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ABSTRACT

DEVELOPMENT OF AMPHIPHILIC BIODEGRADABLE

PHOTOLUMINESCENT POLYMERS

Shengyuan Zhou M.S.

The University of Texas at Arlington, 2010

Supervising Professor: Jian Yang

The development of amphiphilc block copolymers have attracted much attention due to

their potential uses in drug delivery and targeting. Very few researches are focused on their

prospective applications as fluorescent imaging probes. Although some researcher have reported

that fluorescent materials encapsulated in amphiphilc micelles could provide significant

opportunities for biological labeling and imaging in biomedical fields, these fluorescent materials,

such as organic dyes and quantum dots, suffer from photobleaching, cytotoxicity and lack of

biodegradability. A novel and ideal amphiphilic biodegradable photoluminescent polymeric micelle

should open new avenues for drug delivery and bioimaging.



The objective of this research was to develop novel biodegradable photoluminescent

amphiphilic block polymer (BPABP), comprised of a photoluminescent hydrophobic block,

poly(propylene glycol)- citrate-cysteine) (PPGCA-Cys), and a hydrophilic block, poly(ethylene

glycol) (PEG). Such photoluminescent polymeric micelles with various block compositions were

successfully prepared and characterized using Fourier transformed infrared spectrometer (FTIR),

nuclear magnetic resonance (NMR), ultra violet-visible spectrophotometer and

fluorospectrophotometer. The results of photoluminescent properties of polymeric micelles

supported that BPABP offers advantages over the traditional polymeric micelles due to their

unique photoluminescent properties. These photoluminescent properties can be tuned by varying

the molecualar weight of hydrophobic component of amphiphilic polymers and the choices of

monomers, specifically amino acids. Also, the cytotoxicity evaluation indicated a superior in vitro

biocompatibility compared to semiconducting quantum dots. The results from dynamic light

scattering (DLS) and transmission electron microscopy (TEM) indicated the size range of these

micelles were from 120 to 180 nm. The critical micelle concentration (CMC) was varied with the

change of hydrophobic chain length. The drug loading efficiency and release behavior in vitro

justifiedtheir potential uses as drug vehicle. Lastly, we demonstrated the possibility of using

BPABPP micelles for in vitro cellular labeling. Therefore, the development of novel BPABP micelle

can offer new opportunity in bioimaging and drug delivery.
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CHAPTER 1

INTRODUCTION

As effective drug delivery vehicles, the applications of amphiphilic micelles have been

investigated and reported during last 30 years [1-10]. Also, the development of fluorescent organic

and inorganic materials created new fields based on their potential uses and unique

photoluminescent properties in various fields including lighting industries [11-15]. Moreover,

recently, the fluorescent materials encapsulated in amphiphilc micelles brought significant

opportunities for biological labeling and imaging in biomedical fields. In this chapter, an overview

on self-assembly principles of micelles, advantages of micelles as drug carriers, applications of

commonly used fluorescent materials (organic dyes, fluorescent protein and quantum dots), and

disadvantages of currently used fluorescent material-encapsulated micelles will be discussed.

1.1 Polymeric micelles

1.1.1 Self-assembled Principle of Micelles

In recent years, micelles formed from amphiphilic block copolymers have attracted

significant attention in various medical and biological fields as potential carriers for genes and

hydrophobic drugs [1-3]. The unique behavior of amphiphilic polymeric molecules can be



attributed to the presence of hydrophilic and hydrophobic segments, which have a tendency to

accumulate at the boundary of two phases. [4-9]. Micelles can be formed spontaneously due to a

balance between entropy and enthalpy. The self-assembly of amphiphilic block copolymers in

water is driven by hydrophobic interactions among the hydrophobic core-forming polymer chains.

At a low concentration, , polymer chains of the amphiphilic polymers are fully relaxed in an

aqueous solution. As the concentration of the amphiphilic polymers is increased, a point is

reached at which the unfavorable entropy condition, named as critical micelle concentration

(CMC), derived from the hydrophobic components of the polymer, become dominant. At this point,

the hydrophobic chains of a portion of the amphiphilic block copolymers must be withdrawn from

the aqueous media [10]. Therefore, the amphiphilic molecules spontaneously start to form

micelles (Fig 1.1).



Hydrophobicchain Hydrophilicchain

ANV

Aqueous
medium
Hydrophobicdrug
>
2

Polymericmicelle

Fig 1.1 The self assembled micelles and encapsulation of drugs

1.1.2 Advantage of Polymeric Micelles

It is well known that amphiphilic block copolymers are able to spontaneously
self-assemble into polymeric aggregates including micellar and vesicular conformations in
aqueous environment. The hydrophilic corona provides relative stable interface for micelles while
the hydrophobic inner core can encapsulate hydrophobic drugs. Based on its amphiphilic behavior,
many industrial applications of block copolymeric micelles have been reported, such as detergents,

emulsifiers, dispersants, foaming agents, solubilizers, etc [16-19]. Also, the CMC values of
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amphiphilic polymers are much higher than those of typical small molecule surfactant [26]. This

optimal feature provides potential stability of micelles in extremely dilute state of biological fluids.

Therefore, polymeric micelles can be used as efficient carriers for reagents with poor solubility and

low stability in aqueous environment. In addition, polymeric micellar aggregates have received

much attention as drug delivery carriers for various anticancer drugs, due to the enhanced

permeation and retention (EPR) effect of particles in tumor tissues. According to Allen et al. [20],

the size of polymeric micelles less than 200 nm in size, have the ability to reduce non-selective

uptake by the reticuloendothelial system (RES). Therefore, the polymeric micelle carrier system

not only improves the targeting efficiency to tumor tissues, but also becomes ideal drug delivery

carriers, maintain relatively low CMC, slow disassemble rate, and nontoxic degradation products.

1.1.3 Conformation and Stability of Micelles

For preparation of micelles, linear diblock copolymer, triblock copolymers and block

copolymers with more complex architectures have been explored as delivery systems in recent

years [21, 22, 27-29]. The mostly used hydrophobic blocks are polyesters (e.g. polycaprolactone

(PCL), poly(d, I-lactide) (PDLLA)), polyethers (e.g. poly(propylene oxide) (PPO)) or polyamino

acids (e.g. poly(b-benzyl-l-aspartate) (PBLA)); while the hydrophilic polymer block is usually

poly(ethylene glycol) (PEG) [23-25], because PEG is an excellent biocompatible biomaterial due

to its hydrophilicity, flexibility and nontoxicity. However, polymeric micelles provide thermodynamic



stability only above the CMC. When the concentration drops below the CMC, the micellar

structures become unstable and dissociate into free polymer chains. For in vivo drug delivery

application, the thermodynamic instability of the micelles below the CMC should be considered

and evaluated, because the micelles suffer from severe dilution after entry into the bloodstream.

Once the burst release of entrapped drugs cannot be avoided due to low CMC of micelles, the

large fluctuations of drug concentrations may cause serious toxicity problems [26]. In order to

overcome this drawback, a series of multi-arm star amphiphilic block copolymers (SABCs) with a

hydrophobic multi-arm core and large number of amphiphilic arms were reported as hydrophobic

drug delivery carriers [27-29]. Wang et al. reported multi-arm SABCs with a large number of arms

by ring-opening polymerization of caprolactone and L-lactide using polyamidoamide (PAMAM) as

the macroinitiator followed by coupling with poly(ethylene glycol) (PEG) [27]. The coexistence of

unimolecular micelles and larger micelle aggregation was observed in an aqueous medium [27-29].

In addition, cross-linking of the shell or core of hydrophobic micelles is another potential stratagem

to improve the stability of micelles and was confirmed by a decrease or even the absence of a

CMC [30]. Shuai et al. explored core cross-linking of paclitaxel-loaded PEG-b-PCL micelles by

radical polymerization of double bonds introduced into the PCL blocks [31]. These micelles

exhibited remarkable enhanced thermodynamic stability against dilution with aqueous medium.



1.1.4 Drug Loading in Block Copolymer Micelles

The three most commonly used drugs in block copolymer micelle systems are doxorubicin

hydrochloride (DOX), paclitaxel (PTX) and 5-fluorouracil (5-Fu). DOX has been successfully

loaded into poly(ethylene glycol)-b-poly(l-lactic-co-glycolic acid) (PEG-b-PLGA) [32], poly(ethylene

glycol)-b-poly(caprolactone) (PEG-b-PCL) [33] and poly(ethylene oxide)-b poly(propylene

oxide)-b-poly(ethylene oxide) (PEO-b-PPO-b-PEQO) copolymer [34]. PTX has been incorporated

into copolymers such as PEG-b-PCL [35] and poly(ethylene glycol)-b-poly(d, llactide)

(PEG-b-PDLLA) [36]. 5-fu has been encapsulated in copolymer such as star-branched PEO-PLA

copolymers [37] and multi-arm star H40-PCL-b-MPEG copolymers [29]. The successful

encapsulation of these drugs in various micelle systems demonstrates the suitability of micelles for

delivery of drugs having a wide range of physical and chemical properties. However, based on

their different water solubility (5-fu has water solubility of 10 mg/mL and water solubility of PTX is

only 1 yg/mL), the drug release profile exhibited significantly differences in in vitro study. Pan et al.

reported anti-cancer drugs 5-FU and PTX were loaded into star-branched PEO-PLA micellar

nanoparticles [37]. Triblock, diblock and starshaped copolymers were compared for 5-fu release.

All showed very little control over the release. 5-fu was rapidly released in vitro within 30 h, while

the release of PTX from these polymers could be controlled over 2 weeks.



1.1.5 In vivo Release of Drugs from Block Copolymer Micelles

Recently, polymeric micelles have been investigated as an effective anticancer drug

delivery system for cancer chemotherapy. Yuan et al. reported water-insoluble drug ATRA-loaded

PEG-PLA diblock copolymer micelles showed longer circulation time in blood than ATRA solution

in vivo [38]. It might be the result of the PEG corona which could prevent the adsorption of plasma

opsonins (e.g. immunoglobulin, IgG) so that the nanoparticles could be removed slower from

circulation by the phagocytic cells of the RES. In order to evaluate anti-tumor efficacy of DOX in

vivo, Jinyoung et al. compared free DOX, pH-sensitive polymeric micelles, and

DOX-loaded/pH-responsive  polymeric micelles in B16F10 tumor-bearing mice [39].

DOX-loaded/pH-responsive polymeric micelles showed visible antitumor efficacy, and enhanced

survival rates, compared with free DOX. All the results promised future for injection administration.

1.2 Fluorescent Materials

1.2.1 Organic Dyes

Organic dyes were considered to be useful fluorescent label for bio imaging applications,

since it contained specific capacity of absorbing and emitting visible light [40]. Chromogen is the

aromatic structure containing benzene, naphthalene, or anthracene rings. A chromophore group is

a color provider and is characterized by the following radicals which confirm a basis for chemical
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classification of dyes. Nitro, nitroso, azo, sulfur, carbon-nitrogen dyes are the most commonly

used dyes. In biological field, as novel optical reporters and imaging probes, organic dyes had a

broad application, including cellular and molecular imaging and tracking, multiplexed analyses,

and DNA detection [40-41]. However, most organic dyes have limitations and drawbacks,

particularly in multicolor experiments and in vivo studies due to problems associated with signal

intensity strength, poor photostability, relatively short fluorescence lifetime, narrow excitation

spectra and broad emission ranges [41]. These problems limited their applications in biological

and biomedical fields.

1.2.2 Fluorescent Proteins

As fluorescent labels, fluorescent proteins, such as green fluorescent protein (GFP), blue

fluorescent protein (BFP), red fluorescent protein (RFP) et al, were developed. Today, GFP and its

mutations have been widely used in almost all organisms and all major cellular compartments [11,

12]. In cellular biology, GFP has been used as a cell marker, a fusion tag, a gene indicator, a

calcium sensor, and an active indicator for protease action. Unfortunately, during prolonged

illumination, almost all organic fluorescent materials including fluorescent proteins suffer from

irreversible photobleaching,. In addition, fluorescent proteins by themselves are not used as drug

carriers in drug delivery.



1.2.3 Fluorescent Quantum Dots

The development of fluorescent quantum dots (QDs) have triggered new interest because

of their unique chemical and optical features. [42]. In order to dramatically improve their uses in

long-term, multi-targeted, and highly sensitive imaging applications in cancer therapy and

diagnosis, QD technology has become one of the most exciting and fastest growing applied

technology [43, 44]. In comparison to organic dyes, QDs possess attractive properties for

biologists which include high molar extinction coefficients (~10-100x that of organic dyes), high

guantum yields, and broad excitation spectrum with narrow emission bands with mostly symmetric

spectra shape. Therefore, many groups have focused on the use of QDs as fluorescent imaging

probes for biological applications. However, the inherent toxicity of semiconducting QDs limits their

uses in biomedical fields.

1.2.3 Fluorescent Quantum Dots

The development of fluorescent quantum dots (QDs) have triggered new interest because

their unique chemical and optical features, which have the potential to function as unique

photoluminescent markers for cell and a variety of biological investigations [42]. In order to

dramatically improve the use of long-term, multi-targeted, and highly sensitive imaging

applications in cancer therapy and diagnosis, the use of fluorescent quantum dots in biology has



become one of the most exciting and fastest growing applied technology [43, 44]. | In comparison

to organic dyes, QDs possess attractive properties for biologists which include, high molar

extinction coefficients (~10-100x that of organic dyes), high quantum yields, and broad excitation

spectrum with narrow emission bands of mostly symmetric shape. Therefore, more groups have

focused on the use of semiconductor nanocrystals (QDs) as fluorescent imaging for biological

applications.

1.3 Disadvantage of Fluorescent Materials Encapsulated in Micelles

There has been a significant interest in developing biodegradable photoluminescent

amphiphilic block copolymer within past few dacades. In previous works, photoluminescent

properties of fluorescent organic dyes and QDs were investigated for characterizing target-specific

delivery of micelles though bioimaging [45, 46]. Especially, by encapsulting organic dyes

1,8-anilinonaphthalenesulfonate (ANS), poly(styrene-b-2-(N,N-dimethylamino)ethyl methacrylate)

diblock copolymers formed stable micelles at extremely low polymer concentrations with

fluorescent properties [47]. Water-soluble CdSe-ZnS nanocrystals (QDs) [43], encapsulated within

an amphiphilic block polymer, were used for multiphoton imaging in biological environments, such

as the skin of living mice. The use of near-infrared QDs enables imaging at greater depths as

compared to the use of standard fluorophores. However, the drawbacks of organic dyes and QDs

are not addressed in such systems. [44] Currently, there are no biodegradable amphiphilic block
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copolymer micelles which can inherently emit detectable fluorescent signals for biological labeling

and imaging. Therefore, there is an urgent need for the development of biodegradable and

biocompatible photoluminescent amphiphilic block copolymer micelles.

1.4 Aliphatic Biodegradable Photoluminescent Polymers

Recently our lab has developed aliphatic biodegradable photoluminescent polymers

(BPLPs), which emit strong, tunable fluorescence emission ranging from blue to red [48]. In this

research, BPLPs were prepared using 1,8-octanediol, citric acid and different amino acids as the

monomers. BPLP-serine (BPLP-Ser) emits different fluorescent colors from blue to red with an

increased excitation wavelength. To further explore this family of materials, all of the twenty

essential amino acids were used separately to make BPLP families. The emission of polymer with

polar R-grouped amino acids was found to be more intense than rest of the amino acids.

L-cysteine also belongs to the category of polar R-grouped amino acids which showed the highest

intensity of emission among twenty amino acids. In addition, by varying the molar concentration of

L-cysteine in the polymer, the fluorescence intensity of BPLP-cys can be turned, in which

BPLP-cys0.2 exhibited the strongest fluorescent intensity. BPLPs exhibited higher quantum yield

and longer fluorescent lifetime as compared to the conventional organic dyes. Also, BPLPs can be

used as imaging probes, which showed advantages of degradability, cell compatibility and

noninvasive in vitro and vivo study as compared to QDs.

11



1.5 Innovative Aspects and Aims

1.5.1 Innovative Aspects

As we known, BPLPs have been recognized as biodegradable photoluminescent

polymers, which can be used as imaging probes. However, hydrophobic BPLPs can not efficiently

encapsulate hydrophobic drugs as drug delivery vehicles. Considering the wide applications and

growing attentions of amphiphilic micelles and optical imaging in biological and biomedical fields,

herein, we developed novel biodegradable photoluminescent amphiphilic block copolymer

(BPABP) micelles. The syntheses of the unique BPABP micelles were based upon the previously

reported BPLPs [48]. These novel amphiphilic di-block copolymers comprised of a

photoluminescent hydrophobic block, poly(propylene glycol)- citrate-cysteine) (PPGCA-cys), and

a hydrophilic block, poly(ethylene glycol) (PEG), were prepared. PEG was utlized as a non-toxic

biocompatible outer hydrophilic shell [49, 50]. PEG-based coronas have also been shown to

stabilize micelles, and prolong the circulation time in blood for enhanced tumor targeting while also

minimizing protein adsorption to decrease nonspecific cell adhesion and uptake. Based on

amphiphilic and photoluminescent properties of BPABPs, we try to investigate their potential uses

in drug delivery and cellular imaging for cancer therapy and diagnosis. We believe this novel

photoluminescent amphiphilic di-block copolymers will open new avenues for bioimaging of drug

delivery studies and provide a potential opportunity for cancer therapy and diagnosis due to their

12



tunable fluorescence emission, high quantum vyield, degradability, photostability, themodynamic

stability of micelles, low CMC and cell compatibility.

1.5.2 Specific Aims

® Aim 1: Synthesis and characterization of amphiphilc block copolymer

® Aim 2: Investigation of micelle properties and photoluminescence properties

® Aim 3: Bioimaging , cytotoxcity and drug delivery study in vitro

13



CHAPTER 2

EXPERIMENTAL

2.1 Materials

All the chemicals required for this project were purchased from Sigma Aldrich (St. Louis,

MO) unless otherwise stated. All chemicals were used without further purification.

2.2 Methods

2.2.1 Poly(propylene glycol-co-citrate)-cysteine (PPGCA-cys) Synthesis

PPGCA-cys was prepared through a simple condensation reaction by citric acid (CA),

poly(propylene glycol) (PPG), and L-cysteine in a 1.0:1.1:0.2 molar ratio, respectively (Fig.1).

Briefly, PPG, CA, and L-cysteine were added to a 100 mL round bottom flask, and melted by

stirring at 160 °C. Once all the contents had melted, the temperature of the system was lowered to

140 °C, and allowed to react for several hours under vacuum to obtain pre-PPGCA-cys. In order to

prevent pre-polymer crosslinked, this reaction should be stopped stirring at 120 RPM. Next, the

prepolymer was dissolved in 1,4-dioxane, and purified by drop-wise addition into deionized water

under constant stirring. Finally, the purified pre-PPGCA-cys was collected and dried using

lyophilzation for 2 days. In order to study the effect of the hydrophobic segment size on the
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resulting micelle properties, PPG 425, 725, and 2000 Da were used. Actually, PPG 2000Da takes

long time to conjugate with citric acid in this reaction, actually the molar ratio of P

PG 2000Da and citric acid should be 1:1.4

2.2.2 Synthesis of Carboxylic Acid-terminated Methoxy Poly(ethylene glycol) (MPEG-COOH)

Carboxylic acid-terminated methoxy poly(ethylene glycol) (MPEG-COOH 750) was

prepared via an esterification process (Fig. 1) [51]. Briefly, MPEG750 (10 g) was dissolved in

anhydrous toluene (200 mL) using a 500 mL round bottom flask. Next, succinic anhydride (2.0 g,

0.020 mol) was added, and the reaction mixture was refluxed at 150 < for 10 h. After the solution

cooled down, the residue was filtered out, and the remaining toluene was distilled under reduced

pressure. Next, the polymer dissolved in 20 mL hot water (70 °C). The collected organic phase

was then dried with anhydrous Na,SO,, stirred overnight, filtered, and distilled under vacuum.

Then, 20 mL dry ethyl ether is added dropwise into the 3ml CHCI; polymer solution, and the top

layer of ethyl ether was thrown away. This extraction process was repeated three times. The

collected organic phase was dried under vacuum.

2.2.3 Preparation of Amphiphilic Diblock Copolymer BPABP (PPGCA-cys0.2-MPEG)

Briefly, 2.5 mmol three different PPGCA-cys0.2 (PPG Mn of 425, 725, and 2000 Da,

respectively), 2.5 mmol MPEG-COOH, 0.5 mmol of N-dimethyl aminopyridine (DMAP), and 10
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mmol of dicyclohexyl carbodiimide (DCC) as a coupling agent were added to 100mL round bottom
flask conatining 50 mL of 1,4-dioxane at room temperature while stirring and maintained for 24 h.
After one day the precipitated dicyclohexylurea (DCU) by-product was filtered, and the filtrate was
concentrated under reduced pressure and quickly poured into a large amount of cold diethyl ether
with vigorous stirring. After filtering under reduced pressure, the product was further placed in a
dialysis bag to remove any unreacted MPEG-COOH. After 72h of dialysis, the product was

separated out using lyophilization.

2.2.4 Preparation of the Micellar Particles in Aqueous Solution

100 mg of BPLPs(MPEG-b-PPGCA-cys) was dissolved in 5 mL of acetone to make a 2%
w/v solution. Then, 200 pl of the 2% w/v polymeric solution is added drop wise into 20 mL
deionized water under gently stir. The acetone was allowed to evaporate at room temperature for

several hours to produce an agueous solution of micelles.

2.3 Measurement and Characterization
2.3.1 FTIR and 'H- NMR
For 'H-NMR analysis, 5 mg of purified pre-polymer, and block copolymer
BPLPs(MPEG-b-PPGCA-cys) was dissolved in 1 mL of deuterated dimethyl sulfoxide (DMSO-d6).

'H-NMR spectra were collected at room temperature using a JEOL 300 MHz spectrometer. For
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Fourier Transform Infrared (FTIR) analysis, purified polymer was dissolved in 1, 4-dioxane to
make a 5 wt% solution. The polymer solution was cast onto potassium bromide pellets and the
solvent was allowed to evaporate overnight. The FT-IR spectra were recorded at room

temperature on a Nicolet 6700 FTIR spectrometer (Thermo Fisher Scientific).

2.3.2 Determination of Critical Micelle Concentration

In order to determine the critical micelle concentration (CMC), fluorescence spectra of the
polymer solutions were collected on a Shimadzu RF-5301 PC fluorospectrophotometer at room
temperature. Pyrene was used as a hydrophobic fluorescent probe. The pyrene-loaded micelle
solution was prepared as following. First, a known amount of pyrene in acetone was added into 10
ml vials and the final concentration of pyrene was 6.0x10'M which was lower than the saturated
solubility of it in PBS (0.5 M, pH 7.4). After the acetone was evaporated, a total of 10 ml of various
concentrations of polymer solution were prepared. The ratios of the peak intensities at 338 and
333 nm (1338/1333) of the excitation spectra were analyzed as a function of polymer concentration.
The critical micelle concentration (CMC) value was taken from the intersection of the tangent to
the curve at the inflection with the horizontal tangent through the point at the low concentrations

[52 53].
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2.3.3 Micelles patrticle size and morphology analysis

The hydrodynamic diameter of the MPEG-b-PPGCA-cys micelles (0.2 mg/mL) was

measured in water and PBS solution by a dynamic light scattering (DLS) technique using a

Nanotrac (Microtrac, Montgomeryville, PA). The morphology of the block copolymer micelles with

various concentrations were characterized by TEM (JEOL-1200 EX II). TEM image of the micelles

was operated at an acceleration voltage of 80 kV. For TEM studies, a drop of polymeric micelles

was deposited onto a 200 mesh copper grid coated with carbon. After the deposition, the aqueous

solution was blotted away with a strip of filter paper and dried in air.

2.3.4 Photoluminescence Spectra

Photoluminescence spectra of PPGCA-cys0.2 were acquired on a Shimadzu RF-5301 PC

fluorospectrophotometer. The optimal excitation wavelength for each type of micelles solution

emission tests was determined as the one that generated the highest emission intensity. In this

study, Pre-BPLPs and BPABP (amphiphilic BPLP) families were excited at 360nm, and the

excitation and the emission slit widths were set at 1.5nm and 3nm, respectively, for all samples

unless otherwise stated.
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2.3.5 Photoluminescence Quantum Yield and Molar Absorption Coefficient

The fluorescent quantum vyield of the BPABP micelles was measured using the Williams
method [54]. The solution was scanned at optimal excitation wavelength. Then, UV-vis
absorbance spectrum was collected with the same solution and the absorbance at the optimal
excitation wavelength was noted. Then, a series of solutions were prepared with gradient
concentration. The absorbance of the each solution should be controlled within the range of
0.01-0.1 Abs units. The fluorescence spectrum was also collected for the same solution in the 10
mm fluorescence cuvette. The fluorescence intensity, which is the area of the fluorescence
spectrum, was calculated and noted. Five solutions with different concentrations were measured
and the graphs of integrated fluorescence intensity vs. absorbance were plotted. The quantum
yields of the BPLPs (PPGCA-cys) families were calculated according to equation (1) where, ® =
guantum vyield; Slope = gradient of the curve obtained from the plot of intensity versus absorbance;
n = Refractive index of the solvent; x = subscript to denote the sample, and ST = subscript to

denote the standard.

Slopex \ [ mx |~
by = Doyl =
X E’I[._ SIt.‘IP‘-‘S'I'J [ NSF/

1)

Anthracene (®= 0.27 in ethanol) was used as a standard. The BPLP polymers were dissolved in
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1,4-dioxane and anthracene was dissolved in ethanol. The slit width was kept same for both
standard and samples. Absorbance was measured using a SHIMADZU UV-2450
spectrophotometer. The molar absorption coefficient (e, L-mol'l-cm'l) of the BPLPs (PPGCA-cys)
families were calculated according to the Beer-Lambert law, A = ecl. The molar absorption
coefficient is a measurement of how strongly a chemical species absorbs light at a given

wavelength. All the experiments were carried out in triplicate.

2.3.6 5-FU-loaded MPEG-b-PPGCA-cys Micelles

The drug loading experiment was conducted using the solvent evaporation and
nanoprecipitation method. A MPEG-b-PPGCA-cys (20mg) solution in 3.0mL of DMF was mixed
with 5mg of 5-fluorouracil (5-FU), a hydrophobic anti-cancer drug, used widely in pharmaceutical
research. The mixture was stirred for 2 h in a closed container. 17 ml of deionized water was
added dropwise under gentle stirring. Thereafter, the mixture was dialyzed against deionized
water using dialysis tubing molecular weight cut-off 500 Da for 24 h. In order to determine the drug
loading efficiency, a weighed quantity (25 mg) of drug-loaded micelles solution was prepared in 20
ml deionized water at room temperature based on typical method mentioned before. After high
speed centrifugation, the 5-FU in the supernatant was assayed by a SHIMADZU UV-2450

spectrophotometer at a wavelength of 270 nm. All the experiments were carried out in triplicate.
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2.3.7 In vitro Drug Release Study

After dialysis, the in vitro drug release study was performed in an apparatus with 100mL

phosphate buffer saline (PBS, pH 7.4) at 37 T [55]. 5-FU-loaded MPEG-b-PPGCA-cys micelles

were placed in a dialysis bag (Mw cut-off of 500 Da). The dialysis bag was then immersed in the

release medium and kept in a horizontal laboratory shaker at a constant temperature (37 C). In

order to measure the drug release content, samples (1 mL) were removed periodically and an

equivalent volume was replaced by the fresh PBS. The amount of released 5-FU was analyzed

with a UV-visible spectrophotometer at 270 nm. Absorbance was measured using a SHIMADZU

UV-2450 spectrophotometer. The drug release experiments was performed in triplicate for each of

the samples.

2.3.8 Cellular Uptake Study

Amphiphilic block copolymers MPEG-b-PPGCA-cys (2000) was used as representative

micelle for cellular uptake study. 3T3 mouse fibroblasts are pre-seeded on sterile glass cover slips

at a density of 5,000 cells per ml. After the cell is 60% confluent, the cover slip is washed with PBS

and transferred to new Petri dish, and incubated with solution of MPEG-b-PPGCA-cys (2000)

micelles at 20 yL/ml. After 4h incubation at 37<C, the cells are wa shed by PBS and observed

under fluorescence microscope. For longer cell uptake study, after 4h of incubation of cell with
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micelle solution, the micelle solution was replace with culture media and incubate until the desire

duration and observed under fluorescence microscope.

2.3.9 Cytotoxicity Evaluation

The relative cytotoxicity of amphiphilic block copolymers MPEG-b-PPGCA-cys was
evaluated using MTS viability assay against NIH-3T3 cells according to the manufacture protocol.
Briefly, 100 pL of 3T3 mouse fibroblasts (5 x 10* cells/ml) in DMEM supplemental medium and 10%
fetal bovine serum was culture in a 96-well plate for 24 h at 37° C, 5% CO,. The culture medium
was then removed and supplied with copolymer MPEG-b-PPGCA-cys solutions at different
concentrations (0—1 mg/ml) in complete DMEM media. After 24 h of incubation, the medium was
replaced by 100 uL of fresh media and 20 yL of MTS stock solution. The cultures were incubated
for another 4 h. The absorbance of the water-soluble tetrazolium salt solution was measured at
490 nm using a Microplate reader. The relative cell viability was calculated by the following
equation: relative cell viability (%) = (ODtreated/ODcontrol) x 100, where ODcontrol was obtained

in the absence of copolymers and ODtreated was obtained in the presence of copolymers.
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CHAPTER 3

RESULTS AND DISCUSSION

3.1. Synthesis and Characterization of PPGCA-cys-b-MPEG Block Copolymers

The novel photoluminescent amphiphilic block copolymer BPLP(PPGCA-cys-b-MPEG)
was carried out as shown in Fig 3.1. Three types of amphiphilic block copolymers comprising
hydrophilic MPEG (MPEG750) and hydrophobic PPGCA-cys (PPG425, PPG725 or PPG2000)
were synthesized.

The FTIR analyses of pre-polymer and block copolymer were shown in Fig 3.4. In the
spectrum of MPEG-COOH, the peaks located at 1690-1750 cm™ were assigned to carbonyl (C=0)
groups from succinic acid and the bands located at 2877 cm™ corresponded to the —CH,— of
MPEG. A stronger peak at 1112 cm™ assigned to the C—O—C was attributed to PEG ether unit. A
relatively broad peak at 3400 cm™ was assigned to -OH group. In the spectrum of PPGCA-cys0.2,
the bands at 2877 cm™ and a relatively strong peak at 1112 cm™ were assigned to —CH,— and
C-O-C respectively , which were attributed to PPG unit. And a relatively small peak from the
carbonyl (C=0) groups at 1739 cm™ was attributed to CA unit. In the spectrum of the block
copolymer PPGCA-b-MPEG-cys, all of these typical absorbing peaks of MPEG-COOH and

PPGCA can be detected, thus proving the successful conjugation of the two component blocks in
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the block copolymer.

To confirm the successful modification of terminal hydroxyl group present in MPEG to
carboxylic group contributed by succinic acid, 'H NMR spectroscopy was utilized. Fig 3.2
displayed the presence of a peak at 3.7 ppm, which was attributed to the proton signals of
—OCH,CH,— from MPEG. Another characteristic peak at 4.7 ppm was exhibited from MPEG
-CH,-OH. However, after succinic acid was incorporated into the polymer, a chemical shift to 4.3
ppm was observed, which was assigned to the protons signal of -CH,-OCO- from MPEG-COOH.
Other characteristic peaks at 2.63 ppm were attributed to protons in CH,-COOH from the succinic
acid, and the peak located at 12 ppm was attributed to proton signal of -COOH from MPEG-COOH.
These succinic acid peaks cannot be found in pure MPEG, which also indicated the MPEG-COOH
was successfully prepared. In the '"H NMR spectra of PPGCA-cys (Fig 3.3), specific signals were
attributed to PPG with 1.15-1.25 ppm (CHs, proton k); 3.41-3.45 ppm (CH, proton i); 3.52-3.62
ppm (CH,, proton “h” attached to the ether group) and multiple peaks around 2.8 ppm (—CH>-)
from citric acid were also observed. In the 'H NMR spectra of MPEG-b-PPGCA-cys (Fig 3.3), the
specific peak at 3.18 ppm was assigned to the protons of the CH3O- from the PEG moiety. The
characteristic peaks from MPEG-COOH with 2.95 ppm (-CH,-COO-, proton “f") and 4.3 ppm
(-CH,-OCO-, proton “d”) were also observed from MPEG-b-PPGCA-cys, which indicated

MPEG-COOH successfully conjugated with PPGCA via an esterification process.
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3.2 Critical Micelle Concentrations (CMC)

In order to function as useful long circulating drug delivery vehicles, block copolymer
micelles rely on their thermodynamic stability, which is determined by the CMC of the micelles. A
low CMC is important to maintain micelle stability and integrity since one of the important

differences between the in vitro and in vivo conditions is the effect of dilution after intravenous
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administration [56, 57]. Though there are many factors that affect the CMC values of block

copolymer micelles, the CMC values of amphiphilic copolymers are heavily determined by the

nature of the hydrophobic and hydrophilic blocks as well as their relative lengths. Typically, when

the length of the hydrophilic block is held constant, an increase in the length of the hydrophobic

block results in a decrease of CMC values [58]. In order to determine the CMC, pyrene was used

as a hydrophobic fluorescent probe. Due to the hydrophobic nature of pyrene, the pyrene was

incorporated into the hydrophobic core of the polymeric micelles once placed in an aqueous

solution. At low concentrations of copolymer, the total fluorescence intensity ratio remained nearly

unchanged keeping the normal characteristics of pyrene in a water environment. As the

concentration of the copolymer increased, the intensity ratio increased dramatically showing that

the pyrene was entirely encapsulated in the hydrophobic environment. In the excitation spectra of

pyrene, a red shift from 333 to 338 nm was observed as the block copolymer concentration

increased. This is a reflection of the MPEG-b-PPGCA-cys unimolecular micelles aggregation. The

CMC was obtained from the intersection of the baseline and the tangent of the rapidly rising

1338/1333 curve is shown in Fig 3.5.

In this study, the CMC values of various compositions of photoluminescent amphiphilic

block copolymers of MPEG-b-PPGCA-cys were investigated in aqueous solution (Fig 3.5). The

CMC value were 7.9, 2.5 and 0.1 mg/L for MPEG-b-PPG425CA-cys, MPEG-b-PPG725CA-cys

and MPEG-b-PPG2000CA-cys respectively (Table 3.1), and was shown to decrease as the
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fraction of hydrophobic block PPG in amphiphilic copolymers increased indicating that the

hydrophobic component played a significant role in the self-assembly behavior of amphiphilic

copolymers in aqueous solution [59]. These CMC values were much smaller than those of low

molecular weight surfactants, and also smaller than those of most amphiphilic copolymers, such

as reported thermo-responsive Biotin-P(NIPAAmM-co-NDAPM)-b-PCL with CMC of 36mg/L [60].

The low CMC values indicated that the self-assembled micelles could remain stable in dilute

situations such as after intravenous administration, and also aids in the long term stability in the

blood systemic circulation. Based on the ‘salt out’ effect [61], an even lower CMC value was

expected to exhibit for micelles in ionic blood solution.
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3.3 Micelle Particle Size and Morphology Analysis

During the self-assembly process, the amphiphilic block copolymer PPG-b-MPEG-cys

spontaneously formed micelles in water in order to minimize the interfacial energy. Transmission

electron microscopy (TEM) images show the morphology and sizes of micelles which were

prepared by the self-assembly of the BPLPS(MPEG-b-PPG2000CA-cys) copolymer with the

concentrations of 0.2g/L (Fig 3.6 A) and 2g/L (Fig 3.6 B). As shown in Fig 3.6, the spherical shape

morphology of micelles indicated good self-assembly of the micelles in agueous solution. As

shown in Fig 3.6 (A), when a lower concentration polymer solution is used, the micelles formed a

distinct spherical shape and smooth surface without aggregation. The average size of micelles

was approximately 120 nm. The morphology and aggregation behavior of micelles at a higher

concentration (2 g/L) was also investigated by TEM (Fig 3.6 B). A majority of the micelles

aggregated and formed larger nanoparticles due to the change of interfacial energy with some of

the micelles precipitating out during the fabrication process. Also, the average size and

polydispersity index increased.

The resulting size of micelles formed using 3 different compositions were also determined

by DLS. As shown in Table 1, the size of micelles slightly increased from 130 nm to 185 nm as the

molecular weight of PPG block length increased. This can be attributed to the change in

hydrophobic force and longer hydrophobic PPG block, which exhibited a tendency to secondary or

higher level of aggregation and eventually built up bigger core of micelles [62]. The formation of
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more stable and smaller particle sizes (<200 nm) would be suitable for anticancer drug delivery

applications due to the ability allowing passive tumor-targeting through enhanced permeability and

Retention(EPR) effect [63-65]. H40—PLA-b-MPEG/PEG-FA polymeric micelles with diameters in

the range of 64-134 nm were reported to successfully target the delivery of chemotherapy

treatment for cancer therapy [66]. Therefore, the size range of MPEG-b-PPGCA-cys may be

appropriate for tumor-targeted drug delivery. Moreover, at the same concentration, the diameters

(185 nm) of MPEG-b-PPG2000CA-cys micelles observed by DLS were slightly larger than those

(120 nm) obtained by TEM. This can be explained due to methods used to obtain the particle sizes.

The diameters of micelle obtained by DLS was measured by the laser diffraction method

(particle-size analyzer), which reflected hydrodynamic diameter of micelles swelling in aqueous

solution, while the particles observed by TEM was of the dried micelles [67, 68].
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Fig 3.6 TEM micrographs of BPABP (MPEG-b-PPG2000CA-cys) (A) 0.2g/L aqueous solution (B)
2g/L aqueous solution



Table 3.1 CMC values and micelles sizes in aqueous solution for BPABPs (MPEG-b-PPGCA-cys)
with various compositions

Micelle agueous solution CMC (mg/L) micelle size in DI water (nm)
PPGCA-MPEG-cys (425) 7.9 130 nm
PPGCA-MPEG-cys (725) 25 155 nm
PPGCA-MPEG-cys (2000) 0.1 184 nm

3.4 Photoluminescence Properties of Amphiphilic BPABPs (MPEG-b-PPGCA-cys)

The principle of fluorescence of BPLP families was explored in the previous work [48]. The

fluorescence mechanism of the hydrophobic parts of BPLP-PPGCA-cys is similar to that of the

previously reported BPLP-cys. According to previous studies, varying the molar concentration of

L-cysteine in the polymer, BPLP-POC-cys0.2 was showed the strongest fluorescent intensity [48].

Actually, the fluorescence intensity of BPLP was found to be decreasing with an increasing

amount of L-cysteine in the polymer. Therefore, in this study, we only investigated the

photoluminescence properties of BPLP-PPGCA-cys0.2 families.

Comparing with regular BPLPs (such as POC-cys), the novel amphiphilic BPABPs

(PPGCA-b-MPEG-cys) also showed a strong fluorescence emission (Fig 3.7). In our study, the

BPLP-PPGCA-cys0.2 families exhibited the strongest fluorescence emission intensity excited at

360nm. Therefore, all the pre-BPLPs and novel amphiphilic BPABPs families were excited at

360nm, and the excitation and the emission slit widths were set at 1.5nm and 3nm for all samples
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unless otherwise stated. The fluorescence intensity of BPLPs-PPGCA-cys0.2 families does not

change significantly after conjugating with hydrophilic component MPEG-COOH (Fig 3.8), when

dissolved in the solution at same concentration. However, the emission intensity of three types of

BPLPs-PPGCA-cys showed a significant difference as seen in Fig 3.8. It can be seen that the high

molecular weight hydrophobic PPG2000CA-cys segment emitted the strongest peak when

compared with PPG725CA-cys and PPG425-CA-cys. It is well known that conjugated structures

can emit fluorescence. The formation of 6-membered rings in the BPLPs reported was an

essential structure in the formation of fluorescent polymer based on the previous study. Therefore,

the formation of 6-membered rings exposed more in the repeated units when the polymer chains

dissolved in the solvent (all the 3 types of BPLP-PPGCA-Cys-0.2 formed by reaction of 1.1:1:0.2

PPG:CA:Cys), if the chains of hydrophobic component PPG become longer (Fig 3.9). From Fig

3.9, it can be seen that the novel photoluminescent amphiphilic block copolymer solution showed

a stronger fluorescent intensity when compared to the micelle solution. As we known, the random

chains of amphiphilic block copolymer were fully solvated if the polymer completely dissolved in

the solvent. In contrast, in the micelles structures, the photoluminescent hydrophobic blocks

(fluorophore) aggregated, which bring a possibility for fluorescence quenching.

Furthermore, an artifactual peak was only present in the emission spectra of the micelle.

Due to a second-order transmission of diffraction grating monochromator when set to a given

wavelength A, partially transmit light with wavelength A2 [69]. For this reason, the excitation
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wavelength is set at 360nm, and also produces an artifactual emission peak at 720 nm. From the

emission spectra (Fig 3.9), it is hard to see the artifactual emission peak for polymer solution.

While the peak of artifactual emission was clearly increased after the micelles structure formed

due to a second-order transmission of spacing between micelles. Comparing different

concentration of micelles solution, the intensity of the artifactual emission peak decreased as the

concentration of the polymer in solution decreased from 0.8g/L to 0.1g/L (Fig 3.10). However, the

intensity of artifactual emission peak decreased as the concentration of the polymer in solution

increased from 0.8g/L~5g/L (Fig 3.11). It should be noted that the intensity of artifactual emission

peak was based on the size of particles. As we suspected, the average size of particles was above

1000nm at high concentration (2g/L~5g/L) due to the aggregation of micelles. On the other hand,

the size of self-assembled micelles is only about 150nm at relative low concentration

(0.19/L~0.8g/L). Therefore, the significant artifactual emission intensity was believed to associate

with the size and the uniformity of micelles.

The quantum yields of BPABPs families were measured and compared with standard (Fig

3.12). The various forms of BPABPs solution were found to exhibit high quantum yields

(44%~55%) comparing with those organic fluorescent protein reported before, such as green

fluorescent protein (GFP) (7.3%) [11, 70]. However, the fluorescent quantum yields of micelles

solution of BPABPs families were much lower than those of the polymers in dioxane. We suspect

that most fluorescent 6-membered rings were encapsulated inside of micelles due to the
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aggregation of polymers in aqueous solution. The potential fluorescence quenching may decrease

their quantum yields. Nevertheless, the photoluminescent amphiphilic block copolymer micelles

also showed strong quantum yields (5%~15%). Moreover, the molar absorption coefficients of

BPABPs micelles were much higher than those for BPABPs in dioxane solution. This result

indicated that micelles of nanostructure have high capacity of light absorption, though they exhibit

relative low quantum yields. All the results of quantum yields and molar absorption coefficient of

BPABPs families are listed in Table 3.2.
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Fig 3.10 Emission spectra of low concentration BPABP (MPEG-b-PPG425CA-cys) micelle
solution
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Fig 3.11 Emission spectra of high concentration BPABP (MPEG-b-PPG425CA-cys) micelle
solution
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Fig 3.12 Intensity-absorbance curve of BPABPs (MPEG-b-PPGCA-cys) micelles solution for
guantum yield measurements



Table 3.2 Quantum yields and molar absorption coefficient of BPABPs (MPEG-b-PPGCA-cys)

families

Polymer solution QY g, L-mol™-cm™
PPG425CA1.1-cys0.2-MPEG micelle aqueous solution 0.047 5560
PPG725CA1.5-cys0.2-MPEG micelle aqueous solution 0.072 3560
PPG2000CA1.5-cys0.2-MPEG micelle aqueous solution 0.158 2450
PPG425CAL1.5-cys0.2-MPEG dioxane solution 0.553 514.5
PPG725CA1.5-cys0.2-MPEG dioxane solution 0.443 345.9
PPG2000CA1.5-cys0.2-MPEG dioxane solution 0.447 360

BPABPs (PPGCA-cys) families solution (0.2mg/ml in 1,4 dioxane or 0.2mg/ml in deionized water)

were used for photoluminescence characterization.
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Polymer solution DI-water MicellesSolution

Fig 3.13 Photograph of BPABP (MPEG-b-PPGCA-cys) under UV in dark room (A) Image of
BPABP (MPEG-b-PPGCA-cys) dissolved in 1,4-dioxane (B) Image of deionized water (C) Image
of BPABP (MPEG-b-PPGCA-cys) micelles in DI-water. DI-water was used as control

3.5 Bioimaging Studies in Vitro

The potential application of novel fluorescent BPABP (MPEG-b-PPGCA-cys) micelles was

evaluated for cellular bioimaging in vitro (Fig. 3.14). The images of 3T3 fibroblasts were recorded

after treated with the fluorescent micelles. It was found that cells could be labeled with different

fluorescence color due the wide emission of BPABP-Cys. The various fluorescence colors also
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indicated that micelles retain strong, wide fluorescence emission ranging from blue to red, which

provide a potential application of cellular imaging. Compared with the images of in Figures 3.14 (A)

and (B) of 3T3 cells, cells survived and no obvious aggregation of micelles was observed during 4

days of uptake. Furthermore, fluorescent micelles also emitted strong, tunable fluorescence

ranging from blue to red after 4 days cells uptake. These preliminary data supported good cell

compatibility and stability, that are essential for their drug delivery and bioimaging applications.
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Fig. 3.14 BPABP (MPEG-b-PPGCA-cys) micelles-uptaken 3T3 mouse fibroblasts observed under
fluorescent microscope with FITC filter (20x) (A) 24 hours after uptake (B) 4 days after uptake
(scale bar 100 pm).

48



3.6 In Vitro Cytotoxicity

As an effective and appropriate drug delivery vehicle, cytotoxicity is an important factor we

need to consider. We used NIH 3T3 fibroblasts as model cells to evaluate the cytotoxicity of

BPABP (MPEG-b-PPGCA-cys) micelles. The cell viability was evaluated (Fig 3.15) after 24 h

incubation in BPABP (MPEG-b-PPGCA-cys) micelle solutions (MPEG-b-PPG425CA-cys,

MPEG-b-PPG725CA-cys and MPEG-b-PPG2000CA-cys) at different concentrations using MTT

assays. MPEG-b-PPG2000CA-cys exhibited the lowest toxicity among these groups. Even when

the concentration is up to 1 g/L, the viability of cells also remains (>75%). The cell viability remain

nearly 90% when concentration of micelles is 0.1g/L. Actually, the concentration of micelles is

below 0.1g/L in extremely dilute state of biological fluids after intravenous administration [56, 57].

The presence of fluorescent micelles did not obviously inhibit the viability of cells. Our results

revealed that the novel fluorescent micelles are biocompatible and possessgreat potential for in

VIiVO uses.
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Fig. 3.15 Cytotoxicity evaluation of NIH-3T3 cells treated with various concentrations of micelles
solution for 24 h using MTT viability assay. Various compositions of polymeric micelles were
evaluated (MPEG-b-PPG425CA-cys, MPEG-b-PPG725CA-cys, and MPEG-b-PPG2000CA-cys).

50



3.7 Drug Release Study

The amount of drug encapsulated in BPABP (MPEG-b-PPGCA-cys) micelles was

measured by an UV-visible spectrophotometer. The block copolymer and 5-Fu are dissolved in

DMF followed by dialysis of the solution against water. After centrifugation, the content of 5-FU

within micelles was evaluated based on the absorbance of drug present in the supernatant at a

wavelength of 270 nm. The drug loading efficiencies depending on various compositions of block

polymer is shown in Table 3.3. As shown in Table 3.3, the drug loading efficiency slightly

increased with the increase of hydrophobic chain lengths of the block copolymers. In order to

evaluate the feasibility of using MPEG-b-PPGCA-cys copolymer as an anticancer drug delivery

carrier, in vitro drug release studies were performed in PBS solution (PH 7.4) at 37 C. The drug

release profiles of 5-Fu incorporated into various compositions of micelles were shown in Fig 3.16.

The result suggested that 5-Fu loaded MPEG-b-PPGCA-cys presented an initial burst

release(~50% of the initial loading amount) in the first stage (up to 8 h), followed by a sustained

release period (up to 40-70 h), and polymeric micelles with different compositions exhibited

similar behavior of release. At the first 8 hours, the relative rapid initial burst release of 5-Fu drug

from the MPEG-b-PPGCA-cys micelles should be attributed to the drug molecules located within

the hydrophilic shell or at the interface between the unimolecular micelles [71]. The release
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behavior is mainly dominated by diffusion-controlled mechanism. However, after 8 h burst release

stage, the sustained release of the drug from micelles could be attributed to the

hydrophobic—hydrophobic interactions between the hydrophobic cores of the polymeric micelles

and the hydrophobic drug molecules, which indicated that the few drugs had access to the

surrounding hydrophilic corona. Most of the drug loading could be entrapped or even dissolved in

the dense aggregation regions of the hydrophobic cores of micelles where polymer chain

entanglements provide a much better barrier to drug transport [72, 73].

Table 3.3 5-Fu loading contents of BPABP family micelles

MPEG-b-PPG425-CA-cys  MPEG-b-PPG725-CA-cys  MPEG-b-PPG2000-CA-cys

DLE 16.92% 17.25% 19.14%

DLE means Drug Loading Efficiency (%).
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CHAPTER 4

CONCLUSIONS

In this research work, a family of novel biodegradable photoluminescent amphiphilic block

polymer, BPABPs (MPEG-b-PPGCA-cys) were successfully prepared. All these polymers can

spontaneously self-assembled into micelles in aqueous environment, when the concentration of

polymers is above CMC. The relative low CMC value of polymeric micelles indicated that the

self-assembled micelles could remain stable in dilute situations, and also demonsrated long-term

stability. The CMC value can be controlled by varying the hydrophobic chains of polymers. The

size of micelles ranged from 120 to 180nm. The drug release profile of 5-FU-loaded

MPEG-b-PPGCA-cys micelles showed an initial burst release followed by a sustained release

period (up to 70 h). All these mentioned results exhibited that the self-assembled micelles from

BPABP (MPEG-b-PPGCA-cys) may be a suitable candidate serving as drug delivery carriers.

Considering the unique photoluminescent properties of polymers, the fluorescent properties of

polymer solution and polymeric micelles aqueous solution were determined and compared. The

results suggested that polymeric micelles solution also showed broad emission range and higher

guantum yield compared to the fluorescent proteins. A significant artifactual emission peak was

believed to associate with the size and uniformity of the self-assembled micelles. The presence of
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such artifactual peaks are also a sign of nano-scale micelle formation. The cellular uptake of

fluorescent micelles and imaging studies demonstrated their potential for cellular imaging

applications. In addition, these novel fluorescent micelles preliminarily showed excellent

biocompatibility and photostability during 4 days cells uptake. In conclusion, the development of

novel biodegradable photoluminescent amphiphilic block polymer promises a new direction and

future in biomedical field for serving as bioimaging probes and vehicles of drug delivery in vitro and

Vivo.
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CHAPTER 5
LIMITATIONS AND FUTURE WORK
The goal of this project was to develop novel biodegradable photoluminescent amphiphilic
block polymer. The characterization of polymers, evaluation of photoluminescent property and
self-assembled behavior of polymers were only initial steps to explore polymers of this family.
Though this amphiphilic BPABP family showed some advantage as bioimaging labels and vehicle
of drug delivery in vitro, the potential limitation are discussed below.
5.1 Limitations
e Polymeric micelles exhibited a relative lower quantum yield compared to polymer
solution, though polymeric micelles showed higher molar absorption coefficients in
agueous solution.
e  The drug loading efficiency is less 20% and the sustained release period of 5-FU was
limited.

e The size stability and photostability of micelles have not been evaluated in long time.
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5.2 Future Work Recommendations

The degradation of polymeric micelles should be considered and evaluated in a

longer term.

The in vivo implantation study and imaging study of micelles might be a significant

step to further evaluate the biocompatibility of polymers and their potential use as

bioimaging probes.

The micelles size stability and photostability of micelles can be investigated.

BPABPs can be modified though conjugation with fluorescent hydrophilic segment.

The investigation of dual fluorescent amphiphililic structures will provide new paths to

generate new opportunities for biomedical applications.
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