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II: Tissue distribution and pharmacodynamics
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Abstract

Bovine serum albumin (BSA) and chitosan (CS) nanospheres of mitoxantrone (MTO) were comparatively evaluated in terms of tissue distribution,
acute toxicity and therapeutic efficiency against breast cancer and its lymph node metastases. After local injection in rats, MTO nanospheres showed
a slower elimination rate and a much higher drug concentration in lymph nodes compared with MTO solution, and a lower drug concentration in
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ther tissues. There was no observed acute toxicity to the main tissues of Kunming mice after local injection of MTO-BSA-NS. Mild to
iver and lung was observed for MTO-CS-NS, but, for MTO solution, severe toxicity to liver and lung and much lower number of whi
ells were observed. Human MCF-7 breast cancer in nude mice and animal model of P388 lymph node metastases in Kunming mice w
o investigate the therapeutic efficiency. The inhibition rate of the nanospheres against breast cancer was much higher than that of MT
nd lymph node metastases were efficiently inhibited by the nanospheres, especially MTO-BSA-NS.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Breast cancer is one of the most frequently occurring cancers
n women, and the second leading cause of cancer deaths in
omen. However, since 1989, the breast cancer morality rate
as decreased 1.8% per year, due to improvements in breast
ancer prevention as well as treatment (Bevers, 2001). Lymph
ode metastase leading to locoregional relapses is one of the
ecisive factors in the treatment efficiency, since lots of lymph
odes are present around the breast, especially in the armpits.
ifty to sixty percent of the breast cancer patients were detected
uffering from lymph node metastases in the armpits. Even after
he surgical operation, lymph node metastases are still the most
erious problem that may cause secondary cancer (Li, 2000).

Mitoxantrone (MTO) is often used to treat breast cancer clini-
ally. However, heart toxicity and myelosupression, in particular
eukopenia, are its common dose limiting toxicity, and toxi-
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city of s.c. (subcutaneous) injection was reported to be m
serious than intravenous (i.v.) or intraperitoneal (i.p.) inject
(Oussoren et al., 1998).

The lymphatic capillaries usually have open intercell
junctions with a size of 30–120 nm in the endothelium, wh
can act as channels for colloidal particles to pass into the
phatic system. It has been demonstrated that particles les
100 nm in size are preferable for lymph node targeting (Phillips
et al., 2000). In an attempt to inhibit the primary breast can
and to cure and prevent its lymph node metastases, MTO-
NS and MTO-CS-NS with a mean size of less than 100 nm
local injection were comparatively investigated.

2. Materials and methods

2.1. Instruments, reagents and animals

Mitoxantrone (batch no. 20001009) was a gift from Sich
Shenghe Pharmacy, China. Bovine serum albumin (Batc
980407, Lizhudongfeng Biotech Co. Ltd., Shanghai, Ch
chitosan (CS, Sigma) and other reagents of reagent grade
378-5173/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
oi:10.1016/j.ijpharm.2005.09.038
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used. MTO-BSA-NS and MTO-CS-NS were prepared and char-
acterized in this lab. SD rats, Kunming mice (C57) and BALB/c-
nu nude mice were from Experimental Animal Center of Sichuan
University, China.

2.2. Quantification of MTO in plasma and tissues

2.2.1. Preparation of plasma samples
SD rats were bloodlet through femoral artery. Five milliliters

of the blood was taken and mixed with heparin, centrifuged at
(220–350)× g for 10 min. To 1 ml of the supernatant was added
0.1 ml ascorbic acid–citrate buffer (0.1 M, pH 3.0). The mixture
was stored at−20◦C until assay.

2.2.2. Preparation of homogenized fluids of tissues
Heart, liver, spleen, lung, kidney, axillary lymph nodes and

subcutaneous tissue of the injection site of the rats were taken,
respectively, washed with physiological saline, absorbed dry
with a filter paper. To a weighed portion of each tissue 0.5 ml
water and 50�l ascorbic acid–citrate buffer (0.1 M, pH 3.0) were
added, and the mixture homogenized.

2.2.3. Quantification of MTO
0.5 ml plasma sample or homogenized sample was mixed

with 0.2 ml methanol, 0.2 ml formic acid, 0.1 ml 20% (w/v)
trichloroacetic acid and 0.4 ml chloroform in a polypropylene
t
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Five groups were used for MTO-BSA-NS, five groups for MTO-
CS-NS and another five groups for MTO-Soln. Subcutaneous
injection of the same volume of the drug was conducted at 1.6,
5.1, 7.3, 10.5 and 15 mg MTO/kg dose level, respectively (dose
ratio being 0.7:1, one dose level for each group). The mice were
observed for 14 days, and the toxicity symptoms and death num-
bers recorded. LD50 with 95% confidence was calculated.

2.4.2. Body weight change
During the time period of the above experiment, body weight

of the mice was recorded. The mean body weight changing with
time was plotted.

2.4.3. Count of while blood cells and pathological
examination

MTO-BSA-NS, MTO-CS-NS and MTO-Soln were each
injected s.c. to 50 Kunming mice at 8 mg MTO/kg dose level.
Bloodletting was conducted after 72 h of injection through orbit,
and the white blood cells counted. The mice were dissected
and tissues (skin of the injection site, lymph nodes, heart, liver,
spleen, lung, kidney, stomach and intestine) taken, fixed with
4% formaldehyde, embedded with paraffin wax, sliced, stained
by HE method and examined under microscope.
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ube, vortexed for 3 min, centrifuged at 1600× g for 10 min,
nd the supernatant kept in refrigerator. The supernatan
entrifuged at 1600× g for 10 min again before assay and 10�l
sed for HPLC. The conditions for HPLC were: chromatogr
olumn C3 (300 mm× 6 mm i.d., 5�m), protection column Ph
omenex ODS guard cartridge (4.0 mm× 3.0 mm i.d.), column

emperature 35◦C, mobile phase methanol–0.16 M ammon
ormate (48:52, pH 2.7), flow rate 1.0 ml/min, wavelength
etection 658 nm (the maximum absorption wavelength in
obile phase).

.3. Tissue distribution

Fifty-four SD rats were divided randomly into 18 grou
ach group 3 rats. Six groups received s.c. injection of M
AS-NS and six groups of MTO-CS-NS at 5 mg MTO/kg d

evel, another six groups for the control, MTO solution (d
gnated MTO-Soln) at the same dose level. The rats of
roup were sacrificed by femoral arteriotomy 1, 4, 12, 24
nd 120 h after administration, respectively, and then disse
ach time one group of MTO-BAS-NS, MTO-CS-NS and MT
oln being treated. The injection site (subcutis), axillary lym
odes, heart, liver, spleen, lung and kidney were taken, abs
ry with a filter paper, weighed and stored at−20◦C. Quantifi-
ation of MTO was carried out according to Section2.2.

.4. Tests for acute toxicity

.4.1. Determination of LD50

One hundred and fifty Kunming mice, weighing 18–2
ere divided randomly into 15 groups, 10 mice each gr
s

h

,

d

.5. Pharmacodynamic study

.5.1. Establishment of the model of human MCF-7 breast
ancer

Cultivation and augmentation of human MCF-7 breast ca
ells were conducted as described in the literature (Chamras e
l., 2002). The cells were adjusted to 1× 107 ml−1.

Six to eight-week-old BALB/c-nu nude mice were inocula
f human MCF-7 breast cancer cells under the breast at a

evel of 0.2 ml of 1× 107 ml−1 per mouse. When the tumor ph
ata grew to a certain volume, the mice were sacrificed an
hymata taken and cut into cubes of 2 mm edge length. Tw

our BALB/c-nu nude mice (aged 6–8 weeks) were impla
ith the phyma cube under the breast.

.5.2. Inhibition tests on human MCF-7 breast cancer
A week later when the tumor grew normally, the mice w

ivided randomly into four groups, six mice each group.
rst group received s.c. injection close to the tumor with M
SA-NS (1.0 mg MTO/kg dose level), the second group w
TO-CS-NS (1.0 mg MTO/kg dose level), the third group w
TO-Soln (2.0 mg MTO/kg dose level), and the fourth gro
ith physiological saline 0.04 ml per mouse. The administra
ontinued for successive seven times with an s.c. injection
days. Four days after the last administration, the mice wer

ificed and dissected. The tumor phymata were weighed, an
ajor diameter (d1) and minor axis (d2) measured. The volum
f the tumor phyma was calculated according to the equ
πd1d

2
2)/6. The tumor inhibition rate was calculated based

he tumor weight of the drug group and the weight of the b
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group:

Inhibition rate=
(

1 − Wdrug

Wblank

)
× 100%

The pathological slices of the tumor phyma were examined
under microscope.

2.5.3. Establishment of the model of lymph node metastases
with P388 cells and tests on inhibition of lymph node
metastases

Liquid nitrogen-frozen P388 cells were defrozen quickly at
37◦C, washed three times with physiological saline and cen-
trifuged at 150× g for 10 min each time. The cells in the bottom
suspension were counted under microscope. Three Kunming
mice were inoculated i.p. with 0.4 ml cell suspension and raised
until 9 days when a large amount of ascites formed. The ascites
were taken and counted for P388 cells and diluted with physio-
logical saline to make a work suspension of 2.16× 109 cells/ml.

To each of 40 female Kunming mice, 0.05 ml work suspen-
sion was injected s.c. at claw pat of the left posterior limb
(Hagiwara et al., 1996). On day 7 after inoculation, the mice
were divided randomly into four groups, 10 mice each group.
One group received s.c. injection of MTO-BSA-NS at 1.0 mg
MTO/kg dose level at claw pat of the left posterior limb, the
second group of MTO-CS-NS at 1.0 mg MTO/kg dose level,
t vel
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Fig. 1. HPLC chromatograms of plasma showing separating MTO from other
coexisting materials.

be used only for multiple-extraction, otherwise the extrac-
tion efficiency was very low. When formic acid was used
instead of HCl, results were much better, and the best
result was: 0.2 ml methanol and 0.2 ml formic acid, which
gave an absolute extraction efficiency of (89.97± 2.61)%
(n = 3) when extracted once. The absolute extraction effi-
ciencies obtained for plasma, heart, liver, spleen, kidney,
lymph node and subcutis were 98.53± 2.28%, 79.52± 5.80%,
61.65± 5.89%, 51.95± 3.93%, 74.50± 6.23%, 68.79± 6.57%
and 89.41± 4.22% (mean± S.D., n = 3), respectively. These
amounts of methanol and formic acid were adopted as the rou-
tine procedure as described in Section2. Multi-extraction was
not used to save time because of the large number of samples
to be assayed. In the literature, the absolute extraction efficien-
cies of over 50% were considered as feasible, and on very few
conditions, an absolute extraction efficiency as low as 38% was
also employed (Rentsch et al., 1996).

3.1.2. Standard regression equations for the calibration
curves

Phosphorous pentoxide-dried MTO (10 mg) was added to
methanol with 0.5 g ascorbic acid and made 100 ml as the stock
solution, which was diluted with methanol to make work solu-
tions. 0.5 ml blank plasma sample or blank tissue homogenate
was mixed with 0.2 ml MTO work solution of different concen-
t ined
w
m th the
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he third group of MTO-Soln at 2.0 mg MTO/kg dose le
nd the fourth group of 0.04 ml physiological saline (bla
fter 30 days of observation, the mice were sacrificed. Ly
odes behind the geniculum were taken, their diameter
ured and volume calculated. Pathological slices of the no
ymph nodes, of the lymph nodes with P388 cells and of
ymph nodes with P388 cells after s.c. injection of the drug w
ompared under microscope.

. Results and discussion

.1. Quantification of MTO in plasma and tissues

MTO was reported to be not stable enough in physiolog
aline or biological samples. It was suggested that antioxi
e added and polypropylene vessel used to reduce adso
Hu, 1990). In our experiments, ascorbic acid was used a
ntioxidant, trichloroacetic acid as the precipitation agen
rotein, formic acid for increasing the solubility and extrac
fficiency of MTO and chloroform for preventing from oily lay

ormation which might make sampling difficult.

.1.1. Optimizaton of the extraction procedures
The amount of methanol, the variety and amount of

cid used in extraction were optimized, while other c
onents had been optimized and kept unchanged [0
0%, w/v, trichloroacetic acid and 0.4 ml chloroform], w

ung homogenates as the extraction model. When ex
ion was carried out without any acids, the extraction
iency was only 3.72%. When HCl was used, 6 M H
ould not give repeatable results, while 1 M HCl co
s
n

l

-

rations. Each 0.5 ml of the mixtures was treated and determ
ith HPLC as described in Section2. All the HPLC chro-
atograms showed that the MTO peaks separated well wi
eaks of foreign substances, as shown inFig. 1. The detectio

imit was 10 ng/ml when signal/noise = 3.0. The standard re

able 1
tandard regression equations of mitoxantrone in plasma/tissue homoge

amples Linear range (ng/ml
or ng/g)

Regression equations r

lasma 49.956–2997.36 A = 14.056C − 485.77 0.9999
eart 49.956–2997.36 A = 15.28C + 612.87 0.999
iver 99.912–2997.36 A = 7.2533C + 254.89 0.999
pleen 99.912–2997.36 A = 7.0473C − 140.72 0.9997
ung 49.956–2997.36 A = 12.087C − 156.96 0.9999
idney 49.956–2997.36 A = 10.402C − 581.95 0.9993
ymph node 49.956–2997.36 A = 9.007C − 166.11 0.9996
ubcutis 49.956–2997.36 A = 11.917C − 186.98 0.9992
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Table 2
MTO remained in the subcutis of injection and its absorption percentages after s.c. of MTO-BSA-CN, MTO-CS-NS and MTO-Soln (n = 3)

Time (h) Remained in the subcutis (�g) Percentages absorbed (%)

MTO-BSA-CN MTO-CS-NS MTO-Soln MTO-BSA-NS MTO-CN-NS MTO-Soln

1 193.35± 12.74 533.37± 151.11 151.70± 13.07 74.41± 2.93 24.24± 5.41 78.82± 1.22
4 139.75± 333.67 320.48± 53.92 102.17± 44.22 81.97± 4.35 56.95± 14.75 87.80± 6.42

12 122.51± 19.71 219.08± 42.98 96.66± 44.02 81.77± 3.02 70.88± 4.76 86.97± 5.07
24 74.56± 15.72 170.34± 25.22 85.78± 31.20 81.77± 1.79 76.15± 2.55 87.83± 4.64
72 75.96± 36.69 162.11± 37.97 57.84± 17.79 89.94± 4.97 78.88± 4.81 93.12± 0.64

120 50.54± 23.46 122.30± 41.61 36.48± 18.78 93.17± 2.03 82.75± 3.55 95.85± 0.32

sion equations obtained are shown inTable 1. Should samples
contain MTO over the concentration range, the samples were
assayed again after dilution.

3.1.3. Recoveries and precision for quantification of MTO
in plasma and tissues

Low, medium and high amounts of MTO were added to the
biological samples and relative recoveries and precision deter-
mined based onTable 1. The recovery results were all in the
range of 98.24–101.65% with a R.S.D. of 1.96–5.55%. The
within-day R.S.D. was in the range of 0.49–5.73% and between-
day R.S.D. in the range of 2.02–9.71%.

3.2. Tissue distribution

3.2.1. MTO remained in the subcutis of injection and its
absorption percentage

MTO-BSA-NS or MTO-CS-NS could remain in the injection
site for a long time but were absorbed slowly, while MTO-Soln
eliminated and absorbed much faster, as shown inTable 2. The
results indicated that the nanospheres showed a sustained release
behavior and supplied the drug as a reservoir. This might favor
the longer therapeutic efficiency and smaller side-effects.

3.2.2. Time courses of MTO concentration in the tissues
The time courses of MTO concentration in the tissues after

s.c. injection are shown inTable 3.
For MTO-BSA-NS and MTO-CS-NS, the MTO concentra-

tion in axillary lymph nodes was much higher than other tissues
for almost all time periods (MTO-BSA-NS at 4 h in kidney was
the only exception), which was a strong indication of the lymph
node targeting characteristic of these two nanospheres.Tmax in
axillary lymph nodes for these two nanospheres was both around
24 h, which was the same for MTO-Soln.Cmaxof axillary lymph
nodes was 35.25�g/g for MTO-BSA-NS and 22.11�g/g for
MTO-CS-NS and 12.77�g/g for MTO-Soln�g/g, which were
all higher thanCmax of any other tissues and indicated that, not
only these two nanosphers, but also MTO itself showed a ten-
dency of lymph node targeting. MTO-BSA-NS showed the best
targeting characteristic for lymph nodes.

3.3. Tests for acute toxicity

LD50 was not improved by microencapsulation compared
with MTO-Soln, as listed inTable 4. The main cause of death was
gastrointestinal flatulence and diarrhea, which resulted in loss
of appetite. Gastrointestinal toxicity of MTO was also reported
in the literature (Schaich et al., 2002).

Table 3
T SA-

T

1

4

1

2

7

1

ime courses of MTO concentration (�g/g) in the tissues after s.c. of MTO-B

ime (h) Axillary lymph nodes Heart

MTO-BSA-NS 4.99± 6.88 0.66± 0.13
MTO-CS-NS 3.13± 1.88 0.23± 0.03
MTO-Soln 2.88± 0.97 1.18± 0.15

MTO-BSA-NS 6.51± 4.82 1.60± 0.39
MTO-CS-NS 7.28± 1.57 0.89± 0.79
MTO-Soln 3.20± 0.66 1.68± 0.08

2 MTO-BSA-NS 34.80± 17.55 2.67± 0.72
MTO-CS-NS 15.63± 20.91 1.02± 0.34
MTO-Soln 8.76± 10.36 3.20± 1.06

4 MTO-BSA-NS 35.25± 12.25 2.21± 0.70
MTO-CS-NS 22.11± 24.47 1.44± 0.35
MTO-Soln 12.77± 1.30 2.57± 0.73

2 MTO-BSA-NS 29.30± 21.75 2.19± 1.10
MTO-CS-NS 13.63± 6.37 1.79± 0.57
MTO-Soln 10.47± 9.16 2.41± 0.69

20 MTO-BSA-NS 27.09± 37.52 1.47± 0.09
MTO-CS-NS 5.07± 1.43 1.35± 0.46
MTO-Soln 2.32± 0.37 2.04± 1.10
NS, MTO-CS-NS and MTO-Soln (n = 3)

Liver Spleen Lung Kidney

1.11± 0.08 1.31± 0.09 1.15± 0.17 3.11± 0.67
0.31± 0.11 0.50± 0.04 0.40± 0.03 1.27± 0.16
1.93± 0.20 2.23± 0.25 1.96± 0.20 5.44± 0.90

3.59± 0.37 3.70± 0.52 1.71± 0.10 6.90± 0.23
1.36± 0.59 1.07± 0.43 0.80± 0.23 3.47± 1.62
2.85± 0.47 3.08± 0.74 1.93± 0.11 6.82± 0.64

4.41± 0.42 4.85± 1.75 3.18± 0.42 12.30± 1.95
1.65± 0.13 2.07± 0.47 1.36± 0.30 4.30± 0.89
3.16± 0.77 3.95± 2.24 2.33± 0.19 7.34± 5.88

3.41± 1.39 7.09± 1.09 2.88± 0.66 9.51± 3.70
2.06± 0.83 3.10± 0.67 1.79± 0.82 5.49± 1.24
3.42± 0.93 6.90± 3.87 2.44± 1.03 8.82± 4.07

3.26± 1.72 8.19± 1.86 3.09± 0.30 8.15± 3.78
1.90± 1.01 5.27± 3.40 2.64± 0.92 8.59± 3.29
3.07± 1.60 11.40± 3.71 3.42± 0.19 10.54± 3.05

1.78± 0.61 7.52± 3.68 2.91± 0.96 7.55± 0.93
1.16± 0.19 4.30± 1.83 1.55± 0.75 4.55± 0.51
1.33± 0.84 7.35± 1.07 2.50± 1.50 7.74± 3.06
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Table 4
LD50 values and number of white blood cells counted 72 h after s.c. injection

Preparations No. of
mouse

LD50 (mg/kg) WBC× 109a (l−1)

7 days 14 days

MTO-BSA-NS 50 8.5± 1.6 5.9± 1.5 13.10± 7.66
MTO-CS-NS 50 8.8± 1.7 4.8± 0.9 8.96± 2.18
MTO-Soln 50 10.5± 2.0 5.9± 1.1 7.56± 2.82

a The value of the normal mice being (12.61± 5.28)× 109 l−1.

Fig. 2. Time courses of average mouse body weight after s.c. injection.

The time courses of average body weight of the mice after
s.c. injection are shown inFig. 2. For MTO-CS-NS, the time
course of body weight almost coincided with that of MTO-Soln,
the only difference being that in the final days (after day 13)
MTO-CS-NS showed a better body weight. The time course for
MTO-BSA-NS was more satisfactory than that of MTO-Soln,
which indicated that the acute toxicity of MTO-BSA-NS was
lower.

Number of white blood cells counted 72 h after administra-
tion was also listed inTable 4, which is another indication that
MTO-BSA-NS showed lower acute toxicity.

Pathological slices showed that, for MTO-BSA-NS, no
pathological change was observed for all tissues examined,
including the gastrointestinal tract. While for MTO-CS-NS,
liver denaturation of low-grade and interstitial pneumonia were
observed. But, for MTO-Soln, medium to serious hepatonecro-
sis and interstitial pneumonia were observed.

3.4. Pharmacodynamic study

3.4.1. Tumor inhibition tests on human MCF-7 breast
cancer

A preliminary test was first conducted in an attempt to cause
primary breast cancer. Six to eight-week-old BALB/c-nu nude
mice were inoculated of human MCF-7 breast cancer cells under
t 7 −1 he
c d the

Fig. 3. Pathological slice microscopy of MCF-7 breast cancer with s.c. injection
of MTO-BSA-NS or MTO-CS-NS (a) and physiological saline (b). Arrows 1
pointing to living MCF-7 cells in the overgrown layer; arrows 2 pointing the
necrosed MCF-7 cells.

cancer phyma increased to a certain volume after 1 month. But
the volumes were different from one mouse to another, which
was difficult for further evaluation of tumor inhibition. Hence,
the method to form primary cancer was given up, and the pro-
cedures in Section2 were adopted using cancer phyma cubes to
form secondary breast cancer. The size of the breast cancer and
inhibition rate after administration are compared inTable 5.

Taking the difference of dose level between MTO
nanospheres and MTO-Soln group into account, one can con-
clude that, MTO-BSA-NS and MTO-CS-NS, especially the lat-
ter, gave better therapeutic efficiency than MTO-Soln, especially
the size of the tumor was considered.

It is interesting that on the surface of the tumor phyma treated
by the nanospheres a thin layer of blue coat could be observed,
which is an indication that MTO-BSA-NS and MTO-CS-NS
have a strong affinity to the tumor tissue, and without doubt the
coat might reinforce the therapeutic efficiency of the antitumor

T
T

G Inhibition rate (%) P*

M < 0.10,P2 > 0.35,P3 < 0.0064 77.65± 10.98 P1 > 0.29,P2 > 0.43
M > 0.29,P3 < 0.0051 83.91± 4.12 P2 > 0.94
M < 0.0066 82.86± 11.13
B 0

ared
he breast at 0.2 ml of 1× 10 ml per mouse dose level. T
ancer phyma began to form 14 days after inoculation, an

able 5
he size of the breast cancer and its inhibition rate in different groups (n = 6)

roups MTO dose (mg/kg) Tumor size (mm3) P*

TO-BSA-NS 1.0 67.67± 41.91 P1

TO-CS-NS 1.0 30.81± 13.94 P2

TO-Soln 2.0 46.88± 31.52 P3

lank 0 351.23± 163.89

* P1, compared with MTO-CS-NS;P2, compared with MTO-Soln;P3, comp
 with the blank.
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Table 6
Lymph node size of mice after s.c. injection of P388 cells with and without injection of MTO preparations (n = 10)

Preparations MTO dose (mg/kg) Lymph node size (mm3) P*

MTO-BSA-NS 1.0 26.67± 14.55 P1 > 0.10,P2 < 0.05,P3 < 0.01
MTO-CS-NS 1.0 62.63± 39.84 P2 > 0.10,P3 < 0.05
MTO-Soln 2.0 119.32± 57.30 P3 > 0.20
Blank 0 186.83± 77.71

* P1, compared with MTO-CS-NS;P2, compared with MTO-Soln;P3, compared with the blank.

agent. For MTO-Soln, no blue coat on the tumor surface could
be observed.

The pathological slice photos of human MCF-7 breast cancer
are shown inFig. 3. In the center of the tumor phyma, necrotic
spots were present. For MTO nanospheres, overgrowth layer of
the tumor was very thin or even absent, but the overgrowth layer
looked obviously thick for the MTO-Soln group.

F
w
n
n

3.4.2. Lymph node metastases and their inhibition
Since there were no reports in the literature about the model of

lymph node metastases of breast cancer, melanoma cells were
used to establish this model, according to the literature (Kata
et al., 1982). However, establishment of lymph node metas-
tase model with melanoma cells was unsuccessful: when C57
mice were used for inoculation under the breast, no lymph node
metastases were observed until the mice were all dead. P388
cells, according to the literature (Hagiwara et al., 1996), were
then used. The microscopic photos of pathological slices of the
normal lymph nodes, of the lymph nodes with P388 cells (the
saline control) and of the lymph nodes with P388 cells after s.c.
injection of MTO nanospheres are shown inFig. 4. The estab-
lishment of the model of lymph node metastases with P388 cells
proved successful, as seen from a comparison ofFig. 4(a–b), and
the inoculation was 100% successful. The P388 cells were much
less inFig. 4(c), indicating the therapeutic efficiency of MTO-
BSA-NS and MTO-CS-NS against lymph node metastases.

The results of lymph node size measurement are listed in
Table 6. The difference between MTO-BSA-NS and MTO-Soln,
or MTO-BSA-NS and the blank or MTO-CS-NS and the blank
was significant; while that between MTO-BSA-NS and MTO-
CS-NS, or between MTO-CS-NS and MTO-Soln or between
MTO-Soln and blank was insignificant. Considering that the
dose level was different between MTO nanospheres and MTO-
Soln, the inhibition effect of MTO-BSA-NS for lymph node
m s bet-
t ph
n r after
t al data
o -year-
f ary
ig. 4. Pathological slice microscopy of normal lymph node (a), lymph node
ith P388 cells (b) and lymph node with P388 cells after s.c. injection of MTO
anospheres (c). Arrows 1 pointing to P388 cells; arrows 2 pointing to lymph
ode cells.
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etastases was much better, and that of MTO-CS-NS wa
er than that of MTO-Soln. It has been reported that lym
ode metastases of breast cancer may happen before o

he appearance of the breast cancer niduses. The statistic
f 2491 breast cancer patients in China showed that the 10

raction surviving was 68% for patients with negative axill
ymph node metastases, 40.1% for patients with 1–3 po
xillary lymph nodes, 31.4% for 4–7 positive axillary lym
odes, and only 13.2% for patients with over eight positive

ary lymph nodes (Li, 2000). MTO nanospheres against b
reast cancer and its lymph node metastases must bene

mprovement of clinical efficiency.

. Conclusions

The major features of our MTO nanospheres were: (1) a
fficiency in the targeting of the drug into lymph nodes; (
trong affinity to tumor tissues (a coat layer of MTO-BSA-
r MTO-CS-NS was observed concentrating on the surfa

umors), which must benefit the therapeutic efficiency of an
or agents.
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MTO-BSA-NS showed much lower toxicity than MTO-
Soln and also lower than MTO-CS-NS. The therapeutic effi-
ciency of MTO-BSA-NS and MTO-CS-NS against breast can-
cer and lymph node metastases was better than MTO-Soln,
with MTO-CS-NS superior to MTO-BSA-NS against human
MCF-7 breast cancer and MTO-BSA-NS superior to MTO-
CS-NS against lymph node metastases of P388 cells. Con-
sidering safety as the primary criteria, we may conclude
that, as a whole, MTO-BSA-NS were superior to MTO-CS-
NS.

The results showed that nanospheres seem to be a promising
carrier system for tumor agents to breast cancer and especially
for its lymph node metastases.
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