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ABSTRACT

APPLICATION OF MODIFIED POLY(AMIDOAMINE)
DENDRIMER FOR LOCAL METRONIDAZOLE RELEASE AND
CELLULAR DELIVERY OF ANTISENSE OLIGONUCLEOTIDE

By Tran Huu Dung

Advisor: Prof. Hoon Yoo, Ph.D.

Department of Pharmacology and Dental Therapeutics
College of Dentistry, Graduate School of Chosunversity

The PAMAM dendrimer G5—pluronic F127 and PAMAM démer G5-
cholesteryl conjugates were prepared for the agipdic on local metronidazole
release or cellular delivery of antisense oligoaatiles. The structural and
biophysical features of the dendrimer conjugateseveharacterized by FT-IR,
'H-NMR, fluorescamine assay, capillary zone eledtospsis analysis, zeta
potential measurement and particle size deternoinati

In metronidazole release study, a series of demiriG5-pluronic F127
conjugate films (at 1/10, 1/20 and 1/30 mole ratitmaded with various percent
of metronidazole hydrochloride, were prepared in phhesence or absence of
gelatin coating. The investigations on surface molgpgy, polymer erosion and
metronidazole release profile of dendrimer G5-ptizoF127 conjugate films
resulted in unique surface morphology, low erosite and long metronidazole
release time. The conjugate (1/30 mole ratio) filobaded with 10 %
metronidazole hydrochloride was the most suitab&rim for the local drug
release. The release of drug from the film wasuericed by pH, saliva and
humidity. The drug release was sustained in aqutic condition and saliva
medium due to the slow polymer erosion. The prepéheas were stable for up



to 9 months at dried condition, while those stoe#droom condition (30 %
relative humidity) were not effective in both polgrnit erosion and drug release.
The film of G5-F127 (1/30) coated with 20 % gelatias the most suitable for a
prolonged drug release.

For cellular delivery of antisense oligonucleofitlee delivery efficiency of
antisense oligonucleotide into cells was evaluat#id dendrimer G5-cholesterol
conjugates (1/5, 1/10 and 1/20 mole ratios) angoalicleotide complexes by a
splicing correction assay. The dendrimer-cholestepnjugate prepared at a
mole ratio of 1:5 formed biologically active compds with antisense
oligonucleotides and mediated the delivery of amige oligonucleotide into
HeLa cells. The enhanced delivery of the antisetigegmer into nucleus of the
cells resulted in the expression of the reportenegeroduct, a luciferase,
supporting that the increased hydrophobicity bydhejugation of cholesterol to
the free amino groups on dendrimer surface enhatieedelivery efficiency of

antisense oligonucleotide.
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|. INTRODUCTION

1.1 Approach of matter

Efficacy is the most important characteristic of ainug. However, efficacy
of the drug may often be reduced because of thHalityato deliver the drug to
the specific cells or tissues. Furthermore, aftemiaistration, the drug may pass
through different physiologic barriers and/or padlya; decreasing the actual
amount of drug that reaches the site. An ideal dt@mtherapy was a
demonstration of delivering drug or active compaind targeted site and
maintaining the therapeutic level in a suitablegtiemough for the treatmeht.
Therefore, the need to develop a drug carrier systith the proposal for the
local drug release or drug delivery is the greapdrtance. There have been
numerous efforts focused on the development of dhey carrier systems.
Investigators have made attempts to develop a fapetriug carrier system,
which can maintain continuous drug levels in amesiange, reduce side effects
by improved tissue or organ specificity’.

Current efforts have been directed towards the iplessise of synthetic
polymers for drug carriers. From a practical pahview, several biodegradable
polymers based on drug release/delivery technadoljsere been developed as
drug carriers. Some classes of biodegradable posmnmeluding Polylactides
(PLA), Polyglycolides (PGA), Poly(lactide-co-glyidés) (PLGA),
Polyanhydrides, Polyorthoesters, Poly(ethylene e@xidmodified poly¢-
caprolactone), polyethylene glycol, polyvinylpyiddne K30 and more recently
dendrimers were used as a carrier for the drugseldelivery polymeric systems
or as a vehicle for the intracellular delivery afidcanucleic or oligonucleotide
into the cells®*?. In these systems, drugs or other active agents reteased
from the polymeric carrier at a target site (em.irfected organism) in a pre-
designed manner. The main purpose to control the delivery and/or release is
to achieve effective therapies while avoiding tliebtem for both under- and

overdosing. Other advantages of using these systahgle the maintenance of



drug levels, need for fewer administrations, optiose of a drug, and increased
patient compliancé®®*®. Over the last 20 years, there have been incrgasin
demands to treat diseases such as periodontakdsaad cancers by developing
the delivery methods to cure. Implanting an engieeéepolymer plate/film
loaded with drug directly into the local organs afelivering a
nanoparticle/vehicle bound drug or acid nucleigtmfiucleotide complex
formation to targeted site improved the drug efficat the target site. Since the
polymers have been implanted directly into theutssaffected by disease, the
side effects were small compared to systemic daligety *>®).

Poly(amidoamine) (PAMAM) dendrimers are a family lifhly branched
synthetic spherical nanoparticles. They are bical#ajsle cationic polymers in
the nano-size range with narrow poly-dispersityichtallow easy passage across
the biological barriers (e.g., small enough to uwgdeextravasations through
vascular endothelial tissué$y??. PAMAM dendrimers are of interest in a wide
range of applications including drug release/de}ivé>> gene therapy®*”,
catalysis, biosensing, as well as environmentakekation®>. However, there
have been limitations in clinical application dwethe fast degradation in drug
releasé?3") poor transfection efficiency and a cellular tatyi¢*?.

Efforts are now directed at improving the biologiemd physicochemical
properties of the PAMAM dendrimers to overcome ¢ghi@mitations and improve
on their application. Surface modification of phaagmutical nanocarriers such as
liposome and cationic polymers were used to contr@lbiological features and
make them to perform specific functions effectiv€R*®. In this thesis we
prepared a series of pluronic F127 conjugated PAMANdrimers and
cholesterol conjugated PAMAM dendrimers at varimae ratios of pluronic or
cholesterol on the surface of dendrimer generddioRluronic F127 is a water
soluble polyxamer and forms micelle at room tempgea Long and bulky
hydrocarbon branches of the conjugated pluronicee vexpected to partially
shield cationic amine groups of dendrimer and eodahe hydrophobicity on

surface of dendrimer generation 5 without losing sblubility. In addition,



dendrimer-cholesteryl conjugates were expectechtmmce the interaction with
lipid membrane for the cellular uptake of oligoreatide into the cells.

1.2 Controlled drug release and delivery by polyme  ric nanocarriers

There are three primary mechanisms by which drugbeareleased from a
polymeric nanocarriers, namely diffusion, degramtatind swelling following by
diffusion (Figure 1). Any or all of these mechanssmay occur in a given release
system. Diffusion occurs when a drug or othervactigent passes through the
polymer that forms the controlled release devidee @iffusion may occur on a
macroscopic scale through pores in the polymerixatron a molecular level
by passing between polymeric chalffs’®. To control the drug release rate by
simple modification of a polymer system, the druejease profile can be
described according to the modified Higuchi’'s emmtdemonstrating the drug
release by release rate constants (K), and erasierf polymeric carriéf*?)

The mechanism of cationic polymers as transfectigants for efficient
intracellular delivery of antisense oligonucleotider genes was generally
accepted by a recepter-mediated endocytosis. Capgpldetween cationic
polymers and gene (polyplexes) or oligonucleotidese formed due to strong
electrostatic interactions between the positivélarged carrier and negatively
charged DNA. A slightly net positive charge of pgubxes was believed to
facilitate their interaction with negatively chadgeell membranes and improve
transfection efficiency. However, the lipophilictnee of the cell membrances
restricts the intracellular uptake of hydrophilationic polymers. Thus, the need
to modify the hydrophobicity of polymeric carrieiss necessary to enhance the

transfection efficienc{**").

1.3 Bioerodible polymers
There are two different approaches for the devetoynof bioerodible
devices in a controlled drug release. One invostgsounding a drug core with a

controlling polymer membrane and the other is dispg the drug within a



polymeric matrix to form a bioerodible monolithiewdce. In the latter case, drug
release could be controlled by erosion if the deugell immobilized in a solid
matrix with minimal diffusional release and faspsional raté',

Dendritic polymers have unique spherical structunhose molecular
architecture consists of an initiator core and atipg units with branches and
terminal functional groups. Each repeating unitrbeabranching point to which
two or several new repeating units are attachedtabe of poly(amidoamine)
(PAMAM) dendrimers, the initiator core is an ammeror ethylenediamine
(EDA) molecule. Ammonia has three and EDA has foossible binding sites
for amidoamine repeating units. The primary aminaugs are on the surface of
the molecule and two new branches may be attacheddh of them (Figure 2)
4849 The manufacturing process is a series of repetisieps starting with a
central initiator core. Each subsequent growth stgpesents a new "generation”
of polymer with a larger molecular diameter, twit®e number of reactive
surface sites, and approximately doubling the mo#éoveight of the preceding
generation. Owing to their unique properties sushwater solubility, well-
defined molecular architecture, and spherical shegdVl/AM dendrimers have
been extensively studied as a potential drug dslivehicle and emerged as a
novel synthetic drug or gene carrier.

Abhay Asthana group investigated the potential asegolyamidoamine
dendrimer generation 4 (G4) as a drug delivery im&br the controlled release
of water insoluble flurbiprofen and acidic antifaxhmatory drug. In
pharmacodynamic study, 75 % inhibition of edemd &aburs was revealed and
the inhibition of 50 % was continued to 8 hours.affltompared with free drug,
the mean residence time (MRT) and terminal hadf-{THF) of the dendritic
formulation was increased by 2-fold and 3-fold petively®?. Hoon Yoo et al.
showed that PAMAM dendrimers formed stable compmexdth antisense
oligonucleotides with modest cytotoxicity and hathstantial delivery activity.
Compared to other types of delivery agents, PAMABhdtimers were more

effective in delivering oligonucleotides into theiaheus of cells even in the



presence of serufff.

The properties of PAMAMs can change by modifying tierminal amino
groups. For instance, a series of poly (ethyleyeal) conjugated dendrimers
with various degree of substitution of the dendris@rface group by PEG were
prepared by Gaofeng Pan et &fl. The encapsulation efficiency and in vitro
release characteristics of these PEG conjugatedridegrs were investigated.
The percentage coverage of dendrimer surface viatB Rad little effect on the
encapsulation efficiency but affected the releabeamethotrexate. IR spectra
showed that many of the encapsulated methotrexalecules were located
within the cavity of the dendrimer. Conjugation ttee surface of PAMAM
dendrimer generation 5 with fluorescent dye Oregoeen 488 enhanced the
dendrimer’s abilities as a delivery agent of amsseoligonucleotide, compared
to the unmodified dendrimer, when tested at equiisense oligonucleotide
concentration®”. Cytotoxicity of PAMAM dendrimers was reduced byet
modification of their terminal amino groups intoegamides®". Amphiphilic
PAMAMs was synthesized by partially modifying therrhinal amino groups
with 1,2-epoxyhexane®®. PAMAM dendrimers with different surface
functionalities possess different metal ion (e.g”*@r Cd™) with bovine serum
albumin and proton binding capacity, providing w&cppportunities to remove
toxic metal ions from watét*>*),

Pluronic polymers (poloxamers) have chemical stmact of triblock
copolymer poly (ethylene oxide)-poly(propylene @digholy(ethylene oxide)
(Figure 3), possessing critical micelle concentrati (CMC), high
biocompatibility, biodegradation and non-toxicitythivcells. As shown in Figure
3, the long hydrocarbon branches containing hydsbghPPO on pluronic F127
(or F68) could partially shield cationic amines RAMAM dendrimer surface
and create a formation of copolymer as micelle,ctWwhivas high molecular
structural level, resulted in reducing the erosiate of dendrimers. Thus,
pluronic conjugated dendrimers were expected astabte choice for the local

drug release systeffi®".



Cholesterol is a hydrophobic and non-toxic agenhe Thydrophobic
cholesterol conjugated to the amino groups on saréd cholesteryl-dendrimers
was expected to enhance the membrane interactidncehular uptake of

dendrimerg®.

1.4 Choice of drug for the local release study

In the drug treatment to disease sites, variousfacuch as effectiveness in
therapy, prediction of clinical results, side etfeadrug interactions, costs and
patient acceptance should be considef®d The main effect of drug
administration in the local site is to maintain glraoncentration effectively
during the period of treatment. In this researckironidazole was chosen for
drug release study. Metronidazole is known to becéfe in the treatment of
chronic periodontal disease with less antibiotisisance (Dubreuil et al.1989,
Bourgault et al.1986, Tally et al 1984). In additianetronidazole is stable in
biological fluid, which is an important for the msation of released

metronidazole.

1.5 Choice of drug for the intracellular delivery study

The potential of antisense oligonucleotide delivegy cholesterol conjugated
dendrimers was estimated by antisense splicingection assay, which was
based on the correction of splicing at an aberiambn site inserted into a

luciferase reporter gerf&?"32)



. MATERIALS AND METHODS

1. MATERIALS

PAMAM dendrimers and pluronics were purchased frohidrich
(Milwaukee, WI, USA). A phosphorothioate 2_-O-mdtlajigonu-cleotide (5'-
CCUCUUACCUCAGUUACA-3) was purchased from the Midth Certified
Reagent Company (Midland, TX). DMEM and Opti-MEM mneefrom Life
Technologies (Gaithersburg, MD). All other chemicadcluding fluorescamine
were from Sigma Chemical (St. Louis, MO, USA). Hatalls stably transfected
with plasmid pLUC/705 were a generous gift of DrKRle (University of North
Carolina, Chapel Hill, NC).

2. METHODS
2.1 Preparation of dendrimer conjugates
2.1.1 Synthesis of dendrimer-pluronic conjugates
2.1.1.1 Activation of pluronic

To a 10 ml flask containing 2 g of pluronic F1271i& ml of dicloromethan,
250 pL of 10 % pyridine in dicloromethan, 320 pL 1§ % para-nitrophenyl
chloroformate (1:1 mole ratio of OH : PNPC) in didmethan was slowly added
while stirring at room temperature. After 24 h, tleaction was monitored by
thin-layer chromatography (TLC) using ethanol awetlgping solvent. The
resulting solution was diluted with methylene clder washed with 0.1 % HCI,
and finally saturated sodium chloride solution ®move organic salt and
pyridine. In the organic phase, the activated plicowas separated by
precipitating with a large excess of diethyl ethgnreacted para-nitrophenyl
chloroformate was completely dissolved in diethyhee and removed by
centrifugation. The yield of activated pluronic Fl®as calculated by measuring
the UV absorbance of para-nitrophenyl group at @) which is released from
hydrolysis in IN NaOH (15 min at 8D), based on the standard linear curve

prepared by absorbance correlative with para-rtieagl sodium concentration



©9 For the activation of pluronic F68, 1g pluronié8Fwas activated by 120 pl
solution 10 % para-nitrophenyl chloroformate.

2.1.1.2 Copolymer conjugations

To a flask containing 100 mg of dendrimer G5 inmiObuffer HEPES pH
7.5, adequate volumes (450, 900, 1350 I followiraie ratio G5:pluronic F127
1/10, 1/20 and 1/30, respectively) of 10 % actigapéuronic in methanol was
dropped slowly while stirring at 40. After 24h, the reaction between activated
pluronic and dendrimers resulted in the releasa pfara-nitrophenoxy group,
which appeared in yellow color with the increasahia UV-absorbance at 410
nm. The released para-nitrophenyl in salt and otraall molecules were
removed by PD-10 column sephadex 20, using didtiltater as a mobile phase.
First fraction running out quickly through PD-10ntained the reaction product.
The fraction was vaporized under vacuum to obtaendried powder. Purified
products were further characterized their chenaaodl physical properties by FT-
IR and*H-NMR spectrum, electrophoretic mobility, partidize, surface charge
density and cellular toxicity to determine the ahility as a carrier for the drug
release.

In case of dendrimer G5-pluronic F68 conjugatiatecuate volumes (115;
455; 685 pl following molar ratio G5:pluronic 1/1020 and 1/30, respectively)
of 10 % activated pluronic F68 in methanol werectea with 100 mg of
dendrimer G5 in 10 ml buffer HEPES pH 7.5.

2.1.2 Synthesis of dendrimer-cholesteryl conjugate

Dendrimer G5-cholesteryl conjugates at 1/5, 1/16 &f20 mole ratios of
dendrimer to cholesterol were synthesized by fdbhowprocedure: 200 pl of
dendrimer G5 (1.7 mM) in methanol was prepared,4hdl of 78 mM of N,N-
diisopropyl ethylamine in methanol was added aatalysis. Adequate volumes
(78, 156, 312 pl following molar ratio of G5:chdie®l 1/5, 1/10 and 1/20) of

cholesteryl chloroformate (22 mM) in dichlorometbhamere dropped slowly into



the above solution at 80, and the reaction was continued for 3 hours. The
reactants were precipitated with excess of die¢lger and then centrifuged at
14,000 rpm for 5 min. The unreacted cholesterybiibrmate was removed
completely from the reaction product by repeatibgwe procedure. The crude
product (at molar ratio 1:5) was dissolved in deti water and applied to a PD-
10 column equilibrated with aqueous TFA (0.1 %, )vfor the further
purification. First fraction running out quickly ibugh PD-10 contained the
reaction product was vaporized under vacuum to iobtdried powder.
Conjugates at mole ratios of 1:10 and 1:20, whigreanot soluble in water,
were washed with distilled water, collected by déuinging, and then vaporized

under vacuum to obtain the dried powders.

2.2 Structural characterization of dendrimer conj ugates
2.2.1 FT-IR and'H-NMR studies of conjugates

FT-IR spectra were collected with a Shimadzu FTBIRO0 instrument using
transparent KBr disc. KBr disc was cleaned by awet®0 pl of acetone was
applied onto the disc, dried under a heater and skanned. Two percent (2 %,
w/w) solutions of original dendrimer G5, pluroniddZ, G5-pluronic F127
conjugate 1/10, and G5-cholesteryl conjugate 1é&cetone were prepared. 50 ul
of each sample solution was applied to a KBr di$® disc was dried under a
heater, and then scanned on FT-IR spectrophotometer

'"H-NMR spectra were taken of dendrimer G5 and GBeplic F127
conjugate (1/10) in D, activated pluronic F127 and G5-cholesteryl cgaja
(2/20) in methanol-gdat a concentration of 10 mg/ml, using 500 MHz NMR
spectrometer (Bruker, DRX-500 MHz).

2.2.2 Fluorescamine assay for quantitative determinationof primary
amines on conjugates
Flourescamine assay was used for a quantitativiysasaf primary amine

groups based on the fluorescence intensity gerkfaden the reaction between



primary amine groups and flourescamine reagentgdJai least means squared
regression analysis, a linear standard curve wasrgeed by the quantitative
determination of fluorescence intensity. The lingsndard curve provided a
determination of primary amine groups at an appabt@rconcentration of

pluronic conjugated dendrimers (or cholesterol egated dendrimersy.

For the determination, a gradient of dendrimer Gl&itBons was prepared at
0.8, 1.6, 2.4, 3.2, 4.0 and 4.8 mg/ml in HEPES temiy pH 7.8. 40 ul of each
solution was transferred into 7 wells of a blackv@8l microplate including a
well contaning only 40 pul HEPES as a blank sample50 pl of 0.1 %
fluorescamine in acetone was added simultaneoyslisimg a multi-pipette. The
fluorescence intensity was measured with the exeaitavelength at 360 nm and
the emissive wavelength at 485 nm (BioTek FL60Grscence microplate
reader) and fluorescence intensity was collected®¥ data reduction software.

Using the standard linear curve demonstrating therdéscence intensity
proportionally with the number of amine groups oendrimer G5, the
fluorescence intensities of dendrimer-pluronic agages (1/10, 1/20, 1/30) and
dendrimer-cholesteryl conjugate 1/5 (4 mg/ml) iretaoe were measured and
calculated the number of amino groups on each meadifendrimer.

2.2.3 CZE analysis for separation of conjugates
CZE separation is based on the electrophoretic litiebiof the solute ions.
The electrophoretic mobility of an ion is dependentits degree of ionization

according to equation (1):

| x L
V xts

(Eq.1)



Where u is the apparent electrophoretic mobilitMYHcné/sV), | is the
effective length of capillary (cm), L is the totahgth of capillary (cm), V is the
applied voltage (V) andstis calculated by migration time of analyte. The
electrophoretic mobility (1) of an ion is dependentits degree of ionization in
running buffer®°),

In this study, CZE was carried out with a constesitage using a P/ACE
MDQ Capillary Electrophoresis (BECKMAN COULTER) dapped with a
standard cassette containing an uncoated fused-s#ipillary (100 um I.D) with
total length 60 cm long and effective length 40n2 dhe capillary temperature
was maintained at 20°C, and separation voltage keas at 20kV for all the
separation. The capillary was conditioned befojection by rinsing with 0.1M
sodium hydroxide for 15 minutes, then wash in deeth water for 15 minutes,
and finally with the running buffer (100 mM phospda acetonitrile, volume
ratio 2:1, pH 8.3) for an additional 15 minutes.eThample solutions of
dendrimer G5 and G5-pluronic F127 conjugates (14/@0 and 1/30) were
prepared at the concentration of 1 mg/ml in runrndfer. Pluronic F127 was
used as an internal standard (0.5 mg/ml). The peepsamples were loaded onto
the capillary with a pressure mode. Electrophonetmg obtained by running
with the normal phase at a voltage of 20 KV anéwarage current of 180 pA, a
photodiode array detection system recorded at 234, and 405 nm. The
electrophoretic mobility (1) of samples was caltedisaccording to the migration
time obtained on electropherograms.

2.2.4 Determination of zeta potential and particlesize of conjugates

Particle size and surface charge of the dendrimplGronic conjugates
(1/10, 1/20 and 1/30) were determined on a Mah#stasizer 3000 (Malvern,
UK) ©". samples were diluted with double distilled wateRSC. Zeta potential
of conjugates was measured in capillary cell witlalgsis mode at 50 mV of
voltage and wavelength of 633 nm. Each sample wiasratically calculated on

ten times and the mean values were recorded.



2.3 Cytotoxicity of dendrimer conjugates

MTT assay is a standard colorimetric assay (anyasdsch measures
changes in color) for measuring cellular prolifarat(cell growth). It can also be
used to determine cytotoxicity of medicinal ageams other toxic materiaf®.
For estimating the cytotoxicity on dendrimer G5#phic F127 conjugates (1/10,
1/20 and 1/30), gingival fibroblast cells were ibated in wells (of white 96-well
tray) with original G5 or its pluronic conjugates \&arious concentrations (in
range 5-100 pg/ml) in DMEM medium containing 10 &usn for 24 h, then
rinsed twice with phosphate-buffered saline (PB®) imcubated for a further 24
h. The surviving fraction was determined by the Miye assay; 100 pl of MTT
dye solution (0.5 mg/ml) was added to each well @mdibation continued for
another 4 hours. An Absorbance at 540 nm was diezhtivith an automated
microplate reader (MULTISCAN® EX, THERMO) to evataacell remaining
degree adequately comparing with control sampleetié without dendrimer or
its conjugates.

In case of cholesterol conjugated dendrimer, Hedlés avere incubated in
wells with conjugate (at mole ratio 5:1) in the eahse/presence of
oligonucleotides (0.25 puM) in serum free DMEM medior in DMEM medium
containing 30 % serum for 24 h. Cells were rinseide with phosphate-buffered
saline (PBS), incubated for a further 24 h. Theisung fraction was determined
by the MTT dye assay; 50 pl of MTT dye solution5(@g/ml) was added to
each well and incubation continued for another 3@.rihe cell remaining
degree was evaluated as described above.

2.4 Dendrimer-pluronic conjugates for the local d rug release
2.4.1 Preparation of conjugate films

Dendrimer G5-pluronic conjugates (1/10, 1/20 1/3@re dissolved in
deionized water to form 20 % (w/v) solution. To g¢wee drug loaded films,
appropriate amount of metronidazole hydrochlorides wissolved in the casting



solution to generate 2, 5, 10 and 15 % (w/w) ofgdioading at 2C. The
conjugate films were initially casted in aluminumsal(1.0 mm in thickness and
5 mm in diameter) which was cleaned and sterilideidure 4). 150 ul of the
polymer solution in the absence/presence of drugaabus concentrations such
as 2, 5 and 10 % metronidazole hydrochloride dépdsygradually (layer by
layer) in the disc for six hours. The water waspevated at room temperature
for 24 hours, and then dried further under the uatdor 24 hours. Finally, the
casting discs were placed in a desiccator to at@dnoisture in the air. All film
samples were separated carefully from the alumidism and stored individually
at room temperature in a light protected desiccatoseries of dendrimer G5,
G5-pluronic F127 or pluronic F68 conjugates (1/1820 and 1/30) films
loaded/unloaded with metronidazole hydrochlorideengroduced following the

same procedure.

2.4.2 Morphology study of conjugate films

The scanning electron microscope (SEM) is a typeleftron microscope
producing high-resolution images of a sample setf&8EM images provide a
characteristic three-dimensional appearance anduaedul for judging the
surface structure of the sample. Morphology prgopexhd 3-demensional
structure on the surface of dendrimer G5 film ar@pBuronic F127 conjugate
(1/10, 1/20 and 1/30) films covered by a thin wafr layer were observed under
the HITACHI S5000 scanning electron microscopy agnifications of x 50 K
and x 100 K.

2.4.3 Film erosion study

The polymeric erosion rate was determined by usingodified rotating-
basket apparatus as described at Figure 5. A 4(h M&sinless steel basket
apparatus dipped into a cuvette containing 3.5 B$ Bolution (pH 7.0) was set
at 37C under a magnetic stirring condition. The outeraggh was stirred
continuously. Each prepared film (in section 2¥)..vas putted into basket. It
was eroded as time went and the dissolved polyradr giffused to the outer



phase simultaneously. The remaining films were riaet at appropriate time,
dried in the room temperature for 12 hours, ana tiuether dried in a vacuum
oven for 24 hours for their gravimetric determioati The erosion tests on
different conjugate films were performed under Haene condition. Triplicate

runs are carried out for each sample.

2.4.4 Investigation of drug release from conjugatélms

In vitro release study of drug from the prepared films wasied out in a
UV-cell release apparatus as described at Figubesdrimer G5-pluronic F127
conjugates (1/10, 1/20 and 1/30) films loaded with % metronidazole
hydrochloride (prepared in section 2.4.1.1) wergc@tl in mini-dialysis tubes
(molecular weight cut off = 30.000 Da) containingd1ul PBS solution pH 7.0.
In this molecular weight cut off, conjugates of liég molecular weights stayed
inside the dialysis membrane while metronidazofusiéd out of the dialysis
tube. The dialysis tube was placed in a UV-celltaming 3.5 ml of PBS, pH 7.0
at 37C while the outer phase was stirred continuoushhe Treleased
metronidazole to the outer phase was monitored\Wpectrophotometer at 320
nm over a period of time. Triplicate runs were ietout for each sample.

The effect of drug concentration on the drug redeasms investigated on
dendrimer G5-pluronic F127 conjugate (1/30) filmaded with 2, 5 and 10 %
metronidazole hydrochloride (prepared in sectioh121), following the same

procedure.

2.4.5 Effect of pH on the drug release

The effect of pH on the drug release was invesijain dendrimer G5-
pluronic F127 conjugate (1/30) film loaded with 1% metronidazole
hydrochloride (prepared in section 2.4.1.1). Thedgtof drug release was
repeated in PBS solution at pH 5.0, 7.0 and 1@6pactively. The released
metronidazole hydrochloride to the outer phase wagnitored by UV
spectrophotometer at 320 nm over a period of time.



2.4.6 Effect of saliva on the drug release

The effect of saliva environment on the drug redeass investigated on
dendrimer G5-pluronic F127 conjugate (1/30) filmeaded with 10 %
metronidazole hydrochloride (prepared in sectigh121). Conjugate films were
put into a mini-dialysis tube (cutoff 30.000 Da)ntaining 100 pL of 20 % or
50 % saliva in distilled water. The dialysis tubeswplaced in a UV-cell
containing 3.5 ml PBS, pH 7.0 at°87 The outer phase was stirred continuously.
A control sample was used by replacing saliva \WBS (pH 7.0). The released
metronidazole hydrochloride to the outer phase wasnitored by UV
spectrophotometer at 320 nm over a period of tifmglicate runs were carried

out for each sample.

2.4.7 Reformation of conjugate films

The drug loaded in all dendrimer G5-pluronic F12hjagate films was
released from 50 % to 80 % within 12 hours. Theasg) delease profiles were
considered too short for the application to periadb pocket. Thus, various
methods were employed to slow the release rateedbaded dru§®’". Coating
the conjugate film with gelatin was chosen. Thrégent dipping solutions (2,
5 and 10 % gelatin) were prepared in distilled wate3?C. Dendrimer G5-
pluronic F127 conjugate (1/30) films loaded with P8 metronidazole
hydrochloride (prepared in section 2.4.1.1) werppdd in gelatin solutions
individually, and then dried in a vacuum oven fdriburs before investigating
the drug release. An uncoated control sample wezaped as a negative control.

Triplicate runs were carried out for each sample.

2.4.8 Humidity and stability of conjugate films

Polymer phase separation, drug crystallization, thedcolor change on film
surface were experienced as a result of prolongetple exposure to different
humidity conditions. The dendrimer G5-pluronic F12@njugate (1/30) film

loaded with 10 % metronidazole hydrochloride (predain section 2.2) were



stored in desiccators containing dried silica gmbpfoximately zero relative

humidity) as a control sample, or storied at ro@mperature (approximately
25°C, 30 % humidity) over a period of following; 1, 8,and 9 months. In

addition to physical observations, resulting sasplere evaluated with respect
to drug release profiles and determined the degfrdeug decomposition on CZE
with the running buffer 100 mM borate, pH 9.2.

2.5 Dendrimer cholesteryl conjugates for cellular d elivery of
antisense oligonucleotide
2.5.1 Agarose gel electrophoresis analysis for tloemplexes of dendrimer-
cholesteryl conjugate and oligonucleotide

Complex formation of dendrimer Gb5-cholesteryl cgste (1/5) and
oligonucleotides was examined by an agarose gelestavith ethidium bromide
(0.5ug/ml) at the various charge ratios of conjugateltgonucleotide$®. The
complexes were prepared in TBE buffer, then loadigd bromophenol blue in
glycerol into 1 % agarose gel in TBE (45 mM TrisrB®e and 1 mM EDTA, pH
8.0) buffer and electrophoresed at room temperat@®@ V for 15 min.

2.5.2 Antisense oligonucleotide delivery study

The efficiency of cellular delivery by dendrimer @bolesteryl conjugates
(1/5, 1/10 and 1/20) was estimated by antisenseirgpl correction assay
performed as fully described in previous publicasi6’*?. Briefly, HeLa cells
transfected stably with a reporter gene constrewplated in 6-well trays at a
density of 4x10cells per well in 3ml of 10 % FBS/DMEM and antitiis. Cells
were maintained for 24 h at €7in a humidified incubator (5 % GM5 % air).
A 100 pl of aliquot of oligonucleotide at a giveoncentration in Opti-MEM was
mixed with 100 pl of Opti-MEM containing variousraentrations of cholesteryl
dendrimer. The preparation was left undisturberbam temperature for 5 min,
followed by dilution to 1ml with Opti-MEM before logy layered on the cells.
The cells were incubated for 6 hours and subselyuttred medium was replaced
with 10 % FBS/DMEM. After further 18 h, the cellere rinsed with PBS and



lysed in 100 pl of lysis buffer (200mm Tris—HCI, g8, 2mM EDTA, 0.05 %
Triton X-100) on ice for 15 min. Following centrgation (1300 rpm, 2 min), 5
pl of supernatant cell extract was mixed with 100flluciferase substrate (1ImM
Dluciferin). The light emission was normalized tee tprotein concentration of
each sample. The estimations were performed onrileed G5 and several its
conjugates, and on G5-cholesteryl conjugate 1dff@rent concentrations.



lll. RESULTS

3.1 Preparation and evaluation of dendrimer pluroni ¢ conjugates
for the local drug release
3.1.1 Synthesis of dendrimer-pluronic conjugates

The activation of pluronic F127 was performed bydituting terminal
hydroxyl group on pluronic with para-nitrophenylraloformate. The synthetic
scheme of pluronic F127 activation is shown in Fégd. After purification, a
powder of activated pluronic was obtained as aoyedh, spongy solid with the
yield of 66.4 % (1.341Q).

The synthetic scheme of dendrimer G5-pluronic Fd@ijugates is shown in
Figure 8. Pluronic conjugated dendrimer G5 (1:220%nd 1:30 of mole ratios)
were synthesized and purified as described in@e@il.1.2. The conjugation
between activated pluronic and dendrimers resultethe release of a para-

nitrophenoxy group, which appeared in yellow color.

3.1.2 Structural characterization of dendrimer-pluronic conjugates
3.1.2.1 FT-IRand 'H-NMR studies of pluronic conjugates

Free and hydrogen functional groups were identiflemsed on their
corresponding IR bands (i.e. stretching vibratiomalde of molecular bond).
FT-IR spectrum of dendrimer G5 showed a strong imgng@eak of carbonyl
(C=0) at 1670 cfh, a strong bending peak of amine (N-H) at 1540' emd a
stretching peak of amine at 3350 tigFigure 11). FT-IR spectrum of pluronic
F127 showed a distinctive stretching peak of e{heH,~O-CH-) on PPO and
PEO at 1090 cthand also a peak attributed of methylene group £}@H the
PPO units at 2870 ch(Figure 12)7*™. In FT-IR spectrum of synthetic
dendrimer G5-pluronic F127 conjugate 1/10 (Figu@®, lamine | peak by
stretching was shifted from 3350 ¢ro 3450 crit. Amine Il and amide peaks of
bends appreared at 1540 and 1670'cnespectively. The amide | band at 1670

cm® increased while the amine peak at 1540 'caecreased, due to the



formation of amide bonds between dendrimer G5 dabpic. The salient peak
of ether on PEO and PPO group shifted from 1090 tm1150 cm' and an
adequate peak of methylene group (;Cbh the PPO units shifted from 2870
cm* to 2840 crit 1279)

'H-NMR spectrum of dendrimer G5, as described inufégl5, showed
characteristic of dendrimer G5 with a peak of mkthg group -CH,) at 1.78
ppm and specific peaks of -NH-CO-gBH,-, -CO-NH-CH-CH,-NH, and -
CH,-NH-CO- from 2.30 to 3.20 ppmH-NMR spectrum of activated pluronic
F127 in methanol-d4, as depicted in Figure 16, glibthe distinctive peaks of
CHs protons of PPO blocks at 1.10 ppm, -O-&FH(CHs)- group on PPO
blocks at 3.55 ppm, -O-GHCH,- group on PEO blocks at 3.60 ppm.
Additionally, a specific peak of dimethylene gro@H=CH-) on phenyl ring
was appeared at 7.25 ppfi’®. 'H-NMR spectrum of dendrimer G5-pluronic
F127 conjugation 1/10 in @ (Figure 17) demonstrated a shift of methyl peak
from 1.10 to 1.00 ppm, and -O-GI€H(CHs)-, -O-CH-CH,- peaks from 3.55
and 3.6 to 3.40 and 3.55 ppm. It also demonstrseedral representative peaks
for dendrimer G5 and pluronic F127 including peaks-CH, group at 1.78 ppm
and -NH-CO-CH-CH,-, -CO-NH-CH-CH,-NH,, -CH,-NH-CO- groups in range
2.30 — 3.20 ppm. The peak of dimethylene group &CH-) on phenyl ring was
disappeared by the conjugatiéh’.

3.1.2.2 Quantitative determination of primary amines on pluronic conjugates

The increase of fluorescence intensity at 485 rmsulting from the amino
groups reacted with fluorescamine, showed a linglationship with gradient of
dendrimer G5 concentrations with high confidencé £R0.9979) (Figure 19).
The calculated number of surface amino groups ch dandrimer G5-pluronic
F127 conjugate was well correlated with the expmbatee. The numbers of
primary amine groups on surface of conjugates (1400 and 1/30) were
calculated as 122, 111 and 108 units and the nuniifesubstituted pluronic
units were 6, 17 and 20, respectively (Table 2).



3.1.2.3 Separation of pluronic conjugates

The migration times of dendrimer G5 and its conjaga(1/10, 1/20 and
1/30) (Figure 20) on CZE with the running phospleetonitril (2:1) buffer, pH
8.3 were demonstrated as a ratio of their migratiore to pluronic migration
time, which is internal control, in range of 1.7912.1 and 2.5, respectively
(Figure20).

By using the equation 1, the electrophoretic mtediof dendrimer G5 and
its conjugates were calculated based on adequdies.raThe calculated
electrophoretic mobilities (1) are reduced from81210° to 9.7 x 10, 8.6 x 1C°
and 7.9 x 18 cnf/sV from original G5 to G5-pluronic F127 1/10, 1/26d 1/30,
respectively (Table 3).

We also analyzed dendrimer G5 on CZE with the ngni
phosphate:acetonitril (2:1) buffer pH 2.3, at canst voltage at 20KV,
temperature setup at ZD Amine groups are protonated by protoncdmpletely,
so the peak was shaped and symmetric (data not)sh@tereas conjugates
showed no peak at this condition.

3.1.2.4 Determination zeta potential and particle size of pluronic conjugates

The determination zeta potential and particle sizelendrimer G5 and its
conjugates (1/10, 1/20 and 1/30) are shown in Tdblmterestingly, with the
increase of pluronic units and the decrease ofgsinamine groups on surface
from dendrimer G5 to conjugates (1/10 to 1/20 af@D)l the particle sizes
increased from 22.7 nm to 52.1, 99.5 and 130.1 nnilewzeta potentials
decreased from 28.53 t0 19.98, 9.73 and 5.75, ctsply.

3.1.3 Cytotoxicity of dendrimer-pluronic conjugates
The toxic effect of dendrimer G5-pluronic F127 eaygtes (1/10, 1/20 and
1/30) on Gingival fibroblast cells was assessedTT dye assay. Figure 21

showed percent cell survival versus dose of deradrpturonic, after treatment



on cells in DMEM medium with dendrimer G5, plurod27 and G5-pluronic
F127 conjugates. Moderate decrease of acute tpxisihs observed in
dendrimer-pluronic conjugates while dendrimer Gbveld a relative toxicity.
Almost non-toxicity was showed on pluronic F122its

3.1.4 Dendrimer-pluronic conjugates for in vitro dug release study
3.1.4.1 Preparation and morphology of conjugate films

The dendrimer G5—-pluronic F127 conjugate films kxHldnloaded with
metronidazole hydrochloride were a thin and rouhdps. Dried films were
opaque and homogeneous with a yellowish color withemy breakage on the
surface. Dried films were easily taken out fromnaitbum cast after dried, while
dendrimer G5 film was softy and difficult to takeout.

For the film loaded with 15 % metronidazole hydrocide (w/w), some
visible crystalline was observed on the surfacetdube presence of undissolved
drug in the polymer matrix. This film was more ftazhan the conjugate films
containing 10 % metronidazole hydrochloride.

Conjugate films were prepared in range of weigh02/- 1.5 mg (5 mm in
diameter and 0.5 mm in thickness) and stored anrtemperature in a light
protected desiccator prior to use.

The surface morphologic properties of dendrimera@8 conjugate films are
showed in Figure 23. Dendrimer G5 film showed agala and compact structure
with a homogeneous surface as described in sedti®n While the surface
morphology of conjugate films changed to heterogaeeand rough morphology.
Particularly, the surface of conjugate film at thele ratio of 1:30 became very
spongy and highly adsorptive.

3.1.4.2 Film erosion study

The prepared dendrimer G5-pluronic F127 conjughtesfwere evaluated its
erosion compared with unmodified dendrimer G5 filfiter 60 minutes, when
96 % of dendrimer G5 film eroded rapidly, only 43 &b G5-pluronic F127



conjugate (1/10) film was eroded as described gufé 24. We also estimated
the erosion rate of dendrimer G5-pluronic F68 cgajas, which have 30 units of
hydrophobic PPO groups and 75 units of hydropRiE® in structure (Figure 3).

The erosion rate of G5-pluronic F68 conjugate (LAlth was faster than G5-

pluronic F127 conjugate (1/10) film (obtained 73ater 60 minutes).

A series of G5-pluronic F127 conjugate (1/10, 1& 1/30) films were
investigated for their erosion profiles (Figure .2B6) case of conjugate (1/10)
film, the erosion was reached to nearby 50 % winminutes, while at the
conjugate (1/20 and 1/30) films only 32 % and 14f%rosion were found. After
240 minutes, when the erosion was completed atigaig (1/10 and 1/20) films,

it was only 79 % at conjugate (1/30) film, exactly.

3.1.4.3 Investigation of drug release from conjugate films

Figure 26 showed profiles of the prolonged drugaskof metronidazole
from dendrimer G5-pluronic F127 conjugate (1/1@01And 1/30) films loaded
with 10 % metronidazole hydrochloride in PBS salnfipH 7.0 at 3C.

Metronidazole was released at first 4 hours withilsr release rates at all
conjugate (1/10, 1/20 and 1/30) films; 35, 34 arid 98, respectively. Drug
release rate of conjugate (1/10) film increased fateasing 50 % amount at 7
hours and reached to maximum after 36 hours (98A%ronjugate (1/20 and
1/30) films, drug release rate was decreased gignily. It released 50 % at 11
and 12 hours (at Table 6) and reached maximum 4&drours with conjugate
(1/20) film (at 97 %). Sustained drug release @& tlonjugate (1/30) film was
continuing to 52 hours.

When the Higuchi’s equation was applied; (¥rsus t?) to the conjugate
(1/10, 1/20 and 1/30) films loaded with 10 % meidazole hydrochloride,
straight lines were obtained with high correlatoaefficient (R > 0.99) (Figure
27), suggesting that the drug release rate of pedpfims were following this
model “®. The release rate constants (K) and their coivelatoefficients (B

are showed at Table 5. Interestingly, as the w@itigluronic groups to dendrimer



G5 increase, the drug release rate constants wereased from 0.153 to 0.104.

3.1.4.4 Effect of drug concentration on therelease

The effect of drug concentration on the drug redeflasm conjugate (1/30)
film loaded with 2, 5 and 10 % metronidazole hydiodde is shown in Figure
28. After about 12 hours, drug release from alljugate films loaded with
different drug concentrations reached to 50 % (@a®). However, the film
loaded with high percent of drug (10%) showed avetodrug release rate than
the one at low drug percent loading (2%). At thinfiloaded with 2 %
metronidazole, the drug release reached to maximbout 40 hours (98 %),
while it was more prolonged and obtained maximurtil 8 and 52 hours at

films loaded with 5 % and 10 % metronidazole hytitodde, respectively.

3.1.4.5 Effect of pH on the drug release
The effect of pH on the drug release from conjugatg0) film loaded with

10 % metronidazole hydrochloride is shown in FigR#e After 12 hours, when
metronidazole was released at 50 % amount into &#&ion pH 7.0 and pH
10.0 (Table 6), it was only released at 38 % amauotat solution pH 5.0 and
reached 50 % amount at 16 hours in this pH. Furtbee, when drug was
librated out completely at pH 7.0 and pH 10.0 aths®rs (approximately at
98 %), while it was only reached 85 % amount at56i and the drug release

was still continuous.

3.1.4.6 Effect of saliva on the drug release

The effect of saliva environment on the drug redefiem conjugate (1/30)
films loaded with 10 % metronidazole hydrochlorideshown in Figure 30.
There was a reduction in drug release into saliegiom in a time dependant
manner. In 20 % and 50 % saliva mediums, drug sel¢ianes reaching to 50 %
amount were at 16 and 21 hours, while it was 12$iwuPBS solution (Table 6).

Furthermore, at 52 hours, when the drug releassheghat maximum in PBS



solution (approximately at 98 %), while it only abted about 89 % and 81 % in
saliva 20 and 50 %, and the drug release wagstitinuous.

3.1.5 Reformation of conjugate films

All gelatin-coating conjugate (1/30) films with laint layer of gelatin outside
were dried completely. Drug release profiles franjogate (1/30) films loaded
with 10 % metronidazole hydrochloride were coateithwarious percent of
gelatin as shown in Figure 31. Increasing perodrgelatin coating caused a
slow drug release rate efficiently. The 50 % dratpaise from the film coated
with 5 %, 10 % and 20 % gelatin was at 14, 21 eéhtdurs, while uncoated film
was 12 hours (Table 6). After 72 hours, when alnebsirug amount released
completely from uncoated films (at 98 %) and evemffilm coated 5 % gelatin
(at 97 %), films coated 10 % and 20 % gelatin sabched about 87 % and 83 %,
and the drug release was still continuous.

Interestingly, the first burst release, which ubu&lappens in most drug
release profiles above, was not observed in thg driease profile of conjugate
film coated with 20 % gelatin. Instead, a sigmoyget of drug release was
observed, suggesting two phase of drug relead@l Irélease phase was a slow
drug release rate, releasing only about 4 % of diwgng 4 hours, and then a
faster release phase was followed as a secondseef@®se. The partition of
released drug reached to 50 % at 28 hours and maxam day three.

3.1.6 Humidity and stability of conjugate films

The stability of conjugate films loaded with 10 % etmonidazole
hydrochloride was examined under the storage dondfin a desiccator) and at
room temperature (approximately 5, 30 % humidity over 9 months period).
The surface properties and drug release profiletlmn G5-pluronic F127
conjugate (1/30) films loaded with 10 % metronidazbydrochloride were
investigated after keeping the film at dried coioditin desiccator. They

maintained an appearance of a dried hard and hameoge polymer film with a



yellowish color on surface. It also demonstrated umchanged drug release
profile even after 9 month storage condition (rfudvg data). After 6 months of
storage at room temperature, colour of conjughtesfivere changed into a dark
yellow color on surface. This colour change wasenserious after 9 months,
namely the surface of film was covered with a lagémoisture and became
rather sticky, probably due to a decompositionrafdn high humidity condition.
This was confirmed by new peaks around the mairk pfametronidazole
hydrochloride on CZE in Figure 33. Furthermoreygdrelease rate from film
samples stored at room temperature (approximatedp 3elative humidity) for 9
months was faster than the one kept in dried cmmdif{Figure 32-33).
Metronidazole release from 9 month stored film wasr 50 % after 4 hours
while only 30 to 34 % of release was observed ffesh film and film storied

for 6 month at room temperature.

3.2 Preparation and evaluation of dendrimer cholest  eryl conjugates
for the intracellular delivery
3.2.1 Synthesis of dendrimer-cholesteryl conjugase
Cholesterol conjugated dendrimer G5 (1:5, 1:10 &r&0D of mole ratios)
were synthesized and purified as described in@e@il.2. The conjugation
between cholesteryl chloroformate and dendrimessilied in the release of a
hydrochloride molecular in salt form (Figure 9).

3.2.2 The structural characterization of dendrimereholesteryl conjugates
3.2.2.1 FT-IR and 'H-NMR studies of cholesteryl conjugates

The FT-IR spectrum of dendrimer G5-cholesteryl agate 1/5 is shown at
Figure 14. For the cholesterol conjugated dendrifd®y the peaks of amine |
stretching was shifted from 3350 to 3300 tnThe relative band intensity of
amide | at 1670 ciwas increased while the amine band at 1540 decreased,
probably due to the formation of amide bond betwesenface amines on
dendrimer G5 and cholesterol chloroformate. Adddity, a salient peak of



cholesteryl group at 2800-3000 ¢rand a peak of &-C(NH)(CO-NH)- at 1490
cm ! were appeared, indicating the conjugation readiietveen cholesterol and
dendrimer®®7%7%)

In *H-NMR spectrum of dendrimer-cholesteryl conjugat201(Figure 18), a
characteristic peak by a 14-H-cholesteryl group whserved at 4.80 ppm. A
specific band of cholesterol was located from G®3.05 ppm and a peak of
dimethylene group (-CH=CH-) on steroid at 6.75 pfihe peaks by-CH,, -
NH-CO-CH~CH,~, -CO-NH-CH-CH,-NH,, -CH~NH-CO- on dendrimer
were shifted from 1.78, 2.30, 2.70 and 3.20 to 1850, 2.75 and 2.95 ppm,
respectively®’#7%)
3.2.2.2 Quantitative determination of primary amines on cholesteryl

conjugates

The determination of primary amine groups of coajeg has been described
in section 3.1.2.2. The calculated number of serfamino groups on cholesterol
conjugated dendrimers was well correlated with ¢ixpected ones based on
equation of linear standard curve of dendrimer Glguyre 19). In a case of
dendrimer G5-cholesteryl conjugate 1/5 (mole raifol:5), there were 124
amino groups on the surface. The fluorescamine yassa G5-cholesteryl
conjugates (1/10 and 1/20) failed due to the loWsitity in acetone.

3.2.3 Cytotoxicity of dendrimer-cholesteryl conjugte

The toxic effects of dendrimer G5-cholesteryl coejie 1/5 and
oligonucleotide/dendrimer G5-cholesteryl complexes HalLa cells were
assessed by a MTT dye assay. Figure 22 showednparekt survival versus
concentration, after treatment of cells with G54ekteryl conjugate 1/5 in
serum-free or 30 % serum-containing medium. A maudkecrease in the toxicity
was observed in either dendrimer-cholesteryl/olighdeotide or dendrimer G5
when cells were treated with in 30 % serum comginnedium, while higher
toxicity was observed for dendrimer-cholesteryyohiucleotide and dendrimer-

cholesteryl conjugate alone in serum-free medium.



3.2.4. Dendrimer cholesteryl conjugates for cellar delivery of antisense
oligonucleotide
3.2.4.1 Complex formation of oligonucleotide/dendrimer-cholesteryl conjugate
Agarose gel electrophoresis was performed to etalie size and charge
characteristics of dendrimer G5-cholesteryl confedgd/s) in the formation of
complexes with oligonucleotide (Figure 34). Thayotiucleotide formed an ionic
complex with  Gb5-cholesteryl conjugate, so the dener Gb5-
cholesteryl/oligonucleotide complex was detectabléading well. The band’'s
intensity of free oligonucleotides was reduced has N/P charge ratio (amino
groups : phosphate groups) increased.

3.2.4.2 Antisense oligonucleotide delivery study

The prepared cholesterol conjugated dendrimer GE vievestigated for
their delivery efficiency by an antisense splicoayrection assay as decribed in
Figure 35. The 2’-O-methyl phosphorothioate oligdeotide used in this assay
was designed to correct splicing at an aberranbrininserted into a luciferase
reporter gene, which was stably transfected intd_eHeells. Cholesteryl
conjugated dendrimers prepared at three differesie matios were used for the
luciferase activities, the luciferase expressioel@ttained at a mole ratio of 1:5
was moderately greater than those obtained witheeilG5 dendrimers or
cholesteryl conjugated dendrimers of higher mali@sgFigure 35A). Luciferase
expression of dendrimer G5-cholesteryl conjugatelénratio 1/5) showed an
oligonucleotide/gene transference efficiently ardched maximum effect at 5
pg/ml (Figure 35B). While the conjugates 1/10 afgDishowed low luciferase
expression, due to the low solubility to the medium



V. DISCUSSION

Paranitrophenyl chloroformate was chosen for theévatton of pluronic
because it is a good leaving group. At a molaoratil:1, one hydroxyl group of
pluronic F127 was activated by conjugation with greganitrophenyl group.
Under the condition of phosphate buffer (pH 8.8)iree groups on the surface of
dendrimer G5 were conjugated with the activatedrguliic molecules and
released paranitrophenol in a salt form. The nunobg@iuronics connected with
free amino groups on surface of G5 increased asntbkar ratio between
dendrimer and pluronic increased as describedgarEil0A. At high molar ratio,
steric hindrance on the surface of G5 caused diffian conjugation reaction
probably due to the interference of long hydrocarbanches of pluronics.

The investigation from FT-IR spectrum of dendrin@®b-pluronic F127
conjugate showed an increase of amide band aneéatecof amine band due to
the amide bond formation between amine group ofddewer and hydroxyl
group of pluronic F127. Also, there were shiftsettier banding and methylene
stretching of PPO and PEO units on pluronig-NMR spectrum of the
conjugate showed a shift of methylene and ethekgped PPO and PEO in
pluronic, with representative peaks for dendrimes @nd pluronic F127.
Especially, the peak of dimethylene group on phemg of activated pluronic
was disappeared on spectrum of conjugates. Thusjcaessful conjugation
reaction of dendrimer G5-pluronic F127 was confidnby FT-IR and'H-NMR
data.

A series of conjugates were synthesized with vgsladbnic units on surface
of dendrimer. As the mole ratio of activated plucol® dendrimer increased, the
surface amine numbers of dendrimer decreased. Howas mentioned above,
there was a limitation in increasing the numberphifronic groups. In CZE
analysis, dendrimer G5 and its conjugates migrdtased on their size and
surface charge under the condition of running Wuff@0 mM phosphate:

acetonitril (2:1), pH 8.3. The migration order ¢d@@rophoretic mobilities was in



the order of dendrimer G5 > conjugate 1/10 > caajeigl/20 > conjugate 1/30
(Table 3). CE data confirmed that increasing thenier of pluronics on
dendrimer G5 surface reduced positive charge argtammg slowly to the
cathode and resulted in the decrease of zeta teMiiT T assay showed less
toxic effect of conjugates compared to the dendri®® (Figure 21). The
decreased toxicity of dendrimer-pluronic conjugateass due to the amine
substitution by pluronics. This feature is an intpot advantage for the
application of these polymers in the drug relegseesn.

The surface morphology of conjugate (1/10, 1/20 &f8D) films changed
from homogeneous surface of dendrimer to spongyhégituly adsorptive as the
number of substituted pluronic molecules on surf#fadendrimer increases.

The influence of pluronic conjugation on polynegosion and drug release
were investigated (Figure 24-27). Erosion rate ofjggate (1/10) film was
decreased compared to dendrimer G5 film, due toegplacement of hydrophilic
amine groups on surface of dendrimer G5 with hydodyic PPO units on
pluronic moieties; it formed a viscous gel with igensity at room temperature.
This phenomenon was also observed in the decreasigipn rate of conjugate
films (1/10, 1/20 to 1/30). Furthermore, in caseohjugate (1/10) film prepared
by pluronic F68, a higher erosion rate than plurdfii27 was observed, probably
due to less hydrophobic PPO units. For the purposkesign a controlled local
drug release system, erosion rate is one of bastors affecting on the drug
release in a prolonged period of time.

The controlled drug release by the polymeric cesriequires achieving a
prolonged drug release. In addition, knowledgehefrnechanism on drug release
from prolonged-acting dosage forms is importanttle development and
prediction of release rates. Higuchi proposed tbkowing relationship to

describe the diffusion from a heterogenic polymatrin in equation (2):



0, = \/2DS£(A —0.55¢)xt = kNt Eq. 2

Where Qis the amount of drug released in time t, D andr8 the diffusion
and solubility coefficient of the drug in the disg@mn medium, respectively. A
is the drug content per cubic millimeter of matablet, and K is the release rate
constant for the Higuchi modé}2.

In our study, when Qwas the released amount of metronidazole at
predetermined time intervals and A was the metamote content per cubic
millimeter of conjugate film, according to Higuchiequation applied (@ersus
t¥) to the conjugate films loaded with 10 % metromia hydrochloride (Figure
27). The release rate constants;)(Kwhich represents for drug release rate,
decreased in order of conjugate films (1/10, 1/20Q/80) (Table 5). This order
suggested that drug release rate was controlleddsjon rate of conjugate films
which was obtained from the erosion test in sec8dh4.2. Considering that
nanostructure of conjugates 1/20 and 1/30 are toolley and complicate than
conjugate 1/10, a steric hindrance on surface nrayt the release of drug
molecules encapsulated into the conjugate matri@esrall, degrees of pluronic
units on dendrimer surface influenced on the deereh drug release rate. Thus,
the drug release rate from films of high conjug#¢20 and 1/30) decreased and
the release time was prolonged to several dayspamd to the ones in a low
conjugate (1/10) film.

In all release studies, the maximum amount of delease was less than the
amount of the drug loaded into conjugate filmsjdating that a small partition
of drug remained inside polymeric matrices. Alsdfirat burst effect was
observed in all drug release profiles, probably ttuéhe large ratio of surface
area to volume in the conjugate.

In vitro drug release demonstrated that the susaidrug release is
dependent on drug concentration in conjugate filkhand medium environment
described in Figure 28-30. When compared with agetjel (1/30) films loaded



with 2 and 5 % metronidazole hydrochloride, conjagd/30) film loaded with
10 % metronidazole hydrochloride showed lower drelgase rate and longer
released time. As the drug percent encapsulatgoblymer film more increases,
drug retained into the matrix and the drug reldase was increased. The drug
release was also influenced by pH and medium emviemt. In acidic pH, amine
groups of conjugate were protonated positivelyrtieract strongly with ionic
metronidazole by electrostatic interaction, retandrug tightly into the matrix
of polymer film and suppressing the drug release. fdo significant difference
was observed in the release profiles of neutrallss® pH conditions. In saliva
medium, particularly at high saliva concentratidow rate of erosion and
dissolution of conjugate film was observed.

Gelatin coating on conjugate films loaded with rmoptiazole decreased the
first burst effect and slowed the drug releasefeig31). Particularly, the first
burst effect which happens in most of release w®drivas disappeared in the
drug release profile of conjugate film loaded with % metronidazole coated
with 20 % gelatin. Instead, the most of a sigmdidpe of drug release profile
with a prolonged drug release was observed. Drigyrelaased out from films by
polymer erosion and then subsequent diffusion ksllawg of gelatin coating. As
the percent of gelatin coating increased from 5% %, the diffusion of drug
from the surface of films to aqueous medium wasuced. When the gelatin
coating was completely dissolved, drug release fitoenfilm became dependent
on the polymer erosion process, which was simitarthte drug release of
uncoated film. The viscosity of gelatin coat aféztthe drug release. The gelatin
viscosity was strongly influenced by temperaturela®n was gel state at room
temperature and the gel existed only a small teatper range (37 - 4e) ),
although melting point of the gel depended on gtk percent of gelatin in use.

The effect of humidity on the polymer erosion andigd release from
conjugate (1/30) film loaded with 10 % metronidazdwydrochloride was
compared in low humidity condition (approximatelra relative humidity) and

room temperature condition (approximately’@530 % humidity) after keeping



various periods of time (Figure 32). The conjugédta was stable under dried

condition in term of surface morphology and dru¢ease profile during the

storage period. However, rapid change in polymesien and drug release rate
in film samples stored at room temperature for e were observed by the
change in absorption feature of polymeric conjugate

The covalent attachment of cholesterol, averaginrg0 5molecules per
dendrimer, produced a series of dendrimer-choMstenjugates (1/5, 1/10 and
1/20 of mole ratios) with increased hydrophobiaky described in Figure 10B.
The conjugation of cholesterols on the surface efdidimer decreased its
solubility in water. For example, cholesterol caygted dendrimers prepared at
10:1 or 20:1 mole ratio had low solubility in waté@rhe FT-IR spectrum of
dendrimer G5-cholesteryl conjugate showed an isereaf amide peak and
decrease in amine peak, suggesting the formati@mide bond by conjugation
reaction. Additionally, other peaks of cholestewkre identified. 'H-NMR
spectrum of dendrimer Gb5-cholesteryl conjugate sttbweaks of 14H-
cholesteryl, dimethylene group on steroid ring @andand of cholesterol. Also
shifts of several peaks on dendrimer moiety wernad. Thus, FT-IR antH-
NMR data confirmed a successful conjugation reactagd dendrimer G5-
cholesteryl. The number of conjugated cholesteralgs determined by
fluorescamine assay. MTT assay showed a less &ffect in dendrimer G5-
cholesteryl conjugate 1/5 alone and conjugate liffaoucleotide complexes in
the presence of serum (Figure 22).

The complex formation of oligonucleotide by dendem@&5-cholesteryl (1/5)
was confirmed on agarose gel electrophoresis (Ei@4). The complex was
formed by the electrostatic interaction betweenatiggly charged phosphate
groups on oligonucleotide and positively chargedeframino groups on
dendrimer. As the N/P ratio of G5-cholesteryl oe ttomplexes increases, it
enhanced the ability of linking with oligonucledatidso the intensity of free
oligonucleotide was reduced, whereas the intensityoligonucleotide in

complexes was increased.



The transfection efficiency of antisense oligonattée delivery into cellular
was performed by the splicing correction assay. Thelesterol conjugated
dendrimer G5 (1/5) was a better delivery adjunchgared with dendrimer G5
(Figure 35), suggesting that the increased hydroisity of cholesteryl
dendrimers contributed the cellular uptake of cgajes and endosomal
disruption for the release of oligonucleotides iaytoplasn{®®.



V. CONCLUSIONS

A series of conjugates were synthesized by theugation reaction between
dendrimer G5 and pluronic F127 at different molgosa FT-IR spectrum of the
conjugated product showed an increase of amide daddimultaneous decrease
of amine band on dendrimer which resulted fromftvenation of conjugation.
Additionally a shift of ether bend and methyleresth of PPO and PEO units in
pluronic were observed. These evidences confirmedicaessful conjugation
reaction between dendrimer G5 and pluronic Fl2Torfelsencamine assay
determined the number of primary amines on theaserfof conjugates (1/10,
1/20 and 1/30) as 122, 111 and 108 units and th#ars of substituted pluronic
groups were 6, 17 and 20 units, respectively. BYE Gdalysis (with running
buffer of 100 mM phosphate:acetonitril (2:1) pH)3.he pluronic conjugated
dendrimers were separated by different migrationes. The particle size of
conjugates increased, while zeta potential dectefiem original dendrimer G5
to G5-pluronic F127 conjugates (1/10, 1/20 to 1/36%pectively. The cellular
toxicity of pluronic dendrimers was less than tine of dendrimer G5, showing a
promise in the application as a drug carrier.

The surface of conjugate films showed the charistiemorphology change
after pluronic substitution on the surface of démdr G5. Particularly, at
conjugate 1/30, the film surface showed spongyféndble morphology with a
high adsorption. Investigation on the polymer esnsand in vitro drug release on
conjugate films loaded with 10 % metronidazole loptitoride showed that drug
release was controlled by erosion rate of conjudiites, following Higuchi
model. The conjugate film at mole ratio of 1/30whd a drug release profile of
two days. In vitro drug release study demonstrétatithe drug concentration in
conjugate film and pH in medium were all importdattors on the sustained
drug release. The drug encapsulated with conjugntigix at acidic condition
released more slowly than the ones encapsulateduial or basic conditions.

Drug release rate in saliva environment was slalan in PBS, especially in



high saliva concentration. Gelatin coating on tbejagate film influenced the
drug release. Particularly, the coating with 10 #ohmher percent of gelatin
reduced drug release rate and prolonged drug eeteas. Conjugate (1/30) film
coated with 20 % gelatin released drug more thaeetidays. The stability of
conjugate film and drug release profile were inficed by humidity.

A series of cholesterol conjugated dendrimers vegrghesized at various
mole ratios of dendrimer to cholesteryl chlorofotengl:5, 1:10 and 1:20 of mole
ratios). The FT-IR spectrum of dendrimer G5-chaegdt conjugate showed
characteristic peaks of cholesteryl group, an @&ee of amide band and
simultaneous decrease of amine band which confiried formation of
conjugation reactiomH-NMR spectrum of dendrimer G5-cholesteryl conjegat
showed specific peaks of cholesterol and severakgpen dendrimer moiety.
These evidences confirmed a successful conjugatbreen dendrimer G5 and
cholesterol. At high cholesterol ratio, conjugatddndrimers enhanced the
hydrophobicity of conjugates. The conjugation riganst at higher mole ratio
such as 1:10 and 1:20 produced the conjugate pidvith low-solubility in
water. Cholesterol conjugated dendrimer G5 in sezamronment was less toxic
to the cells. The dendrimer-cholesterol conjugdi@sned complexes with
oligonucleotides by electrostatic interaction foe ttransfection into the cells.
The covalent attachment of cholesterol to dendriater 1:5 mole ratio produced
the moderate enhancement in the delivery of ardgesatigonucleotide into the
cells. The enhanced delivery of antisense oligautimes suggested that the
hydrophobic cholesterol moieties may contributedhbgity of the dendrimer for
the cellular uptake and thus the traffic to theospt and nucleus.
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Table 1: Biophysical features of PAMAM dendrimers.

Generation Molecular Measured Surface
Weight ~ Diameter (&)  Groups
0 517 15 4
1 1,430 22 8
2 3,256 29 16
3 6,909 36 32
4 14,215 45 64
5 28,826 54 128
6 58,048 67 256
7 116,493 81 512
8 233,383 97 1024
9 467,162 114 2048

10 934,720 135 4096




Table 2: The number of functional groups on the su rface

of dendrimer G5-pluronic F127 conjugates.

_ _ Number of
Mole ratio Surface amines _ )
conjugated pluronic
1:0 128 0
1:10 122 6
1:20 111 17

1:30 108 20




Table 3: Electrophoretic mobilities of dendrimer
G5-pluronic F127 conjugates.

. Ratios of Electrophoretic
Mole ratio _ .
tm conjugate / t, F127 mobilities ()
1:0 1.7 12.3x 103
1:10 1.9 9.7 x 103
1:20 2.1 8.6 x 103

1:30 2.5 7.9x10°




Table 4: Zeta potential and particle size of dendri  mer
G5-pluronic F127 conjugates

The patrticle size Zeta potential

Mole ratio (nm) V)
1:0 22.7 28.53
1:10 52.1 19.98
1:20 99.5 9.73

1:30 130.1 5.75




Table 5: Release rate constants of drug from dendr  imer
G5-pluronic F127 conjugate films

Conjugate films loaded Ky Correlative

with 10 % metronidazole (mg/hr¥?. mm?  coefficient

1/10 0.1531 0.9952

1/20 0.1068 0.9978

1/30 0.1042 0.9922




Table 6: The time released of 50 % drug from dendri  mer G5-pluronic

F127 conjugate films.

Samples Time-released
50 % (h)

10 % metronidazole itself in dialysis tube

in PBS, pH 7.0 1.25
Conjugate (1/10) film loaded with 7
10 % metronidazole released in PBS, pH 7.0
Conjugate (1/20) film loaded with 11
10 % metronidazole released in PBS, pH 7.0
Conjugate (1/30) film loaded with 12
10 % metronidazole released in PBS, pH 7.0
Conjugate (1/30) film loaded with 11
5 % metronidazole released in PBS, pH 7.0
Conjugate (1/30) film loaded with 2 % 11
metronidazole released in PBS, pH 7.0
Conjugate (1/30) film loaded with 10 % 16
metronidazole released in PBS, pH 5.0
Conjugate (1/30) film loaded with 10 % 12
metronidazole released in PBS, pH 10.0
Copolymer (1/30) film loaded with 10 % 16
metronidazole released in 20 % saliva
Conjugate (1/30) film loaded with 10 % 21
metronidazole released in 50 % saliva
Conjugate (1/30) film loaded with 10 % 14
metronidazole (coated with 5 % gelatin)
Conjugate (1/30) film loaded with 10 % 21
metronidazole (coated with 10 % gelatin)
Conjugate (1/30) film loaded with 10 % o8
metronidazole (coated with 20 % gelatin)
Conjugate (1/30) film loaded 10% metronidazole 4

after 9 months storage at room temperature
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Figure 1: Mechanistic scheme of drug release from

bioerodable polymeric carrier.
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Figure 2: Imitative structure of PAMAM dendrimers. (A) schematic

expression of PAMAM dendrimer generations, (B) malar structure of

PAMAM dendrimer generation 2.
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Figure 3: Chemical structure of a poloxamer. It presents a central
hydrophobic fragment of polyoxypropylene (PPO) dddntical hydrophilic
chains of polyoxyethylene (PEO) at both sides.dsecof pluronic F12h = 99
PEO units andn= 69 PPO units, and with pluronic F687 75 PEO units anch
= 30 PPO units.



Aluminum cast Backing disc

Figure 4: Aluminum cast and backing disc to form co njugate films.
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Figure 5: Modified rotating-disc apparatus for film erosion study.
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Figure 6: UV-Cell release apparatus for drug releas e study.
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Figure 8: Synthetic scheme of dendrimer G5-pluronic F127conjugate.
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Figure 9: Synthetic scheme of dendrimer G5—choleste  ryl conjugate.
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Figure 10: Simplified structure of synthetic conjug ates. (A) molecular
structure of water-soluble conjugate, (B) molecudtructure of low-solubility

conjugate.
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Figure 11: FT-IR spectrum of PAMAM dendrimer G5.  (a) band of amine
at 1540 crit; (b) band of amide at 1670 &m(c) stretch of amine at 3350 ¢m
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Figure 12: FT-IR spectrum of pluronic F127.  (a) stretch of ether (-CHO-
CH,-) at 1090 crif; (b) stretch of (-Ch) at 2870 cr.
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Figure 13: FT-IR spectrum of dendrimer G5-pluronic F127 conjugate
1/10. (a) band of ether (-CHO-CH-) at 1150 crit; (b) bend of amine at
1540 cm®; (c) bend of amide at 1670 €m(d) stretch of methylene (-GHat
2840 cm’; (e) stretch of amine at 3450 ¢m



1.3 7

11
(c)
g 54 ol (d)
- 2 | l ()
< j
0.5 1
M,

700 1000 1300 1600 1900 2200 2500 2800 3100 3400 3700

Wavelength (¢ m'1]|

Figure 14: FT-IR spectrum of dendrimer G5-cholester yl conjugate.
(a) Ha-C(NH)(CO-NH)- at 1490 cffy (b) bend of amine at 1540 &m(c) bend
of amide at 1670 cth (d) band of cholesterol at 2800 — 3000¢ife) stretch of
amine at 3300 cth
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Figure 15: 'H-NMR spectrum of PAMAM dendrimer G5 in D ,0. (@)
e—CH,— at 1.78 ppm; (b) -NH-CO-GHCH,— at 2.30 ppm; (c) -CO-NH-GH
CH,—NH, at 2.70 ppm; (d) -CHNH-CO- at 3.20 ppm.
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Figure 16: 'H-NMR spectrum of activated pluronic F127 in MeOH-d .
(a) -CH; at 1.10 ppm; (b) -O-CHCHCH)- at 3.55 ppm; (c) -O-CHCH,- at
3.60 ppm; (d) -CH=CH- at 7.25 ppm.
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Figure 17: 'H-NMR spectrum of dendrimer G5-pluronic F127
conjugate 1/10 in D ,0. (a) -CH at 1.00 ppm; (b}k-CH,- at 1.78 ppm;
(c) -NH-CO-CH-CH,- at 2.30 ppm; (d) -CO-NH-CHCH,-NH, at 2.70 ppm;
(e) -CH-NH-CO- at 3.20 ppm; (f) -O-CH(CHCH)- at 3.40 ppm; (g) -O-CH
CH,- at 3.55 ppm.
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Figure 18: H-NMR spectrum of dendrimer G5-cholesteryl conjugat e
1/20 in MeOH-d,. (a) cholesterol band at 0.05-1.05 ppm; {§}H,- at 1.85
ppm; (¢) -NH-CO-CH-CH,— at 2.50 ppm; (d) -CO-NH-GHCH,—NH, at 2.75
ppm; (e) -CH-NH-CO- at 2.95 ppm; (f) 14-H at 4.80 ppm; (g) -CHH= at
6.75 ppm.
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Figure 19: linear standard curve generated by fluor  escamine

reaction with the fluorescence intensity of dendrim er G5.



mel)
@
h
5
Al

mal
FY

w 15
g 10 C 10
8 U
5] = 5 T
5 : Joo N
(n nj' o
Q0
< :
D
B (
E
s s T

Mnues

Minutes

Figure 20: CE electropherograms of dendrimer G5-plu  ronic F127

conjugates at 405 nm. (A) dendrimer G5, 4 ratio = 1.7 (B) pluronic F127,
(C) G5-pluronic F127 1/10,ntratio = 1.9, (D) G5+luronic F127 1/20,
ty ratio = 2.1, (E) G5-pluronic F127 1/3Q,ratio = 2.5.t, ratio = migration time

of dendrimer conjugate to migration time of pluRil27 (internal control).
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Figure 21: Acute toxicity assay of dendrimer G5-plu ronic F127
conjugates on Gingival fibroblast cell. Dendrimer G5, pluronic F127 itself
and dendrimer G5-pluronic F127 conjugates (1/120 Hnd 1/30) were applied
to the cells in DMEM medium containing 10 % seruB@ell viability was
expressed as percent cells remaining comparedtteated cells, based on MTT

assay(m) pluronic F127(A ) G5-pluronic F127 1/1Qx) G5-pluronic F127 1/20,
(*) G5-pluronic F127 1/3(#) dendrimer G5.
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Figure 22: Acute toxicity assay of dendrimer G5-cho  lestryl
conjugate on HelLa cells. Cholesterol conjugated dendrimer G5 (1/5),
dendrimer G5, cholesterol conjugated dendrimer G#b){oligonucleotide
complexes or dendrimer G5-oligonucleotide complexerse applied to the cells
in DMEM medium with and without 30% serum. Cell bilty was expressed as
percent cells remaining compared to untreated,detised on MTT assaw)
dendrimer G5 alone in 30 % seru(m) G5-cholesteryl (1/5)/oligonucleotides
complex in 30 % seruntA ) G5-cholesteryl (1/5)/oligonucleotides complex free

serum(x) G5-cholesteryl (1/5) alone.



Figure 23: FE-SEM images of dendrimer G5-pluronic F 127 conjugate
films at magnification of 50K.  (A) dendrimer G5 film, (B) conjugate (1/10)
film, (C) conjugate (1/20) film, (D) conjugate/8D) film.
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Released time (60 min)

Erosion profiles of modified PAMAM dendr  imer G5 films.
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Figure 25: Erosion profiles of dendrimer G5-pluroni ¢ F127 conjugate

films. @) conjugate (1/10) flm@ ) conjugate (1/2n, (O) conjugate (1/30)
film.



Percent release (%)

0+ T ! T J T T T T T T |
0 10 20 30 40 50 60
Release time (h)
Figure 26: Drug release profiles of conjugate films loaded with 10 %

metronidazole hydrochloride in PBS, pH 7.0. (V) free drug solutior{m)

conjugate (1/10) film(4) conjugate (1/20) film(A ) conjugate (1/30) film.
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Figure 27: Drug release from conjugate films loaded with 10 %
metronidazole hydrochloride based on Higuchi model. (#) conjugate
(1/10) film, R = 0.9952 (m) conjugate (1/20) film, R= 0.9978,(A ) conjugate
(1/30) film, R = 0.9922.
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Figure 28: Drug release profiles of conjugate (1/30 ) films loaded with

2, 5 and 10 % metronidazole hydrochloride in PBS, p H 7.0. () 2 %

metronidazole.HCI(#) 5 % metronidazole.HC[A ) 10 % metronidazole.HCI.
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Figure 29: Drug release profiles of conjugate (1/30 ) films loaded with

10 % metronidazole hydrochloride in PBS at various pH conditions.

(m) pH 10.0,(4) pH 7.0,(A ) pH 5.0.



100 —

Percent release (%)

| ' | ' | ' T y T y 1
0 10 20 30 40 50 60

Release time (h)

Figure 30: Drug release profiles of conjugate (1/30 ) films loaded with

10 % metronidazole hydrochloride in saliva medium. (m) PBS pH 7.0,

(#) 20 % saliva(A ) 50 % saliva.
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Figure 31: Drug release profiles of conjugate (1/30 ) films loaded with
10 % metronidazole hydrochloride coated 5, 10 and 2 0 % gelatin in

PBS, pH 7.0. (¥ ) without gelatin,(m) coated 5 % gelatin(¢) coated 10 %
gelatin,(A ) coated 20 % gelatin.
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Figure 32: Drug release profiles of conjugate (1/30 ) film loaded with
10 % metronidazole in PBS, pH 7.0, for 6 and 9 mont hs stored at

room temperature. () 9 months storage#) 6 months storaggA ) fresh

condition.
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Figure 33: Drug decomposition in conjugate (1/30) f ilm loaded with

10 % metronidazole for 6 and 9 months stored at roo  m temperature.
(A) conjugate (1/30) film loaded 10 % metronidazate fresh condition
(B) conjugate (1/30) film loaded 10 % metronidazate6 months in storage
(C) conjugate (1/30) film loaded 10 % metronidazl® months in storagdhe
analysis of drug decomposition on CZE with the ingrbuffer 100 mM sodium
borate, pH 9.2. Several peaks produced from therdpasition of the main peak

of metronidazole were detected at 220 nm.



Figure 34: Agarose gel electrophoresis of phosphoro thioate
oligonucleotide/G5-cholesteryl (1/5) complexes. Lane 1. free antisense
oligonucleotide, lane 2. dendrimer G5-cholestetyb), lane 3. N/P = 0.57,
lane 4. N/P = 1.13, lane 5. N/P = 1.70.
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Figure 35: Activation of luciferase reporter using Gb5-cholesteryl
antisense oligonucleotide complexes. (A) Luciferase activities of

cholesterol conjugated dendrimers, (B) HelLa celiablg transfected with
pLUC/705 were treated with various concentratigng/tfl) of cho-G5 at fixed
concentration of a 20-methyl phosphorothioate oligonucleotide (0.15 uM).
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