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Abstract: Chinese Medicine Carbon Dots, as an innovative achievement integrating nanotechnology and
traditional Chinese medicine in recent years, exhibit unique advantages such as high efficiency, excellent water
solubility, and outstanding biocompatibility, demonstrating significant potential in clinical therapy and other areas.
This study utilized traditional Chinese herbs Eclipta prostrata L. and Ligustrum lucidum Ait. as precursors to
synthesize Eclipta-Ligustrum carbon dots (EL-CDs) via a solvothermal method, exploring their potential as a
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novel agent for the prevention and treatment of breast cancer. Initially, the carbon dots were characterized using
fluorescence spectroscopy and ultraviolet-visible (UV-Vis) absorption spectroscopy, confirming that EL-CDs
possess favorable optical properties. The synthesis conditions were optimized to identify the optimal reaction
parameters. To further investigate the characteristics of the carbon dots, mouse breast cancer 4T1 cells were used
as the model system. Cellular imaging techniques demonstrated that EL-CDs can be effectively applied for cell
imaging. MTT assays indicated that EL-CDs exert cytotoxic effects on 4T1 cells, while scratch assays revealed
their ability to inhibit the migration of 4T1 cells. The changes in reactive oxygen species (ROS) levels in 4T1 cells
were detected using DCFH-DA staining combined with inverted fluorescence microscopy. Compared to the control
group, the EL-CDs treatment group showed a significant increase in ROS expression in a dose-dependent manner.
To evaluate the in vivo imaging potential of EL-CDs, both in vivo and ex vivo organ imaging in mice demonstrated
their excellent fluorescence properties. Furthermore, EL-CDs exhibited certain antitumor effects without significantly
affecting the body weight or growth of the mice during treatment. In summary, EL-CDs possess good biocompatibility,
remarkable fluorescence properties, and certain antitumor efficacy, offering a new strategy for breast cancer
treatment and holding potential value for clinical translation. This experiment was approved by the Animal Ethics
Committee of Shandong University of Traditional Chinese Medicine (No: SDUTCM20240304213).
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Figure 1

Characterization of Eclipta-Ligustrum carbon dots (EL-CDs). A: Lyophilized powder of EL-CDs; B: Re-dispersed solution of

EL-CDs; C: Photograph of EL-CDs under UV irradiation; D: Tyndall effect exhibited by a solution of EL-CDs; E: Transmission electron

microscopy image of EL-CDs; F: High-resolution transmission electron microscopy image of EL-CDs; G: Particle size distribution of EL-

CDs;H: UV-Vis absorption spectrum of EL-CDs; I: Fluorescence emission spectrum of EL-CDs; J: Infrared spectrum of EL-CDs
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Figure 3 Cellular imaging of EL-CDs. Scale bar =5 um
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Figure 2 Fluorescence intensity at an excitation wavelength of 400 nm under different conditions. A: Fluorescence intensity at different

temperatures (110, 130, 150, 170, 190 °C); B: Fluorescence intensity at different durations (6, 8, 10, 12, 14 h); C: Fluorescence intensity at

different precursor masses (0.375, 0.75, 1.125, 1.5, 1.875 g). n =3, X*s
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Figure 4 Cytotoxic effects of EL-CDs on 4T1 mouse breast cancer cells. A: Cell viability of 4T1 cells after 24 h treatment with EL-CDs;
B: Cell viability of 4T1 cells after 48 h treatment with EL-CDs; C: Cell viability of 4T1 cells after 72 h treatment with EL-CDs. n =3, x £ 5.

“P<0.01,""P<0.001 vs control
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Figure 5 EL-CDs significantly inhibit 4T1 cell migration. Scale
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bar =20 pm.n =3, x £3s. P <0.001 vs control

6 {HREMAIEMEE KT

/N BRCFL RS 4T 40 A MTT 52 56 A1 Rl R 5256 %)
SRR N SN AT T A7 SaE R i sem, it — 2Dl
I ROS A 248 f o4 7% PR 28 & B AR AL . Rosj;gi’az
FERT, AT 3E i U SOOI 5| S 20 i LRI 7, e
SEGNIE TP, GnlE 6 B, I DCFH-DA W% & )ﬁ,

High

2 B~ U T IR AR AE AT 140 o 7 £ ROS 1
RE 77, UL 28 7% 40 i 7R R BE TS T 4T1 41 ROS
fR A, HL SRR AR

100 pg-mL"!

DCFH-DA

Figure 6 Fluorescence micrographs of ROS generation induced

by EL-CDs at different concentrations. Scale bar = 10 pm
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Figure 7 In vivo and ex vivo imaging of EL-CDs. A: In vivo fluorescence imaging of EL-CDs in tumor-bearing mice; B: Ex vivo fluores-

cence distribution of EL-CDs in isolated organs
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Figure 8 Biosafety evaluation of EL-CDs in mice. A: Bioluminescence imaging of mice in different treatment groups; B: Body weight

changes across experimental groups
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FEI8 A BEH B (glutathione, GSH) Jf411 1] #% 0 1 2k 5
T2 GPX4 13 1, 3 5040 M 7% B LPO M fig /1, [F)
I i D 3t 4R A B A 5 45 ) 6 T8 B9 %, 38 3 Fenton 2
N HE— 35 O ROS 5 LPO A2 1, T 8 AL N % 716
RCT f 44 i R0 T R A0 R BR BB T . 3@ i/ BRI
PR R DL, 58 R -2 T T BA R 5O R 1
e, H AR RIGFHRAEVAEE. 2706 UL ERHE, AR0E5T
Xof s 5 — 2 T B s 1R PRI VR 9TV AT PEA,
45 DR I 88 538 — A vtk R FU N A — i 4 )
RO o XSRS I R AR AR A AN LR VR T
ZiPFR AL T R R

B DTBK: A 4 A1 L8 R 355 97 DT S I8 7 58 St L B R
BRI W RO S 04 TR AR IR U BT R 2
o BR T AR S 5T S O B VSRR AR T AR E I
LW FF.
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