrepresented by pH-sen-
stivehydrogds, which may changetheir volumewhen
small changes of external pH occur™®%%, Usualy, the
pH-dependent phasetransition gelswere synthesized
from polymers containing weskly acidic (acrylicacids)
groups.
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Figure6: Preparation of cross-linked and aminated PV S microspheres

Generadly, polyacid gelsarerdatively un-swollen
at low pH, sincetheacidic groupsare protonated and
hence unionized. With increasing pH, apolyacid gel
swellsto agreater degree.

For biomedica applicationsit would befavourable
if hydrogels could respond to two types of stimuli si-

multaneously like temperature and pH. M ost part of
pH/thermo-responsivedrug delivery systemsare pre-
pared by copolymerization of NIPAAmwithvery smal
amounts of acrylic acid monomerg®&, From view-
point of biomedica applications, these copolymersare
not suitable candi dates because they arenot biodegrad-

— ziogecﬁnofo_qy
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ableunder physiological conditions. Moreover, dueto
theinsertion of acrylicacid unitsinthe copolymer, even
if invery small amounts, the continuous sequence of
NIPAAm isdisturbed, and the cumulative hydropho-

bic interactions between i sopropyl groupsare much
more reduced at a temperature higher than LCST.
Therefore, thethermo-sengtivity of these copolymers
iIsweaker.

0
/;’ ime:
CHZ_C\ SE:Ipht::il:le ﬁ] ,ﬁ
Pu—OH + | O ——> Pu—0-C-CH,~CH,—C
_(/ = 50 deg. cel. \O
AN H

Figure7: Reaction of pullulan with succinicanhydride

Recently, amethod to introduce alarger amount
of carboxylic groups in the main chain of
poly(NIPAAmM), without weakening thermo-sensitiv-
ity hasbeen devel oped, it isbased on thenew acidic
monomer N-isopropyl-maeamic acid®. Thisunique
pH/ thermo-sensitivecharacter of the acid wasattrib-
uted to the existence of acontinuousisopropylamide
sequencein hydrogels. Unfortunately, neither these
polymers are biodegradabl e and biocompatible. In
order to obtain biodegradabl e gel sthat preserve aso
pH/ temperature sensitivity, PNIPAAmM has been
grafted onto natural polymers possessing natively pH-
sensitive unitsasalginic acid®! or chitosan®. After
grafting, the continuous sequence of NIPAAmisnot
disturbed and gels maintain thermo-sensitivity. Fur-
thermore, the presence of carboxylic or amino groups
conferspH-sensitivity to gels.

Gheorghe reported the preparation of pullulan
microspheresby suspension cross-linkingwith epichlo-
rohydrin of an agueous polymer solution. Firstly, the
thermo-responsive units were inserted by grafting
poly(N-isopropylacrylamide-coacrylamide)
(poly(NIPAAmM-co-AAm)) onto pullulan microspheres
(figure84). Secondly, the pH-sengtivefunctiond groups
wereintroduced by reaction of succinicanhydridewith
theremaining—OH groups of pullulan (figure 8b). Vol-
umephasetrangtiontemperatureof microgelswasclose
to the human body temperaturein isotonic phosphate
buffer at pH = 7.4. The pH/thermo-responsive
microspheres maintain asharp volume phasetrangtion
both bel ow and above pKaof carboxylic acid at low
vauesof theexchange capacity. Thisunique character-
isticisattributed to the existence of acontinuous se-
guenceof isopropylacrylamidein copolymer®,

inogecﬁtzofo_qy C—

K. Akiyoshi et a. described thecomplexation of a
protein drug, Ins, with the hydrogel nanoparticle of
hydrophobized pullulan. The complexed nanoparticles
(diameter 20-30 nm) formed a very stable colloid. The
therma denaturation and subsequent aggregation of Ins
wereeffectively suppressed upon complexation. The
complexed Inswassignificantly protected from enzy-
meti ¢ degradation. Spontaneousdissociation of Insfrom
the complex was barely observed, except inthe pres-
enceof bovineserumabumin. Theorigind physologi-
ca activity of complexed Inswas preservedinvivo af-
teri.v.injection. Thehydrogel nanoparticleformedwith
hydrophobized polysaccharides behaved as an excel -
lent protein drug carrier!®”,

Yoshiharu et d. investigated the biodisposition of
pullulanin ratsfocusing especially on receptor-medi-
ated hepatic uptake. FITC-labeled pullulanswere pre-
pared by method of de Belder and Granathi®l. The
degreeof substitution by FITC of pullulan (FP-60; MW
58,200) was 0.004 in FITC mol/ glucose unit. The
tyraminederivativeof pullulan (P-60; MW 58,200) was
prepared according to the cyano-transfer method®.
M arked dose-dependency was seenin the hepatic up-
take of FP-60 which was markedly reduced by the
coadministration of both asialofetuin and
arabinogalactan. Thebinding of [*°1]P-60to isolated
parenchymal cells was significantly inhibited by
arabinoga actan and asid of etuin, however dextran, the
sameglucan as pullulan, did not affect the binding of
[*%11P-60. It wasfound that pullulan, which isbound
to theasid oglycoprotein receptor with high affinity, is
subsequently internalized to the hepatocyte viarecep-
tor-mediated endocytosis™.

Interferon (IFN)-f iswidely used for the elimina-
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tion of hepatitis C virusin patientswith chronicliver
disease, butitsclinica efficacy isunsatisfactory. Tar-
geting |FN- totheliver might enhanceitsefficacy with-
out increasing itsside effects. For clinical useof this
targeting technol ogy, pullulan conjugate can be conju-
gated with human groups of IFN-f3 asIFN-f has poor
cross-speciesactivity. Y. Suginoshitaet a. attempted

Initiation

CHp,—OH

——==—=> Review

to synthesize pullulan-conjugated human IFN-f3 through
metd coordination and succeeded in enhancing 2-5AS
induction specificaly intheliver by i.v. injection of the
conjugate more potently than by free human IFN-p.
Thus, human IFN-b-DTPA-pullulan conjugate appears
to beapplicablefor clinical use, whichispromisingfor
treatment of patientswith chronic hepatitis CI™.
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PULLULANSINPHOTODYNAMIC THERAPY

Photodynamictherapy (PDT) hasbeenintensively
studied and employed asamodality for the treatment
of varioustumorsand non-oncol ogical disordersdue
to its unique properties. This modality involves a
noninvasive processthat causes minimal nonspecific
damageto adjacent hedlthy tissueswhileremaining cost
effectiveand requiring only ashort term period of re-
treatment!">7, PDT isbased on theddivery of apho-
tosengtizer (PS) by loca and systemic administration
followed by sdlectiveirradiation with appropriate laser
light to generate highly reactive oxygen species, such as
singlet oxygen, at thedisease site.

Intumor treatment, singlet oxygen generatedinthis
manner by PSlocalized at thetumor sitedirectly orin
directly treatstarget cells. Tumor destruction can be
achieved both by cdll death and by photodestruction of
thetumor vasculature, which resultsinlocal hypoxia
andindirect cell death™7. PDT isalso expected to be
apotentia method of overcoming multidrug resistance
(MDR) because PSin the plasmamembrane exhibits
cytotoxicity to cancer cdllsthat isdifferent fromthat of
other chemotherapy agents™.. However, therearesome
difficultieswiththe useof PS, such aswater-insolubility
and low sdlectivity for thetarget site, which often limit
itsbroader clinica gpplicationsin PDT.

To solvethese problems, various nano-carrier sys-
temsincluding lipid-based nanoparticles, polymer con-
jugates, polymeric micelles, and polymeric nanoparticles
have beeninvestigated. These systemshaveimproved
the solubility of PSsby incorporating ahydrophobic
core, there by prolonging circulation in the body, and
haveimprovedthe r targeting efficiency through anen-
hanced permeability and retention (EPR) effect at the
tumor sitd”®™. Unfortunately, most conventiona PSs
incorporated into polymeric nano-carrier systemseas-
ily form aggregates dueto their n-w interactions and
hydrophobic characteristics, resultinginincompletere-
leaseand significant reduction of Snglet oxygen by self-
photo quenchingt®”.

Byoung-chan Bae, Kun Nareported the devel op-
ment of polysaccharide-based nanogel with self-
guenchabl e photoactivity prepared from pul lulan/fol ate-
PS conjugate. Folate was introduced in order to en-
dow thisnanogel with ahoming property; the nanogel

inogecﬁtzofo_qy C—

possesses superior cancer cell selectivity induced by a
specificinteraction with folatereceptorsoverexpressed
onthesurfaceof severd typesof human cancer cellg®-
&I The pullulan/fol ate conjugate was synthesized by
one-step chemistry and spontaneoudly formed asdlf-
organized nanogel in an aqueous environment.
Pheophorbide-a(Pheo-A), whichisaderivativeof chlo-
rophyl| a, wasthen grafted to the pullulan/fol ate conju-
gate. Pheo-A beenused asaPS, generating PDT ef-
fectsboth asamonomer and in polymeric form, and
producing antitumor effectsin human lung, hepatoma,
uterine sarcomaand liver cancer cell 858, Pullulan/
folate-PS (Pheo-A) nanogels exhibit controlled
photoactivity. During circulationin theblood, nanogel
photo activity may be suppressed by asalf-quenching
effect between PS molecul es grafted to the pullulan/
folate backbone similar to the fluorescence resonance
energy transfer (FRET) effect(®. Asthe nanoge pen-
elratestissueand internaizesin cancer cdls, photo ac-
tivity may berecovered duetolossof the FRET effect
by cleavageof the pullulan/folate backboneand theester
bond in the PS graft through enzymatic attack in the
extracellular matrix and cellular compartmentssuch as
lysosomes®& (See Figure 9).

PULLULANSIN GENE THERAPY

Genetherapy holdsgreat promisefor treating dis-
easesranging from inherited disordersto acquired can-
cerd®¥. Virusesarethe most commonvectorsingene
delivery dueto their inherent function of cell invasion
that isfoll owed by expression of the geneinto the host
cell. However, the structure and stability of transferred
geneisrestricted by the character of virus genome.
Moreover, viral vectors can only introduce genes, not
other macromoleculeslikes RNA or antisense nucle-
otide. Furthermore, Sidereactionssuch ashostimmune
response and insertiona mutagenesisleading to death,
carcinogenesisor germlinedterationshaveled to seri-
ous concerns about the use of virusesasgenetransfer
vectord®>*, The mechanistic pathway for geneexpres-
sionislimited by at least five mgor barriersthat must
be overcomefor successful geneddlivery: invivo sta
bility, cell entry, endosome escape, cytosolic transport
and nuclear entry. The nuclear membranerestrictsthe
trangport of theplasmid DNA and theefficiency of the
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DNA transfer from the cytoplasm to the nucleus has
been estimated to be about 104, Therefore, in order to
obtainahigh geneexpresson, thegenesintroduced into
the cellsmust bereduced to acompact size, which can
passthrough nuclear pores. Thecollgpsingof DNA into
nanoparticlesof reduced negative or increased positive
charge(i.e. DNA condensation)!®>% hasreceived con-
Siderableinterest in recent yearsdueto itsbiological
importancein DNA packagingin virus headg®1%2,

“#pn s =——— Pullulan
b “—— Folate
‘, «— Inactivated pheo-A

+— Activated pheo-A
I

FRET PFP
nanogel

Folate
receptor .. ——

Figure9: Conceptual imageof thechangein photoactivity of
PFP nanogelsin cells

Cationic polymers seem to produce more stable
complexes, offering moreprotection during celular traf-
fid%1% Geneddivery usualy takes advantage of the
endocytic pathway of thecell. Thecdlscontinualyin-
gest apart of their plasmamembraneviaendocytosis
toform endocytic vesicles'™. Solvent and solutecan
betaken up by the cellsby theendocytosis activity of
thelatter. Endocytic ves clesincorporating DNA-bearing
particlesaretransferred to endosomesand thento ly-
sosomes, where liberation of DNA somehow takes
pl acel108,109]

MonaGuptaand Ajay Gupta prepared hydrogel
nanoparticlesof pullulanwith hydrophilic corethat can
encapsulate water-soluble materialslike DNA for in-
tracelular ddlivery. Pullulannanopartidesin narrow sze
range encapsulating DNA (pBUDLacZ) had been pre-
pared inside the aqueous core of thereverse micelles
formed by aerosol-OT/n-hexane (without
microemulsion). Particlesarespherical in shapewith
Szeof 45+ 0.80 nm diameter. The nanoparticles were
internalised and the cellsexhibited vacuolesin the cell
body dueto nanoparticleinternalisation. Endocytosis
of nanoparticlesresulted in disruption of F-actinand h-

——= Review

tubulin cytoske eton of humanfibroblasts. Theefficacy
of transfectioninvitroon HEK293 and COS-7 cells
demonstrated cell type dependence, with COS cells
having ahigher geneexpression. Theh-gal expression
in COS-7 cells by pullulan nanoparticlewas compa-
rableto commercidly availableLipofectamine 200017,

M.R. Rekhaand C.P. Sharmadevel oped aconju-
gateof pullulan and PEI (for scheme of synthesissee
figure 10) for gene ddivery applications. Conjugation
of PEI with pullulanimproved thetransfection efficiency
and reduced thetoxicity associated with PEI. Thecy-
totoxicity, blood component interactions such asred
blood cell/white blood cell aggregation, platelet and
complement activation, and proteininteraction of the
pul lulan-conjugated PEI wasdradticaly reduced incom-
parison to PEl-based nanocomplexes. The conjuga
tion of pullulan with PEI did not hinder the plasmid
nuclear locdization ability of PEI. Thetransfection effi-
ciency of pullulan conjugate was similar to PEI, with
the added advantage of hemocompatibility and non-
cytotoxicity. Thuspullulan-PEI conjugate seems to be
a promising gene delivery vector with good
hemocompatibility and low toxicity but without com-
promising thetransfection efficacy of PEI™Y,

They aso developed a liver targeting cationic
pullulan which wasblood compatible. Cationic groups
wereintroduced by reacting glycidyl trimethyl ammo-
nium chloridewith pullulan. The cationic derivatives
readily formed polyionic complexeswith DNA. Pullulan
hashigh specificity for liver anditiswell established'2
that it isinternalized by the hepatocytes by receptor
mediated endocytos sthrough specifichinding of pullulan
tothe asia oglycoprotein receptor. They reported, that
carboxymethyl pullulan unlike pullulan haslow &ffinity
for asia oglycoprotein receptorsand theliver uptake
clearance of pullulan was decreased by morethan hun-
dred fold™3, Thehigh solubility and chainflexibility of
pullulan may be one of the contributing factorsfor its
blood compatibility™4.

|. Kanatani et d. investigated pullulan-spermine for
gene delivery to cells that do not express the
asid oglycoprotein receptor (ASGPR). Pullulan-sper-
mine-medi ated transfection of plasmid DNA resulted
ingreatly reduced cytotoxicity and a10-fold increase
in the level of gene expression when compared to
Lipofectamine 2000, acommercidly availablecationic
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lipidand theinvitro proliferation of T24 celswassig-

carier for genetransfection, and that cellular uptake of

|
)

sepukepusey]
NON/
N\ / \

4-Dimethylaminopyridine

DMSO, 25°C, 6 hours

Y

pullulan-spermine—plasmid DNA complexes is medi-
nificantly reduced. Pullulan-spermine is a promising  ated by clathrin- and raft/caveol ae-dependent endocy-
totic pathwayg™.

fed et

o
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Nfc,\[( \‘N
o
o o

di succinimidyl carbonate

Pullulan-succinimidyl carbonate

OR

Pullulan PEI

RK=H or PEI
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CH, H,OR H,OR
Y H
- |
OR o OJ
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Figure10: Synthesisof pullulan-PEI

CONCLUSON

Pullulansishaving very important applications, but
arerardly heard or spoken of . Pullulanshavewide scope
of applicationsfrom drug delivery to gene delivery.
Applicationsof pullulansinthefieldsarejust astart
with lot to add up in future. More of research isre-

quired to open up thevast field.
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