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Preparation of Chinese medicine Ganoderma lucidum carbon dots
and their application photodynamic/photothermal therapy for
pancreatic cancer in vitro
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Abstract: Carbon quantum dots (CDs) are a class of zero-dimensional carbon nanomaterials with remarkable
fluorescent properties, consisting of carbon nanoparticles with dimensions below 10 nm. Due to its advantages of
excellent optical properties, good water solubility and biocompatibility, it shows great potential in photothermal/
photodynamic therapy of cancer. In recent years, carbon quantum dots prepared from traditional Chinese medicine
as a carbon source have attracted extensive attention from scientists. In this study, we synthesized carbon quantum
dots of five Chinese medicines, Ganoderma lucidum, Poria cocos, Dendrobium officinale, Coix lacryma, and
Ginger, in one step by a conventional hydrothermal method, and screened out the Ganoderma lucidum CDs
with the best fluorescence quantum yields and photothermal conversion properties. The results show that the
Ganoderma lucidum CDs prepared in this study, with a particle size of (6.40 £ 1.31) nm, have good in vivo and in

vitro fluorescence imaging properties, demonstrating certain tumor targeting properties. And they can generate
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photothermal/photodynamic synergy to efficiently kill pancreatic cancer cells under the mediation of near-infrared

laser. The animal experiment has been approved by the Animal Ethics Committee of Guizhou University of

Chinese Medicine (No. 20230022).

Key words: Ganoderma lucidum; carbon quantum dot; fluorescence imaging; pancreatic cancer; photothermal/

photodynamic therapy
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oxygen species, ROS) 7K.
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Figure 1 Preparation, fluorescence spectra, and in vitro heat production temperature changes of five Chinese herbal carbon quantum dots

(CDs). From left to right, the state and color change of each CDs before dilution, after dilution, under 365 nm UV lamp irradiation, on the

coated silica gel plate and under 365 nm UV lamp irradiation on the silica gel plate, Dendrobium officinale (A), Coix lacryma (B), Poria

cocos (C), Ginger (D) and Ganoderma lucidum (E) CDs; F: Fluorescence spectrograms of 5 Chinese herbal CDs; G: Temperature changes of

five Chinese medicine CDs exposed to near-infrared light with an output power of 1.5 W, where PBS is phosphate buffer solution
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Figure 2 Characterization of Ganoderma lucidum CDs. A: The pictures for the solution containing Ganoderma lucidum CDs before lyoph-
ilization (a), the tyndall effect of Ganoderma lucidum CDs solution (b), the powder of Ganoderma lucidum CDs after lyophilization (c), and
the solution containing Ganoderma lucidum CDs (the re-suspended) (d); B: Particle size distribution and TEM image; C: XRD pattern; D:
Raman spectra; E: XPS spectra; F: Infrared spectra; G: UV-visible absorption spectra; H: Fluorescence spectra of Ganoderma lucidum CDs.

TEM: Transmission electron microscopy; XRD: X-Ray diffraction; XPS: X-Ray photoelectron spectroscopy
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Figure 3 Cellular uptake studies. A: Cellular imaging of the BxPC-3 cells and the HPDE6-C7 cells after incubation with Ganoderma
lucidum CDs (0.5 mg-mL™") for 2 h. All nuclei were stained with DAPI; B: The quantitative analysis based on the imaging in Figure A using

a software "Image J". n=3,x+s. "P<0.01
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Figure 4 In vitro PDT effect of Ganoderma lucidum CDs. A: Inverted fluorescence microscopy images of ROS levels in the BxPC-3 cells
with and without laser irradiation of Ganoderma lucidum CDs; B: Semi-quantitative analysis of the fluorescence images in Figure A using
"Image J" software; C: Antioxidant effects of different concentrations of Ganoderma lucidum CDs on the HPDE6-C7 cells. PDT: Photody-
namic therapy; ROS: Reactive oxygen species. n =3, x 5. ""P<0.001
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Figure 5 In vitro PTT effect of Ganoderma lucidum CDs with or without NIR laser. A: Cell cytotoxicity of the BxPC-3 and HPDE6-C7
cells under different concentrations of Ganoderma lucidum CDs; B: The effect of Ganoderma lucidum CDs on BxPC-3 cells migration at
different times (20%); C: Cell migration rate analysis of the HPDE6-C7 cells and the BxPC-3 cells in Figure B analysed by "Image J" soft-
ware; D: Cell survival of the BXPC-3 cells under different concentrations of Ganoderma lucidum CDs with and without NIR laser; E: Photo-
thermal ablation (40x) in BxPC-3 cells with Ganoderma lucidum CDs. Cells were stained with Calcein AM (green, live cells) and EthD-1

ok

(red, dead cells); F: The quantitative analysis based on "Image J" software in Figure E. n=3,x+s. "P<0.01, P <0.001
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Figure 6 [n vivo imaging of Ganoderma lucidum CDs. A: In vivo fluorescence imaging of mice, bearing BxPC-3 tumors, at 48 h after iv

injection of Ganoderma lucidum CDs; B: The accumulation of Ganoderma lucidum CDs in various tissues was calculated as ID (the percent-

age of the injected dose per gram of tissue). The fluorescent intensity, responding the amount of Ganoderma lucidum CDs, was read by the

imaging system; C: The accumulative ratio of Ganoderma lucidum CDs in BxPC-3 tumor at 48 h. ID: Injected dose
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