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Abstract: The magnetic responsibility and antitumor effect of magnetic gemcitabine stealth nano-liposomes
(MGSL) on breast cancer cell line MCF-7 in vitro and in vivo was evaluated. The magnetic response and
targeting effect of MGSL in vivo were investigated. Morphological feature and ultrastructure changes of
apoptosis of MCF-7 cells were observed. The effect of MGSL on proliferation inhibitory rate of MCF-7 cells
was measured with MTT method. The FCM analysis was carried out to examine the cell cycle distribution and
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cell apoptotic rate.

The antitumor effect on human breast cancer xenografts in nude mice was also studied.

MGSL was able to converge at the targeting tissue under tridimensional magnetic field and the gemcitabine

concentration around it increased, while the amount of gemcitabine in other organs decreased, such as in

kidneys and heart.
drug dose.

MCF-7 cell line was sensitive to MGSL and the cytotoxity was correlated with the loaded
The effect of MGSL on apoptosis of MCF-7 was obvious and the rate of apoptosis was 51.62%.

The growth speed of tumor in the group of MGSL (+) significantly slowed down than that of other groups.

MGSL prepared by reverse-phase evaporation method met with the demand of targeted delivery system, and it

might be an effective antitumor agent.

Key words: gemcitabine; stealth nano-liposome; magnetic responsibility; directional distribution; antitumor

effect; breast cancer
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Table 1 Gemcitabine content of mice brain tissue in different
magnetic fields (n =5, X +s)

Group Gemcitabine/pg g™
Non 60.72 +3.24
2000 Gs 231.80+8.71"

5000 Gs 518.20 + 12,3377

P <0.01 vs Non group; P < 0.01 vs 2000Gs group
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Table 2 Gemcitabine content of different mice tissues in

different magnetic fields (ug-g™', n =10, X +5)
Tissue Gem MGSL (-) MGSL (+)
Brain 60.73 +3.08 110.34 + 4.06 49432 +8.15"
Lung 105.64 £5.10 5528 +3.11 38.80 + 2.07
Liver 86.76 + 3.06 153.92+6.10 112.72 + 3.08
Spleen 112.24 + 4.09 186.04 + 6.59 125.68 +3.10
Heart 96.24 + 3.54 52.80 +3.03 24,96+ 1.03"
Kidney  160.75 + 5.09 105.28 + 3.04 51.35+2.04™

P < 0.01 vs other groups. Gem: Gemcitabine; MGSL (-):
Magnetic gemcitabine stealth nano-liposomes (without magnetic
field); MGSL (+): Magnetic gemcitabine stealth nano-liposomes
(with magnetic field)
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PRI M 2 22 51 MGSL o MGL 9015 = 141K,
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Table 3 The effect of different groups on proliferation inhibitory rate of MCF-7 cells detected with MTT method (n=6, X +s)

Group Dosag(fl 2h _ ' 48 h _ '
/ng'mL A Inhibition ratio/% A Inhibition ratio/%
MGL 0.5 0.694 + 0.065 6.49 0.612 +0.037 17.61
1.0 0.668 +0.085 8.11 0.540 +0.078 29.86
2.0 0.640 +0.051 10.19 0.478 +0.081 39.66
4.0 0.562 +0.073 23.82 0.435 +0.043 50.31
8.0 0.555 +0.049 25.05 0.413 +£0.055 60.10
16.0 0.521 +0.047 30.48 0.234 +£0.057 79.79
32.0 0.457 + 0.064 38.92 0.114 +£0.027 90.11
MGSL 0.5 0.699 + 0.065 6.45 0.615 +0.051 17.57
1.0 0.664 +0.057 8.13 0.544 +£0.078 29.84
2.0 0.640 + 0.044 10.20 0.480 + 0.084 39.64
4.0 0.562 +0.067 23.83 0.436 +0.043 50.29
8.0 0.553 +0.054 25.10 0.411+0.094 60.14
16.0 0.525 +0.050 30.46 0.234 + 0.049 79.80
32.0 0.458 £ 0.058 38.88 0.114+0.018 90.08
Gemcitabine 0.5 0.671 +0.068 7.52" 0.617 +0.065 17.58
1.0 0.652 +0.095 10.15° 0.536 +0.083 30.05
2.0 0.637 +0.063 12.46° 0.472 +0.084 39.78
4.0 0.557 +0.080 24.08" 0.442 +0.047 50.20
8.0 0.523 +£0.043 27.27 0.406 + 0.060 61.16
16.0 0.493 + 0.040 33.32" 0.235+0.051 79.75
32.0 0.411+0.052 43.65" 0.114 +0.046 90.17

P < 0.05 vs MGSL group. MGL: Magnetic gemcitabine nano-liposomes
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Figure 2 Apoptosis of MCF-7 cell lines induced in different
groups. A: Control group (1.25%); B: Blank group (1.44%);
C: MGSL group (51.62%); D: MGL group (54.21%); E:
Gemcitabine group (61.55%). P < 0.05 vs control

. SR B ’Jiz
Figure 1 Ultra structure of MCF-7 cell under the electron microscope (x3 800). A: Before the MGSL treatment; B: After the MGSL
treatment
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Table 4 The effect on cell cycle of MCF-7 cells in different
groups (N =3, X+5)

Group Go/G stage/%  Go/M stage/% S stage/%
Negative control 61.09 £0.35 13.74+0.76  25.15+0.97
Blank control 62.67 = 0.42 11.15+£0.30  25.40 £0.22
MGSL group 52.08+0.37 5.09+0.09 43.01+037
MGL group 39.84+034"  11.18+0.14 49.28+0.30
Gemcitabine group ~ 27.41 £0.22° 6.83£0.37 65.82+0.64"

"P < 0.05 vs control

7 MGSL BRI HNE R

ST 1L 24 33 5. 7 K19 d MR E AR
BRI N (GRS). R EoR, ENH MGSL
WA e 67 R R I R v, AER 2 d JFIR,
B A9 B3 2 % (P <0.05), MGSL B:5 i3
2 bR A A P A At A A W R, 5 11 d AbAE
B G R R AR PR O H SR A e, &AL
BT EE K 6. nTLLE H, MGSL In#isn 4y
BT HAL R4l (P<0.05), 8K m, Ak
87.3%.

Table 6 The cancer weight and the inhibition ratio in different
groups

Group Weight/ g Inhibition ratio/%
NS 1.42 +£0.15
Gem 1.03+£0.11 27.5
MGL (-) 0.91+0.10 359
MGL (+) 0.55+0.08 61.3
MGSL (-) 0.57 £0.08 59.9
MGSL (+) 0.18+0.03" 87.3

*P < 0.05 vs other groups
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Table 5 The cancer volume in different groups (n=6, X =*s)
Group Cancer volume / cm®
D1 D2 D3 D5 D7 D9

NS 0.18 £ 0.04 0.46 +0.11 0.66 +0.12 0.94 +0.14 1.36 £ 0.20 1.69 +0.23
Gem 0.17+£0.05 0.42 +0.07 0.64 +0.10 0.85+0.17 1.05+0.16 1.23+£0.21
MGL (-) 0.17 +£0.04 0.38 +0.06 0.56 +0.12 0.75+0.15 0.95+0.16 1.08 +£0.13
MGL (+) 0.16 = 0.07 0.29 +0.07 0.40 + 0.09 0.51 £0.11 0.59+0.13 0.65+0.12
MGSL (-) 0.17 +£0.04 0.31 £0.05 0.42 +0.10 0.52+0.11 0.60 +0.14 0.68 +0.10
MGSL (+) 0.17 £ 0.04 0.19 £0.02" 0.20 = 0.02" 0.22 +0.03" 0.23 £0.02" 0.24 +0.02"

*P < 0.05 vs other groups
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P S [ 9 A e B M ROK B AIC. B il MGSL P
HATHA 206 nm, HAREHIGEE P OLMA T GER
D WAR P RGP 5> PEG, (EATY AT AH 434053
PG T L SRR N B R R, X AT fg
500 5 7 VG A 0 B R AT DG, B A I R] 9 A
i 11k KR T R AE A4 N BEAT FEORT 0 A, A OCHETE SN
KWL I N 3 AT 5 AT ik — RN

AN TRV 530 6F - 7L Ji s 40 . MICF-7 19 5 43 &5
R, MGSL YEF] 2 h i BE R 25 41 (1900988 48 FIAIR,
{H 48 h J5 MGSL R MER TC R = 5. &
A A MGSL tt MGL (W 1E H g A, AT REH T
PEG-DSPE [/, MGSL % MGL 13 %3 I Fese 1
RIGEREAE R, DRI A R B 1) Py URE IR T 5 1 2540
VL] MGSL AN A2 30 b J 15 (1 s 7 vk B S A, m
S A I R R RO AR B T R A iR A . DL T
MGSL ¥ F R BAAE ek B g 245 900 1 o g A P 1) 2
fithh bk 21 55 54l 2 ) B AAR W] R 80K 48R, T
PEM LA G362 — R IENY), RE T LAY
BEPEARAG, EXF -4 A0 K5 75 10 40 M A= K0k 2 A 265



HOBRAE: WEVE T PO AL BT ANK AR AR MCF-7 400 A= 49 25 1 1R R i - 187 -

Mg 1O BR] Lk 2 2 36 v SR 4 a8l A R o A A A A Skt
HEL HERR T AR 4i M ) /E L 2080 S ik MGSL (1)
PR SR o NS 25 v LU, B AR IR ok 21
50 PR 20 0 T N R Ve S e, AR R I E W
A Ak, DU B R i 5 Aot 4 B A K TS BE S, R
R PEA0T /D, R AR R PUm 29 B g N AR A
BEPE/D, R MARE A ATER N R K.

ARSI G ok R Ik S MGSL, 9 LA A FL R
S B AR D S B A, AEAN ImiEss I\ E R MGSL
(F) 2Ly A e R A I A % 2 O g, R R
KA 87.3%. MGSL (+) ALATE 55 HAth %441 LE A AH
XPERREE N, FARE . B IE R RS AR W AR
Ak, T DR 24 2 AR — LR LGN, R LR SO T A
TSR, SLA)REPE W R A JLWLHI T BEAE AM
UEH T MGSL 145 Tom kiR A7, e JEFEA
21, TGN RS AR /N, T B T RORT ek D 2
P EE R ER . [FRE, RIAE AN e R,
MGSL £H {98 406 % b MGL 4HR0 Ji7 245 41 f 8 22410
IR, I RAESE T MGSL w] K 25W 1k A1 R
fif 1),
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