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Magnetic Thermochemotherapy Mediated by the Novel Composite Blend
of Magnetic Nanoparticles and Drug-loaded Polymeric Nanoparticles
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Abstract Amino silane coated Magnetic Nanoparticles (MNP) as the agent of Magnetic Mediated Hyperthermia (MMH) for cancer
treatment were prepared by the chemical precipitation method. Docetaxel-loaded Polymeric Nanoparticles (DPN) for sustained drug release
were fabricated by a single emulsion or solvent evaporation method. Blend of MNP and DPN was applied as the composite mediator for
thermochemotherapy to combine MMH and sustained chemotherapy and to have the possible synergistic effect between hyperthermia and
chemotherapy. Various state —of —the —art techniques were employed in the study for the characterizations of MNP and DNP, including
surface morphology by Transmission Electron Microscopy (TEM), surface modification by Fourier Transform Infrared Spectroscopy (FTIR)
and Thermogravimetry Analysis (TGA), surface charge (€ —potential) and magnetic property by Vibrating Sample Magnetometer (VSM), etc.
The inductive heating property of MNP was evaluated by monitoring the temperature increase of the MNP suspension under Alternative
Magnetic Field (AMF). The drug encapsulation efficacy and the drug release of the DNP were conducted by High Performance Liquid
Chromatography (HPLC). In vitro evaluation of the blend of MNP and DPN as the composite mediator for thermochemotherapy was
conducted on the C6 rat glioma cells and the synergistic effect between MMH and chemotherapy was confirmed. All the observations
support that the blend of MNP and DPN is a novel and effective composite mediator for magnetic thermochemotherapy.

Keywords magnetic mediated hyperthermia; magnetic nanoparticles; drug-loaded polymeric nanoparticles; thermochemotherapy

: 2010-04-07
s s s :yangbing 840411@163.com; ( s
:S090800253M ), s s :tangjt@mail.tsinghua.edu.cn
2010,28(14)




] jcmik

0 s (VCX130PB ).
3 ; (HJ-4 ). Christ ; (Alpha
, , -2 ). Memmert ; Memmert s
(AL204 -IC ) :Mettler Toledol ;
R (Model680 ) : Bio-Rad ; Cé6:
, ;DMEM :Gibco ;
; :Hyclone o
, . 1.2
, FeCl,-4H,0  FeCl;-6H,0 1:1.75
-2 , (110mL) s N,  95%C
, , , 20mL 25%NH; - H,0
N R pH 9.0, 30min, s s s
By , , 200mL , 98% SmlL, N,,
, 75°C 60min, , o
R 1.3 PLGA-NP
o 1) DTX-PLGA-NP , PVA ,
, , 6h , PLGA  DIX
&, , ; PLGA
, DTX PVA : ,
, s (12000r/min , 10min) , s R
, , 3 PVA  DIX,
1671 2) PLGA-NP : PLGA
; DTX-PLGA-NP,
=101, . 14 PLGA
(Docetaxel ,DTX) , 1.4.1
- (Poly (lactic—co—glycolic acid), (Hitachi H-7650) ;
PLGA) PLGA (Docetaxel PLGA (Nicolet 560)
Nanoparticles, DTX-PLGA-NP) , H s
s (Lakeshore 7307)
. DTX-PLGA-NP ; (TA ,Q50001IR)
, PLGA-NP , 20~800°C,
s 10°C/min, N, ; ( )
, 1.4.2 PLGA
o 1) : (LEO-1530)
; (Malvern , Zetasizer 3000HS)
1 ; (DSC,
1.1 TA ,02000) DTX  PLGA-NP s
PLGA (5050 DLG7A): Lakeshore Biomaterials ; 0~200C, 10°C/min, N, o
(Poly (vinyl alcohol),PVA) :Sigma ; 2) : DTX-PLGA-NP s
(Coumarin 6, 353nm, 442nm) | Smg 2mL )
(3 =Aminepropyltriethoxysilane , APTS ,98% ) . 1L ; s ( =48:52)5mlL, 30min,
DTX. ; . 4h ImL (12000r/min ,10min) ,
; ( ): ; 800uL, , DTX
FeCl,-4H,0 25%NH;-H,0; o 1 , 10mg
;FeCl;-6H,0 . ; :Sonics DTX-PLGA-NP , (50mL)
2010,28(14) 27
4@7



] jcmik

28

eview

(Articles)

_cuxec & '7(
PBS10mL, 2); APTS-MF ,  20~100C,
100mg, 3 o 370(: ) ’
s 2,3,4,6,8,11,15d R ;
s . 220~500°C, ,
300kHz ,420A .30min, s
300kHz ,270A .30min ( 2.5%~3%( 3).
48~52C) ., o
90
1 80
Table 1 In vitro release test groups 70
£ 60
DTX-PLGA-NP/mg /mg § sol
10 % 40t
10 30+
10 100 20+
10 100 10f
0 3060 : 20'00 1560 1060 500
1.5 i #/em™
1.5.1 1
(3.5¢m) Co6 (107 ),5% C0,.37C Fig. 1 FTIR spectra of magnetic nanoparticles
24h ) -PLGA-NP
(100pg/mL) s s ,PBS 3
s 20min , 3 ,PI(50pg/mL)
40min, PI ,PBS 3
PLGA-NP R
1.5.2
96 Co6 (10%100(pl/ ) ,5%C0O,.37°C
24h ,PBS s
(0.25,2.5,25ng/mL) DTX DTX- PLGA-NP
o 37°C s 43°C
1h 37°C ,24h 1 43%C s
24h MTT ,48h 43°C s 2
2 ( Fig. 2 TEM photo for the morphology of magnetic
nanoparticles
), B 24h MTT . part
1.00 ¢
C=A-B
C A B 0.99
o % 098
C, 0 0.97r
15l B
0.96 |
2 095
1001 .Si—0— 0 100 200 300 400 500 600 700 800
( : i/ C
C , 1049.C—N ),
( D , 3
(APTS-MF) 10nm, Fig. 3 TGA analysis for the amount of amino-silane
, coated in the surface of magnetic nanoparticles
2010,28(14)
4@7




| jemik —
-
: eview
(Articles)
(0—4), , ,
(A—B), , . (2
62emu/g; B 100nm , ,
0 5 o
4 ;
,APTS-MF , , , ,
115kHz 0.011T B . ,
APTS-MF (140mg/mlL.) 1min s s
(46~50°C); , , N
( 5. 2.2 PLGA
& , PLGA-NP
500nm s ,
60
B ;PLGA-
qoff4
- NP , , PLGA-NP
i 20
g ( ), « 6.
& ~15000 —10000 —5000 09 5000 10000 15000 ’ PLGA-NP
g (419nm), ( 0.208) (
& 2), DSC (7 ,DTX  DSC ( )
40°C ,  DTX-PLGA-NP  DSC
e C ) , 47°C PLGA ,
B/ G DIX °

4
Fig. 4 Magnetization curves for the magnetic nanoparticles

110§
100t 140mg/mL
90
80
O 70mg/mL
®70¢
5 35mg/mL
6ol mg/m
50} : i
wl Mag=10.00K X 121] BT 00KV Signal A=InLens
. 6 DTX-PLGA-NP
0o 1 2 3 4 5 6 1 8 )
B/ min Fig. 6 SEM of DTX-PLGA-NP
5 DTX-PLGA-NP 53%,
Fig. 5 Temperature curve for different concentrations of 419nm, Zeta -19.7mV, 0.208
magnetic fluids under alternating magnetic field ,DTX-PLGA-NP
s ,15d
) \ DTX-PLGA-NP ,
-1z, ,
2010,28(14) 29
4@7



] jcmik

eview
Secerece ‘ 7«5‘*’(395(
RE/C
0 20 40 60 80 100 120 140 160 180 200
-0.2
-0.4
£ —0.6
E« -0.8
g -1.0
®_12
-1.4
—16 — DTX
’ DTX-PLGA-NP
-1.8
7 DTX
Fig. 7 DSC curves of DTX and DTX-PLGA-NP
DTX-PLGA-NP ;
, 37C PLGA
, PLGA , o
PLGA ( 8.
O xhimat
80
70
_ 60
=
& 0
| 40
W
301
20
10}
0 2 4 6 8 1 15
Ayl /d
8 DTX-PLGA-NP
Fig. 8 In vitro release curves of DTX-PLGA-NP
PLGA )
PLGA FDA ,
o PLGA PLGA
PLGA 50/50, 112kDa,
2 - DTX )
DTX DTX 80
13% , DTX
) DTX
o DTX-PLGA-NP  DTX
30 2010,28(14)

(Articles)
2.3
DTX (
) DTX-PLGA-NP  C6
- 24h  MTT s (37°C),
DTX ,
: (25pg/mL),
,  DTX-PLGA-NP 3
o ,DTX
DTX ,
., DTX-PLGA-NP
9 2), 48h ,
s 0.25,2.5pg/mL
DTX-PLGA-NP ;
25wg/mL DTX ( 10), 48h
, 25wg/mL 25pg/ml. DTX-
PLGA-NP ¢ 3).
, —PLGA-NP( ) C6 ( ) 14h
, -PLGA-NP ( 11),
120
l B 43C
100 I I [ 37C
§ 80 ] ! I
# 60
E
?é 40
20

*H8 0.25DTX 0.25NP 2.5DTX 2.5NP 25DTX 25NP
254/ (ng-mL)

9 Cé6 (24h)
Fig. 9 Viability of C6 after thermochemotherapy (24h)

2 24h (24h)
Table 2 Analysis of heat synergistic effect (24h)

DTX(025ug/mL) 09565 07652 06892  +
DTX-NP(025ug/ml) 09560  0.7648  0.6621
DTX(2.5pg/mL) 07974 06379  0.6747
DTX-NP(2.5pg/mL) 08493 06795 06152  +
DTX (25pg/mL) 09702 07761 04639
DTX-NP(25pg/mL)  0.7895  0.6316  0.5955

+

DTX ,
s 25wg/mL . DTX-
PLGA-NP ,  24h
) ) DTX-PLGA-NP ,




J‘CM K

120
Bl 43C
4 48h
100 1 37°C 3 48
Table 3 Analysis of heat synergistic effect (48h)
£ 80 . .
‘M‘ : B b
B 60 =
.3
?é 40
DTX(0.25ug/mL)  0.7851  0.5038  0.5832
= DTX-NP(0.25ug/mL) 0.7325  0.4700  0.5153
0 DTX(2.5ug/mL) 07035 04515  0.4753
S SEDRCLIE 200N 20N Ss 20 DIX-NP(25pg/mL)  0.6942 04455 04330  +
idicy ) -l
2K BE/ (ug-mL) DTX (25pg/ml) 05643 03621  0.3889
10 Cé (48h) DTX-NP(25pg/mL)  0.6571 04216 03570  +

Fig. 10 Viability of C6 after thermochemotherapy (48h)

0

] 10pum

(a) PI (b) Coumarin (c) Pl+Coumarin

11
Fig. 11 Laser scanning confocal microscope

H (25pg/mL) . i
(0.25pg/ml)  DTX , . A [13-15] [16-18] i
. 48h )
, 10 ,025  2.5pg/mL DTX , 1922 ’
DTX-PLGA-NP ) i ’
., DTX-PLGA-NP
2]
. 25pg/ml,  DTX ,
3
o 48h , 2.5
25wg/ml. DTX-PLGA-NP R . DTX_PLGA-NP
DTX-PLGA-NP . DTX ’
,DTX-PLGA-NP R i
, . PLGA-NP ,
: . .PLGA-NP ,

’ ’ El ’

2010,28(14) 31



] jcmik

32

eview

Scdesece d 7«:‘-‘-&99

(References)

[1] Jordan A, Scholz R, Wust P, et al. Magnetic fluid hyperthermia (MFH):
Cancer treatment with AC magnetic field induced excitation of
biocompatible superparamagnetic nanoparticles [J|. Journal of Magnetism
and Magnetic Materials, 1999, 201: 413-419.

[2] Rosensweig R. Heating magnetic fluid with alternating magnetic field[J].
Journal of Magnetism and Magnetic Materials, 2002, 252: 370-374.

[3] Gneveckow U, Jordan A, Scholz R, et al. Description and characterization
of the mnovel hyperthermia and thermoablation —system MFH300F for
clinical magnetic fluid hyperthermialJ]. Med Phys, 2004, 31(6): 1444-1451.

[4] Lssels R D. Hyperthermia adds to chemotherapy [J]. Eur J Cancer, 2008,
44(17): 2546-2554.

[5] Yeh Y A, Herenyiova M, Weber G. Quercetin: Synergistic action with
carboxyamidotriazole in human breast carcinoma cells [J]. Life Sci, 1995,
57: 1285-1292.

[6] Takemoto M, Kuroda M, Urano M,
chemotherapeutic agents given with mild hyperthermia on different types
of tumours|J|. Int J Hyperthermia, 2003, 19(2): 193-203.

[7] Urano M, Ling C C. Thermal enhancement of melphalan and oxaliplatin
cytotoxicity in vitro|J]. Int J Hyperthermia, 2002, 18(4): 307-315.

[8] Michalakis J, Georgatos S D, Romanos J, et al. Micromolar taxol, with or

et al. The effect of various

without hyperthermia, induces mitotic. catastrophe and cell necrosis in
HelLa cells[J]. Cancer Chemother Pharmacol, 2005, 56(6): 615-622.

[9] Barnes A P, Miller B E, Kucera G L. Cyclooxygenase inhibition and
hyperthermia for the potentiation of the cytotoxic response in ovarian
cancer cells[J]. Gynecol Oncol, 2007, 104(2): 443-450.

[10] Michalakis J, Georgatos S D, de Bree E, et al. Short—term exposure of
cancer cells to micromolar doses of paclitaxel, with or without
hyperthermia, induces long—term inhibition of cell proliferation and cell
death in vitro[J]. Ann Surg Oncol, 2007, 14(3): 1220-1228.

[11] Sun S, Zeng H, Robinson D B, et al. Monodisperse MFe,0, (M=Fe, Co,
Mn) nanoparticles|J]. J Am Chem Soc, 2004, 14, 126(1): 273-279.

[12] Sun S, Zeng H. Size—controlled synthesis of magnetite nanoparticles[J].
J Am Chem Soc, 2002, 124(28): 8204-8205.

[13] Cividalli A, Livdi E, Ceciarelli F, et al. Hyperthermia and paclitaxel——
epirubicin chemotherapy: Enhanced cytotoxic effect in a murine

mammary adenocarcinomal]J]. Int J Hyperthermia, 2000, 16(1): 61-71.

(Articles)

[14] Mohamed F, Marchettini P, Stuart O A, et al. Thermal enhancement of
new chemotherapeutic agents at moderate hyperthermia [J]. Ann Surg
Oncol, 2003, 10(4): 463-468.

[15] Mohamed F, Stuart O A, Glehen O, et al. Docetaxel and hyperthermia:
Factors that modify thermal enhancement|[J]. J Surg Oncol, 2004, 88(1):
14-20.

[16] Deraco M, Rossi C R, Pennacchioli E, et al. Cytoreductive surgery
followed by intraperitoneal hyperthermic perfusion in the treatment of
recurrent epithelial ovarian cancer: A phase II clinical study|J]. Tumori,
2001, 87(3): 120-126.

[17] Jones E L, Prosnitz L R, Dewhirst M W, e¢ al. Thermochemoradiotherapy
improves oxygenation in locally advanced breast cancer [J]. Clin Cancer
Res, 2004, 10(13): 4287-4293.

[18] Jiang Z, Yan W, Ming J, et al. Docetaxel weekly regimen in conjunction
with RF hyperthermia for pretreated locally advanced non-small cell
lung cancer: A preliminary study[J]. BMC Cancer, 2007, 7: 189.

[19] Feng S S, Zhao L Y, Zhang Z P, et al. Chemotherapeutic engineering:
Vitamin E TPGS —emulsified nanoparticles of biodegradable polymers
realized sustainable paclitaxel chemotherapy for 168h in wvivo [J].
Chemical Engineering Science, 2007, 62: 6641-6648.

[20] Feng S S, Huang G F. Effects of emulsifiers on the controlled release of
paclitaxel (Taxol (R)) from nanospheres of biodegradable polymers[J].
Journal of Controlled Release, 2001, 71(1): 53-69.

[21] Mu L, Feng S S. Vitamin E TPGS used as emulsifier in the solvent
evaporation/extraction technique for fabrication of polymeric nanospheres
for controlled release of paclitaxel (Taxol (R))[J]. Journal of Controlled
Release, 2002, 80(1-3): 129-144.

[22] Mu L, Feng S S. A novel controlled release formulation for the
anticancer drug paclitaxel (Taxol (R)): PLGA nanoparticles containing
Vitamin E TPGS[]]. Journdl of Controlled Release, 2003, 86(1): 33-48.

[23] Liu B, Yang M, Li X, et al. Enhanced efficiency
taxanes delivery in a human xenograft model of gastric cancer [J]. J
Pharm Sci, 2008, 97(8): 3170-3181.

[24] Yang M, Ding Y, Zhang L, et al. Novel thermosensitive polymeric
micelles for docetaxel delivery [J]. J Biomed Mater Res A, 2007, 81(4):
847-857.

[25] Liu B, Yang M, Li R, et al. The antitumor effect of novel docetaxel—
loaded thermosensitive micelles [J]. Eur J Pharm Biopharm, 2008, 69

(2): 527-534.

of thermally targeted

(FTHHEE IX)

i
% . .

i

t

f ul-—l:

1

1

E 2010 11 26—29
t : @D ( . .
t @ ( . . .
t . 2010 10 20 .

1 . 0898-23300243, ;

} - http://www.ipmchina.net/cspp/,

—ImFEEAEPANRF IR IEX

: lypehy@l63.cnm,

) ;2

o
o S S i S SR e e S

2010,28(14)




