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In this article, a novel local hydrophobic drug delivery system: nanoparticles in thermo-sensitive
hydrogel, was demonstrated. First, honokiol, as a model hydrophobic drug, loaded poly(e-caprolactone)-
poly(ethylene glycol)-poly(e-caprolactone) (PCEC) nanoparticles were prepared by emulsion solvent
evaporation method, and then were incorporated into thermo-sensitive F127 hydrous matrix. The

obtained injectable hydrophobic drug delivery system can act as a depot for sustained release of honokiol
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in situ. The lower critical solution temperature (LCST) of the composite matrix increases with increase
in the mass of incorporated nanoparticles, or with decrease in the amount of residual organic solvent
in the system. Honokiol release profile in vitro was studied, and the results showed that honokiol could
be sustained released from the system. The described injectable drug delivery system might have great
potential application for local delivery of hydrophobic drugs such as honokiol.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

As advanced smart drug delivery systems, thermo-sensitive
hydrogels play a very important role (Langer and Tirrell, 2004;
Jeong et al., 1997; Kost and Langer, 2001; Schmaljohann, 2006).
Pluronic F127 is a commercial thermo-sensitive hydrogel, which
has potential application in experimental medicine (Moghimi and
Hunter, 2000; Liu et al., 2007a; Dumortier et al., 2006). It exhibits
reversible thermal gelation in aqueous solution at concentrations
>20% (w/v). Aqueous F127 solution is liquid as sol phase at low
temperature, but it rapidly gels at ~25 °C. After subcutaneous injec-
tion, the cold sol phase containing drugs can form a gel and acts
as a depot for sustained release of drugs in situ. Administration of
drug in situ assisted by injectable thermo-sensitive hydrogel, such
as Pluronic F127, is an interesting route especially in cancer ther-
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apy (Tyagi et al., 2004; Prabaharan and Mano, 2006; Hatefi and
Amsden, 2002). At the same time, Pluronic copolymers also have
great potential application in overcoming drug resistance in can-
cer therapy (Kabanov et al., 2002). But when many hydrophobic
drugs are considered to be locally delivered by thermo-sensitive
hydrogels, its poor solubility make it not be well dispersed in
the hydrous sol which greatly restricts the application of thermo-
sensitive hydrogel in hydrophobic drug delivery. So, it is interesting
for us to overcome the water-soluble problem of hydrophobic
drug.

Application of nanotechnology for diagnosis, monitoring, dis-
ease therapy, and control of biological systems was referred to
as “nanomedicine”, and it received extensive attentions recently
(Moghimi et al., 2005). Biodegradable polymeric nanoparticles
were widely studied as drug delivery system (Allen and Cullis,
2004a; Farokhzad et al., 2006; Chawla and Amiji, 2002). It is a
useful method to encapsulate drug in polymer nanoparticles to
obtain well-dispersed drug slurry to overcome its poor solubility
in aqueous solution (Tufts Center, in press; Sieverb et al., 2005).
At the same time, developing nanomedicine also might provide
a novel path to improve the uptake efficiency in vivo. Based on
the above considerations, the idea to create a novel nanoparticles
and thermo-sensitive hydrogel composite drug delivery system for
administration of hydrophobic drugs in situ was generated. Mean-
while, this idea is encouraged by previous reports about micro- or
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nano-particles in thermo-sensitive hydrogel composite drug deliv-
ery systems (Zhang et al., 2005; Barichello et al., 1999).
Previously, we have synthesized biodegradable poly(e-
caprolactone)-poly(ethylene glycol)-poly(e-caprolactone) (PCEC)
triblock copolymer successfully (Gou et al., 2008; Huang et al., in
press). Meanwhile, honokiol as a multi-function drug (Maruyama
and Kuribara, 2000; Battle et al., 2005; Ahn et al., 2006) had been
extracted (Chen et al., 2007) and its potential application in cancer
therapy is being studied in our laboratory. Here, honokiol was
used as a model hydrophobic drug to be entrapped into the PCEC
nanoparticles to form stable slurry. Then, the honokiol loaded
nanoparticles slurry was entrapped into commercial Pluronic
F127 hydrous matrix as a model thermo-sensitive hydrogel. The
described method and system might have great potential applica-
tion in local drug delivery for hydrophobic drug such as honokiol.

2. Experiment part
2.1. Materials

Poly(ethylene glycol) (PEG, M, =4000), e-caprolactone (&-CL),
stannous octoate (Sn(Oct);) and Pluronic F127 were purchased
from Sigma (USA). Ethyl acetate (Et Ac) and dichloromethane (DCM)
were purchased from KeLong Chemicals (Chengdu, China). Acetoni-
trile (AN) was purchased from Fisher Scientific (UK). Honokiol was
purified in our laboratory by HSCCC method (Chen et al., 2007).

All the chemicals used in this work were all analytical pure
grade, and used as received except PEG.

2.2. Synthesis of PCEC copolymer

PCEC copolymer was prepared by ring-opening polymerization
method as previous description (Huang et al., in press; Zhou et al,,
2003a). Briefly, calculated amount of e-caprolactone and PEG4000
(with mass ratio=24:1) were introduced into a dry glass ampoule
under nitrogen atmosphere, and several drops of Sn(Oct), was
added as catalyst. During polymerization, the system was stirred
slowly and the reaction temperature was kept at 130 °C. Six hours
later, the system was rapidly heated to 180°C under vacuum for
another 20 min. After cooled to room temperature under nitrogen
atmosphere, the just-obtained PCEC copolymer was first dissolved
in methylene chloride and reprecipitated from the filtrate using
excess AR grade cold petroleum ether. Then the mixture was fil-
tered and vacuum dried to constant weight. The obtained purified
PCEC copolymer was kept in air-tight bags in desiccators before use.

2.3. Preparation of honokiol loaded PCEC nanoparticles

Honokiol loaded or blank PCEC nanoparticles were prepared
by emulsion solvent evaporation method. Briefly, 2 mL PCEC solu-
tion (60 mg/mL) in Et Ac containing honokiol (60 mg) or without
honokiol was induced into 4 mL F127 aqueous solution under stir-
ring at the speed of about 10,000 rpm by homogenizer (T10, IKA,
Germany). After stable oil in water (O/W) emulsion formed, Et Ac
was evaporated in rotator evaporator (BUCHI, Switzerland) and
nanoparticles were obtained. At last, the resultant nanoparticles
slurry was adjusted to 4 mL by addition of distilled water.

2.4. Determination of drug loading (DL) and entrapment
efficiency (EE)

First, 0.2mL of drug loaded PCEC nanoparticles slurry was
induced into pre-weighed EP tube and centrifuged at 13,000 rpm
for 60 min. Then, the supernatant was fully removed and the
remained deposit was lyophilized to constant weigh. Afterwards,

the dried deposit was dissolved in 0.1 mL DCM and was diluted by
acetonitrile. Meanwhile, the amount of honokiol in the solution was
determined by HPLC. At last, drug loading (DL) and entrapment effi-
ciency (EE) of drug-loaded nanoparticles were calculated according
to Egs. (1) and (2) (Jia et al., 2007):

amount of drug

DL (%
( )amount of polymer + drug

100 (1)

EE (%) = experimental drug loading
/= " nominal drug loading

x 100 2)

2.5. Incorporating nanoparticles in F127 sol

Calculated amount of F127 was well dissolved in prepared
drug loaded or blank nanoparticles slurry at 4 °C to form solution
(sol), and the total concentration of F127 was maintained at 20%
(wiw).

2.6. Determination of the sol-gel transition temperature

In this paper, test-tube method was used to determine the
sol-gel transition behavior (Gong et al., 2007). One milliliter of
F127 sol containing blank PCEC nanoparticles in test tube was put
in water-bath with temperature increased from 4 to 85°C at the
speed of ca. 1°C/min, and the sol-gel transition temperature was
recorded. The phase is regarded as “sol” when the matrix could
flow, and the phase is regard as “gel” while it could not flow down
when test tube inversed.

2.7. Invitro release of honokiol

According to JM Barichello’s method (Barichello et al., 1999),
a membraneless model was used to assay the release behavior
of honokiol in vitro. In detail, 1 mL of prepared honokiol loaded
PCEC nanoparticles slurry or F127 gel containing honokiol loaded
PCEC nanoparticles was placed at the bottom of EP tube (15 mL)
and 10mL PBS (pH 7.4) containing Tween80 (0.5%) was added.
The release study was performed in shaking air bath at 100 rpm,
37°C. At predetermined time, the release medium was centrifuged
at the speed of 14,000 rph for 60 min. Then, the deposit was re-
dispersed in 10 mL of fresh PBS and re-added into the EP tube. The
concentration of honokiol in the supernatant was determined by
high-performance liquid chromatography (HPLC) and the cumula-
tive release profile of honokiol was obtained.

2.8. High-performance liquid chromatography (HPLC)

The concentration of honokiol was determined by HPLC Instru-
ment (Waters Alliance 2695, USA), and the samples were diluted
by acetonitrile/water solution (1/1, v/v) before measurement. Sol-
vent delivery system equipped with a column heater and a plus
autosampler. Detection was taken on a Waters 2996 detector. Chro-
matographic separations were performed on a reversed phase
Cyg column (4.6 mm x 150 mm-5 wm, Sunfire Analysis column).
And the column temperature was kept at 28 °C. Acetonitrile/water
(60/40, v/v) was used as eluent at a flow rate of 1 mL/min. The stan-
dard curve equation is: H=105,000X+4680 (H: the area of peak;
X: the concentration of honokiol) and the correlation coefficient is
0.999994.

2.9. Laser diffraction particle size analyser
The particle size and distribution were determined by Malvern

Nano-ZS 90 laser particle size analyzer (Malvern, Nano ZS, UK). The
measurement temperature was kept at 25°C.
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2.10. Transmission electron microscope (TEM)

The morphology of prepared honokiol nanoparticles was
observed under a transmission electron microscope (TEM) (H-
60091V, Hitachi, Japan): the nanoparticles were diluted with
distilled water and placed on a copper grid covered with nitrocellu-
lose. The sample was negatively stained with phosphotungstic acid
and dried at room temperature.

2.11. Gas chromatography-flame ionization detection system

The determination of ethyl acetate (Et Ac) was performed using
an Agilent 6890N gas chromatograph (Agilent Technologies, USA)
equipped with a FID detector and with a Alltech Ec-Wax column
(30m x 0.53 mm i.d. and 0.25 mm film thickness). Splitless injec-
tion method was used with a deactivated, splitless inlet liner with
adsorbent material and taper (Agilent Technologies). The injec-
tor and detector temperatures were both 250°C. The carrier gas
was nitrogen (>99.99%) with a flow rate of 3 mL/min. The hydro-
gen and air-flow rates of FID were adjusted at 35 and 350 mL/min,
respectively. Oven temperature was set at 80°C held for 10 min.
One milliliter of sample was injected into system and the retention
time of Et Ac was 3.543 min.

3. Results

The process scheme of the demonstrated nanoparticles in
thermo-sensitive hydrogel composite drug delivery system was
presented in Fig. 1. First, honokiol was loaded in biodegradable
poly(e-caprolactone)-poly(ethylene glycol)-poly(e-caprolactone)
nanoparticles by emulsion solvent evaporation method, and hon-
okiol loaded PCEC nanoparticles slurry was obtained. Then,
Pluronic F127 was added to the drug loaded nanoparticles slurry
to form solution (sol) at 4 °C for further application. After the pre-
pared formulation was injected into body, the complex F127 gel
forms, and it can act as a depot for the sustained release of drugs.
The morphology in vitro of the demonstrated drug delivery system

Et Ac saturated F127
aqueous solution

PCEC Et Ac solution
containing drug

- Eimilsification

O/W emulsion . . . ..
© 00

Et Ac extraction

Drug incorporated
. L . o PCEC nanoparticles
LA * slurry formed
F127 was dissolved in

F127 sol nanoparticles slurry at 4°C
containing

drug loaded

nanoparticles

Injection subcutaneously
or intraperitoneally

F127 gel containing drug loaded nanoparticles
act as a depot for the controlled release of drug

Fig. 1. The process scheme of the demonstrated injectable local drug delivery sys-
tem: nanoparticles in thermo-sensitive hydrogel.

A B  C D

Fig. 2. Directly observation of obtained drug delivery system: nanoparticles in
thermo-sensitive hydrogel in vitro. After the tube was taken out of the water bath, the
photo was taken immediately. (A) F127 sol, at the concentration of 20% (w/w), at 4 °C;
(B)F127 sol at the concentration of 20% (w/w) containing honokiol loaded nanoparti-
cles slurry at 4°C; (C) F127 gel, at the concentration of 20% (w/w), at 37°C; (D) F127
gel, at the concentration of 20% (w/w), containing honokiol loaded nanoparticles
slurry at 37°C.

was shown in Fig. 2. At 4°C, the sol could flow because of its low
viscosity. When the temperature increased to 37 °C, gel formed and
it could not flow again. Meanwhile, the morphology in vivo of the
described delivery system could be seen in Fig. 3. It could be directly
observed that the demonstrated drug delivery system acted as a
depot in situ after S.C. injection and it gradually was removed with
lapse of time as shown in Fig. 3 (from Fig. 3(a)-(d)). In Fig. 3(d), it
could be found that the depot almost could not be obviously seen
in the photo even 6 h later after injection. But the depot was still
under the skin and the exact fact was that, due to the low strength
of the formed hydrogel, the depot was pressed into a lamella under
skin because of the mouse’s movement.

3.1. Characterization of drug loaded PCEC nanoparticles

Previously, biodegradable PCEC triblock copolymer based on
g-caprolactone and PEG was synthesized by ring-opening poly-
merization, and the macromolecular weight (Mw) was 3.6 x 10%
detected by gel permeation chromatography (GPC) (Huang et al., in
press). The mean particle size of the prepared blank and honokiol
loaded PCEC nanoparticles in this work was 148 and 157 nm respec-
tively, and the particle size distribution spectra were shown in
Fig. 4. The size distribution spectra indicated that mono-dispersed
PCEC nanoparticles were obtained, and particle size increased very
slightly for the incorporated honokiol. At the same time, the mor-
phology of honokiol loaded PCEC nanoparticles determined by TEM
was shown in Fig. 5 and the nearly spherical nanoparticles could
be observed. Loading efficiency and drug loading of the prepared
honokiol loaded PCEC nanoparticles were about 98 and 32.9%,
respectively. Otherwise, it is interesting that the honokiol loaded
nanoparticles could be released from F127 gel, and the mean par-
ticle size of the released nanoparticles was 160 nm which implied
that the honokiol could be released from the gel at the form of
honokiol loaded nanoparticles.

3.2. Effect of the content of incorporated nanoparticles and
residual organic solvent on the sol-gel transition temperature

When nanoparticles were incorporated into F127 hydrous
matrix, effect of the content of nanoparticles on the sol-gel
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Fig. 3. The morphology of subcutaneously injected F127 gel containing honokiol loaded PCEC nanoparticles in vivo. (a) The mouse after injection of 0.2 mL of the F127 sol
(20%, w/w) containing 10 mg of honokiol loaded PCEC nanoparticles; (b) the honokiol loaded nanoparticles incorporated F127 gel depot under skin 5 min later after injection;
(c) the drug loaded depot under skin 4 h later after injection; and d) the depot under skin 6 h later after injection.
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Fig.4. Particle size distribution spectra of prepared blank PCEC and honokiol loaded
PCEC nanoparticles.

transition temperature was investigated and the results were
presented in Fig. 6. It could be found that the LCST increased and
the gel zone became narrower with increase in the amount of
nanoparticles. Otherwise, in this delivery system, residual Et Ac
in the nanoparticles slurry could not be avoided, but actually the
residual Et Ac content was 87.4 pg/mL determined by GC, which
is lower than 0.01% in the system. Here, the effect of Et Ac on the
sol-gel transition temperature of the system was studied and the
result was shown in Fig. 7. It indicated that the LCST decreased
with increase in the content of Et Ac.

3.3. Invitro release profile

The release profiles of honokiol were studied in vitro, and the
results were shown in Fig. 8 which indicated that honokiol could
be sustained released from PCEC nanoparticles and nanoparticles-
F127 hydrogel matrix. When honokiol released from the nanoparti-
cles, visible burst release occurred followed by slowly release ratio.
At the same time, it could be observed that burst release was weak-
ened when honokiol released from the composite system.

4. Discussion

Local delivery is an important method for both local therapy
and systematic therapy. In this article, a novel composite local

delivery system assisted by F127 for honokiol was demonstrated.
About F127 hydrous matrix, as the temperature increases, equilib-
rium shifts from unimers to spherical micelles, which resulted in
an increase in micelle volume fraction (®,). When &, is >0.53,
the system becomes a gel by micelle packing (hard-sphere crys-
tallization). The transition mechanism from sol-to-gel is related to
the shrinkage of poly(ethylene glycol) (PEO) corona of the micelles
because of temperature effects on PEO solubility and interaction of
PEO chains with the poly(propylene glycol) (PPO) hard core (Jeong
and Gutowska, 2002).

As shown in Fig. 6, the LCST increased and the gel zone became
narrower with increase in the mass of nanoparticles which might
be due to two reasons as follow. First, it might be due to physical
interaction between F127 molecules and PCEC nanoparticles, just
like PCEC nanoparticles played a role as cross-linker which is con-

Fig. 5. The TEM image of prepared honokiol loaded PCEC nanoparticles.
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Fig. 7. Effect of residual Et Ac content on the LCST of F127 matrix. Different volume
of Et Ac was dissolved in 0.5 mL of F127 sol (20%, w/w) at 4°C. F127 sol transit to gel
while temperature increases from 4 to 37 °C at the speed of 1°C/min.

sistent with those behaviors when magnetite nanoparticles was
incorporated into F127 matrix and clay particles were dispersed
into PNIPAAm system (Liu et al., 2007b; Haraguchi et al., 2002).
Secondly, the prepared honokiol loaded PCEC nanoparticles might
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Fig. 8. In vitro release profile of honokiol from different matrix in PBS (pH 7.4) at
37°C.

have core-shell structure and the nanoparticles were covered by
hydrophilic chains such as PEG or PEO which might be disadvantage
for F127 unimers to form spherical micelles to form gel which made
the LCST higher and gel region narrower (Schmaljohann, 2005).
Otherwise, it was suggested that the LCST decreased with increase
of the amount of Et Ac, which might be due to that the residual Et
Ac changed the hydrophilic/hydrophobic balance and made equi-
librium shifted from unimers to spherical micelles more easily. In
this paper, the residual Et Ac in the prepared composite delivery
system was 87.4 p.g/mL which was very low and could be tolerated
by human beings.

Nanoparticles had been widely used in drug delivery (Wagner
et al,, 2006), and emulsion solvent evaporation method is one
of the most important methods to prepare polymer nanoparti-
cles (O’Donnell and McGinity, 1997). Traditionally, almost half
of new molecular entities identified by pharmaceutical industry
screening programs have failed to be developed because of poor
water-solubility, which makes their formulation difficult or even
impossible and one essential factor in the drug development equa-
tion is drug solubility (Tufts Center, in press). Nanotechnology
provides an interesting method to overcome the poor water-
solubility of hydrophobic drug (Allen and Cullis, 2004b).

In this paper, when nanoparticles were prepared, F127 was
employed as stabilizer, which is approved by FDA due to its
low toxicity. The nanoparticles slurry was directly used without
centrifugation/wash to remove the free surfactant, which always
induced aggregation of nanoparticles. At the same time, it is dif-
ficult to fully precipitate nanoparticles by centrifugation which
results in wasting drug. At last, it was implied that honokiol could
be released from the nanoparticles or nanoparticles-F127 compos-
ite matrix according to in vitro release results. It is known that PCL,
as a kind of polyesters, is biodegradable based on hydrolization and
enzymatic degradation (Sinha et al., 2004; Gan et al., 1999). At the
same time, it also was shown by many studies that PCL-PEG-PCL, a
triblock copolymer based on PCLand PEG, could be degraded in vitro
and vivo due to the hydrolization and enzymatic degradation (He et
al., 2003; Zhou et al., 2003b). Otherwise, degradation of biodegrad-
able nanoparticles always can be divided into two mechanisms:
surface erosion and bulk eroding. And at most time, degradation
of biodegradable micro-/nano-particles is due to the combination
effects of surface erosion and bulk eroding (Langer, 2003). About
drug-loaded nanoparticles, drug can be released from nanoparti-
cles due to diffusion and degradation of nanoparticles (Xiong et al.,
2005). In this paper, on the first day, honokiol was burst released
on the first day. In this stage, diffusion mechanism might take the
major role. Afterwards, the release speed of honokiol was slowed
which might be due that degradation of nanoparticles, instead of
diffusion, take the major role in this stage. It was reported that
the degradation of PCL-PEG-PCL nanoparticles also was due to
the combination effects of surface erosion and bulk burst, and it
could hold several months in vivo. So the release speed of hon-
okiol after 80 h was very slow but release was still continued. For
honokiol-loaded nanoparticles, drug could be released due to drug
diffusion and degradation of polymer matrix. For this composite
drug delivery system, three release processes might be included:
drug released from the gel, nanoparticles released from the gel, and
drug released from nanoparticles. Because drug loaded nanoparti-
cles was delayed to be released from the gel, the drug release speed
of composite system was slowed down, and the burst release was
reduced compared to drug loaded nanoparticles.

In short, for the composite drug delivery system described in
this article, the water-soluble problem of honokiol was overcame
by nanotechnology; the local delivery was achieved associated by
thermo-sensitive hydrogel; and drug could be released slowly from
the system. At last, the PCEC and F127 are both low toxic which also
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provide the potential application as local hydrophobic drug delivery
system in clinical.

5. Conclusion

In this paper, we have successfully prepared a novel injectable
hydrophobic drug delivery system: nanoparticles in thermo-
sensitive hydrogel. It has these properties: (1) local delivery of
hydrophobic drug; (2) sustained release; (3) less drugs to be used;
(4) biocompatible and injectable. The obtained injectable drug
delivery system might have great potential application for local
administration of poorly soluble drugs such as honokiol.
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