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Abstract: Aim Multidug rsistance ( MDR) as a major obstacle to successful clinical cancer
chemotherapy, searching a novel effective antiresistant drug would be necessary. Methods A novel
doxorubicin anti-resistant stealth liposomes ( DARSLs) was prpard by co-encapsulating doxombicin
(DOX) and vermpamil ( VER) into stealth liposomes with ammonium sulfatt gradient remote loading
approach. In vitro cytotoxity of various DOX fomulations and in vivo toxicity of DARSLs were evaluated
using DOX-resistant rat prostate cancer cell line ( MLLB2), human uterus sarcoma cell line ( MES-SA/
DX5) and nomal SD rats, separately. Results The DARSLs liposome suspensions mainly consisted of
hom ogeneous large unilamellar vesicles ( LUV) with average particle size of (118.1 *22.3) nm.
Encapsulation efficiencies of DOX and VER in DARSLs wer mor than 90% and about 70%,
respectively, when the ratio of DOX/VER /Lipid was 1:0.11:10 ( w/w/w). In vitro cytotoxicity tests of
the DARSLs using rat prostate cancer cell line ( MLLB2) and human uterus sarcoma cell line ( MES-SA/
DX5) showed that 5 Hmol* L' VER significantly reversed DOX-resistance of these 2 cell lines and
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DARSLs was the most effective on inhibition of DOX-resistant cell growth. Besides, compared to FDFV,

much slower DOX distribution ( confocal m icroscopy) to nuclei and cytoplasm in MLLB2 cells for DARSLs

suggested that it m ight possess distinct mechanism of cytotoxicity. System ic and cardiac toxicity evaluations

in nomal SD rmats suggested that liposomal encapsulation could significantly improve the severe

cardiotoxicity arising from simultanous adm inistration of DOX and VER. Conclusion DARSLs is a novel

anticancer liposome formulation with lower cardiotoxicity, effective drug-resistance reversal and intravenous

injection.
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Table 1 Cytotoxicity of various DOX formulations (IC,,, Ymol* L ') on MLLB2, MES-SA and
MES-SA/DX5 cell lines

ICy, /Hmols L'

Fomulation
FD FDFV LD LDLV LDFV FDLV DARSLs
MLLB2 141 £33 0.15 %0.03 89 *4 0.100 £0.010 1.0 %0.5 0.30 £0.15  0.080 £0.020
(RF)" " (1.0) (958) (1.59) (1 423) (147) (465) (1 783)
MES-SA /DX5 2.310.4 0.130 £0.020 2.1 0.3 0.140 £0.020  0.21 £0.06  0.140 £0.020 0.130 £0.010
(RF)" " (1.0) (17.69) (1.08) (17.04) (10.75) (17.04) (17.97)
MES-SA 0.158

" MLLB2, MES-SA and MES-SA /DX5 (5 000 cells/well) were incubated in medium containing various DOX fommulations

for72 h at 37 C in an atmosphere of 95% humidity and 5% CO,. MTT assay was analysed by microplate reader at

wavelengths 570 nm and 650 nm (n =3 - 6). ~ Reveral factors were calculated from the mtio between the mean ICy,

values of other DOX formulations and Free DOX only. DARSLs: Doxorubicin antiresistant stealth liposomes formulation; FD:
Free doxombicin; LD: Doxombicin stealth liposomes formulation; FDFV: Mixture of free doxombicin and free verapam il
fomulation; FDLV: Mixture of free doxormbicin and liposomal verapamil formulation; LDFV: Mixture of liposomal
doxorubicin and free verapamil fomulation; LDLV: Mixture of liposomal doxombicin and liposomal verapam il formulation

10 min (A1) 100 ok (1)

2400 i (A B0 min {B4) 2400 il ()
Free DX (A) FINFY (B} DARSLs ()

Figure | MLLB2 cells were exposed to free DOX, FDFV and DARSLs at concentration of 5.5 Hmols L' DOX
and 5 Hmol* L' VER. Intracellular distribution of DOX fluorescence was monitored by laser scanning confocal
m icroscopy with a Zeiss Plan-Apochromat 63 x /1.4 oil DIC immersion objective lens. Photographs were modified
by Zeiss LSM image browser ( Ver 2.80). DARSLs: Doxombicin antiresistant stealty liposomes fomulation;

FDFV: Mixture of free doxorubicin and free verapam il formulation
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Figure 2 The body weight changes were monitored
over 9 day period ( each dose interval 3 days).
DARSLs: Doxomubicin antiresistant stealth liposomes
formulation;  FD: FV: Free
verapam il; FDFV: Mixture of free doxorubicin and free
verapam il formulation; LDFV: Mixture of liposomal

doxombicin and free verapam il formulation
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Figure 3 Left ventricle from SD mats treated with Saline (A), FD (B), FDFV (C), LDFV (D), DARSLs (E)

at cumulative doses of DOX 15 mg* kg ' and VER 3 mg*

kg '. Rats treated with free DOX ( FD and FDFV) with

severe vacuolation and atrophy of myocardial fiber; Rats treated with liposomal DOX ( LDFV and DARSLs) with

mild vacuolation of myocardial fiber ( TEM, x 12k).

DARSLs: Doxomubicin antiresistant stealth liposomes

fomulation; FD: Fre doxombicin; FDFV: Mixture of free doxombicin and free verapamil fomulation, LDFV:

Mixture of liposomal doxombicin and free verapam il formulation
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Table 2 Reduced percentage of heart rate during iv bolus injection of various formulations (7 =10 -

15 rats per group)

Group FD FDFV

DARSLs FV Saline

Reduction /% 3.8 2.1 24 +5° 7

20 £4°

15 k340 21 +4 0.3 10.4

" P<0.0l vs FD; “P <0.05, **P <0.01 vs FDFV; “P <0.05 vs LDFV. DARSLs: Doxombicin antiresistant stealth
liposomes formulation; FD: Free doxombicin; FV: Free verapamil, FDFV: Mixture of free doxombicin and free verapam il

formulation; LDFV: Mixture of liposomal doxorubicin and free verapam il formulation

1

2-6 Hmols L, 0.4 -
1.2 Bmole L™ 'M, ,
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