
Introduction: The use of semiconductor nanoparticles has been of immense interest in the scientific field with researchers seeking diverse application for fluorescing
nanocrystals [1]. Semiconductor quantum dots (QDs) have been applied multifunctionally in bioassays as a cancer biomarker targeting agent [2], bioimaging in living animals [3],
molecular and cellular imaging [3], and as a therapeutic agent [4]. Despite its many proposed applications, safety and toxicity of quantum dots continue to be a major concern. In
addition, United States Food and Drug Administration (FDA) has required that all nanoparticle agents being introduced into the human body be totally cleared in a reasonable
amount of time [5]. Hence, questions on cytotoxicity, biodistribution and clearance are important to address. The QD used in the study are composed of graphene, and are
synthesized by chemical oxidation and cutting of micrometer-sized pitch-based carbon fibers (CF) [10]. These graphene QDs (GQDs) are highly soluble in water and other polar
organic solvents, such as dimethylformamide (DMF) and dimethyl sulfoxide (DMSO) with a high crystallinity and a lattice parameter of 0.242 nm. AFM imaging demonstrates the
topographic morphology of GQDs [10], the heights of which are between 0.4 and 2 nm, corresponding to 1−3 graphene layers.

Cytotoxicity: The ctotoxicity of QD is dependent on size, fabrication process and material for fabrication as well as appropriate sterile conditions [6]. In order to determine the 
cytotoxicity of the GQDs we used the trypan blue exclusion assay, the CCK-8 assay, and the lactate dehydrogenase assay. 
• Trypan Blue: The trypan blue exclusion assay was designed in the test of cell viability and cytotoxicity of drug components and chemical agents introduced into the cell [11]. 

The principle behind the assay is that the cell membrane of viable cells remain impervious to the surrounding dye, while the nonviable cells have “leaky” membranes and are 
permeable to the dye, resulting in distinctive blue staining [11].

• Cell Counting Kit- 8: This assay is a colorimetric assay for the determination of the number of viable cells. The CCK-8 kit (Sigma-Aldrich) uses the water soluble tetrazolium salt 
WST-8 [2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium, monosodium salt. WST-8 is reduced by dehydrogenases in cells to give a yellow 
colored product (formazan). The amount of the formazan generated by the activity of dehydrogenases in cells is directly proportional to the number of living cells.

• Lactate Deydrogenase (LDH)  Assay: is based on a test of the expression of lactate dehydrogenase activity in the extracellular medium, where its presence indicates a state of 
irreversible cell damage [8] quantitatively measuring cell viability and late stage apoptosis [9].
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Figure 2. (a) GQD image under natural light. (b) GQD image under UV spectrum. (c) TEM image of GQD. (d) Synthesis of GQD from CF. (e) TEM image of carboxylated GQD showing size 3-5nm. (Nurunnabi,

M., et al., 2013). (f) The excitation wavelength of GQD 80 and 100 with plate reader at 200nm.

Figure 3. (a) Graph showing cell response being 

cultured with GQD for 48hrs (b) CHO cells with 

GQD 80 48 hours after treatment and (c) CHO 

cells with GQD 100 48 hours after treatment.
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Purification and sterilization: Due to apparent contamination, we sought to remove any potential
compound remaining from the GQD synthesis, or any infectious agents. Ultrafilteration (UF)
experiments were performed in the same cell or with centrifugal filtration devices (Amicon Ultra,
Millipore) with 25-mm diameter syringe filters or a 45-mm dead-end cell pressurized with nitrogen.
All UF membranes had regenerated cellulose active layers (PLC, Millipore). A new membrane was
used for each experiment. The hydrophobic membrane was soaked in a 50% ethanol solution for 10
min to wet the pores and then rinsed with MilliQ water. All membranes were soaked in warm MilliQ
water for 30min prior to use to remove any organic contamination. The cell was then filled with the
feed solution containing the GQD, the stirring switched to 270 rpm and the pressure adjusted to 100
kPa. Two types of filtration protocols will be used, a standard and a recycle protocol, after which the
filterate and the remnant will be collected. Once the purification is complete we will continue the
trypan blue, CCK-8 and LDH assays.

Conclusion: GQDs have significant promise for a large number of biologic application. However, as
with all nanomaterials, biocompatibility and cytotoxicity is crucial. Techniques used to remove trace
reagents and infectious agents are essential and can be technically challenging to apply without
damaging or altering the material. As this study is ongoing, the ultimate success of our proposed
solutions remains to be seen. However, if successful, they will open many investigational avenues for
the application of these GQDs.
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Initial results: Chinese hamster ovary (CHO) cells were harvested and counted for viability. Using a 6 well plate, 25,000 cells were seeded in each plate and incubated at 37⁰C for 
24 hours to allow for attachment to the plate. GQD were added at varying concentration (0, 100, 200, 300, 400, 500 microgram per liter) to each plate and incubated for 48 
hours. Following the time period, trypan blue exclusion assay was conducted to examine cell viability. The trypan blue assay suggested that the GQD needed to be further 
purified and sterilized. 
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