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A B S T R A C T  

 

ARTICLE INFO  

Nitrogen-Doped Graphene Quantum Dots (NGQDs) have recently been used effectively 

in drug delivery. Our study aimed to characterize NGQDs and investigate their toxicity 

and genotoxicity using the Brine Shrimp lethality test (BSLT), Allium cepa L assay, and 

MTT assay on U251 GBM cells. NGQDs were synthesized using citric acid and 

Tris(hydroxymethyl) aminomethane through the pyrolysis method. Antioxidant and 

scavenging activities of NGQDs were also measured. LC50, EC50, and IC50 of NGQDs 

were determined; the Allium cepa L assay was also used to explore the potential 

mutagenic and carcinogenic effects of NGQDs. NGQDs had an average size of 8.1±1 nm 

with a zeta(ζ)-potential of −24.4 mV. ATR FT-IR findings demonstrate that NGQDs 

have functional groups, and TEM analysis revealed heterogeneous morphologies. AFM 

measurements indicate that the size of the distribution of NGQDs is relatively uniform 

except for some agglomeration of NGQDs. UV-vis and FL spectra were 335 and 410 nm, 

respectively. ABTS+ and DPPH radical scavenging activities were 4.13±0.4 and 

61.32±0.22%, respectively. Total phenol content and antioxidant power were  

23±1.15 µg GAE/g and 577.98±0.28 µmol Fe2+/g, respectively. LC50, EC50, and IC50 

values were 3388.4±224.3, 5825.4±703.3, and 3057±156.9 µg/mL, respectively.  

In conclusion, NGQDs exhibited high photoluminescence and biocompatibility with  

no significant cytotoxic or genotoxic effects, making them highly safe for drug delivery. 

Moreover, it was concluded that the BSLT and Allium cepa L assay could be good 

alternatives to the MTT assay though further research is needed to confirm this. 
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Abbreviations                                                       

NGQD, nitrogen-doped graphene quantum dot; NPs, 

nanoparticles; BSLT, brine shrimp lethality test; DLS, dynamic 

light scattering; FT-IR, Fourier-transform infrared spectroscopy; 

TEM, transmission electron microscopy; UV–Vis, ultraviolet-

visible absorption spectroscopy. TPC, total phenolic content; FL, 

Fluorescence; PL, photoluminescence; FRAP, ferric reducing 

antioxidant power; F-C, Folin-Ciocalteu; RSA, radical scavenging 

activity; ABTS+, 2,2'-azino-bis (3-ethylbenzothiazoline-6-

sulfonic acid; DPPH, 2,2-diphenyl-1-picrylhydrazyl; LC50, half 

maximal lethal dose; EC50, half maximal effective 

concentration; GAE, Gallic acid equivalent; DMSO, Dimethyl-

sulfoxide; EDTA, Ethylene diamine tetra-acetic acid. CA, citric 

acid anhydrous; Tris HMA, tris (hydroxymethyl) 

aminomethane; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide; IC50, Half-maximal inhibitory 

concentration; CI, confidence interval. GBM, Glioblastoma. 

 

Statistical analysis 

All experiments were performed in triplicate. Data 

were expressed as mean ± S.D. Statistical analyses were 

performed using IBM SPSS Statistics 20, GraphPad Prism 

version 8.0, and Minitab 16 Statistical Software. 

Comparisons between groups were performed using one-

way ANOVA with Tukey's post hoc test. Kruskal-Wallis’s 

test was also used to compare the nonparametric data. 

P<0.05 was considered statistically significant. 
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