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Abstract
Paclitaxel (PTX), a potent anti-cancer drug, is poorly soluble in water, and this has been a major limitation in developing patient friendly formulations
for clinical applications. Recent studies on polymeric micelles, especially hydrotropic polymer micelles, have suggested an alternative formulation of PTX
based on their high loading capacity and physical stability in aqueous media. The present study aims at aqueous solubilization of PTX in polymer micelles
without using any organic solvents that is usually required for solubilization in polymer micelles. Poly(ethylene glycol) was used as a hydrophilic block
and, as a hydrotropic block, poly(4-(2-vinylbenzyloxy-N-picolylnicotinamide)) (P(2-VBOPNA)) was synthesized by atom transfer radical polymerization.
The hydrotropic block copolymers did not form a micellar structure at pH 2 or below due to protonation of PNA groups, but the aqueous solubility of PTX
increased significantly by the hydrotropic activity of P(2-VBOPNA). At pH values higher than 2, the PTX solubility increased even further due to
deprotonation of 2-VBOPNA, leading to effective polymer micellization. A longer hydrotropic block resulted in higher aqueous PTX solubility, and
slightly slower release rate from the micelles. The hydrotropic block copolymers synthesized in this study are able to form PTX-loaded polymeric micelles
in aqueous solution without using any organic solvents.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction
Poor water-solubility of therapeutic drugs has often caused
significant problems during formulation for clinical applications
[1]. Paclitaxel (PTX) is a well known anti-cancer agent that has
provided effective treatment for a wide range of tumors, but it is
also notorious for its poor water-solubility [2]. A co-solvent
system, Cremophor EL® (a polyoxyethylated caster oil)/ethanol
(50:50, v/v), has been successfully used to solubilize PTX, but a
large volume of solvent should be applied for completely dissolving the drug, which frequently causes life-threatening hypersensitivity [3,4].
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Although reduced amounts of Cremophor EL® were employed
to formulate PTX, alternative methods have been designed and
studied to enhance the water-solubility of PTX [5]. Polymeric
micelles systems are one of these efforts [6–9]. Amphiphilic block
copolymers spontaneously assemble in aqueous media to form a
micelle structure above their critical micelle concentration (CMC),
which consists of hydrophilic shell and hydrophobic core. Hydrophobic drugs can be loaded into the core and stabilized in an
aqueous environment. In spite of good colloidal and drug-solubilizing properties, the low drug loading efficiency and use of
organic solvents for drug loading are still significant concerns in
the polymeric micelle formulations [10–12]. Thus, this study
focuses on the solvent-free system for PTX loading based on a pHdependent micellization [13–16] and hydrotropic effect for PTX
solubilization in aqueous media [10,17–19].
Hydrotropic agents are water-soluble compounds, which, at
high concentrations, can enhance the water-solubility of very
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hydrophobic compounds [20–22]. Among these hydrotropic
agents, N-picolylnicotinamide (PNA) has excellent capacity for
PTX solubilization in water (29.44 mg/mL at 3.5 M) [19]. In
addition, it has pH-sensitivity due to protonation of pyridine
residues in an acidic medium. In this study, several hydrotropic
block copolymers consisting of a hydrophilic poly(ethylene
glycol) (PEG) block and a hydrotropic polymer block were
synthesized by the atom transfer radical polymerization
(ATRP). An N-picolylnicotinamide (PNA) derivative having
reactive vinyl group was used as a hydrotropic monomer as well
as a pH-responsive moiety. The primary goal of the present
study was to evaluate how effectively the hydrotropic block
copolymers can solubilize PTX without aid of any organic
solvent to generate PTX-loaded micelles. The PTX solubility as
a function of the medium pH and polymer concentration was
investigated, and the relationship between the PTX solubility
and the properties of polymer micelles was studied.
2. Materials and methods
2.1. Materials
Monomethoxy poly(ethylene glycol) (MPEG, Mn 5000) was
purchased from Sigma-Aldrich Co. (St. Louis, MO, USA), which
was purified before use by precipitation against excess diethyl ether
and vacuum-drying. Triethylamine (TEA), 2-bromopropionyl
bromide (BPB), 2-hydroxy nicotinic acid (2-HNA), 1,1'carbonyldiimidazole (CDI), 3-picolylamine, 4-vinylbenzyl chloride (VBC), 2-methyl-bromopropionate (MBP), copper(I) bromide (Cu(I)Br), potassium carbonate (K2CO3) toluene, and N,N,
N′,N″,N″-pentamethyldiethylenetriamine (PMDETA) were also
purchased from Sigma-Aldrich. All the liquids were dried and
distilled before use. Paclitaxel (PTX) was kindly supplied from
Samyang Genex Co. (Daejeon, Korea).
2.2. Synthesis of 2-(4-(vinylbenzyloxy)-N-picolylnicotinamide)
(2-VBOPNA)
2-VBOPNA was synthesized by reaction of 2-hydroxy-Npicolylnicotinamide (2-HPNA) and VBC (Fig. 1a). 2-HPNA
was prepared by the same method reported previously [19].
K2CO3 (30.16 g, 0.220 mol) and 2-HPNA (20 g, 0.088 mol)
were suspended in dry acetone (600 mL) at 70 °C, and then,
VBC (26.64 g, 0.176 mol) was slowly dropped. After reaction
for 20 h, the crude solution was filtered and product was
isolated by silica gel column chromatography using tetrahydrofuran (THF)/n-hexane. Pure 2-VBOPNA was obtained from
recrystallization in THF/n-hexane. Yield 75%. Anal. Calcd for
C21H19N3O2: C, 73.03; H, 5.54; N, 12.17. Found: C, 73.19; H,
5.60; N, 12.13.
2.3. Synthesis of diblock copolymers of PEG and P(2-VBOPNA)
(PEG-b–P(2-VBOPNA))
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ATRP of 2-VBOPNA initiated from the PEG-Br (Fig. 1b).
PEG-Br macroinitiator (0.4 g, 0.08 mmol), 2-VBOPNA (0.4 g,
1.16 mmol), and Cu(I)Br (0.046 g, 0.32 mmol) were added to a
flame-dried round-bottom flak. The flask was evacuated and
refilled with dry nitrogen twice. Toluene (2 mL) was degassed
separately and added into the flask. After the mixture was stirred
and purged with N2 for 10 min, PMDETA (0.054 g, 0.32 mmol)
was introduced and the flask was placed in a preheated oil bath.
During reaction at 80 °C for 2 h, the increase in viscosity of the
solution was observed. After polymerization, methylene
chloride (15 mL) was added and the copper catalyst was
removed by a silica gel column. The block copolymers were
repeatedly precipitated against diethyl ether. Further purification was performed by filtration (0.2 μm nylon filter) of block
copolymers solution in warm water (50 °C), in order to remove
P(2-VBOPNA) homopolymer. Final product was obtained by
freeze- and vacuum-drying. Diblock copolymers with different
P(2-VBOPNA) blocks were synthesized as the same method by
changing the monomer/initiator ratio. A homopolymer of P(2VBOPNA) was polymerized from MBP. PEG-b–P(2VBOPNA): Yield 75–80%; 1H NMR (CDCl3): δ 0.83–1.57
(br, 3H), 2.10 (br, 6H), 3.34 (s, 3H), 3.36 (t, J = 5.0 Hz, 2H),
3.42–3.79 (m, 450H), 3.84 (t, J = 5.0 Hz, 2H), 4. 62 (s, 6H),
5.13 (br s, 6H), 6.40 (br, 9H), 7.09 (br, 9H), 7.52 (br, 3H), 7.69
(br, 3H), 8.51 (br, 9H), 10.19 (br, 3H).
2.4. Characterizations of diblock copolymers of PEG-b–P(2VBOPNA)
Molecular weight and molecular distribution were obtained
from GPC (Agilent 1100 series RI detector, quaternary pump,
Santa Clara, CA, USA) using a set of two PLgel 5 μm MIXED-D
& E columns (Agilent). THF was used as an eluent and the flow
rate was 1 mL/min at 40 °C. Chromatograms were analyzed based
on a PEG standard curve. The chemical compositions of diblock
copolymers were confirmed from 1H NMR (JNM-AL400 FTNMR spectrometer, 400 MHz, JEOL Ltd., Tokyo, Japan).
2.5. Light scattering study
Dynamic light scattering measurement was performed at 25 °C
using Brookhaven BI-200SM goniometer and BI-9000AT autocorrelator (Brookhaven Instrument Corp., Holtsville, NY, USA).
Sample solutions were prepared by dissolving lyophilized power
into deionized water (0.5 mg/mL) followed by brief sonication and
filtration through a 0.45 µm syringe filter. The scattered light of a
vertically polarized He–Ne laser (633 nm) was measured at the
angle of 90° and was collected by the autocorrelator. The hydrodynamic diameters (d) of micelles were calculated by using the
Stokes–Einstein equation d =kBT / 3πηD, where kB is the Boltzmann constant, T is the absolute temperature, η is the solvent
viscosity, and D is the diffusion coefficient.
2.6. Fluorospectrometry

Brominated MPEG (PEG-Br) was prepared by the same
method as reported elsewhere [10,18]. A series of diblock
copolymers of MPEG and P(2-VBOPNA) were synthesized by

Fluorescence spectra of PEG-b–P(2-VBOPNA)s were
obtained using JASCO FP-6500 fluorospectrometer (Great
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Fig. 1. Synthetic scheme of 2-(4-(vinylbezyloxy)-N-picolylnicotinamide) (2-VBOPNA, a) and PEG-b–P(2-VBOPNA) (b).

Dunmow, Essex, UK) at room temperature. Sample solutions
were prepared by dissolving polymer powder in double-distilled
water (2.5 mg/mL). By serial dilution, concentration of polymer
solutions was ranged from 2.5 × 10− 5 to 2.5 mg/mL. All
samples were degassed by gentle bubbling of nitrogen for
30 min before measurements. At 330 nm excitation light (slit
2.0 nm), emission spectra were monitored at 380 nm (slit
1.0 nm) and accumulated with an integration of 3 s/nm.
2.7. Solubility test
Excess amount of PTX was added to screw-capped vials
containing 1 mL of polymer solutions in phosphate buffered
saline (0–10%, w/v). The samples were incubated in a shaking
water bath (90 rpm, 37 °C) for 24 h. Each solution was quickly
filtered through pre-warmed syringe filter (0.2 μm) and
analyzed by reverse phase (RP)-HPLC system (Futecs NS6000A, Daejeon, Korea) using a C18 column (ProntoSIL Co.,
Chadds Ford, PA, USA). The mobile phase was acetonitrile/
water (45:55) mixture and the flow rate was 1.0 mL/min.
Solubility values were determined by a calibration curve of

various PTX concentrations (0.1–100 µg/mL) versus integrated
area (mAU·s), which was monitored at 227 nm.
2.8. Transmission electron microscopy
Sample solution (10 mg/mL) was dropped onto a 400-mesh
copper grid coated with carbon. After a minute, the grid was
trapped with a filter paper to remove water and dried again.
Then, 5% (w/v) of uranyl acetate solution was dropped to the
grid. Excess solution was removed and the sample was dried
under atmosphere. Transmission electron microscopy (TEM)
images were obtained using JEOL JEM-2000EX (Tokyo,
Japan), operating at the acceleration voltage of 200 kV.
2.9. PTX release from polymer micelles
In vitro release of PTX from PEG-b–P(2-VBOPNA) micelles
was conducted using 0.8 M sodium salicylate solution (pH ~ 6.0)
as a sink medium [17]. The concentration of PTX was 0.25 mg/
mL. Polymer micelles loading the same amount of PTX (0.25 mg)
were placed into dialysis membrane bag (MWCO 6000–8000 Da).
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The whole bag was sunk in 40 mL of sodium salicylate solution
(37 °C). The medium was refreshed at a given time and taken
media was stored in refrigerator till HPLC analysis.
3. Results and discussion
3.1. Synthesis of block copolymers of PEG-b–P(2-VBOPNA)
Several hydrotropes for PTX solubilization in water were
identified in our previous study [11]. Two excellent hydrotropic
agents were N-picolylnicotinamide (PNA) and N,N-diethylnicotinamide (DENA) which increased the aqueous PTX solubility up
to 29.44 and 39.07 mg/mL, respectively, at the 3.5 M concentration. When the PNA homopolymer was synthesized, it enhanced
the aqueous PTX solubility by more than 103 times to 0.56 mg/
mL. Such an excellent hydrotropic effect, however, was available
only at pH 2 or below due to the pH-dependent polymer solubility
in the aqueous media [19]. In this study, PEG-based diblock
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Table 1
Characterization of PEG5000-b–P(2-VBOPNA)s
Polymer

Mn a (g/mol) Mn b (g/mol) Mw/Mn b CMC c (mg/mL)

5700
PEG5000-b–P
(2-VBOPNA)700
PEG5000-b–P
6800
(2-VBOPNA)1800
PEG5000-b–P
7400
(2-VBOPNA)2400
a
b
c

7400

1.008

0.1285

7600

1.012

0.0905

8950

1.016

0.0855

Calculated from peak integration of 1H NMR spectra.
Obtained by GPC measurements.
Critical micelle concentration determined by fluorescence measurements.

copolymers containing the PNA moieties were synthesized to
prepare polymer micelles that increase the PTX solubility independent of the medium pH.
Various polymers were synthesized by ATRP method, which
allowed good controllability of the polymer molecular weight
[10,18]. The high purity of brominated MPEG (Mn 5000, PEGBr), the initiator, was confirmed by 1H and 13C NMR. In the 13C
NMR, a diagnostic methylene signal at δ 61.9 ppm (CH3O–PEG–
CH2–OH) completely disappeared after bromination process. A
hydrotropic monomer, 2-(4-(vinylbenzyloxy)-N-picolylnicotinamide) (2-VBOPNA), showed well-defined 1H NMR spectrum
without any impurity peaks (Fig. 2a). Molecular weights of three
PEG-b–P(2-VBOPNA)s with different block ratios are listed in
Table 1. In the 1H NMR analysis, the ethylene proton ratio of PEG
(O–CH2CH2–) and 2-VBOPNA backbone (–CH2CH–) was used
to calculate the molecular weight (Fig. 2b). GPC analysis revealed
that all diblock copolymers had very narrow range of polydispersity (1.01–1.02), which is the best advantage of the ATRP
method [23].
3.2. Micelle formation of PEG-b–P(2-VBOPNA)

Fig. 2. 1H NMR spectra of 2-VBOPNA (a, DMSO-d6) and PEG5000-b–P(2VBOPNA)2400 (b, CDCl3).

The critical micelle concentration (CMC) was obtained by
fluorescence study. The 2-VBOPNA emits maximal fluorescence
light at 380 nm by 330 nm excitation wavelength, which is
severely quenched by intermolecular interaction [19]. 2-VBOPNA
possesses pyridine residue in the structure and the intrinsic
fluorescence property of pyridine has been a useful tool to monitor
molecular interaction between pyridine-containing molecules. For
example, fluorescence studies about nucleic acids have a long
history and have revealed that base residues stacks one by one [24].
It was determined by the degree of fluorescence quenching that
was proportional to the amount of stacked bases. Nicotinamidecontaining polymers also showed a similar fluorescence property
[25]. The fluorescent emission from N-benzyl-1,4-dihydronicotinamide (BNAH) was quenched by hydrophobic as well as electrostatic interaction with other molecules in an aqueous medium.
Fig. 3 shows dynamic change in the fluorescence intensity of
PEG-b–P(2-VBOPNA)s depending on their concentration in
water. The CMC values of polymers that are listed in Table 1 were
obtained from the concentration, at which the normalized fluorescence intensity became the maximum. It is understandable that
polymers with longer P(2-VBOPNA) block have lower CMC
values because longer hydrotropic block possesses higher
hydrophobicity.
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3.3. pH-dependent property of PEG-b–P(2-VBOPNA)
The pH-dependent micelle formation was observed from the
H NMR spectra. At pD 7.4 (D2O + NaOD), 1H NMR spectrum
showed only PEG peak around 3.6 ppm and D2O peak at
4.8 ppm. However, by lowering the pD to 1.0 (D2O + DCl),
proton signals from the 2-VBOPNA broadly appeared at a range
of 6–9 ppm. This indicates that the hydrotropic block copolymer may form a micellar structure with a condensed solid core
at pH 7.4, but exist as a fully hydrated chain at pH 1.0. Similar
phenomenon of pH-dependent 1H NMR spectrum change was
also reported by other group [26]. It was explained that, at
different pHs, appearing or disappearing of 1H NMR peaks of
ionizable moieties in block copolymers were due to the conformational change of the polymers and their micelles, which
was mediated by interchange of protons.
To further support the pH-dependent micelle formation,
light scattering intensity was measured by varying the pH of
media at a given concentration (5 mg/mL) of a polymer. As
shown in Fig. 4, the scattering intensity drastically increased
when pH became higher than 2. According to the Rayleigh
approximation (I ∝ d6 , where I is the scattering intensity and d
is the particle size), micelles presents higher intensity of light
scattering than unimers [27]. Thus, Fig. 4 suggests that, above
pH 3.0, the polymer dominantly forms micelles in aqueous
environment. The pH-dependent micelle formation is due to the
protonation of 2-VBOPNA, which has two pyridine residues in
its structure. pKa value of the pyridine is 5.37–5.51 [28,29] so
that it is protonated in an acidic condition. Nicotinamide that
adds amide residue on meta position of the pyridine even
lowers the pKa value down to 3.43 [28]. Therefore, the pH for
the hydrotropic block copolymers to generate micelles is
expected to be more than 3.0 with a transitional buffering range
from 2.0 to 3.0. Particle size of PEG-b–P(2-VBOPNA)s was
25–90 nm at pH 4.0 based on dynamic light scattering study.
Below pH 3.0, the autocorrelation function of light scattering
was very unstable, and the size corresponding to micelles was
not detected.
1

Fig. 3. Fluorescence intensities in an aqueous medium (pH 7.4) as a function of
polymer concentration: PEG-b–P(2-VBOPNA)700 (△), PEG-b–P(2-VBOPNA)1800
(□), and PEG-b–P(2-VBOPNA)2400 (○).

Fig. 4. Change in scattering intensity of PEG-b–P(2-VBOPNA)1800 as a
function of pH at 5 mg/mL. (n = 3).

3.4. Paclitaxel solubility in aqueous media containing PEG-b–
P(2-VBOPNA)s
Fig. 5a shows the paclitaxel (PTX) solubility in buffers of
different pHs containing a hydrotropic polymer, PEG-b–P(2VBOPNA)1800. The maximal solubility of PTX in buffer increased as pH and polymer concentration became higher. Above
pH 2.0, the saturation point of the polymer concentration was
around 5% (w/v). At pH 1.0, aqueous PTX solubility gradually
increased without saturation concentration. This observation
coincides with pH-dependent micelle formation as shown in
Fig. 4. The polymers exist as unimers below pH 2.0, but form a
stable micelles above pH 2.0. At the transitional pH of 2.0, the
polymers showed intermediate PTX solubility. These results
suggest that the micelle formation above pH 2.0 has a pivotal
role in further increasing the PTX solubility in water, separately
from the hydrotropic effect. It can be considered from the results
of Figs. 4 and 5 that the protonation of the hydrotropic PNA
group significantly affect both micellar and hydrotropic effect on
the PTX solubilization.
The concentration of the hydrotropic PNA group was calculated
and its effect on the PTX solubility is shown in Fig. 5b. At pH 1.0,
where the block copolymer did not form a micellar structure, there
was no significant difference in solubilizing capacity between the
hydrotropic block copolymer and the homopolymer, P(2VBOPNA). It means that the PTX was solubilized by hydrotropic
mechanism that is directly related to the hydrotropic concentration
in the polymer structures. On the other hand, the PTX solubility
above pH 2 was much higher although the media contained the
same hydrotropic concentration of PNA group. Thus, it may be
concluded that the significantly enhanced solubility of PTX was
attributed to micellar solubilization. Hydrotropic effect of block
copolymers was proportional to the P(2-VBOPNA) block length
(Fig. 6). At a given polymer concentration (5%, w/v), there was no
significant difference between PTX solubility induced by different
hydrotropic polymers at pH 1.0. Above pH 2.0, however, the
aqueous PTX solubility increased as the length of hydrotropic
block became longer with showing a linear relationship. Since the
block length directly reflects the concentration of hydrotropic
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3.5. Property of paclitaxel-containing hydrotropic micelles

PEG-b–P(2-VBOPNA) made it possible to evaluate both
hydrotropic and micellar effects. Below pH 2, the hydrotropic
effect is a main solubilizing mechanism because the block
copolymer cannot form a micellar structure. Further significant
enhancement in aqueous solubility of PTX above pH 2 results
from micellar solubilization.
One question in this study was whether the mixture of PTX and
hydrotropic block copolymers spontaneously forms micelles in
water. The answer is shown in Fig. 7, which displays TEM images
of PEG-b–P(2-VBOPNA) in water (5%, w/v) with (Fig. 7a and b)
or without PTX (Fig. 7c and d). Although each image was
obtained from a dried state, it was observed that hydrotropic
micelles containing PTX had slightly larger particle diameter than
blank micelles. When the amount of loaded drug is small (i.e., less
than 20%, w/w), micelle size is usually either reduced [33] or not
changed [34] because hydrophobic drugs act as a space filler
inside the hydrophobic micelle core. However, PEG-b–P(2VBOPNA) micelles increased their size by PTX loading in the
current and previous studies [10]. Since hydrotropic polymers
drastically enhanced aqueous PTX solubility up to more than two
times than other conventional micelles, the increased particle size
might be attributed by interaction between micelles and PTX. For
in vitro release experiments, PTX-loaded micelles were placed in
a hydrotropic sodium salicylate medium. It has been an important
issue how to make a good sink condition for in vitro PTX release
tests. Several materials have been used for sink condition such as
Tween80 [35] and octanol [36]. In many cases, only phosphate
buffered saline was used as a release medium [37]. Sodium
salicylate has been often used in recent studies [10,18,34,38], and
found not to affect physical property (e.g., particle size) of
polymer micelles. The release rate of PTX-loaded in hydrotropic
micelles was slightly dependent on the block length of P(2VBOPNA) when the same amount of PTX was loaded (Fig. 8).
Almost all PTXs were released within 12 h regardless of block
copolymer length and the micelle of relatively shorter hydrotropic
block showed a slightly faster rate. About 80% of the loaded PTX
was released in 6 h, and this fast release is advantageous for oral
delivery of PTX where the gastrointestinal transit time is limited
to several hours. On the other hand, the release of free PTX (not

It has been confirmed that the key factors for hydrotropic
effect of PEG-b–P(2-VBOPNA) were the medium pH,
micellization, and block length of P(2-VBOPNA). One of the
primary goals in this study was to solubilize PTX by means of
hydrotropic micelles without using any organic solvent. Typical
method to generate micelles and to load a poorly water-soluble
drug into the micelles has used organic solvent, which might be
removed by dialysis [10,30] or evaporation methods [31,32].
Even in the previous study on the hydrotropic PEG-b–P(2VBODENA) polymer micelle, the very high loading content
could be obtained via a dialysis method, but with use of acetonitrile as a solvent to dissolve PTX and the polymer. Because
such a high loading content was considered as a result of
combined effects of hydrotropy and micellization, each effect
could not be evaluated. Here, however, no organic solvent was
used to solubilize PTX in aqueous media, but only hydrotropic
polymers were used. The pH-dependent micelle formation of

Fig. 6. PTX Solubility at different pHs (polymer concentration 5%, w/v): PEGb–P(2-VBOPNA) 700 (a), PEG-b–P(2-VBOPNA) 1800 (b), PEG-b–P(2VBOPNA)2400 (c), and 2-VBOPNA (d, pH 1.0 only).

Fig. 5. PTX solubility in the aqueous solution of PEG-b–P(2-VBOPNA)1800 at
different pH conditions (a): pH 7.4 (△), pH 2.0 (○), pH 1.0 (●), P(2-VBOPNA)
(▽), and PNA (□). Polymer concentration was conversed to the concentration
of PNA moiety (b).

moiety, it is reasonable that more hydrotropic agents solubilize
more PTX.
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Fig. 7. Transmission electron microscopic (TEM) images of the hydrotropic polymer micelle without (a, b) and with (c, d) paclitaxel.

micellar formulation) had been also carried out under the same
conditions and found to be negligible even after 74 h [10].
4. Conclusions
Paclitaxel was solubilized in water by using hydrotropic
polymers of PEG-b–P(2-VBOPNA)s. It was confirmed that the
ATRP was an excellent method to control the molecular weight
and composition of the block copolymers. The block copolymers with different block lengths of P(2-VBOPNA) could
exhibit pH-dependent micelle formation that was attributed by
pyridine residues in the 2-VBOPNA structure. Hydrotropic
effect of the block copolymers was significantly influenced by
medium pH, micellization, and length of the hydrotropic block.
The solubilization of PTX by the hydrotropic micelles above pH
2 led to formation of PTX-loaded micelles with a slightly

increased particle size compared to the blank micelle. The PTX
release rate and profile were modified by length of the hydrotropic block but not so effective. It is considered that the less
hydrophobic nature of hydrotropic micellar core may induce
fast release kinetics, but do not make any significant effect
resulting from different block length [10]. The significance of
the current study is that the aqueous solubility of PTX was much
enhanced by simply adding hydrotropic polymers without any
use of organic solvent. Solubilization of PTX in polymer
micelles without using organic solvent provides simplicity and
easiness of PTX formulation.
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