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Abstract

Bovine serum albumin (BSA) and chitosan (CS) nanospheres of mitoxantrone (MTO) were comparatively evaluated in terms of tissue distributi
acute toxicity and therapeutic efficiency against breast cancer and its lymph node metastases. After local injection in rats, MTO nanospheres sht
a slower elimination rate and a much higher drug concentration in lymph nodes compared with MTO solution, and a lower drug concentration
other tissues. There was no observed acute toxicity to the main tissues of Kunming mice after local injection of MTO-BSA-NS. Mild toxicity t
liver and lung was observed for MTO-CS-NS, but, for MTO solution, severe toxicity to liver and lung and much lower number of white blooc
cells were observed. Human MCF-7 breast cancer in nude mice and animal model of P388 lymph node metastases in Kunming mice were ap|
to investigate the therapeutic efficiency. The inhibition rate of the nanospheres against breast cancer was much higher than that of MTO solu
and lymph node metastases were efficiently inhibited by the nanospheres, especially MTO-BSA-NS.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction city of s.c. (subcutaneous) injection was reported to be more
serious than intravenous (i.v.) or intraperitoneal (i.p.) injections

Breast cancer is one of the most frequently occurring cancer@®ussoren et al., 1998
in women, and the second leading cause of cancer deaths in The lymphatic capillaries usually have open intercellular
women. However, since 1989, the breast cancer morality rat@nctions with a size of 30—120 nm in the endothelium, which
has decreased 1.8% per year, due to improvements in breasin act as channels for colloidal particles to pass into the lym-
cancer prevention as well as treatmeBévers, 200 Lymph  phatic system. It has been demonstrated that particles less than
node metastase leading to locoregional relapses is one of tH®0 nm in size are preferable for lymph node targetiPigjl{ips
decisive factors in the treatment efficiency, since lots of lympket al., 2000. In an attempt to inhibit the primary breast cancer
nodes are present around the breast, especially in the armpitmd to cure and prevent its lymph node metastases, MTO-BSA-
Fifty to sixty percent of the breast cancer patients were detecteldS and MTO-CS-NS with a mean size of less than 100 nm for
suffering from lymph node metastases in the armpits. Even aftdocal injection were comparatively investigated.
the surgical operation, lymph node metastases are still the most
serious problem that may cause secondary cah¢e2@00). .

Mitoxantrone (MTO) is often used to treat breast cancer clini-z' Materials and methods
cally. However, heart toxicity and myelosupression, in particular, .
leukopenia, are its common dose limiting toxicity, and toxi- 2.1 Instruments, reagents and animals

Mitoxantrone (batch no. 20001009) was a gift from Sichuan

DO of original article:10.1016/j.iipharm.2005.09.037. Shenghe Pharmacy, China. Bovine serum albumin (Batch no.
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E-mail address: lubin@wcums.edu.cn (B. Lu). chitosan (CS, Sigma) and other reagents of reagent grade were
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used. MTO-BSA-NS and MTO-CS-NS were prepared and charFive groups were used for MTO-BSA-NS, five groups for MTO-
acterized in this lab. SD rats, Kunming mices(and BALB/c-  CS-NS and another five groups for MTO-Soln. Subcutaneous
nu nude mice were from Experimental Animal Center of Sichuarinjection of the same volume of the drug was conducted at 1.6,

University, China. 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
2.2. Quantification of MTO in plasma and tissues observed for 14 days, and the toxicity symptoms and death num-

bers recorded. LE) with 95% confidence was calculated.
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 af-#2. Body weight change
(220-350)x g for 10 min. To 1 ml of the supernatant was added During the time period of the above experiment, body weight
0.1 ml ascorbic acid—citrate buffer (0.1 M, pH 3.0). The mixture©f the mice was recorded. The mean body weight changing with

was stored at-20°C until assay. time was plotted.

2.2.2. Prepgmtzon of homogemz.edﬂ uids ?f lissues 2.4.3. Count of while blood cells and pathological
Heart, liver, spleen, lung, kidney, axillary lymph nodes andemmman.on

subcutaneous tissue of the injection site of the rats were takef, MTO-BSA-NS, MTO-CS-NS and MTO-Soln were each

respectively, washed with physiological saline, absorbed dry . . )
with a filter paper. To a weighed portion of each tissue 0.5 mtrgjected sC. to 50 Kunming mice at 8m_g_MT_O/kg dose Ieve_l.
water and 5Qul ascorbic acid—citrate buffer (0.1 M, pH 3.0) were Ioodlettlng_was conducted after 72 h of |nje<_:t|0n throug_h orbit,
added, and the mixture homogenized. and t.he white _blood cglls_ co.unte.d. The mice were dlsse_cted

' and tissues (skin of the injection site, lymph nodes, heart, liver,
spleen, lung, kidney, stomach and intestine) taken, fixed with
é% formaldehyde, embedded with paraffin wax, sliced, stained

y HE method and examined under microscope.

2.2.3. Quantification of MTO

0.5ml plasma sample or homogenized sample was mixe
with 0.2 ml methanol, 0.2ml formic acid, 0.1 ml 20% (w/v)
trichloroacetic acid and 0.4 ml chloroform in a polypropylene
tube, vortexed for 3min, centrifuged at 16@@ for 10min, > 5 pPrarmacodynamic study
and the supernatant kept in refrigerator. The supernatant was
centrifuged at 160& ¢ for 10 min again before assay andidl0 > 5.7 Egiablishment of the model of human MCF-7 breast
used for HPLC. The conditions for HPLC were: chromatograph. ;;,ccr
column C3 (300 mmx 6 mmi.d., 5um), protectioncolumnPhe-  cytivation and augmentation of human MCF-7 breast cancer
nomenex ODS guard cartridge (4.0mn8.0mm i.d.), column  celis were conducted as described in the literatGfeanras et
temperature 35C, mobile phase methanol-0.16 M ammoniumy . 2003. The cells were adjusted tox110” ml—2.
formate (48:52, pH 2.7), flow rate 1.0 mi/min, wavelength for  siy to eight-week-old BALB/c-nu nude mice were inoculated
detection 658 nm (the maximum absorption wavelength in thf hyman MCF-7 breast cancer cells under the breast at a dose

mobile phase). level of 0.2 ml of 1x 10" mI~1 per mouse. When the tumor phy-
] o mata grew to a certain volume, the mice were sacrificed and the
2.3. Tissue distribution phymata taken and cut into cubes of 2 mm edge length. Twenty-

. o ) four BALB/c-nu nude mice (aged 6—8 weeks) were implanted
Fifty-four SD rats were divided randomly into 18 groups, yith the phyma cube under the breast.
each group 3 rats. Six groups received s.c. injection of MTO-

BAS-NS and six groups of MTO-CS-NS at 5 mg MTO/kg dose

level, another six groups for the control, MTO solution (des-2.5.2. Inhibition tests on human MCF-7 breast cancer

ignated MTO-Soln) at the same dose level. The rats of each A week later when the tumor grew normally, the mice were
group were sacrificed by femoral arteriotomy 1, 4, 12, 24, 7divided randomly into four groups, six mice each group. The
and 120 h after administration, respectively, and then dissectefirst group received s.c. injection close to the tumor with MTO-
eachtime one group of MTO-BAS-NS, MTO-CS-NS and MTO- BSA-NS (1.0 mg MTO/kg dose level), the second group with
Soln being treated. The injection site (subcutis), axillary lymphMTO-CS-NS (1.0 mg MTO/kg dose level), the third group with

nodes, heart, liver, spleen, lung and kidney were taken, absorb&dTO-Soln (2.0 mg MTO/kg dose level), and the fourth group
dry with a filter paper, weighed and stored-&20°C. Quantifi-  with physiological saline 0.04 ml per mouse. The administration

cation of MTO was carried out according to Sectib@ continued for successive seven times with an s.c. injection every
4 days. Four days after the lastadministration, the mice were sac-

2.4. Tests for acute toxicity rificed and dissected. The tumor phymata were weighed, and the
major diameterdz) and minor axis{,) measured. The volume

2.4.1. Determination of LDsg of the tumor phyma was calculated according to the equation

One hundred and fifty Kunming mice, weighing 18-22 g, (wd1d3)/6. The tumor inhibition rate was calculated based on
were divided randomly into 15 groups, 10 mice each groupthe tumor weight of the drug group and the weight of the blank
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group:

5.663

W,
Inhibition rate= (1— dmg) x 100%
Whlank

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 by '—‘\FW‘—LL

metastases Blank plasma plasma sample

Liquid mtmgen'frozlen P38_8 cells were _defrozgn quickly atrig. 1. HPLC chromatograms of plasma showing separating MTO from other
37°C, washed three times with physiological saline and cencoexisting materials.
trifuged at 150x g for 10 min each time. The cells in the bottom

suspension were counted under microscope. Three Kunminge ysed only for multiple-extraction, otherwise the extrac-
mice were inoculated i.p. with 0.4 ml cell suspension and raiseggp, efficiency was very low. When formic acid was used

until 9 days when a large amount of ascites formed. The ascitggstead of HCI, results were much better, and the best
were taken and counted for P388 cells and diluted with physioresyit was: 0.2ml methanol and 0.2ml formic acid, which

logical saline to make a work su_spen_sion of 2180° cells/ml. gave an absolute extraction efficiency of (8949Z.61)%

_ To each of 40 female Kunming mice, 0.05ml work suspen-;, =3 when extracted once. The absolute extraction effi-
sion was injected s.c. at claw pat of the left posterior limbgjencies obtained for plasma, heart, liver, spleen, kidney,
(Hagiwara et al., 1996 On day 7 after inoculation, the mice lymph node and subcutis were 98:52.28%, 79.52= 5.80%,
were divided randomly into four groups, 10 mice each groupg g5+ 5.89%, 51.95+ 3.93%, 74.50- 6.23%, 68.79 6.57%

One group received s.c. injection of MTO-BSA-NS at 1.0mggng 8941 4.22% (mean:S.D., n=23), respectively. These
MTO/kg dose level at claw pat of the left posterior limb, the 3 mounts of methanol and formic acid were adopted as the rou-
second group of MTO-CS-NS at 1.0mg MTO/kg dose leveltine procedure as described in SectirMulti-extraction was

the third group of MTO-Soln at 2.0mg MTO/kg dose level not ysed to save time because of the large number of samples
and the fourth group of 0.04ml physiological saline (blank).to pe assayed. In the literature, the absolute extraction efficien-
After 30 days of observation, the mice were sacrificed. Lymplties of over 50% were considered as feasible, and on very few

nodes behind the geniculum were taken, their diameter megypnditions, an absolute extraction efficiency as low as 38% was
sured and volume calculated. Pathological slices of the normajisg employedRentsch et al., 1996

lymph nodes, of the lymph nodes with P388 cells and of the
lymph nodes with P388 cells after s.c. injection of the drug wer
compared under microscope.

(S . . . .
3.1.2. Standard regression equations for the calibration

curves
Phosphorous pentoxide-dried MTO (10 mg) was added to
3. Results and discussion methanol with 0.5 g ascorbic acid and made 100 ml as the stock
solution, which was diluted with methanol to make work solu-
3.1. Quantification of MTO in plasma and tissues tions. 0.5 ml blank plasma sample or blank tissue homogenate

) ) _was mixed with 0.2 ml MTO work solution of different concen-
MTO was reported to be not stable enough in physiologicalyations. Each 0.5 ml of the mixtures was treated and determined
saline or biological samples. It was suggested that antioxidantgith HPLC as described in Sectigh All the HPLC chro-
be added and polypropylene vessel used to reduce adsorptighhiograms showed that the MTO peaks separated well with the
(Hu, 1999. In our experiments, ascorbic acid was used as th@eaks of foreign substances, as showfim 1 The detection

antioxidant, trichloroacetic acid as the precipitation agent folf;mit\was 10 ng/ml when signal/noise = 3.0. The standard regres-
protein, formic acid for increasing the solubility and extraction

efficiency of MTO and chloroform for preventing from oily layer

formation which might make sampling difficult. Table 1

Standard regression equations of mitoxantrone in plasma/tissue homogenates

3.1.1. Optimizaton of the extraction procedures Samples Linear range (ng/ml  Regression equations r
el - or ng/g)
The amount of methanol, the variety and amount of the
acid used in extraction were optimized, while other com-P'2sma 49.956-2997.36 A=14.056°—485.77  0.9999

o eart 49.956-2997.36 A=15.28C+612.87 0.9998
ponents hac_i been op_t|m|z§d and kept unchanged [O_.l rr'p]ver 99 912-2997 36 A=72533+254.89 0.9991
20%, wilv, trichloroacetic acid and 0.4ml chloroform], with spieen 99.912-2997.36 A=7.047x—140.72  0.9997
lung homogenates as the extraction model. When extrad-ung 49.956-2997.36 A=12.08C-156.96  0.9999
tion was carried out without any acids, the extraction effi-Kidney 49.956-2997.36 A=10.40Z-581.95  0.9993

iency w nlv 3.72%. When HCl w M HClLymphnode  49.956-2997.36 A=9.007C - 166.11 0.9996
clency was only 3 ° N C as used, 6 C Subcutis 49.956-2997.36 A=11.91T-186.98  0.9992
could not give repeatable results, while 1M HCI could
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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 MTi3=3pIn (
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Time (h) Remained in the subcutisd) Percentages absorbed (%)
MTO-BSA-CN MTO-CS-NS MTO-Soln MTO-BSA-NS MTO-CN-NS MTO-Soln
1 193.35+ 12.74 533.3A 151.11 151.70t 13.07 74.41+ 2.93 24.24+ 5.41 78.82+ 1.22
4 139.75+ 333.67 320.48t 53.92 102.1H4 44.22 81.97+ 4.35 56.95+ 14.75 87.80+ 6.42
12 12251+ 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+ 15.72 170.34f 25.22 85.78+ 31.20 81.7/+ 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+ 23.46 122.30f 41.61 36.48+ 18.78 93.174+ 2.03 82.75+ 3.55 95.85+ 0.32

sion equations obtained are shownTable 1 Should samples 3.2.2. Time courses of MTO concentration in the tissues
contain MTO over the concentration range, the samples were The time courses of MTO concentration in the tissues after
assayed again after dilution. s.C. injection are shown ihable 3
For MTO-BSA-NS and MTO-CS-NS, the MTO concentra-
. . e tion in axillary lymph nodes was much higher than other tissues
;i;i'lszzcg;}zr;gi’f:f precision for quantification of MTO 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

Low, medium and high amounts of MTO were added to the d . h istic of th h .
biological samples and relative recoveries and precision detefl00€ targeting characteristic of these two nanosphefes.in

mined based offable 1 The recovery resuilts were all in the axillary Iymph nodes for these two nanospheres_was both around
range of 98.24-101.65% with a R.S.D. of 1.96-5.55%. The* N Whichwas the same for MTO-Solfiax of axillary lymph

ithin-dav R.S.D. inth £0.49-5.73% and betw r{_lodes was 35.2pg/g for MTO-BSA-NS and 22.1fg/g for
\év;y ng_ség‘ in the gizgnof;rg‘;_g;?l%. vandbetwee MTO-CS-NS and 12.7j4g/g for MTO-Solnug/g, which were

all higher thanCax 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.

3.2. 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

S“.:e Tor a |0ng time but were absorbed SlOle, while MTO-Soln LD5sg was not improved by microencapsu]ation Compared
eliminated and absorbed much faster, as showfiabie 2 The ~  wjth MTO-Soln, as listed iffable 4 The main cause of death was
results indicated that the nanospheres showed a sustained releggstrointestinal flatulence and diarrhea, which resulted in loss

behavior and supplied the drug as a reservoir. This might favosf appetite. Gastrointestinal toxicity of MTO was also reported
the longer therapeutic efficiency and smaller side-effects. in the literature Schaich et al., 2002

3.3. Tests for acute toxicity

Table 3

Time courses of MTO concentratiopd/g) in the tissues after s.c. of MTO-BSA-NS, MTO-CS-NS and MTO-SenJ)

Time (h) Axillary lymph nodes Heart Liver Spleen Lung Kidney

1 MTO-BSA-NS 4.99+ 6.88 0.66+ 0.13 1.11+ 0.08 1.31+ 0.09 1.15+ 0.17 3.11+ 0.67
MTO-CS-NS 3.13+ 1.88 0.23+ 0.03 0.31+ 0.11 0.50+ 0.04 0.40+ 0.03 1.27+ 0.16
MTO-Soln 2.88+ 0.97 1.18+ 0.15 1.93+ 0.20 2.23+0.25 1.96+ 0.20 5.44+ 0.90

4 MTO-BSA-NS 6.51+ 4.82 1.60+ 0.39 3.59+ 0.37 3.70+ 0.52 1.71+ 0.10 6.90+ 0.23
MTO-CS-NS 7.28+ 1.57 0.89+ 0.79 1.36+ 0.59 1.07+ 0.43 0.80+ 0.23 3.47+ 1.62
MTO-Soln 3.20+ 0.66 1.68+ 0.08 2.85+ 0.47 3.08+ 0.74 1.93+ 0.11 6.82+ 0.64

12 MTO-BSA-NS 34.80+ 17.55 2.67+ 0.72 4.41+ 0.42 4.85+ 1.75 3.18+ 0.42 12.30+ 1.95
MTO-CS-NS 15.63+ 20.91 1.02+ 0.34 1.65+ 0.13 2.07+ 0.47 1.36+ 0.30 4.30+ 0.89
MTO-Soln 8.76+ 10.36 3.20+ 1.06 3.16+ 0.77 3.95+ 2.24 2.33+£ 0.19 7.34+ 5.88

24 MTO-BSA-NS 35.25+ 12.25 2.21+ 0.70 3.41+ 1.39 7.09+ 1.09 2.88+ 0.66 9.51+ 3.70
MTO-CS-NS 22114+ 24.47 1.44+ 0.35 2.06+ 0.83 3.10+ 0.67 1.79+ 0.82 5.49+ 1.24
MTO-Soln 12.77+ 1.30 257+ 0.73 3.42+ 0.93 6.90+ 3.87 2.44+ 1.03 8.82+ 4.07

72 MTO-BSA-NS 29.30+ 21.75 2.19+ 1.10 3.26+ 1.72 8.19+ 1.86 3.09+ 0.30 8.15+ 3.78
MTO-CS-NS 13.63t 6.37 1.79+ 0.57 1.90+ 1.01 5.27+ 3.40 2.64+ 0.92 8.59+ 3.29
MTO-Soln 10.47+ 9.16 2.41+ 0.69 3.07+ 1.60 11.40+ 3.71 3.42+ 0.19 10.54+ 3.05

120 MTO-BSA-NS 27.09t 37.52 1.47+ 0.09 1.78+ 0.61 7.52+ 3.68 2.91+ 0.96 7.55+ 0.93
MTO-CS-NS 5.07+ 1.43 1.35+ 0.46 1.16+ 0.19 4.30+ 1.83 1.55+ 0.75 455+ 0.51
MTO-Soln 2.32+ 0.37 2.04+ 1.10 1.33+ 0.84 7.35+ 1.07 2.50+ 1.50 7.74+ 3.06
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Table 4
LDsp values and number of white blood cells counted 72 h after s.c. injection
Preparations No. of LDsp (mg/kg) WBCx 10% (I-1)

mouse

7 days 14 days

MTO-BSA-NS 50 85+ 16 59+15 13.10+ 7.66
MTO-CS-NS 50 8.8+ 1.7 4.84 0.9 8.96+ 2.18
MTO-Soln 50 105+ 2.0 59+11 7.56+ 2.82

a The value of the normal mice being (1265.28)x 10° -1,

25.00 —&—MTO-BSA-NS
= 23.00 —&—MTO-CS-NS
g 21.0 —%—MTO-Soln
o0
2 19.00
Z 17.00

15.00 - : - -

5 10 15 20

time [days]

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 iRig. 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,

(b)

which indicated that the acute toxicity of MTO-BSA-NS was 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.

lower.
Number of white blood cells counted 72 h after administra-
tion was also listed iTable 4 which is another indication that

MTO-BSA-NS showed lower acute toxicity. cancer phyma increased to a certain volume after 1 month. But
Pathological slices showed that, for MTO-BSA-NS, nothe volumes were different from one mouse to another, which
pathological change was observed for all tissues examinegyas difficult for further evaluation of tumor inhibition. Hence,
inClUding the gaStrOinteStinal tract. While for MTO-CS-NS, the method to form primary cancer was given up, and the pro-
liver denaturation of IOW-grade and interstitial pneumonia Wereedures in Sectio were adopted using cancer phyma cubes to
observed. But, for MTO-Soln, medium to serious hepatonecroform secondary breast cancer. The size of the breast cancer and

sis and interstitial pneumonia were observed. inhibition rate after administration are comparedable 5
Taking the difference of dose level between MTO
3.4. Pharmacodynamic study nanospheres and MTO-Soln group into account, one can con-
clude that, MTO-BSA-NS and MTO-CS-NS, especially the lat-
3.4.1. Tumor inhibition tests on human MCF-7 breast ter, gave better therapeutic efficiency than MTO-Soln, especially
cancer the size of the tumor was considered.

A preliminary test was first conducted in an attempt to cause Itis interesting that on the surface of the tumor phyma treated
primary breast cancer. Six to eight-week-old BALB/c-nu nudeby the nanospheres a thin layer of blue coat could be observed,
mice were inoculated of human MCF-7 breast cancer cells undevhich is an indication that MTO-BSA-NS and MTO-CS-NS
the breast at 0.2 ml of £ 10’ mI~* per mouse dose level. The have a strong affinity to the tumor tissue, and without doubt the
cancer phyma began to form 14 days after inoculation, and theoat might reinforce the therapeutic efficiency of the antitumor

Table 5

The size of the breast cancer and its inhibition rate in different group$)

Groups MTO dose (mg/kg) Tumor size (M P Inhibition rate (%) P

MTO-BSA-NS 1.0 67.67+ 41.91 P1<0.10,P,>0.35,P3<0.0064 77.65%10.98 P1>0.29,P,>0.43
MTO-CS-NS 1.0 30.81 13.94 P,>0.29,P3<0.0051 83.914.12 P>,>0.94
MTO-Soln 2.0 46.88+ 31.52 P3<0.0066 82.86:-11.13

Blank 0 351.23+ 163.89 0

* P1, compared with MTO-CS-NSP», compared with MTO-Soln?3, compared 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 preparatied®)

Preparations MTO dose (mg/kg) Lymph node size @m P

MTO-BSA-NS 1.0 26.67 14.55 P1>0.10,P,<0.05,P3<0.01
MTO-CS-NS 1.0 62.63t 39.84 P>>0.10,P3<0.05
MTO-Soln 2.0 119.32+ 57.30 P3>0.20

Blank 0 186.83+ 77.71

* Py, compared with MTO-CS-NSP,, compared with MTO-SolnP3, compared with the blank.

agent. For MTO-Soln, no blue coat on the tumor surface coul®.4.2. Lymph node metastases and their inhibition
be observed. Since there were no reportsin the literature about the model of

The pathological slice photos of human MCF-7 breast cancdlymph node metastases of breast cancer, melanoma cells were
are shown irFFig. 3. In the center of the tumor phyma, necrotic used to establish this model, according to the literatifiatg
spots were present. For MTO nanospheres, overgrowth layer et al., 1982. However, establishment of lymph node metas-
the tumor was very thin or even absent, but the overgrowth layeiase model with melanoma cells was unsuccessful: whgn C
looked obviously thick for the MTO-Soln group. 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 literaturélégiwara 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 showrfHig. 4. The estab-
lishment of the model of lymph node metastases with P388 cells
proved successful, as seen from a comparisig#(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
metastases was much better, and that of MTO-CS-NS was bet-
ter than that of MTO-Soln. It has been reported that lymph
node metastases of breast cancer may happen before or after
the appearance of the breast cancer niduses. The statistical data
of 2491 breast cancer patients in China showed that the 10-year-
fraction surviving was 68% for patients with negative axillary
lymph node metastases, 40.1% for patients with 1-3 positive
axillary lymph nodes, 31.4% for 4-7 positive axillary lymph
nodes, and only 13.2% for patients with over eight positive axil-
lary lymph nodes (i, 2000). MTO nanospheres against both
breast cancer and its lymph node metastases must benefit the
improvement of clinical efficiency.

4. Conclusions

The major features of our MTO nanospheres were: (1) a high
efficiency in the targeting of the drug into lymph nodes; (2) a
Fig. 4. Pathological slice microscopy of normal lymph node (a), lymph nodeStrc,i/rl]_?Oafgr;tyNtSo tumorbtlssuej (a coat Iay?r of M-LO_BS}A_NS f
with P388 cells (b) and lymph node with P388 cells after s.c. injection of mToOr e was o Ser_ve concentrayng On the sur acg 0
nanospheres (c). Arrows 1 pointing to P388 cells; arrows 2 pointing to Iymphtumors), which must benefit the therapeutic efficiency of antitu-

node cells. mor agents.
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MTO-BSA-NS showed much lower toxicity than MTO- Hagiwara, A., Takahashi, T., Sawai, K., 1996. Methotrexate bound to carbon
Soln and also lower than MTO-CS-NS. The therapeutic effi- particles used for treating cancers with lymph node metastases in animal
ciency of MTO-BSA-NS and MTO-CS-NS against breast can- experiments and a clinical pilot study. Cancer 78, 2199-2209.

u, O.Y.P.,, 1990. Novel assay method for mitoxantrone in plasma and its
C?r and lymph node m_etaStaseS was better tha,n MTO-Soln, application in cancer patients. J. Chromatogr. 532, 337-350.
with MTO-CS-NS superior to MTO-BSA-NS against human gata, A., Takakura, Y., Hashida, M., 1982. Physico-chemical and antitumor

MCF-7 breast cancer and MTO-BSA-NS superior to MTO-  characteristics of high molecular weight prodrugs of mitomycin. Chem.
CS-NS against lymph node metastases of P388 cells. Con- Pharm. Bull. 36, 2951-2957. o
sidering safety as the primary criteria, we may concludé-" S.L. (Ed.), 2000. Oncology of Mammary Gland. Publishing House of

. Science and Technology, Beijing, pp. 1-134.
T\Tgt’ as a whole, MTO-BSA-NS were superior to MTO'CS'Oussoren, C., Eling, W.M.C., Crommelin, D.J.A., 1998. The influence of

the route of administration and liposome composition on the potential of
The results showed that nanospheres seem to be a promisingliposomes to protect tissue local toxicity of two antitumor drugs. Biochim.

carrier system for tumor agents to breast cancer and especially Biophys. Acta 1369, 159-172.

for its Iymph node metastases Phillips, W.T., lipper, R.K., Goins, B., 2000. Novel method of greatly
’ enhanced delivery of liposomes to lymph nodes. J. Parmacol. Exp. Ther.
295, 309-313.
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