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Introduction and Aims: New psychoactive substances (NPS) are usually brought onto the 
drugs of abuse market without any safety testing, hence knowledge about their potential cyto-

toxicity is sparce or even unknown. Therefore, a health risk for consumers 
could not be excluded. Also, some case reports associate their ingestion 
with an acute organ toxicity [1,2]. There exist different in vitro ap-
proaches to measure cytotoxicity parameters such as cell viability, leak-
age of lactate dehydrogenase, mitochondrial membrane potential, mito-
chondrial redox activity, or apoptosis. However, many previous studies 
only investigated isolated parameters as single endpoints [3,4], which 
could lead to false negative or positive results. By using a high content 
screening assay (HCSA), this major drawback could be avoided, since 
several parameters are monitored simultaneously within the same experi-
ment [5]. Therefore, the present study aimed to improve an existing 
HCSA, to study the cytotoxic potential of NPS using the hepatoma cell 
line HepG2 [6]. The model compound fluvastatin was used for method 

optimization to achieve a simplified use, increased sample throughput, and improved reproduc-
ibility. Afterwards, the applicability of the method was exemplified for the synthetic canna-
binoid (SC) A-796260 (structure see Figure). 

Methods: HepG2 cells were seeded in self-coated imaging plates in a density of 1500 or 1750 
cells/well and incubated for 24 h in RPMI medium. Afterwards, cells were treated with fluva-
statin (0.14, 1.23, 3.7, and 11.12 µM) or A-796260 (1.95, 3.91, 7.81, 15.6, 31.3, 62.5, and 125 
µM) for 48 h or 72 h. Thereafter, the cells were incubated for 1h with a fluorescent dyes cocktail 
(0.8 µM Hoechst33342, 20 nM TMRM, 1 µM CAL-520, 1 µM TOTO-3). Cell plates were 
analyzed using a full automated epifluorescence microscope (BioTek Lionheart FX Automated 
Microscope) by means of a 20x/0.45 objective. The following six parameters were monitored: 
cell count, nuclear size, nuclear intensity, mitochondrial membrane potential, cytosolic calcium 
levels, and plasma membrane integrity. Hoechst33342 was used for identification of number 
and area of regions to define cell count and nuclear size. Nuclear intensity, mitochondrial mem-
brane potential, cytosolic calcium levels, and plasma membrane integrity were measured by the 
total fluorescence intensity of Hoechst33342, TMRM, CAL-520, and TOTO-3, respectively. 
Six images/well were collected and analyzed by comparison of blank incubation (untreated) to 
treated incubations. 

Results and Discussion: Fluvastatin was used to improve the former HCSA method, such as a 
reduced drug exposure from 72 h to 48 h to prevent cells from multilayer formation. As a 
consequence, the number of seeded cells was adjusted from 1500 cells/well to 1750 cells/well. 
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Also, a higher level of automation was achieved by using a fully automated epifluorescence 
microscope instead of a half-automated one. This optimized HCSA method was used to assess 
the cytotoxic potential of the SC A-796260, which significantly impaired the mitochondrial 
membrane potential, cytosolic calcium levels, and nuclear intensity of HepG2 cells in concen-
trations lower than 10 µM. As maximum plasma concentrations of NPS are usually unknown, 
cytotoxicity assessment criteria were based on a previous study [6]. Thus, the cytotoxic potential 
of A-796260 was ranked as high, as already observed for other SC such as 5F-PB-22 [6].  
 
Conclusion: A-796260 significantly affected three parameters in HepG2 cells below 10 µM. 
The most sensitive parameters turned out to be the mitochondrial membrane potential and cy-
tosolic calcium levels. Thus, a cytotoxicity after consumption of A-796260 could not be ex-
cluded. The optimized HCSA should now be used to systematically study the cytotoxic poten-
tial of further NPS. 
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