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Abstract The formation of micelle self-assembled from
hydrophobically end-capped poly(ethylene oxide) (PEO)
and its application for drug delivery have been investigated.
As an important ABA-type associative triblock copolymer, a
series of hydrophobically end-capped poly(ethylene oxide)
[H(CH,),0(CH,CH,0),(CH,),H], consisting of PEO (B) as
hydrophilic segment and alkyl groups as hydrophobic block,
are synthesized successfully according to 'H NMR, Fourier
transform infrared (FTIR), and differential scanning calorim-
etry (DSC) measurements. The triblock polymer is easy to
form aggregates (micelles) under the appropriate conditions.
The morphologies of micelles are found to be spherical con-
firmed by atomic force microscopy (AFM) measurement.
Then, the polymeric micelles self-assembled from the triblock
copolymer are used as a nanocarrier to solubilize poorly
water-soluble drug spironolactone (a typical hydrophobicity
drug). In vitro release behavior of spironolactone from tri-
block copolymer micelle is investigated carefully. It indicates
interestingly that the drug can be released from triblock co-
polymer micelle stably and the release rate can be modulated
by the variation of copolymer composition.
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Introduction

Over the last decades, shape-defined and functional su-
pramolecular structures of polymer system attracted
widespread interest for many applications, such as ma-
terial science, nanotechnology, biology, medicine, and so
on. The self-assembly of polymers induced by
noncovalent forces, including 7t-7t interactions, electro-
static interactions, hydrogen bonding, and hydrophobic
and hydrophilic effects, plays an important role in the
formation of supramolecular structures [1-12]. As is
known to all, micelle is a typical core/shell structure
and can be induced to form in the aqueous solvent of
amphiphilic polymers. Furthermore, many researchers
have focused on the function investigation of micelle
extensively as drug delivery carriers, because polymeric
micelles as novel drug vehicles possess huge advantages
significantly, such as nanoscale size, solubility of hydro-
phobic drugs, drug targeting, stable storage, and feeble
side effect of anticancer drugs [12-20].
Hydrophobically end-capped poly(ethylene oxide) be-
longs to amphiphilic polymer family and is easy to form
polymer micelle particularly. Hydrophobically end-
capped poly(ethylene oxide) is a triblock copolymer
and consists of C,E,,C, composition, in which poly(eth-
ylene oxide) (PEO) chains are functionalized with alkyl
groups at both ends. Here, it is used the mark E=
oxyethylene, OCH,CH,, C=methylene, CH,, and sub-
scripts m and n to denote the number-average block
lengths of repeat units. As an important member of
associative polymers, the properties of hydrophobically
end-capped poly(ethylene oxide) in aqueous solution
had been investigated extensively [21-31]. It indicated
that the alkyl groups of polymer in aqueous solution
associated to form the core of flower-like micelle above
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a critical concentration. The liquid—solid transition phe-
nomenon can be observed at high volume fraction solu-
tion of flower-like micelle [32]. The micellization of
hydrophobically end-capped poly(ethylene oxide) is
mainly determined by many factors, such as molecular
weight, the length of hydrophobic end chain, or the
length of hydrophilic main chain. In particular,
hydrophobically end-capped poly(ethylene oxide) has
been widely taken as an ideal model system to study
fundamental rheology property of associating polymers,
due to its distinct and adjustable architecture [27,
33-36].

Hydrophobically end-capped poly(ethylene oxide) is
able to form flower-like micelles with hydrophobic core
surrounded by hydrophilic poly(ethylene oxide) shells.
Alkyl group aggregates to come into being an inner
core which has the ability of encapsulating and
transporting the hydrophobic drugs; however, the hydro-
philic PEO segments of copolymer constitute the hydrat-
ed outer shell which is able to stabilize the micelles in
its aqueous solution. Furthermore, the hydrophobically
end-capped poly(ethylene oxide) is a degraded polymer,
and its degraded products, PEO and fatty alcohol, are
considered to be nontoxic to our body. Therefore, the
hydrophobically end-capped poly(ethylene oxide) bears
substantial potential as vehicle for the encapsulation
and controlled drug release.

In this paper, we want to continue developing the drug
release function research of hydrophobically end-capped
poly(ethylene oxide) deeply. Spironolactone is selected as
model drug which is insoluble in water, and Fig. 1 shows
the structure of spironolactone. A series of hydrophobically
end-capped poly(ethylene oxide) consisting of PEO as hydro-
philic segment and alkyl groups as hydrophobic block, will be
synthesized, aiming to emphasize the effect of main chain and
end chain on the in vitro release behavior of spironolactone
from polymeric flower-like micelles. The formation of micelle
self-assembled from hydrophobically end-capped PEO is also
investigated in details.

Experimental section
Materials

A series of poly(ethylene oxide) (M,,=1500, 4000, 6000, re-
spectively) were purchased from Acros Organics company
and were dried by toluene azeotropic distillation to eliminate
the moisture before using. A series of alkyl bromide (1-
bromododecane 98 %, 1-bromotetradecane 98 %, 1-
bromohexadecane 98 %, and 1-bromooctadecane 98 %) were
purchased from J&K Scientific Ltd. Sodium hydride was ob-
tained from Aladdin Reagent Corporation. Spironolactone
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Fig. 1 The molecule structure of spironolactone

was used as received from Sigma Company. Tetrahydrofuran
(THF) was refluxed with sodium to remove water. All other
chemicals used in this paper were reagent grade and used
without further purification as purchased.

Synthesis of hydrophobically end-capped poly(ethylene
oxide)

Hydrophobically end-capped poly(ethylene oxide) in this
work were synthesized as the literature method described by
Nicol et al. [37]. Hydrophobically end-capped poly(ethylene
oxide) were obtained by reacting the corresponding PEO-
sodium alcoholate with alkyl bromide in THF solvent
(Williamson reaction). The details for the synthesis of
hydrophobically end-capped poly(ethylene oxide) could be
found elsewhere [38].

Preparation of blank micelle and drug-loaded micelle

Micelles of the hydrophobically end-capped poly(ethylene
oxide) were obtained in aqueous solution with a procedure
of rotary evaporation method. The triblock copolymer
Ci3E136C1s (50 mg) was dissolved in chloroform solvent
(CHCl3, 5 ml) in a 50-ml flask. Hydrophobic spironolactone
was used as an objective drug. To prepare drug-loaded mi-
celle, the triblock copolymer CgE;36C;g (50 mg) and
spironolactone (5 mg) were dissolved in 5 ml CHCI; solvent
in another 50-ml flask.

Deionized water (10 ml) was added into each flask at a rate
of one drop every 10 s under vigorous stirring. Then, CHCl; in
the aqueous solution was removed with a rotary evaporator
under vacuum for 2 h to form triblock polymer micelles. The
remained solution was collected and centrifuged at 3000 rpm
for 5 min to eliminate aggregated particles and unloaded
spironolactone. Then, freeze-dried micelle products were ob-
tained in power.

The critical micelle concentration was determined by mea-
suring surface tension change with triblock copolymer con-
centration at 37 °C. The copolymer concentrations were pre-
pared from 107 to 10" mg/ml within liquid solution. The
surface tensions were measured by drop volume method using
surface tension instrument (Germany, Kruss Gmbh, DSA10-
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MK?2). The critical association concentration is estimated from
the plot change of surface tension vs. concentration and is
much less than 0.1 mg/ml. Here, the micelle concentration
with 5 mg/ml above the critical micelle concentration is cho-
sen to prepare for the investigation, and it also will ensure the
formation of polymer micelle.

Characterization

'"H NMR was used to determine the composition of
hydrophobically end-capped poly(ethylene oxide). '"H NMR
spectra were measured with a Bruker 400 MHz Advance
NMR spectrometer in CDCl; at 400 MHz. Tetramethylsilane
was taken as an internal standard.

Fourier transform infrared (FTIR) spectroscopy measure-
ments were carried out to confirm the end groups of
hydrophobically end-capped poly(ethylene oxide). FTIR
spectroscopy was recorded on spectrometer (Nicolet Nexus
470), where 16 scans were collected with a spectral resolution
of 4 cm™' wave number. The spectra were measured after the
spectrum scan of the pure KBr pellet.

Differential scanning calorimetry (DSC) (NETZSCH
204F1) was used to decide melting point (7;,). The samples
were first annealed at 100 °C for 5 min to eliminate any ther-
mal history and then quickly quenched with a cooling rate of
80 °C/min. DSC curves were recorded by a heating rate of
10 °C/min in the second scan.

Drug loading efficiency and entrapment efficiency

Drug loading efficiency was calculated by the weight ratio of
spironolactone in drug-loaded micelles to pre-weighed freeze-
dried micelles. Entrapment efficiency was defined as the
weight ratio of the drug incorporated in micelles to initial
value used in the preparation. Drug loading efficiency and
entrapment efficiency of drug-loaded micelles were investi-
gated by using a UV-visible spectrophotometer (UV-3600).
UV-visible detection at 238 nm was used for the analysis of
spironolactone. Block polymer and spironolactone (mass ratio
10:1) were dissolved in chloroform solvent and stirred for 15 h
at room temperature. Then, the deionized water was dripped
into the mixed solution to form micelles at 10-s interval. The
drug loading micelles were obtained after the solution was
centrifuged at 3000 rpm for 300 s to eliminate the free
spironolactone. The concentration of spironolactone was cal-
culated according to a standard curve. The standard curve was
mainly obtained from the chloroform and spironolactone so-
lution. The LE of the micelles was then calculated based on
the following formula:
the weight of spironolactone in freeze-dried micelle

LE(%) = 100
(%) the total weight of freeze-dried micelle X
(1)

The encapsulation efficiency (EE) of the micelles was cal-
culated based on the following formula:
the weight of spironolactone in freeze-dried micelle

EE(%) = 100
(%) the total weight of spironolactone in micellar solution *
(2)

Micelle size measurement

The diluted micelle solution was passed through filter
(0.22 um pore size) to remove impurity before size measure-
ment. It is noted that we also have measured the micelle size
measurement using atomic force microscopy (AFM) before
passing through filter with 0.22 um pore size, and the micelle
size are less than 130 nm. Therefore, the micelle size measure-
ment is not affected by the filtering process with 0.22 um pore
size filter. The micelle size and distribution are close to reality.
The filtering process is performed only to remove solution
impurity in this paper. The average particle size of micelles
was determined by Malvern Zetasizer equipment (Nano ZS
90) at room temperature.

The micelle morphology in solid state was collected
with a multimode AFM (Bruker Digital Instrumental
Nanoscope VII). Tapping mode was chosen to obtain
height and phase images. The samples were prepared
by drop-casting solution contained micelle onto the sil-
icon wafer. Then, the samples were dried at room tem-
perature and treated in vacuum for 12 h.

In vitro release of spironolactone from hydrophobically
end-capped poly(ethylene oxide) micelle

The release behaviors of spironolactone from drug-loaded mi-
celles were investigated in vitro. Freeze-dried micelles (5 mg)
and phosphate-buffered saline (PBS) (0.1 M, pH 7.4, 2 ml)
was put into a dialysis bag which was immersed into PBS
solution (25 ml). The system was kept at 37 °C. At the spec-
ified intervals, 2 ml PBS solution was taken out and accumu-
lative release weight of spironolactone was calculated accord-
ing to a standard curve. The standard curve was gained from
the mixed solution of chloroform (little content) and PBS so-
lution with pH 7.4, due to the insolubility of spironolactone.

Results and discussion

Synthesis and characterization

Hydrophobically end-capped poly(ethylene oxide) consisting
of hydrophobic alkyl and hydrophilic PEO segment has been

synthesized by Williamson reaction, as shown in Fig. 2.
Hydrophobically end-capped poly(ethylene oxide) are
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Fig. 2 The reaction scheme of triblock copolymer synthesis with m=35, 90, 136 and n=12-18

obtained by reacting the corresponding PEO-sodium
alcoholate with alkyl bromide in THF solvent. The successful
synthesis of hydrophobically end-capped poly(ethylene ox-
ide) by this method can also be found elsewhere [37, 38]. In
this article, six kinds of triblock copolymers are obtained by
adjusting the relative length of alkyl and PEO segment block.
The different composition of copolymer is used to design the
polymer molecule, aiming to emphasize the effect of main
chain and end chain on the micelle formation and in vitro
release behavior of drug from polymeric micelles. The tri-
block copolymers gained are denoted as C,E,C,, including
Ci5E35C1s, Ci8Eo0Cis, C12E136C 12, C14E136C14, Ci6E136Ci6,
and C;gE;36C;g, where m and n represent the carbon atom
number of PEO segment and alkyl group, respectively. To
confirm the synthesized product, the samples are character-
ized by '"H NMR, FTIR, and DSC measurements. Figure 3
shows '"H NMR spectrum of triblock copolymer CigE36Cig
in CDClj; solvent. The peaks at 3.652 and 1.257 ppm positions
correspond to methylene units in PEO segment and in alkyl
block, respectively, and the signal at 0.883 ppm is assigned to
methyl unit in alkyl block. The results are in accordance with
the literature report [37, 38], and it is suggested that the sample
is gained with designed composition successfully.

The FTIR spectra of samples are also investigated to con-
firm the stretching interaction of end groups of
hydrophobically end-capped poly(ethylene oxide). Figure 4
shows the FTIR spectra of PEO;34, C13E36C1g, and 1-
bromooctadecane at room temperature. The absorbance peak
from 3300 to 3600 cm " is present due to the stretching vibra-
tion of —OH group. Compared with the FTIR spectrum of
PEO polymer, the broad absorbance characteristic of —OH
groups (from 3300 to 3600 cm ') is disappeared within the
triblock polymer CgE 36C1g completely. This is mainly due
to the molecule chain terminal of polymer PEO are replaced
by alkyl blocks within the triblock polymer C;gE;3cC;g. In
addition, it indicates that the same absorption peak at
2920 cm™' due to methyl unit interaction of alkyl group is
formed for the triblock copolymer and 1-bromooctadecane.
Therefore, we can infer that the alkyl groups are connected
to the main chain of PEO block steadily.

Thermal properties of hydrophobically end-capped poly(-
ethylene oxide) are investigated by DSC measurement. The
DSC curves of PEO and triblock copolymers with different
molecule length of alkyl group are shown in Fig. 5. It can be
found that only one melting peak or melting point is present in
all samples, due to the crystallization of PEO block segment
within triblock copolymers. Furthermore, all melting point
temperatures of PEO segment within copolymers are lower
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than that of pure PEO polymer, and the corresponding melting
point deviation increase gradually along with the length addi-
tion of alkyl group block. It indicates that the presence of alkyl
group block within triblock copolymer may confine the mol-
ecule movement to crystallize and the influence is enhanced
with the length increase of alkyl molecule chain. Therefore,
the melting point of copolymer is reduced correspondingly.
In all, hydrophobically end-capped poly(ethylene oxide)
consisting of hydrophobic alkyl and hydrophilic PEO segment
is synthesized successfully, and it is able to ensure the inves-
tigation of micelle formation in the following discussion.

Micelle size investigation

It is well known that the hydrophobically end-capped poly(-
ethylene oxide) is able to aggregate in aqueous solution to
form spherical micelle above a critical association concentra-
tion. Furthermore, it is suggested that this aggregation number
of typical triblock copolymer depends on the relative segment
length of hydrophobic and hydrophilic block within copoly-
mer. For a fixed segment length of hydrophilic block, the
triblock polymer aggregation number increases with segment
length addition of hydrophobic block. For example, Pham
et al. [39] indicated that the triblock copolymer aggregation
number was 66 for PEO block (with M,,=35 kg/mol) end-
capped with C;g on both ends via a urethane link; however,
the copolymer aggregation number was 40 for PEO block
end-capped with C;¢. Consequently, the micelle size was
bound to increase along with segment length addition of hy-
drophobic block.

We also want to investigate the micelle formation of tri-
block copolymer and the effect of PEO block length and alkyl
group segment length of triblock copolymer on micelle size.
Drug-free and drug-loaded micelles of amphiphilic triblock
polymers are prepared by rotary evaporation method. The
average micelle size was measured by a Malvern Zetasizer
in aqueous solutions at a concentration of 5.0 g/, as shown
in Table 1 and Table 2. It is suggested that all the micelle size
(in diameter) are nanoscopic and mainly depend on both tri-
block copolymer composition (PEO block and alkyl group)
and drug loading degree. The micelle size formed by copoly-
mer becomes much larger along with the segment length ad-
dition of alkyl group block, but the micelle size decreases
gradually with the PEO block length addition within triblock
copolymer. This is because the micelle core is usually formed
by hydrophobic alkyl group and the superior segment length
of hydrophobic block within copolymer is inclined to result in
larger core, contributing to increased micelle size. In addition,
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the drug-loaded micelle sizes are significantly larger than that
of drug-free micelles, which is suggested that drug has been
incorporated into micelles. The drug-loaded micelle size also
becomes larger along with the relative increasing of alkyl
group segment composition within copolymer. This is due to
enlarged hydrophobic group block resulting in the larger core
within polymer micelles, which accommodates more drugs to
incorporate into.

Drug loading efficiency and entrapment efficiency are usu-
ally used to estimate the drug loading capacity within the
polymer micelle. Although the values of DLE and EE in this
paper are low, the formation of drug loading within copolymer
micelle makes sense as drug release carrier. In this paper, we
aim to investigate the micelle formation of triblock copolymer
and the effect of PEO block length and alkyl group segment
length of triblock copolymer on micelle size and the drug
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Fig. 4 FTIR spectra of PEO;34 (a), C;3gE136C;5 (b), and 1-
bromooctadecane (¢) at room temperature

release behavior in vitro. As we know, the drug loading effi-
ciency and entrapment efficiency depend on many factors,
such as the type and size of copolymer micelle, loaded drug
factor, and loading process. Here, the formation of micelle
self-assembles from hydrophobically end-capped poly(ethyl-
ene oxide) (PEO), and spironolactone is chosen as a hydro-
phobicity drug. Therefore, the low drug loading efficiency and
entrapment efficiency might be affected by the present loading
process condition. Spironolactone has been reported as poorly
water-soluble drug in many existing studies [40, 41], but there
is not comparable work between existing studies and this pa-
per due to the differences of research process condition in
details. Of course, as an important and continuous work, we
will try our best to gain the higher drug loading efficiency and
entrapment efficiency in the next to highlight the connection
among the triblock copolymer, micelles, and drug loading.
Thus, here, a series of hydrophobically end-capped poly(eth-
ylene oxide) consisting of different hydrophilic segments and

(b)575 (a)ces
(c) 55.5
—g (d) 53.2
=
g
==
0 20 40 60 80

Temperature/C

Fig. 5 DSC curves of different polymers: a PEO;35, b C12E(36C12, €
C14E136C14, d Ci6E136C16, and € C1gE136Cig
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Table 1 The effect of alkyl
length on micelle size, DLE, and

EE

Polymer Ci2E136Ci2 C14E136Ci4 Ci6E136Ci6 CisE136Cis
Drug-free micelle size (nm) 20.2 26.8 38.6 55.2
Drug-loaded micelle size (nm) 36.6 529 57.5 90.3

Drug loading efficiency (%) 0.71 0.99 1.27 1.95
Entrapment efficiency (%) 6.22 8.50 11.60 18.35

hydrophobic blocks have been synthesized to emphasize the
effect of main chain and end chain within copolymer on the
micelle formation, drug loading, and in vitro drug release
behavior.

Figure 6 shows the AFM phase images of drug-free and
drug-loaded micelles formed by triblock copolymer
C16E136C16. The polymer micelle concentration is about
5.0 mg/ml in the deionized water solution. It indicates that
the micelles show similar sphere morphology. The average
micelle sizes calculated from the AFM phase images are close
to the size results discussed above. Furthermore, the AFM
phase images also are used to confirm that drug entrapment
leads to the increasing of micelle size correspondingly. It is
suggested further that the small drug molecule might take part
in the self-assembly process of triblock copolymer and change
the micelle dimension.

In vitro release investigation of spironolactone
from the triblock copolymer micelles

The hydrophobically end-capped poly(ethylene oxide) has
substantial potential as vehicle for the encapsulation and con-
trolled drug release. We anticipate to investigate the drug re-
lease function of hydrophobically end-capped poly(ethylene
oxide) micelle deeply and spironolactone is selected as model
drug. In vitro release behaviors of spironolactone entrapped
micelles are evaluated in PBS (pH 7.4) at 37 °C. According to
above discussion, the micelle formation of triblock copolymer
mainly depends on the relative segment length of hydrophobic
and hydrophilic block within copolymer. Thus, we have stud-
ied the effect of main chain and end chain within copolymer
on the in vitro release behavior of spironolactone from poly-
meric micelles, as shown in Fig. 7. It indicates that when the
segment length of PEO block is fixed, the cumulative release
degree of spironolactone at the same time (release rate) is

Table 2 The effect of PEO block length on micelle size, DLE, and EE
Polymer CigE3sCis CigEooCis  CigE36Cis
Drug-free micelle size (nm) 82.2 76.5 55.2
Drug-loaded micelle size (nm) 121.8 105.4 90.3

Drug loading efficiency (%) 225 2.09 1.95
Entrapment efficiency (%) 20.56 19.88 18.35
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different and the release rate becomes smaller with the seg-
ment length addition of alkyl group within triblock copoly-
mer, as shown in Fig. 7a. It is suggested that the release rate
can be affected by the block composition of triblock polymer.
As a matter of fact, the release rate depends on the micelle size
and the molecule interaction between poorly water-soluble
drug and hydrophobic alkyl group. Alkyl group aggregates
to come into being an inner core and the hydrophilic PEO
segments of copolymer constitute the hydrated outer shell
during the micelle formation. With the segment length in-
crease of alkyl group within copolymer, triblock polymer is
inclined to form micelles with larger size, where the micelles
are able to accommodate more spironolactone molecules to
insert into and then the interaction between drugs and short
hydrophobic alkyl block within the micelle core is enhanced
effectively. Therefore, the final release rate of spironolactone
from the triblock copolymer micelles is decreased with the
longer alkyl segment within copolymer correspondingly.

Then, we also have investigated the effect of PEO block on
the spironolactone release from its micelles, as shown in
Fig. 7b. For a given alkyl block, release rates of
spironolactone-entrapped from its micelles are also variant
but release rates are weakened gradually as the block length
decrease of PEO segment within triblock polymer. As discus-
sion above, alkyl group aggregates to come into being an inner
core and the hydrophilic PEO segments constitute the hydrat-
ed outer shell. The hydrophilic PEO segments will contact
with the water molecule on the shell surface, and it has to
interact with each other. The longer PEO segments are within
triblock polymers; the stronger interactions are between water
and PEO segment. Then, the triblock copolymer with short
PEO segment could form compact micelles, which finally
restrains from spironolactone release from polymer micelles.
In the end, the release rates are reduced gradually as the block
length decrease of PEO segment within triblock polymer.

At the same time, as shown in Fig. 7, it indicates that the
spironolactone release from micelles starts with an initial
burst, followed by a slow release phase. The same release
action trends are present in the all micelles formed by different
block composition of copolymer. This release behavior is
mainly due to the geometry of spironolactone location within
micelles. The drug located in the hydrophilic corona of mi-
celles leads to the initial release burst within the first several
hours, and this action could proceed for a certain time via their
passive diffusion. Then, the slower release mainly results from



Colloid Polym Sci (2016) 294:77-85

83

Fig. 6 AFM phase images of a
drug-free and b drug-loaded
micelles formed by copolymer
Ci6E136Ci6

the drug localized in the inner core of micelles. The drug
release process from the block copolymer micelle is usually
a complicated process and depends on several factors, such as
the nature of drug, micelle, or process technology. Thus, drug
release process might be mainly controlled by different mech-
anism. According to previous Ritger—Peppas regression mod-
el [42, 43], n is acted as an exponent characteristic of the
release mechanism. If the value of 7 is between 0.5 and 1,
an anomalous diffusion from the micelle is present in the drug
release process. In this paper, we also estimate the value of the
exponent characteristic #, and it indicates that the values of n
are more than 0.7 for all the examples within the drug release
process. Therefore, it shows that the drug release from the
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Fig. 7 Effect of alkyl group block (a) and PEO block (b) on the
spironolactone release from the triblock copolymer micelles
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micelle deviates from the Fickian diffusion control mecha-
nism, and the in vitro release behavior of spironolactone from
polymeric micelles is mainly affected by the main chain and
end chain within copolymer.

In addition, it is well known that there is a dynamic equi-
librium process between aggregated polymers and unimer. If
polymer micelle is able to form glassy core under a certain
condition, the equilibrium can be curbed completely and the
frozen micelles are induced to form. Glassy core has been
proposed to slow release rate of pyrene from a micelle carrier
in aqueous solution [44]. It was reported that the
hydrophobically end-capped poly(ethylene oxide) (with
PEO molar mass 4.3 kg/mol and end capped with C,g group)
was able to form frozen micelles in dilute aqueous solutions
and be independent of temperature [33]. Therefore, in this
paper, the frozen micelles may be present in the
hydrophobically end-capped poly(ethylene oxide) aqueous
solution with the segment length addition of alkyl group with-
in triblock copolymer from C;, to C;g, leading to slow down
the spironolactone release rate and cut down the cumulative
release. In the end, the release rate of spironolactone from the
triblock copolymer micelles is decreased for the longer alkyl
segment within copolymer correspondingly.

Conclusion

A series of hydrophobically end-capped poly(ethylene oxide)
with different segment length of PEO block and alkyl group
are synthesized successfully. The properties of triblock poly-
mers are affected significantly by the relative length of PEO
segment and alkyl group. The hydrophobically end-capped
poly(ethylene oxide) is able to aggregate in aqueous solution
to form spherical micelle above a critical association concen-
tration. The spherical micelle size becomes larger along with
the decrease of PEO segment length or the addition of alkyl
group length within copolymer. The sizes of free-loaded mi-
celle and drug-loaded micelle formed by triblock polymers are
almost less than 130 nm, which indicates that the micelles are
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nanoscale. It is suggested that the drug-loaded micelle size is
larger than the free-loaded micelle size, demonstrating that
spironolactone drug is able to entrap into the micelle core.
The drug release profiles indicate that hydrophobically end-
capped poly(ethylene oxide) micelle could be employed as a
promising vehicle for the delivery of poorly water-soluble
drug. In addition, the final release rate of spironolactone from
the triblock copolymer micelles is decreased gradually with
the length addition of alkyl group or the length reduce of PEO
block within triblock polymer.
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