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Abstract: The emergence of antibiotic-resistant strains seriously reduces the efficiency of traditional
antibiotic therapy. The development of a new alternative antibiotic method to effectively eliminate this bacterial
infection has become a critical issue. Photothermal therapy (PTT) has shown many advantages in tissue
penetration, spatiotemporal specificity, no drug resistance and broad-spectrum antimicrobial ability. However,
extremely high temperature (55-65 °C) is needed to achieve highly efficient bactericidal effect during PTT
treatment process. Thus, this procedure will inevitably cause collateral damage to normal tissues. Silver
nanoparticles (AgNPs) are one of the most commonly used broad-spectrum antimicrobial agents. Its antimicrobial
activity is mainly derived from the release of silver ions (Ag’). However, excessive AgNPs not only would cause
toxic to the body, but also waste precious metals. In this study, oxidized mesoporous carbon nanospheres (OMCN)
were used as photothermal materials to prepare OMCN-Ag" composites. The composite material can improve the
antibacterial activity, reduce the waste of metal Ag and decrease the toxic and side effects. Moreover, the precisely
controlled mild heat can overcome the shortcoming such as the damage to normal tissue caused by the excessive
temperature during traditional photothermal antimicrobial process. The antimicrobial treatment system exhibits a

good biocompatibility both in vitro and in vivo. Specially, the designed nanosytem can effectively eliminate the
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bacteria from the infected wound, subsequently promoting the process of wound healing. All animal experiments

were carried out with approval of the Animal Experiment Ethics Committee of Henan University.

Key words: photothermal therapy; nanomedicine; silver; antibacterial; combined therapy
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Figure 1 Preparation of oxidized mesoporous carbon nanospheres-
Ag" (OMCN-Ag") and its application in photothermal therapy
(PTT) for local bacterial infection
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Scanning electron microscope (SEM) images of mesoporous carbon nanospheres (MCN, A) and oxidized mesoporous carbon

nanospheres (OMCN, B). Transmission electron microscope (TEM) images of MCN (C) and OMCN (D). E: Size distribution of MCN and
OMCN. F, G: X-ray diffraction (XRD) patterns of MCN and OMCN. H: N, adsorption-desorption isotherms of OMCN. I: Pore-size

distribution curve of OMCN. J: Ultraviolet and visible spectrophotometry (UV-Vis) spectra and corresponding dispersity photo of MCN and

OMCN at a concentration of 40 pg-mL"'. K: Fourier transform infrared spectrometer (FTIR) spectra of MCN and OMCN. L: Zeta
potential of MCN and OMCN. TEM images of OMCN-Ag" (M). Dark-field TEM image of OMCN-Ag" (N), and corresponding TEM

elemental mappings of C-K (0), O-K (P), and Ag-L (Q) edge signals. R: Energy dispersive spectrometer (EDS) spectrum of OMCN-Ag".
S: Cumulative silver ion release profiles from OMCN-Ag" samples. n =3, X £ s
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Figure 2 Photothermal effect of OMCN. A: Photothermal curves of OMCN at different concentrations (40, 60, and 80 pg-mL™") irradiated

with near infrared light (NIR) laser (808 nm, 1.0 W-cm™); B: Corresponding infrared thermal images; C: Photothermal curves of OMCN
(40 pg-mL™") irradiated with NIR laser by different power intensities (808 nm, 1.0, 1.5, 2.0 W-cm™); D: Corresponding infrared thermal
images; E: Recycling-heating profiles of OMCN dispersion (40 pg-mL™") irradiated for three on/off cycles; F: The photothermal response of
the OMCN aqueous solution (40 pg-mL™) for 600 s with an NIR laser (808 nm, 1.5 W-cm™) and then the laser was shut off; G: Linear time

data vs -In¢ obtained from the cooling period of E. Time constant (z,) for heat transfer from OMCN was determined to be 181.86 s by

applying the linear time data from the cooling period (after 600 s) vs negative natural logarithm
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Figure 3 Photographs of bacterial colonies formed by Staphylococcus aureus (S. aureus, A) and Escherichia coli (E. coli, B) after exposed
to PBS, PBS + NIR, OMCN, OMCN + NIR, Ag’, Ag" + NIR, OMCN-Ag"and OMCN-Ag" + NIR. Concentration: 40 pg-mL". Percentage
survival of S. aureus (C) and E. coli (D) after incubation with PBS, OMCN (40 pug-mL™"), OMCN-Ag" (40 ug-mL") for 10 min without or
with NIR laser irradiation (808 nm, 1.5 W-cm™, 10 min), determined by measuring the optical density at 600 nm. n =3, x+s. P < 0.001.

E, F: The fluorescence images of live/dead staining assay of S. aureus and E. coli. Scale bars are 10 pm
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Figure 5 Antibacterial activity in vivo. A: Photographs of wound on the mice after different times during the therapeutic process; B:
Photomicrographs showing section of skin tissues with H&E staining. Scale bars are 50 um; C: The bacteria separated from wound tissue

are cultured on agar plates (1. PBS, 2. PBS + NIR, 3. OMCN, 4. OMCN + NIR, 5. Ag", 6. Ag" + NIR, 7. OMCN-Ag’, 8. OMCN-Ag" +

NIR); D: The counted number of the surviving bacteria in the wound tissue. n =3, X £ s.

ok

P <0.001; E: Infrared thermal images of bacterial

infected wounds in mice treated with PBS (pH 7.4) and OMCN-Ag" with NIR laser irradiation (808 nm, 1.5 W-cm™, 10 min)
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Figure 6 Histological analysis of the organs of mice after 5 days.
1: PBS; 2: PBS + NIR; 3: OMCN; 4: OMCN + NIR; 5: Ag’; 6: Ag' +
NIR; 7: OMCN-Ag"; 8: OMCN-Ag' + NIR. Scale bars are 50 um
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