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Abstract

New fluorescent amphiphilic copolymers polyacrylamide-b-poly(p-methacrylamido)acetophenone thiosemicarbazone
(PAM-b-PMATC) were synthesized by atom transfer radical polymerization (ATRP) method. The structures of polymers
were confirmed by '"H NMR and gel permeation chromatography-multi-angle laser light scatting (GPC-MALLS). PAM-
b-PMATC showed a broad emission peak about 388 nm excited at 318 nm in aqueous solution. The self-assembly behavior
of PAM-b-PMATC in the binary mixture formamide/water was observed by transmission electron microscope (TEM). It
indicated that PAM-b-PMATC-I and -II with the same PAM block self-assembled to vesicles and sunflower-like micelles.
The water fraction in the mixture could control the size and thickness of vesicles. Vesicle size increased from 50 to 420 nm
and vesicle thickness changed from 5 to 50 nm with water content ranging from 33 to 90 vol.%. In addition, the cytotoxi-
city in vitro of PAM-b-PMATC-I and its nanoparticles loaded with methotrexate (MTX) were evaluated by MTT assay.

© 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

The self-assembly of amphiphilic polymers has
resulted in assembles such as spheres, rods, vesicles,
large compound micelles, nanofibers and nanotubes
[1-7]. The morphology of the aggregates is a func-
tion of several variables, such as compositions and
blocks length of copolymers, concentration and
chain architectures of copolymers, solvents, addi-
tives and so on [8-11]. Among the different mor-
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phologies which have obtained thus far for
amphiphilic polymers, vesicles are possibly the most
interesting morphology from the point of view of
potential applications in such fields as microreactor
chemistry, pharmacology, medicine and cosmetics
[12]. In this context, the control of the micellar mor-
phology is of great importance to obtain the desired
functions and properties.

Fluorescence techniques are used as versatile
tools to monitor the solution properties with exqui-
site sensitivity and selectivity which can determine
the aggregation number of the hydrophobic core
and the critical aggregation concentration [13,14].
Fluorescent labeling polymeric vesicles can be
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achieved through following approaches: encapsu-
late a water-soluble fluorescent dye during vesicle
formation, and link a certain percentage of fluoro-
phore to membrane molecules and aggregate a
lipophilic probe in the hydrophobic part of the
membrane [15,16]. Generally amphiphilic polymers
with intrinsic fluorescence are labeled with
naphthalene or pyrene. Short poly(ethylene oxide)
chains labeled at one end with pyrene in water
were found to form micelles [17]. In contrast, the
research on morphology of amphiphilic polymers
with intrinsic fluorescence has not been studied in
detail.

Atom transfer radical polymerization (ATRP) is
an extremely active area of polymer synthesis
research [18]. Amphiphilic copolymers based on
polyacrylamide derivatives polymerized by ATRP
are of increasing interest because of their specific
solution properties, such as micellization, thermo-
sensitivity, and pH sensitivity [19,20]. In this
contribution, functional monomer (p-methacrylam-
ido)acetophenone thiosemicarbazone (MATC) was
synthesized and amphiphilic polyacrylamide-b-
poly(p-methacrylamido)acetophenone thiosemicar-
bazone (PAM-b-PMATC) copolymers was prepared
by ATRP. Hydrophobic MATC functional moiety
has both intrinsic fluorescent and pharmacological
versatilities such as antibacterial, antitumoral, anti-
viral, and anticonvulsant [21,22].

The first observation of block copolymer vesi-
cles with small hydrophilic fractions (<20%) was
reported by Eisenberg and co-workers [8]. There
have been reports on block polymer vesicle with
a hydrophilic fraction 35 4+ 10% [23] and hydro-
philic fraction (>60%) [24]. Herein we reported
the preparation of a new kind of polymer vesicle
with a controlled size from well-defined copolymers
having a higher hydrophilic fraction (80%). This
provides an efficient way to obtain intrinsic fluo-
rescent polymeric vesicles with high hydrophilic
fraction. To our knowledge, copolymer vesicles
with such a high hydrophilic fraction have not
yet been investigated.

Water-soluble fluorescent polymer can be used as
a promising fluorescent probe for measurements of
biomacromolecules and cells [25]. Carbohydrate-
functioned fluorescent polymers can been used to
detect bacteria [26]. Herein, we show that these fluo-
rescent polymer vesicles could be potentially used as
drug carriers and fluorescent tracer to determine the
drug release behavior in drug delivery by fluorescent
technology.

2. Experimental part
2.1. Materials

Acrylamide (AM) was recrystallized from ace-
tone twice (Tianjing Chemical Reagents Co.,
China), Bipyridine (bpy) was recrystallized from
acetone (Shanghai Chemical Reagents Co., China),
CuBr (Aldrich, 98%) was purified by stirring in ace-
tic acid, washing with methanol, and then drying in
vacuum. CuBr, and glycerol were used as received.
Aminothiourea (Shanghai Chemical Reagents
Co., 99%), p-aminoacetophenone (Acros Organics,
99%), methotrexate (MTX), N,N-dimethylform-
amide (DMF) and o-bromopropionamide (o-Br-
PA) were used as received. All the other chemicals
used were purified according to conventional meth-
ods or used received.

2.2. Synthesis of (p-methacrylamido )acetophenone
thiosemicarbazone ( MATC) monomer

The monomer (p-methacrylamido)acetophenone
thiosemicarbazone was synthesized according to
the method described by Li et al. [27]. 3.37¢g
(37 mmol) aminothiourea was dissolved in 120 ml
of deionized water and 1.5ml of acetic acid at
75°C, under stirring 75 ml ethanol solution of
p-aminoacetophenone (5.0 g; 37 mmol) was added
dropwise into the system and the mixture was main-
tained at 85°C for 15h. Most of ethanol was
removed under reduced pressure, and the slight yel-
low solid p-aminoacetophenone thiosemicarbazone
was obtained by precipitated in distilled water and
dried at 45 °C under vacuum. 2.08 g (10 mmol) of
p-aminoacetophenone thiosemicarbazone was dis-
solved in mixture solution of 50 ml of acetone and
0.89 ml (11 mmol) of pyridine. Under ice-salt bath,
15ml of acetone solution of 1.06 ml (11 mmol)
methacryloyl chloride was added dropwise, and
the solution was stirred at room temperature for
5 h. Then a large amount of water was poured into
the solution under stirring to precipitate the prod-
uct. The collected product was reprecipitated three
times from acetone and placed under vacuum to
give slight yellow powder (p-methacrylamido)ace-
tophenone thiosemicarbazone, melting range: 201—
204 °C. IR (KBr, cm™'): 3420, 3310, 3272, 3514,
1658, 1622, 1593, 1533, 1489, 1449, 1407, 1285,
1247, 1088, 947, 840, 542. '"H NMR (300 MHz,
CDCl): 6 (ppm): 1.98 (s, 3H, CH,=CCH3), 2.18
(s, 3H, N=CCH3), 5.41 and 5.72 (each s, IH X2,
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C=CH,), 6.25 and 7.24 (each s 1H x2, S=CNH,),
7.50-7.62 (AA’BB’, 2H x2, ArH), 7.52 (s, 1H,
PhNH), 8.63 (s, |H, S=CNH). Elemental analysis:
Caled. for C;3H(N4OS: C, 56.50; H, 5.80; N,
20.27; S, 11.60. Found: C, 56.24; H, 5.87; N,
20.20; S, 11.38. Electrospray ionization-mass spec-
trometer (ESI-MS): m/z (RI): 277 (MH™, 45).

2.3. Synthesis of polyacrylamide-Br (PAM-Br)
macroinitiator

Polymerization was conducted in a predried
three-neck round-bottom flask with a magnetic stir
bar. In a typical polymerization using glycerol:water
mixture 1:2 (v/v), AM and solvent were purged with
nitrogen for 15 min, then CuBr, bpy and a-Br-PA
([AMI[CuBr]:[bpy]:[a-Br-PA] = 200:1:2:1  (molar
ratio)) were quickly added to the flask under nitro-
gen. After closing the flask with rubber septum, it
was evacuated and back-filled with nitrogen three
times, then the flask was placed in a preheated oil
bath maintained at 120 °C. After 24 h, the polymer
was precipitated into three-fold methanol. The pre-
cipitated polymer was separated by centrifugation,
redissolved in a minimum amount of water, and
reprecipitated into methanol. This procedure was
repeated for three times. The polymer was dried in
a vacuum oven at 50 °C for 48 h.

2.4. Synthesis of polyacrylamide-b-poly-
( p-methacrylamido ) acetophenone thiosemicarbazone
(PAM-b-PMATC) block copolymer by ATRP

PAM-H-PMATC diblock copolymer was synthe-
sized by ATRP in formamide. In a typical run,
25ml round-bottom flask was charged with
macroinitiator PAM-Br and catalyst CuBr/bpy
([PAM-Br]:[CuBr]:[bpy] = 1:1:2 (molar ratio)) and
formamide under nitrogen for 15 min, then different
amount of monomer MATC was quickly added to
the mixture. After closing the flask with rubber
septum, the system was evacuated and back-filled
with nitrogen three times. The flask was placed in
a preheated oil bath and maintained at 100 °C under
stirring for 24 h. The following experimental proce-
dure was similar to the above.

2.5. Preparation of micelles in aqueous solution
To prepare the aggregates in aqueous solution,

the PAM-b-PMATC copolymers were dissolved in
formamide/water mixture with varying water con-

tent (33, 50, 75 and 90 wt.%) by stirring for 48 h,
and the initial copolymer concentration in formam-
ide/water mixture was 5 wt.%. Then, a large amount
of water was added to the resulting solutions to
quench the aggregate morphologies. Subsequently,
the resulting solution was placed in dialysis bags
and dialyzed against distilled water for 72 h to
remove all of the organic solvent from the solution,
and a final concentration of solution was 2 g/I.

2.6. Preparation of polymeric nanoparticles loaded
with methotrexate (MTX)

The polymeric nanoparticles were prepared by
the dialysis technique. 10 mg copolymer and 1 mg
model drug methotrexate were dissolved in 4 ml mix-
ture of formamide/DMF (3/1 v/v). The solution was
stirred at room temperature for 1 h, and 10 ml dis-
tilled water was added slowly and kept stirring for
1 h, then the resulting solution was placed in dialysis
bags and dialyzed against distilled water for 24 h to
remove all of the organic solvent from the solution.
The suspension was passed through 0.45 mm filter to
remove aggregates. To determine the drug loading
content and entrapment efficiency, polymeric nano-
particles were dissolved in formamide/DMF
(3/1, v/v) and then measured with ultraviolet—visible
(UV-vis) spectrophotometer at 303 nm.

2.7. Instruments

All 'TH NMR spectra were recorded on a Varian
Mercury VX-300 MHz spectrometer (USA). Ele-
mental analysis was conducted on a Flash EA
1112 series elemental autoanalyzer (Italy). Mass
spectrum was obtained on an LCQ-Advantage elec-
trospray ionization-mass spectrometer (ESI-MS)
(Finnigan, England). Steady-state fluorescence spec-
tra in different concentration of copolymer solution
were obtained on a Shimadzu RF-5301PC spec-
trometer (Japan) at room temperature. Ultravio-
let—visible (UV-vis) spectra were taken on a
TU-1901 spectrometer (China).

Gel permeation chromatography-multi-angle
laser light scatting (GPC-MALLS) was convenient
for determination of the true molecular weight
and molecular weight distribution of polymer with-
out standard sample. Number molecular weights
M, and polydispersity M,/M, of the samples were
determined by a DAWN'DSP multi-angle laser
photometer in formamide at a flow rate of
1.00 ml/min at 25 °C.
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2.8. Transmission electron microscope (TEM)
observation

The size and morphology of copolymer aggre-
gates were recorded by a JEM-100CXII transmis-
sion electron microscope (Japan). The dialyzed
polymer solutions were placed onto the TEM cop-
per grid covered by a polymer support film. After
15 min, the excess solution was allowed to dry in
atmosphere and at room temperature for 2 h before
observation.

2.9. In vitro cytotoxicity test

The cytotoxicity of PAM-b-PMATC-I and its
nanoparticles loaded with methotrexate (MTX)
were evaluated by using the MTT assay according
to the method of Mosmann [28]. Five thousand
A549 cells/well, MTT solution 2.0 g/l and Hank’s
balanced salt solution (HBSS) as a medium were
selected to carry out the cytotoxicity tests. The test
was performed as follows: after AS549 cells were
attached to the 96 wells and incubated for 24 h at
37°C, the different concentration of PAM-b-
PMATC-I and its nanoparticles dissolved in HBSS
were added to the wells. To each well 50 ul of
MTT solution was added after the wells were incu-
bated for another 72 h at 37 °C. The plates were
incubated for an additional 4 h at 37 °C and the
MTT solution was removed. Negative (HBSS) con-
trol wells were treated similarly as above. Absor-
bance was measured spectrophotometrically at
550 nm using a MuLTiskAn MK3 unit. Cell viabil-
ity (as a percent of the negative control) was calcu-
lated from the absorbance values.

Br MATC

L

CuBr/bpy/formamide
o= (|3 o=cC

|
NH, NH,

3. Results and discussion

3.1. Synthesis of fluorescent amphiphilic polymers
PAM-b-PMATC

Atom transfer radical polymerization (ATRP)
has been demonstrated to produce polymers with
well-controlled architecture, predictable molecular
weight and narrow polydispersity [18]. Moreover,
the chemistry of ATRP is tolerant of many func-
tional groups, thereby permitting the controlled
synthesis of a broad range of polymers with novel
structures and topologies. Novel fluorescent amphi-
philic copolymers were synthesized by ATRP based
on MATC as hydrophobic segment and PAM as
hydrophilic segment. The synthesis route was given
in Fig. 1.

More recently, Mandal’s group has thoroughly
investigated the ATRP of acrylamide in the mixture
of water and glycerol [29,30]. According to litera-
ture [29], PAM-Br was obtained by ATRP in gly-
cerol-water mixture (1:1, v/v). The conversion of
PAM-Br was 60% by gravimetry, and M, and the
M, /M, was 1.5x 10* g/mol and 1.74, respectively.
In order to obtain copolymers with different hydro-
phobic segment, the ratio of monomer (MATC) to
macroinitiator (PAM-Br) was varied. Using PAM-
Br as macroinitior, two fluorescent copolymers were
synthesized by ATRP in formamide. The '"H NMR
spectrum of PAM-H-PMATC-II was shown in
Fig. 2. The proton signals appeared between 1.3
and 2.3 ppm were assigned to the saturated protons
of the CH3, CH, and CH groups of main chains.
The signal at about 3.4 ppm was assigned to termi-
nated C(CH3)—Br in PMATC unit. The resonances

Br
m n
NH, NH, NH
NS

CH; N—NH

Fig. 1. Synthesis route of block copolymers PAM-b-PMATC by ATRP using macroinitiator.
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Fig. 2. 'H NMR spectrum of PAM-b-PMATC-II in D,O.

of protons for the phenyl groups of PMATC repeat
unit occurred at the chemical shifts 7.0-7.6 ppm.

Copolymer composition was determined by 'H
NMR spectroscopy [31,32]. The hydrophobic con-
tent was calculated from the relative integrated area
of peak a corresponding to the protons of the phe-
nyl groups of the hydrophobic chains compared to
that of peak d corresponding to the protons of
CH groups in the hydrophilic backbone. The com-
position and molecular weight data of amphiphilic
copolymer were summarized in Table 1.

3.2. Critical micelle concentration (CMC) in
aqueous solution

The critical micelle concentration (CMC) value
of copolymer solution can be determined by fluo-
rescence measurements from its intrinsic fluores-
cence. It is known that the fluorescent behavior of

the intrinsic probe can reflect the dynamics of
the polymer backbone in the solution [27,33]. As
indicated in Fig. 3, the copolymers showed spe-
cific emission maximum at 388 nm excited at
318 nm. The emission band centered at 388 nm
was attributed to the direct excitation of phenyl
groups. Inset gave out the fluorescence intensity
versus concentration of PAM-b6-PMATC-I in aque-
ous solution. The fluorescent intensity increased,
reached a maximum intensity and then decreased
gradually with increasing copolymer concentra-
tion. This maximum intensity at the concentration
of 1.5x107%2 g/l could be the CMC for PAM-b-
PMATC-I. The CMC of PAM-b)-PMATC-II was
about 2x 107! g/l, which was higher than that of
PAM-b-PMATC-I. The value of CMC increased
with decreasing the hydrophobic content of
copolymer with the same length of hydrophilic
chain. Above CMC, the amphiphilic polymer coils

Table 1
GPC and 'H NMR data of PAM-5-PMATC
Entry Conversion (%) GPC-MALLS* '"H NMR"

M, (g/mol) M,/ M, M, (g/mol) wt.% PAM wt.% PMATC
PAM-Br 60 1.5%x 10* 1.74
PAM-5-PMATC-1 63 2.3x%10* 1.95 1.87 x 10* 80 20
PAM-b-PMATC-II 55 2.1x10* 1.88 1.58 x 10* 95 5

* M, and M,/M, estimated from GPC-MALLS.

° Number molecular weight of the block copolymer calculated from '"H NMR and M, of the first block PAM-Br.
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Fig. 3. Fluorescent emission spectra at different concentration of
PAM-b-PMATC-I (5 x 107 to 2.7 x 1072 g/1) excited at 318 nm.
Inset: fluorescence intensity at 388 nm versus concentration.

associate to form large aggregates, thus the concen-
tration of fluorophore will be high enough in the
interchain hydrophobic domains to cause fluores-
cence self-quenching [34,35]. While below the
CMC, fluorescence intensity increases nearly line-
arly as the concentration increasing.

The CMC values are most commonly employed
to evaluate the thermodynamic stability of the poly-
meric micelles in aqueous solutions [36]. Amphi-
philic polymers generally have remarked lower
CMC values (usually at 107° M) [37,38]. In our
case, the CMC value of PAM-b-PMATC-I is
1.5x 1072 g/1, about 10~® M. The lower CMC value
illustrates the effectiveness of structure for stabiliz-
ing vesicle-like aggregates.

3.3. Morphologies of PAM-b-PMATC aggregation

Commercial applications of those different nano-
structures call for a high degree of control on the
morphology of the resulting materials. Eisenberg
and his co-workers [8] described the morphology
of polystyrene-b-poly(acrylic acid) (PS-b-PAA)
copolymer changed from vesicles to rods then to
spheres with a decrease in the block length ratio
of hydrophobic segments PS to hydrophilic seg-
ments PAA in DMF/water solution. Namely the
lower the block length ratio was of PAA to PS,
the greater the tendency was to form vesicles.

The aggregative behavior of PAM-b-PMATC
aqueous solutions at concentration of 2 g/l was
examined by TEM. Typical TEM images of PAM-
b-PMATC aggregative morphology were shown in

200 nm

Fig. 4. TEM images of aggregates from PAM-b-PMATC-I (left)
and PAM-b-PMATC-II (right) at a concentration of 2 g/l in
binary mixture formamide/water (10/90, v/v).

Fig. 4. A morphology transition from vesicles to
sunflower-like micelles was observed as a decrease
in the block length ratio of PMATC to PAM in bin-
ary formamide/water mixture. To our understand-
ing, under this condition, hydrophobic PMATC
blocks tend to form the core of a micelle, whereas
hydrophilic PAM chains form the corona. In the
hydrophilic region, the corona repulsion increases
with increasing PAM block length. At given water
content in the system, with similar PAM block
length in PAM-6-PMATC-I and -II, the decrease
in molar ratio of PMATC to PAM induces
PAM-b-PMATC-I and -II different aggregation
morphology. This suggests that the molar ratio of
hydrophobic segments to hydrophilic segments
plays an important role in triggering the micelle
morphology of block copolymer.

3.4. The effect of water content on the size and
thickness of PAM-b-PMATC vesicles

To further explore the dynamics of vesicles and
more direct visualization of the size and thickness
of copolymer vesicles, water content in formam-
ide/water solvent mixture was varied for PAM-b-
PMATC-I. TEM morphologies showed that the size
and thickness of vesicles increased with water con-
tent increased. Fig. 5 illustrated vesicles size chan-
ged of PAM-b-PMATC-I resulting from water
content. The study revealed that when water content
at 33 vol.% (Fig. 5a), vesicles with diameter from 30
to 80nm and wall thickness about 5nm were
observed. When water content up to 50 vol.%
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b

C

Fig. 5. TEM images of vesicles of PAM-b-PMATC-I copolymer with concentration at 2 g/l in the binary solvent mixture of formamide

and water, water fractions (v/v): (a) 33; (b) 50; (c) 75.

(Fig. 5b), the vesicle increased in diameter from 70
to 120 nm and wall thickness increased to 8 nm,
and vesicles contacted and adhered. An increase of
water content to 75 vol.% (Fig. 5c), vesicles diame-
ter grew from 100 to 200 nm and wall thickness
became about 15nm, and contact and fusion
between two vesicles were observed. Vesicles
showed a mean diameter from 200 to 420 nm and
the wall thickness increased from 15 to 40 nm as
the water content increased to 90 vol.%, and vesicles
separated completely, with some vesicles forming a
uniform outer wall and others fusing immaturely
(Fig. 4 left).

Eisenberg et al. had suggested that the size of
the PS-b-PAA copolymer vesicles was under ther-
modynamic control [39]. As demonstrated as above
for PAM-b-PMATC-I, water content in mixture of
formamide/water plays a key role in tuning the size
and thickness of vesicles. To be able to accommo-
date water within the inner core of the vesicles,
some hydrophilic segments need to be oriented
toward the cavity of the vesicle. Hence, at low
water content, the medium is not a good solvent
for the PAM segments, the macromolecule is not
expanded in the medium and so the vesicles are
small. With increasing water content, the solvent
becomes worse for the core block but better for
corona block; therefore, the system attempts to
decrease the total interfacial area, and vesicles
fusion occurs, resulting in an increase in the vesicle
size and a decrease in the total number of particles.
Water content ranged from 33 to 90 vol.%, and
vesicle size increased from 50 to 420 nm and thick-
ness grew from 5 to 50 nm.

3.5. The drug-loaded efficiency of PAM-b-PMATC-I

In order to investigate the ability of drug-loaded
with PAM-b-PMATC-I, methotrexate (MTX), an
anti-cancer drug, was used as a model drug. MTX
could be easily encapsulated in the hydrophobic
core of PAM-b-PMATC-1 due to hydrophobic
interaction [40]. Morphology of nanoparticles was
observed by TEM and the image was presented in
Fig. 6. The study showed that nanoparticles were
regularly spherical in shape with diameter from
150 to 350 nm. The drug loading content and
entrapment efficiency of PAM-b-PMATC-1 were
measured by UV spectrometer. The drug loading
content was 5.5% and entrapment efficiency was
26%. That is, methotrexate is successfully loaded
into the hydrophobic core of amphiphilic copolymer
PAM-b-PMATC-I.

Fig. 6. TEM images of MTX-loaded PAM-b-PMATC-I with
concentration at 0.5 g/l in aqueous solution.
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3.6. Cytotoxicity of PAM-b-PMATC-I and
nanoparticles in vitro

In order to evaluate the cytotoxicity of copoly-
mer PAM-b-PMATC-I and MTX-loaded nanopar-
ticles in vitro, A549 cells were used and MTT
assays were carried out. MTT tests showed that
both of them could inhibit A549 cells growth as
the concentration increasing from 1x107* to
1x 107" g/l. Fig. 7 gave the photomicrographs of
the A549 cells cultured in the well for 72 h added
with PAM-b-PMATC-1 polymer solution and
MTX-loaded nanoparticles solution, respectively.
As shown in Fig. 7, there were much more cells in
Fig. 7b than that in Fig. 7c. The results indicate that
nanoparticles have better inhibition effect on A549
cells grow than polymer solution at the same con-
centration. The slight inhibition effect of block
polymer on A549 cells may due to hydrophobic
MATC functional moiety owning pharmacological
versatilities [21,22]. The good inhibition effect of
nanoparticles on A549 cells is ascribed to that nano-
particles release MTX drug slowly.

In Fig. 8, as the concentration increased from
1x107* to 1x107"'g/l, PAM-b-PMATC-I had
an ability to inhibit A549 cells growth, and the
inhibition ratio decreased distinctly with the
decrease of polymer concentration; but nanoparti-
cles loaded with MTX had a stable inhibition abil-
ity, and the inhibition ratio remained above 40%.
The inhibition ability of nanoparticles loaded with
MTX changed slowly with concentration. The sta-
ble inhibition ability means nanoparticles release
the encapsulated drug slowly and inhibit A549 cells
growth stably.

BN nanoparticles loaded with MTX
2 PAM-b-PMATC-| without MTX

~
o
| —

3
L.

50

g8 8
L1

Inhibition ratio (%)
8
1

104

-lg(c)

Fig. 8. Inhibition ratio versus solution concentration of PAM-b-
PMATC-I and its nanoparticles, c: (g/1).

We assume that block polymer micelles load the
hydrophobic drug inside the micelle core. When
they release hydrophobic drug from the core, they
achieve sustained release. The fluorescent amphi-
philic copolymer can be developed to efficient drug
delivery systems.

4. Conclusion

Fluorescent amphiphilic copolymers bearing
PAM and PMATC were obtained by ATRP. The
copolymer showed a specific fluorescence emission
maximum at 388 nm excited at 318 nm in aqueous
solution. TEM studies indicated PAM-b-PMATC
self-assembled vesicles, sunflower-like micelles in
binary mixture formamide/water. The lower the
block length ratio was of PAM to PMATC, the
greater the tendency was to form vesicles. The size

Fig. 7. Photomicrographs of the A549 cells cultured for 72 h in the well: (a) A549 cells; (b) A549 cells adding 1x 107> g/l PAM-b-
PMATC-I solution; (c) A549 cells adding 1 x 1073 g/ nanoparticles loaded with MTX.
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and thickness of vesicles increased with water con-
tent increase. In addition, the block polymer could
load the hydrophobic anti-cancer drug inside the
micelle core and maintain sustained drug release
in vitro.
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