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Construction and preliminary study of multifunctional drug delivery
system based on hollow mesoporous copper sulfide nanoparticles
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Abstract: This study aims to develop multifunctional drug delivery system based on hollow mesoporous
copper sulfide (HMCuS) nanoparticles. This type of nanoparticles is expected to achieve the synergistic treatment
of tumor by targeted phototherapy and chemotherapy. The carrier was synthesized by a substitution method, and
the anti-cancer drug doxorubicin (DOX) was loaded and then modified by hyaluronic acid (HA) to prepare the anti-
cancer drug system DOX/HMCuS-HA. The results suggested that DOX/HMCuS-HA presented uniform spherical
structure, with the drug loading efficiency of 33.6%, the particle size and zeta potential being 113.8 + 6.9 nm
and 18.4 + 2.8 mV, respectively. When 100 pg- mL* HMCuS was irradiated under 808 nm laser (2 W - cm?) for
8 min, the temperature can heat up 51 ‘C, demonstrating high photothermal conversion efficacy. Electron spin
resonance (ESR) tests and methylene blue degradation experiments showed that HMCuS nanoparticles could
simultaneously produce hydroxyl radical (¢«OH) mediated photodynamic therapy. In addition, HA was responsible
for minimizing premature drug release and increasing tumor targeting efficiency by acting as a smart gatekeeper
with tumor specific targeting moiety. In vitro drug release experiments showed that the coated HA could be
degraded by intracellular lysosomal enzyme hyaluronidase, which facilitated DOX release. The acidic micro-
environment of tumor cell and external near infrared (NIR) stimulus could trigger further release of DOX from
the nanoparticles. These results point to a new strategy for timely and effective anti-tumor treatment.
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ARGk, RN BT E T AV 0T ] fe 2 NFLIE
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Figure 1 Characterization of hollow mesoporous copper sulfide (HMCuS). a: TEM spectrum of HMCusS; b: Energy spectrum of HMCusS;
c: XRD spectrum of HMCuS
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Figure 2 Characterization of samples. a: UV spectrum; b: IR spectrum. DOX: Doxorubicin; HA: Hyaluronic acid
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Figure 3 Characterization of DOX/HMCuS-HA. a: TEM spectrum: (1) HMCusS nanocarrier, (2) DOX/HMCuS, (3) DOX/HMCuS-HA, (4)
DOX/HMCuS-HA after hyaluronic acid enzyme incubated 2 h; b: Nitrogen adsorption and desorption curve and pore size distribution; c:
Leakage rate of DOX/HMCuS and DOX/HMCuS-HA in 10d (n = 3)
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DOX/HMCuS #1 DOX/HMCuS-HA ) it I 24 4 & 43 51l
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Figure 4 The size distribution and zeta potential of samples
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Photothermal conversion of HMCuS-HA. a: The temperature variation diagram of HMCuS and HMCuS-HA (containing

100 pg-mL™* HMCuS) irradiated by 808 nm laser with different power; b: Temperature variation diagram of HMCuS and HMCuS-HA at
different concentrations irradiated by 808 nm laser (2 W -cm?). Light and dark lines of the same color represent the heating curves of
HMCuS and HMCuS-HA, respectively
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Figure 6 Electron spin resonance (ESR) pattern of HMCuS at different time after near infrared (NIR) irradiation (808 nm, 2 W-cm?) (a).
Degradation of methylene blue by HMCuS-HA at different time after NIR irradiation (808 nm, 2 W -cm) (b)
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Figure 7 Drug release curves of DOX/HMCuS-HA in the presence of hyaluronidase at different pH values (a). DOX/HMCuS-HA drug
release curve under the presence of hyaluronidase and laser irradiation at 808 nm (b)
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