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Abstract: In this paper, multifunctional silver-graphene quantum dot nanoparticles coated with phospholipids
(ADG-DDPC) were prepared and their properties were evaluated in vitro. Cationic phospholipids 1,2-diolefinoxy-
3-trimethy-laminopropane (DOTAP) was absorbed first onto the surface of the core of silver nanoparticle (AgNPs)
through the mutual attraction between the positive and negative charge. Based on the principle of phase trans-
formation and hydrophobic interaction, dstearyl-phosphatidylglycolamine-polyethylene-glycol-cyclic-cRGD
peptide (DSPE-PEG,,,-cRGD) self-assembled onto the outlayer of DOTAP of AgNPs. A stable multifunctional
nano-preparation was formed and its ultraviolet absorption, particle size distribution, morphology, in vitro release
behavior, ability to kill cancer cells and cell uptake were studied. The maximum UV absorption of the synthesized
nanometer preparation was about 400 nm. Malvern particle size meter and transmission electron microscope
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showed that the particle size of the nano- preparation was about 30-40 nm and its particle size distribution was
uniform. The in vitro release of nano-preparation was positively correlated with the concentration of H,0,. The
IC,, value of AgNPs for tumor cells was (347.78 £+ 0.06) ng - mL*?, and the IC,, value of ADG-DDPC for
tumor cells was (209.68 £ 0.09) ng-mL™, indicating that ADG-DDPC possessed a stronger cytotoxicity than that of
AgNPs. Cell uptake experiment showed that ADG-DDPC could be absorbed by tumor cells and exhibited fluoresce
inside those cells. In conclusion, ADG-DDPC was successfully prepared, and in vitro characterization study
pointed to that the nano-preparation exhibits a higher antitumor activity than AgNPs.
Key words: silver nanoparticles; phospholipid; cytotoxicity; graphene quantum dot; fluorescence imaging
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Figure 1  Schematic illustration of silver nanoparticles (AgNPs), graphene quantum dots (GQDs). AgNP-DNA-GQDs were the core of
the nanoparticles (ADG) (A); 1,2-dioleoyl-3-trimethy-lammonium-propane (DOTAP) and dstearyl-phosphatidylglycolamine-polyethylene-
glycol-cyclic-cRGD peptide (DSPE-PEG,,,,-CRGD) were dissolved in methanol (B); synthesis of phospholipid-coated silver-graphene

quantum dot multifunctional nanoparticles (ADG-DDPC) (C)
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Figure 3 Particle size distribution of ADG-DDPC
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Figure 2 UV absorption spectra of AgNPs, AgNP-DNA, ADG-DDPC UV-Vis absorption spectroscopy. A: AgNPs and AgNP-DNA,; B:

ADG-DDPC
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Table 1 Particle size of ADG and ADG-DDPC within 48 hours in the absence of light at 4 ‘C. PDI: Polydispersity index

icle si Time/h
Group Particle size 0 1 2 3 5 7 0 ) 2 78
ADG Size/nm 18.78 23.3 29.93 53.61 89.12 104.4 352.2 378.4 594.9 832
PDI 0.332 0.371 0.516 0.310 0.521 0.621 0.519 0.421 0.668 0.877
ADG-DDPC Size/nm 25.18 25.18 25.32 25.34 25.38 25.38 26.10 26.21 27.63 30.33
PDI 0.035 0.071 0.121 0.214 0.105 0.213 0.189 0.233 0.310 0.279
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Figure 4 TEM topographical maps of AgNPs (A), GQDs (B),
physical mixing of AgNPs and GQDs(C), ADG (D) and ADG-
DDPC (E)
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Figure 5 Emission spectra of GQDs at different excitation wavelengths (A); fluorescence spectra of ADG-DDPC as functions of different
concentrations of H,0, (B); TEM of the ADG-DDPC after treating with 200 umol - L* H,0, (C). The GQDs are indicated by the arrows
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Figure 7 Fluorescence micrograph of HelLa cells incubated with
ADG-DDPC for 6 and 12 h, GQDs incubation of HeLa cells for 6
and 16 h. From the left side are phospholipid materials (blue
light), Dil (cell membrane, red stain) and fused images. Scale
bar =50 pm
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