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Triptolide (TP) possesses both anti-tumour and immuno-suppressive activities. Its immuno-suppressive
activity may be disadvantageous for the therapy of cancers. A novel polymeric micelle system containing
TP (TP-PM) was constructed by the solvent evaporation method using methoxypolyethylene glycol-
poly(p,L-lactic acid)-block copolymer as the carrier, and was characterised using photon correlation spec-
troscopy, transmission electron microscopy and high performance liquid chromatography. The anti-

{)(e{wordg el tumour and immuno-modulation effects of TP-PM were evaluated in sarcoma 180-bearing mice and
T:')i yg'ﬁgg micetles A2780 cells. Results demonstrated that TP-PM had an average diameter of 78.9 nm, encapsulation effi-
Ang—tumour ciency of 66.7%, core-shell morphology and a long-term stability. TP-PM could significantly inhibit

tumour growth via intravenous injections at the dose levels of 0.0375, 0.075 and 0.15 mg/kg, and their
inhibition rates were 42.5%, 46.0% and 49.9%, respectively; they showed similar cytotoxicity against
A2780 cells compared to that of TP. Simultaneously, TP-PM had no effect on the thymus index, spleen
index, spleen lymphocyte proliferation and the TNF-a and IL-2 levels in serum as compared with TP.
Therefore, TP encapsulated in polymeric micelles does not demonstrate immuno-suppressive activity
but does not lose its anti-tumour effect. These results show that polymeric micelles are a promising car-
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rier for cancer therapy using TP.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Triptolide (TP), a diterpenoid triepoxide, isolated from the Chi-
nese medicinal herb Tripterygium wilfordii Hook F (TWHF), shows
both anti-tumour and immuno-suppressive activities [1]. Recently,
there has been a growing interest in anti-tumour researches and
applications of TP due to its broad anti-tumour spectrum and po-
tent anti-tumour activity. TP has been reported to inhibit the pro-
liferation of many different types of cancer cells in vitro and to
reduce the growth and metastasis of some solid tumours in vivo
[2-6]. However, the clinical use of TP is restricted due to its poor
water solubility and some toxic effects. On the other hand, TP
has stronger immuno-suppressive effects than the conventional
immuno-suppressant cyclosporine [7], and the strong immuno-
suppressive activity of TP may become a side effect when it acts
as an anti-tumour agent, and thus may be disadvantageous for
the therapy of cancers. This is because there are immuno-suppres-
sive networks in human tumours; recent literatures have high-
lighted the potential immuno-suppressive mechanisms in
tumours which block effective anti-tumour immune responses in
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cancer patients [8]. As evidence, the cancer morbidity and mortal-
ity of transplant recipients was greatly increased when long-term
immuno-suppressive drug therapy was used [9]. Therefore, it is
against the therapeutic interests of the patient if the immune func-
tion of the body is suppressed.

In the recent years, controlled release delivery systems and tar-
geted drug delivery systems have been used to deliver TP to reduce
its toxicities [10,11]. Among the new delivery systems, polymeric
micelles have been used as a promising nanocarrier for anti-tumour
drugs with several advantages including prolonged blood circula-
tion, reduced cumulative toxicity, deeper tumour penetration and
improved endocytosis. In addition, their use can increase anti-tu-
mour activities and reduce the toxic side effects of anti-tumour
drugs [12,13]. Generally, diblock copolymers with a block of poly-
ethylene glycol such as polyethylene glycol-poly(p,L.-lactide) (PEG-
PDLLA) are preferable as carriers for anti-tumour drugs [14,15].
The polymeric micelles with a high density of PEG shells can avoid
reticuloendothelial system (RES) recognition and preferentially
accumulate in solid tumours due to the enhanced permeability
and retention (EPR) effect [12]. Because RES is a part of the immune
system, it is possible that polymeric micelles play an important role
in decreasing the immuno-suppressive side effects of anti-tumour
agents.

In order to explore a novel formulation containing TP with high
anti-tumour activity and low immuno-suppressive activity, a poly-
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meric micelle system containing TP (TP-PM) was constructed by
the solvent evaporation method. The physicochemical characteris-
tics of TP-PM were investigated. The anti-tumour activities of TP-
PM on human ovarian cancer cell line A2780 in vitro and on sar-
coma 180 (S-180)-bearing mice in vivo were evaluated. Simulta-
neously, the influence of TP-PM on the immunity of tumour-
bearing mice was also evaluated. The long-term goal of this re-
search is to develop an intravenous formulation for clinical use
to treat solid tumours.

2. Materials and methods
2.1. Drugs and reagents

Triptolide (purity > 99%) was supplied by Fujian Chinese Medi-
cal Research Institute (Fuzhou, China). Cyclophosphamide (CTX)
was purchased from Jiangsu Hengrui Pharmaceutical Co. Ltd. (Lian-
yungang, China). p,.-Lactide (DLLA) was purchased from Tianyuan
Biomaterials Co. Ltd. (Fushun, China). Monomethoxypolyethylene
glycol (MePEG, Mn =5000) and stannous octoate were obtained
from Aldrich (Milwaukee, WI, USA). Purified deionised water was
prepared by the Milli-Q plus system from Millipore Co. (MA,
USA). RPMI 1640, MTT, DMSO, ConA and penicillin-streptomycin
sulphate were obtained from Sigma Chemical Co. (St. Louis, MO,
USA). Iodine ['2°I] Tumour Necrosis Factor Radioimmunoassay kit
and lodine ['?°I] Interleukin-2 Radioimmunoassay kit were pur-
chased from Beijing East Asian Institute of Immunology (Beijing,
China). All other chemicals were obtained from Aldrich.

2.2. Cells and animals

Human ovarian carcinoma A2780 cell lines were kindly sup-
plied by Tongji Hospital, Huazhong University of Science and Tech-
nology (Wuhan, China). Murine sarcoma 180 (S-180) cells were
kindly supplied by the Hubei Cancer Institute (Wuhan, China).
Kunming mice (male and female, 20 +2 g) were obtained from
the Laboratory Animal Center, Hubei Academy of Preventive Med-
icine (Wuhan, China). The animals were housed in a well-venti-
lated room with a constant temperature of 23 *2 °C, relative
humidity of 40-70%, and illumination (12 light/dark cycles). The
protocol of the study was approved by the Ethical Committee of
Huazhong University of Science and Technology.

2.3. Synthesis and characterization of MePEG-PLA

MePEG-PLA was synthesised and purified as described previously
[14]. Briefly, 4 g DLLA, 1 g MePEG and 20 mg stannous octoate were
mixed in a bottle-neck flask, and polymerization was carried out at
150 °C for 8 h. The synthesised copolymers were characterised by
the gel permeation chromatography system (GPC, Agilent 1100
Chromatographic Instrument, USA), the Fourier transform infrared
spectrum (FTIR, Perkin Elmer 1700 spectrometer, USA) and nuclear
magnetic resonance (NMR, Bruker AV 400 spectrometer, Switzer-
land). The critical micelle concentrations (CMCs) of the copolymers
were determined in water at 25 °C by the steady-state pyrene fluo-
rescence method as described elsewhere by using a spectrofluorim-
eter (Hitachi F-4500, Japan) [16]. Pyrene concentration in each
sample was 6 x 1077 M, whereas polymer concentrations ranged
between 5 x 107 and 1 g/L. The excitation spectra were recorded
at from 300 to 360 nm with the emission wavelength at 393 nm.

2.4. Preparation and characteristics of TP-PM

TP-PM was prepared by the solvent evaporation method [17].
Briefly, MePEG-PLA (100 mg) and TP (1.5 mg) were co-dissolved in

5 ml mixture organic solvent consisting of acetone/ethanol (9/6, v/
v).The solution obtained was then added dropwise into 20 ml deion-
ised water in a 100-ml flask with stirring at 300 rpm. Polymeric mi-
celles were formed immediately and the organic solvents were
removed from the dispersion through overnight evaporation under
magnetic stirring at room temperature. The obtained transparent
solution was filtered through a 0.45-pum membrane filter (What-
man) and then ultra-centrifuged for 1 h at 36,000 rpm (4 °C) using
a super-speed centrifuge (Hitachi Co., Japan). The supernatant was
discarded and the pellet was resuspended in a purified deionised
water. The obtained transparent solution was then used for analysis
or freeze-dried by using a freeze-dryer (Labconco Co., USA) to obtain
the white powder. The mean size and zeta potential of TP-PM were
measured by photon correlation spectroscopy (PCS) with a Nano-
7590 laser particle analyzer (Malvern Instruments Corp., UK). Fresh
solution of TP-PM was dropped on copper grids, stained with phos-
photungstic acid solution (1%, w/v, pH = 6.0), and was observed un-
der a transmission electron microscope (TEM, Tecnai G220, FEI Co.,
Netherlands). Drug-loaded micelles were stored in a dark place at
4 °C for 4 months. The stability was monitored by changes in particle
size, zeta potential and drug encapsulation efficiency (EE) during the
storage period. EE was determined by using HPLC as follows.

2.5. Encapsulation efficiency

The amount of TP incorporated in the polymeric micelles was
determined by high performance liquid chromatography (HPLC)
(Agilent 1100, USA), using a reverse phase Lichrospher ODS C;g col-
umn. Then, 5 mg of TP-PM was dissolved in 1 ml acetone, evaporated
until dry by using the rotor evaporation technique under reduced
pressure at 35 °C, and followed by the addition of 2 ml ethanol.
The clear solution obtained after membrane filtration was put into
the vial for HPLC to detect the TP concentration. The mobile phase
consisted of a mixture of acetonitrile-water (30/70, v/v), and the
flow rate was 1.0 ml/min. The column effluent was detected at
224 nm by a variable wavelength detector and the column temper-
ature was 30 °C. The calibration curve for the quantification of TP
was linear as given by A =15.347C — 7.229 (A = peak area; C=TP
concentration) over the range of standard concentration of TP from
1.88 to 56.28 ug/ml (n=7) with a correlation coefficient of
R =0.9999. The drug encapsulation efficiency (EE) was calculated
by the following equation:

EE (%) = M; /M5 x 100 (1)

where M is the mass of TP in the polymeric micelles and M, is the
mass of TP used in the formation.

2.6. In vitro release

The release experiment of TP from polymeric micelles was per-
formed by the dialysis bag diffusion technique [16]. Ten milligrams
of TP-PM were suspended in 2 ml phosphate buffer solution (PBS,
pH =7.4) and placed in a dialysis bag (cut-off, 8000; Millipore Co.,
MA, USA). Then, it was hermetically sealed and immersed into 28 ml
PBS containing 10% (v/v) ethanol with continuous and gentle magnetic
stirring at 60 rpm at 37 °C. At predetermined time intervals, 0.5 ml ali-
quots was taken from the receptor compartment and contemporarily
restored with the same volume of fresh buffer. All samples were taken
for the analysis of TP concentration, and HPLC analysis was carried out
as described in Section 2.5. A profile showing the cumulative amount
of drug release as a function of time was plotted.

2.7. In vitro cytotoxicity of TP-PM against A2780 cells

A2780 cells were seeded at 10* cells/well in a 96-well plate and
cultured in RPMI 1640 medium (pH = 7.4, with 10% calf serum and
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1% penicillin-streptomycin) in a humidified 37 °C environment
with 5% CO,. After 24 h incubation, the medium was replaced with
a medium containing different concentrations of TP-PM or TP for-
mulations. After additional 24, 48 or 72 h incubation, the media
were replaced with PBS containing 0.1 mg/ml MTT, and the cells
were incubated for 4 h at 37 °C with 5% CO,. The cytotoxicity
was measured following the absorbance of the degraded MTT (for-
mazan) with 150 pl DMSO at 490 nm using a microplate reader
(EX800, Bio-Tec Co., USA). The cell viability (CV) was expressed
as a percentage compared to a control that had not been treated
with drugs using the following equation:

CV (%) = Ac/Ac x 100 2)

where A; and A, are the average absorbance values at 490 nm in the
drug-treated cell groups and in the untreated cell group,
respectively.

2.8. In vivo anti-tumour effects of TP-PM in S-180-bearing mice

Under sterile conditions, 0.2 ml of S-180 cell suspension
(approximately 1 x 107 cells/ml) was subcutaneously inoculated
into mice in the axillary region. The mice inoculated were divided
into eight groups: S-180-bearing control group, 20 mg/kg CTX,
0.0375, 0.075, 0.15 mg/kg TP-PM and free TP-treated groups, with
five males and five females in each group. A normal control group
was also used in this experiment. After the day of inoculation (day
1), CTX, TP-PM and TP were administrated by intravenous injection
every second day (six times) with a volume of 10 ml/kg for 12 days.
Normal control and S-180-bearing control groups received the
same volume of sodium chloride 0.9% injection. On day 13, all ani-
mals were executed. The excised tumours were weighed, and the
inhibition rate (TIR) was calculated by Eq. (3) [18]. Then, the tu-
mours were fixed in 10% neutral buffered formalin solution,
trimmed, embedded in paraffin, sectioned at 4-6 pum, stained with
haematoxylin and eosin and examined by light microscopy
(Olympus BH-2, Japan)

W W,

C

TIR (%) x 100 3)
where W, is the average tumour weight in the S-180-bearing con-
trol group and W, is the average tumour weight in the drug-treated
groups.

2.9. Effects of TP-PM on the immune function of S-180-bearing mice

Serum was collected by retro-orbital venous puncture from the
above-mentioned S-180-bearing mice 24 h after the last adminis-
tration, and the IL-2 and TNF-a levels in the serum were deter-
mined according to the radioimmunoassay kit instructions. After
the mice were executed, the excised thymuses and spleens were
weighed under sterile conditions. Thymus and spleen indices were
expressed as the thymus (or spleen) weight (mg) over the body
weight (g). Then, the spleens were aseptically removed in cold
PBS, gently homogenised with a lose Teflon pestle and passed
through a sterilised mesh to obtain single cell suspensions, which
were used to assess the lymphocyte proliferation according to
the method of Yuan et al. [19]. Finally, the cells were suspended
to a final density of 3 x 10° cells/ml in RPMI 1640 medium supple-
mented with 10% foetal calf serum. Spleen cells (100 p/well) were
seeded into a 96-well plate in the presence of ConA (7.5 mg/ml)
and cultured at 37 °C with 5% CO,. After incubation for 72 h,
10 pl MTT (5 mg/ml) were added to each well and the plate was
incubated for another 4 h. Then, a total of 200 pl DMSO was added
to each well and shaken till the crystals were dissolved. The absor-
bance at 570 nm (As;o) was detected on a microplate reader

(EX800, Bio-Tec Co., USA). The lymphocyte proliferation rate
(LPR) was evaluated as follows:

_Ac—Ac

C

LPR (%) x 100 (4)
where A. is the absorbance in the control group and A, is the absor-
bance in the drug-treated groups.

2.10. Statistical analysis

Results were expressed as mean + deviation (SD). The statistical
significance of the differences between groups was evaluated by
variance analysis, followed by Student’s t-test. P < 0.05 was consid-
ered statistically significant.

3. Results and discussion
3.1. Characteristics of MePEG-PLA

The NMR and FT-IR spectrum of the synthesised MePEG-PLA
showed that the reaction between lactide and MePEG had occurred,
and successful synthesis of the MePEG-PLA copolymer with high
purity was demonstrated (data not shown). From GPC analysis, the
weight-average molecular weight (My) of the copolymer was
2.8 x 10*. The HLB (hydrophile-lipophile balance) value and CMC
value were the two important factors influencing MePEG-PLA in
assembling micelles in water [20]. According to the Griffin formula
[21], the HLB value of the micelles was 7.1 and could form o/w emul-
sification. CMC was determined by using pyrene as a hydrophobic
fluorescence probe [16]. I33g and I333 represent the fluorescence
intensities of the third peak and the first peak in the pyrene excita-
tion spectra, respectively, and their peak height-intensity ratio
(I33g/1333) can be used as a sensitive parameter to represent the polar-
ity of the microenvironment. The shift of pyrene from water to the
micelle core occurred at the onset of micelle formation. As expected,
micelles were not formed at a low polymer concentration, and the
I33g/I333 ratio was almost constant, close to the characteristic value
of pyrene in water, while pyrene partitioned into the hydrophobic
core, the I33g/I333 ratio varied dramatically due to the formation of
micelles. The intensity ratio of I33g/I333 was plotted against the loga-
rithm of polymer concentration, and two tangents were drawn, one
to the curve at high concentrations and another through the points at
low concentrations. The CMC value was taken from the intersection
of the two tangents. The result is shown in Fig. 1. The CMC of the
polymer MePEG-PLA was determined to be 8.9 x 10~7 mol/L, which
was much lower than that of common low-molecular weight surfac-
tants; further, its dissociation was kinetically slow, and this property
may allow the micelles to circulate in the bloodstream until accumu-
lation at target tissues [12].

3.2. Preparation, characteristics and stability of TP-PM

MePEG-PLA polymeric micelles containing TP were conve-
niently obtained by using the solvent evaporation method. The
mean particle size of TP-PM was 78.9 + 5.0 nm (n = 4) with a nar-
row polydispersity index (PDI=0.18 £ 0.02), and its zeta potential
was —6.1+2.8 mV (n=4). Compared to the previously prepared
TP-loaded poly(p,.-lactide) nanoparticles by the solvent evapora-
tion method [23], TP-PM has smaller size and less negative electric
charge and is suitable for intravenous administration, which is
promising as an injectable sustained-release delivery system
[22]. TP-PM was in fine spherical shape with the core-shell struc-
ture determined by TEM, in which MePEG groups were located
outside and PLA groups were assembled in the core part (Fig. 2a
and b). The drug TP encapsulation efficiency into polymeric mi-
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Fig. 1. Plot of the intensity ratio of I33g/I333 from pyrene excitation spectra vs. log C
for the MePEG-PLA diblock copolymer.

celles was 66.7 + 2.3% (n = 3). After storing TP-PM for 4 months at
4 °C in the dark, it exhibited a size of 85.5 + 8.4 nm, a zeta potential
of —7.1+3.0mV and an encapsulation efficiency of 65.6 + 3.1%,
which were all similar to the original pre-storage measurements
with no significant differences. This implied a long-term stability
of TP-PM.

3.3. In vitro release

The in vitro release profile of TP from the polymeric micelles in
PBS (pH =7.4) is presented in Fig. 3, which shows that after the
incubation for 24 h at 37 °C, the release of TP was 66.6 + 5.6%.
When kept for 48 h at 37 °C, the TP release was 87.2 +4.4%. In
contrast to a significant burst release at the initial stage that was
reported by Liu et al. in their study concerning the TP-loaded PLA
nanoparticle system [23], the release profile obtained here exhib-
ited a very steady sustained-release pattern with negligible initial
burst release.
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Fig. 3. In vitro release profile of TP from polymeric micelles in pH 7.4-PBS at 37 °C
by the dialysis bag method. The results are expressed as mean + SD (n = 3).

3.4. In vitro cytotoxicity against A2780 cells

The A2780 cell line is a type of solid tumour cell line, and the
results of our pre-experimental studies suggested that in in vitro
studies, A2780 cells are more sensitive to triptolide therapy than
are other solid tumour cell lines, such as the MCF-7 cell line and
the H,, cell line. The anti-proliferation activities of free TP or TP-
PM formulation against A2780 cells after 24, 48 and 72 h incuba-
tion were assessed by MTT assay (Fig. 4). Treatment of the A2780
cells with the increasing concentrations of free TP or TP-PM re-
sulted in a significant decrease of cell viability for the incubation
period of 48 and 72 h, while A2780 cells incubation with free TP
or TP-PM for 24 h did not result in significant loss of cell viability.
Recent studies have demonstrated that TP induces apoptosis of a
broad range of human cancer cells by inhibiting or activating dif-
ferent molecular targets, such as NF-KB, p53, c-Jun NH,-terminal
kinase, and 5-lipoxygenase gene [6,24,25]. In this study, TP-PM
exhibited the same anti-tumour potential as free TP against

Fig. 2. Transmission electron micrographs of TP-PM (a and b).
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Fig. 4. Cytotoxicity of TP delivered as a free drug or in polymeric micelles against
A2780 cells at different concentrations at different time points by the MTT assay.
Data are represented as mean + SD (n =3).

A2780 cells in a time- and dose-dependent manner. This implies
that TP is released from MePEG-PLA polymer micelles carrier with-
out losing its cytotoxicity and that TP-PM may induce tumour-cells
apoptosis in the same manner as that of free TP.

3.5. In vivo anti-tumour activities of TP-PM

Table 1 lists the tumour inhibition rates of all the tested groups.
The groups treated with TP-PM and TP showed a significant tu-
mour inhibition (inhibition rate more than 30%, P < 0.01) compared
to the negative control group. TP-PM inhibited tumour growth in a
dose-dependent manner, whose inhibition rates were 42.5%, 46.0%
and 49.9%, respectively. The inhibition rates of TP at the equal dose
levels were 29.6%, 35.7% and 35.7%, respectively. Meanwhile, the
inhibition rate of CTX was 52.5%. The inhibition rates in TP-PM
groups were 10% higher than those in the TP groups at equal dose
levels. The anti-tumour efficacy of TP-PM at a low dose level was
comparable with that of TP at a high dose level. These results
showed that TP-PM had a stronger anti-tumour effect than TP.

The representative microphotographs are shown in Fig. 5. There
are two colours on microphotographs: blue stands for tumour cells
with good growth and red stands for tumour necrosis. Fig. 5A re-
vealed the presence of typical tumour cell groups with typical nu-
clear changes in the S-180 control group with little necrosis in the
central area of the tumour. A few residual neoplastic cells inserted
into a large central area of necrosis were observed in the tumour
tissue of animals treated by CTX at the dose level of 20 mg/kg
and free TP at the dose level of 0.15 mg/kg (Fig. 5B and D). How-

Table 1
Effects of TP-PM on tumour growth in S-180-bearing mice

Group Dose (mg/kg) Tumour weight (g) Inhibitory rate (%)
S-180 control - 2.46 £ 0.61 -
CTX 20 1.17+0.25" 52.5
TP 0.0375 173050 29.6
0.075 1.58 £0.54" 35.7
0.15 1.58+0.50" 35.7
TP-PM 0.0375 1.41+0317 425
0.075 133+034" 46.0
0.15 1.23+032" 49.9

Results are expressed as mean + SD of 10 mice for each group, ‘P <0.05, "P<0.01
compared to S-180 control (Dunnett’s t-test).

ever, more extensive necrotic areas were observed in the tumour
tissue of animals treated by TP-PM at the dose level of 0.15 mg/
kg (Fig. 5C).

S-180 cell is one of the classical solid tumour models since a
very long time. TP-PM possessed better anti-tumour activity than
TP and induced tumour necrosis more significantly than free TP.
This might be related to the increase in the circulating time of TP
in blood and drug accumulation in tumours due to its characteris-
tics of small particle size, high structure stability and extended
drug release, as well as the above-mentioned EPR effect of poly-
meric micelles [12,26]. Particularly, polymeric micelles, as an ideal
application for EPR-based selective anti-cancer drug delivery, may
extravasate into the tumour vasculature and become trapped in
the tumour vicinity; further, with time, due to lack of efficient lym-
phatic drainage in the solid tumour, the drug concentration of the
tumour would increase to a level that is several times higher than
that in the plasma [27]. TP-PM showed a stronger anti-tumour ef-
fect in vivo than in vitro when compared to TP, and it may be far
more complex involving multiple factors in vivo, such as vascular-
ization and the immune response.

3.6. Effects of TP-PM on the immune function of S-180-bearing mice

TP is a molecule with both anti-tumour and immuno-suppres-
sive activities. The effects of TP-PM on the immune function of S-
180-bearing mice are shown in Table 2. Compared to the normal
control, the spleen index was significantly increased (P < 0.05)
and the spleen lymphocyte proliferation was significantly de-
creased (P<0.05) in the S-180-bearing control group. Compared
to the S-180-bearing control group, TP significantly decreased
(P<0.05) the thymus index and very significantly increased
(P <0.01) the spleen index only at the high dose level of 0.15 mg/
kg, and significantly decreased the spleen lymphocyte prolifera-
tion, IL-2 and TNF-a levels in the serum in a dose-dependent man-
ner (P < 0.05). At the same time, the positive control CTX group also
significantly decreased the lymphocyte proliferation and the IL-2
and TNF-a levels in serum (P < 0.05). However, CTX had no effect
on the thymus index and spleen index in S-180-bearing mice,
and TP-PM had no effect on any of the above parameters in S-
180-bearing mice (P> 0.05).

The occurrence, development and prognosis of cancer are clo-
sely related to the immune status of the cancer patient, and cellu-
lar immunity has been proved to play a particularly important role
in the anti-tumour immunity of the host [28]. The thymus and the
spleen are two important immune organs. The T lymphocytes in
the peripheral blood originate from the thymus and the B lympho-
cytes originate from the spleen. IL-2 and TNF-o are two important
cytokines mediating the immune response. IL-2 produces a marked
effect through the receptor system with distribution in the T, B, NK,
and K cells; TNF-a is able to increase the immunogenicity of tu-
mour cells due to the enhanced expression of MHC antigens and
thus can be used to identify the anti-tumour immune response
[19]. ConA-induced proliferation of spleen-derived T lymphocytes
is a typical cell-mediated immune response. The changes of these
detected parameters could reflect the immune status of the host.

TP has been reported to have strong immuno-suppressive ef-
fects on both humoral immunity and cellular immunity, and the
effective dose level of TP as an immuno-suppressive agent
(9.31 pg/kg for rat) is also smaller than that of TP as an anti-tu-
mour agent [29,30]. In this study too, TP exhibited obvious immu-
no-suppressive activity. Immuno-suppressive status increases the
risk of suffering from cancers and harms to the effectiveness of
cancer therapy [31]. One of the side effects of many chemotherapy
agents, such as CTX, is the immuno-suppressive effect. In this
study, the immuno-suppressive activity of CTX was also demon-
strated, and the immuno-suppressive activity of TP was equal to
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Fig. 5. Histopathological analyses of tumours in sarcoma 180-bearing mice (H & E, 40 x 17): blank control (A), CTX (B), TP-PM at the dose level of 0.15 mg/kg (C) and free TP
at the dose level of 0.15 mg/kg (D). Thin arrows indicate tumour cells with good growth and thick arrows show tumour necrosis.

Table 2
Effects of TP-PM on immune function of S-180-bearing mice

TNF-a (ng/ml) IL-2 (ng/ml) Lymphocyte proliferation rate(%)

Group Dose (mg/kg) Thymus index (mg/g) Spleen index (mg/g)
Normal control - 3.05+0.58 7.97+1.21
S-180 control - 3.17£0.70 10.12 £2.35%
CTX 20 2.66 £ 0.54 9.34+2.63
TP 0.0375 3.04 £1.51 10.26 +2.21

0.075 3.33+0.65 12.23 £3.56

0.15 2.09+0.88 15.56+1.17"
TP-PM 0.0375 3.46 £ 0.79 10.89 + 1.61

0.075 2.84 £ 0.65 11.67 £ 2.46

0.15 2.89 £0.80 13.46 +5.96

31402 31+16 46.9+12.4
3.0+0.7 28+18 28.3+11.8°
25404 12410 12195
26+04 2.1+04 242+188
25406 1.6+06" 11.9+11.0°
24+06 1.1+1.1 9.4+7.7"
28+05 23+1.1 31.8+21.7
27+09 1.8+04 19.7 £23.6
29+04 1.6+0.8 16.5 +15.7

Results are expressed as mean + SD of 10 mice for each group, P<0.05, P<0.01 compared to S-180 control (Dunnett’s t-test). “P< 0.05 compared to normal control

(Dunnett’s t-test).

or even stronger than that of the conventional chemotherapy agent
CTX. Therefore, the immuno-suppressive activity of TP may be-
come a side effect when it is used as an anti-tumour agent.
Spleen is an organ that creates lymphocytes for the destruc-
tion and recycling of old red blood cells along with being a blood
reservoir. In this study, the spleen index in S-180-bearing mice
was significantly greater than that in normal mice (P < 0.05).
Pathological splenomegaly was demonstrated under a micro-
scope, where the red pulp was observed to be enlarged and the
white pulp was shrunken (data not shown). This suggested an im-
muno-suppressive status in the tumour-bearing mice. The spleen
index in S-180-bearing mice by the intravenous administration of

TP at the high dose level of 0.15 mg/kg was significantly increased
compared to that in S-180-bearing control mice (P<0.01), and
the pathological spleen microphotographs suggested the immu-
no-suppressive status and extra-medullary haemopoiesis (data
not shown). Therefore, the result that TP significantly increased
the spleen index in tumour-bearing mice suggests the strong im-
muno-suppressive effect of TP on tumour-bearing mice. However,
TP-PM and CTX had no obvious effect on the spleen index in S-
180-bearing mice.

Both anti-tumour and immuno-suppressive effects of TP were
observed in the same tumour-bearing mice in this study. The major
objective of the study was to observe immuno-suppressive activity
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at dose levels that exhibited obvious anti-tumour effects. In this
study, the relatively high dose was designed to observe the maxi-
mum anti-tumour effects and the immuno-suppressive activity of
TP. The results demonstrated that TP or TP-loaded polymeric mi-
celles (TP-PM) showed nearly maximum anti-tumour activity in
the designed dose ranges, and no dose-effect relationship was
obvious. At these dose levels, TP showed obvious immuno-sup-
pressive activity in the S-180-bearing mice while TP-PM did not.
These results suggest that polymeric micelles alleviate the immu-
no-suppressive activity of TP and enhance the anti-tumour effect
of TP. TP, as a hydrophobic drug, may be physically incorporated
into the core of the polymeric micelles by hydrophobic interac-
tions. Polymeric micelles might influence the disposition of TP in
the body of the tumour-bearing mice as they could change the
pharmacokinetic feature of other anti-tumour drugs in the body
of the tumour-bearing animals [13,22,32,33]. Due to the character-
istic structure of the polymeric micelles, in which the inner core is
segregated by a dense PEG palisade, the properties or amount of
the drugs wrapped within the polymeric micelles hardly affect
their distribution after systemic administration; TP-PM may pos-
sess long-term circulation characteristics due to the efficient
stealthy behaviour of the dense PEG shell. Further, it may avoid
RES recognition due to a size smaller than 200 nm as well as its
excellent biocompatibility [12]. At the same time, the long-term
circulating polymeric micelles accumulate in the solid tumour
due to the above-mentioned EPR effect; therefore, the distribution
of TP-PM in immune organs (spleen, thymus, lymph nodes) may be
decreased and the distribution of TP-PM in tumours may be en-
hanced. On the other hand, the target molecule and the target tis-
sue for the anti-tumour effect may differ from those for the
immuno-suppressive effect. Therefore, the intensity of anti-tu-
mour activity may be different from the intensity of immuno-sup-
pressive activity at equal dose levels.

4. Conclusion

TP-PM was conveniently prepared using the MePEG-PLA
copolymer by a solvent evaporation method, with an average
diameter of 78.9 nm, a core-shell structure and long-term stability.
TP-PM exhibited anti-tumour effect on A2780 cells via a MePEG-
PLA polymer micelles carrier. TP-PM also exhibited an anti-tumour
effect and prevented the immuno-suppressive side effect of TP in
S-180-bearing mice. This study demonstrated that TP encapsulated
in polymeric micelles does not act as an immuno-suppressant
without losing its anti-tumour effect. We have therefore demon-
strated that polymeric micelles are a stable and effective drug
delivery carrier of TP for the therapy of solid tumours. The pharma-
cokinetics and toxicity studies of TP-PM employing different ani-
mal models are under investigation.
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