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Abstract: Disulfiram (DSF) is a traditional anti-alcohol drug, but it was recently found that DSF has strong
inhibitory effect on the growth of a variety of cancer cells. However, its clinical application is greatly limited due to
its poor solubility, instability in gastrointestinal tract and short plasma half-life. In this study, DSF is fabricated into
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nanosuspensions with the aim of trying to solve these problems. DSF nanosuspensions (DSF-NSps) were prepared
by the anti-solvent precipitation method under ultrasonication, and the suitable stabilizer was screened according to
the size, polydispersity index (PDI), and zeta potential of the resultant nanosuspensions, along with their particle
size change during the storage at room temperature. The particle size, PDI, and zeta potential of DSF-NSps were
determined using dynamic light scattering method, while the morphology of DSF-NSps was observed by transmis-
sion electronic microscope (TEM). The stability of DSF-NSps in media was examined according to their particle
size change in different physiological media. The concentration of DSF was measured by HPLC assay. The in vitro
drug release was evaluated on basis of dialysis. MTT assay was employed to evaluate the in vitro cytotoxicity of
DSF-NSps against cancer cell lines. The 4T1 tumor-bearing mouse model was used to evaluate the in vivo
therapeutic efficacy of DSF-NSps. All the animal experiments were acquired according to the Regulations for
Animal Experiments and Guidelines for Ethical as defined by Institute of Medicinal Plant Development, Chinese
Academy of Medical Sciences and Peking Union Medical College. As a result, the combinational use of soyabean
lecithin (SPC) and D-alpha tocopherol acid polyethyene glycol succinate (TPGS) was determined to best stabilize
DSF-NSps when the ratio of DSF-SPC-TPGS was 24 :20: 4 (weight ratio), with small particle size and good
storage stability. The resultant DSF-NSps showed a regular spherical morphology and drug loading content of
(45.36 + 2.09) %, with average particle size of 175.00 + 0.75 nm, PDI of 0.24 + 0.07 and zeta potential of
—-14.3 mV. DSF-NSps displayed good particle size stability in a variety of biological media including phosphate
buffer saline, normal saline, 5% glucose, artificial gastric fluid, artificial intestinal fluid and plasma, which would
meet the demand of both intravenous and oral administration. The in vitro study demonstrated that nano-encap-
sulation greatly increased the stability of DSF in aqueous media, DSF-NSps exhibited sustained release of the
encapsulated drug and significantly inhibited 4T1 cells compared to free DSF (IC,,, 1.07 vs 5.53 ug-mL™*, P<0.01).
DSF-NSps showed a good dose-response relationship on the 4T1 tumor-bearing mice with the tumor inhibition
rates at the three doses being 80.22%, 75.14% and 66.10%, all higher than that of paclitaxel injections (55.01%,
P<0.05). The in vivo biodistribution study displayed that DSF-NSps were mainly distributed into liver, spleen and
tumor. In sum, disulfiram nanoparticles could be expected to provide an effective anti-cancer drug for the treatment
of breast cancer.
Key words: disulfiram; breast cancer; nanosuspension; anti-cancer; pharmocodynamics
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V = LxW?/2

IR (%) = [(V xypn =V sV 10211 ¥100%

BRBKESTRA R AR DSFHIB A RITA
A% e HR & Dir (Z5%) 5 Dir i & 5 & LE 40: 1), %18
DSF-NSps il £ 75 ¥ il % 2 6 bR id i) DSF-NSps, 7 I
IR 47 7L i 24 RO 5T v w77 & DSF-NSps 4 fx i —
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Figure 1 HPLC chromatogram of disulfiram (DSF)
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PL 2 201, R AEH] % BN KIR S50 $h L SPC
F %€ 7)) £ ) DSF-NSps, 7E 44 N B5A KAE IR EH,
7% J& LA SPC/TPGS Ik & Fiz 2 7, LA T HAC A 1 %
M. H1%1Fi7x, 24 DSF:SPC:TPGS = 24:20:4 (H &
EL) I, RLARE/N, PDI BN &1, Mok Fz e N
DSF-NSps 14k 77 F T fa 21w 7% .
Table 1  The size, polydispersity index (PDI) and zeta potential
of the resultant DSF nanosuspensions (DSF-NSps) at different
ratio with the final drug concentration of 1 mg- mL*. SPC: Soya-
bean lecithin; TPGS: D-Alpha tocopherol acid polyethyene glycol

succinate. - Not prepared as a nanosuspension; “Irreversible white
precipitate produced after overnight

Drug:stabilizer Ratio Size/nm PDI Zeta/mV

DSF:SPC 1:2 219.7+568 0.212+0.02 -22.1
11 1555+5.17 0.212+0.02 -17.8
2:1 - - -

DSF:TPGS” 11 159.1+1.18 0.130+0.02 -25.3

DSF:SPC:TPGS  1:1:1 - -
24:24:4 3492+6.36 0.385+0.08 -155
24:20:4 175.0+0.75 0.235+0.07 -14.6

3 DSF-NSps#|&REHHE

i 8 E IR i 3% 1) &b U7 1) % DSF-NSps, K4t R
175.0 + 0.75 nm, PDI 4 0.235 + 0.07, 47 }-14.6 mV,
A2 2> A O 1K 2. HPLC Il 43 DSF-NSps #; 25 &~
(45.36 + 2.09)%, ik T H i 4 24 & 50%, = 2 5 [ 7] fig
J2 PR R AE 5 4% 1 AR P 24 W B 55 I 30 23 45 2K
4 DSF-NSpsH7s

% 55 LB T DSF-NSps KAk F 3k B or A 45141,
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Figure 2 Particle size and distribution of DSF-NSps
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Figure 3 Transmission electron microscope images of DSF-NSps
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Figure 4 Particle size change of DSF-NSps in 0.9% NaCl, 5%
glucose (Glu), phosphate buffer saline (PBS), artificial gastric

juice, artificial intestinal fluid and plasma at 37 ‘C (n =3, x £ s)
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WD 25 0 % A, 48 h BRI 70% DSF ISR A7 15 ; 16
¥ 10% FBS 1) PBS i i H (18] 5B), Ui 25 DSF 6 h J& %
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Figure 7 Proliferation inhibition of DSF-NSps against 4T1 cells
after 48 h of incubation. n = 3, x + s. "P<0.01vs free DSF, #P<
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Figure 5 Residual DSF of free DSF and DSF-NSps in distilled water (A) and in PBS containing 10% fetal bovine serum (FBS) at 37 C
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