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Abstract

Mitochondrial Bioenergetics 2D vs. 3D cultured PHH

Mitochondrial dysfunction is a major mechanism of drug-induced liver
injury, which can be induced through a parent drug or reactive
metabolite generated through cytochrome P450 activity. Until now,
most existing cell-based models utilized 2D-cultured hepatocytes,
which exhibit only little metabolic competence over long-term culture
and thus allow only for short-term drug exposures. Here, we
investigated whether 3D human liver microtissues would be a useful
tool for assessment of mitochondrial activity, as these tissues exhibit
preserved metabolic functions, enabling repeat-dose, long-term toxicity
testing. We utilized the Agilent XFe96 platform to assess the
mitochondrial oxygen consumption rate (OCR). We found that 3D
human liver microtissues exhibited an increased spare respiratory

Figure 2: OCR analysis of 2D human hepatocytes vs. 3D human liver microtissues. Primary human hepatocytes from the same lot were either assayed as 2D cell
culture or as 3D spheroids. The bioenergetics were profiled by determining the oxygen consumption rates (OCR) after treatment with inhibitors (Oligomycin,
Rotenone/Antimycin A) or uncouplers (FCCP) using the Agilent XFe96 Analyzer. By normalizing the OCR to the basal respiration, an approximately 4-fold greater spare
respiratory capacity (SRC) in 3D spheroids has been obtained compared to primary hepatocytes in 2D culture.

capacity (SRC) in comparison to 2D culture. Moreover, a panel of
potential mitotoxic drugs, including Amiodarone, Diclofenac, and
Troglitazone,

and

non-mitotoxic

drugs

including

Bosentan,

Entacapone, Ximelagatran, was tested. Mitotoxic drugs showed a
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dose-dependent decrease in SRC, before the cellular viability was
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affected, whereas for non-mitotoxic drugs this was not observed. This
suggests that measurement of mitochondrial activity is a valuable tool
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to detect drugs with potential mitochondrial liabilities and is therefore a
powerful tool for mechanistic investigations of adverse drug effects.
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Figure 4: Reproducibility of the 3D InSight™ Mitochondrial Toxicity Assay. The bioenergetics
profile of 4 independent analysis runs (each run contained at least 3 replicates) of 3D InSight™ Human
Liver Microtissues was analyzed with the Agilent XFe96 Analyzer. The overall standard deviations
(indicated in green) across all runs were 4-10%. The mean across assays and replicates is displayed
as a black dotted line.

Figure 3: Maximal respiration in 2D hepatocytes vs. 3D liver
microtissues. Primary human hepatocytes were cultivated in 2D and 3D
and their maximal respiration rate was assessed with the Agilent XFe96
Analyzer. After normalizing to the baseline, an approximately 4-fold greater
maximal respiration in 3D spheroids was yielded compared to 2D.
**** p < 0.0001 Unpaired two-tailed t-test; Means +/- S.E.M

Figure 1: 3D InSight™ Mitochondrial Toxicity Assay Workflow. The two-step mitotoxicity assay
workflow consists of drug exposure (typically 2 days, up to 14 days possible) in GravityTRAP™
plates followed by a discrete transfer of microtissues to the Agilent analysis platform (XFe96
Spheroid Microplates) for the measurement of OCR (Agilent XFe96 Analyzer).
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Figure 5: Classification scheme to assess drug-induced mitochondrial liabilities. The 3D InSight™ Mitochondrial Toxicity Assay
classifies the mitochondrial liability of compounds by comparing the cell viability (CellTiter-Glo® assay, Promega) with the Spare
Respiratory Capacity (SRC, Agilent XFe96 Analyzer), which allows the following classification scheme:
1. No hepatotoxicity or mitochondrial liability: no impact on cellular viability and SRC was observed SRC
2. Hepatotoxicity without mitochondrial
3. Mitochondrial liability with or without
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Figure 6: Application of the classification scheme exemplified by Ximelagatran (A) and Amiodarone (B). 3D InSight™ Human
Liver Microtissues were either treated with the non-mitotoxic drug Ximelagatran or with Amiodarone, a drug known to exhibit
mitochondrial liabilities. After the treatment time of 48h the viability (CellTiter-Glo®, Promega) was determined and compared to the
IC50SRC value. Ximelagatran exhibited no hepatotoxicity or mitochondrial toxicity at the tested concentrations and exposure time,
whereas Amiodarone caused hepatotoxicity, which was preceded by inhibition of SRC capacity, identifying Amiodarone as a
mitochondrial toxicant.
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Sensitivity: 88% (7 of 8 correct predicted)

liver models that reflect in vivo function, long-term metabolic activity and functionality, and
compatibility with state-of-the art analytical instruments. The 3D InSight™ Mitochondrial Toxicity
Assay described herein combines 3D human liver microtissues with OCR analysis to provide a

detection of 7 out of 8 compounds (88% sensitivity), which were known to be associated with
mitochondrial impairment. The assay correctly predicted 5 out of 5 non-mitotoxic compounds
(100% specificity).
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* Compounds with a Margin of Safety (IC50/Cmax) above 30 fold are considered non-hepatotoxic/mitotoxic

Investigating mitochondrial impairment in a physiologically relevant environment requires in vitro

The assessment of viability and spare respiratory capacity after compound treatment allowed
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Conclusions

novel platform for assessment of mitochondrial liabilities.
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Table 1: Summary of compounds analyzed and classified using the 3D InSight™ Mitochondrial Toxicity Assay. 3D InSight™ Human Liver
Microtissues were exposed to different drugs of various drug classes for 48h. After determination of the viability (CellTiter-Glo®, Promega) and the
IC50SRC values (Agilent XFe96 Analyzer), the classification scheme (see Figure 5) for identifying mitochondrial liability was applied.

Specificity: 100% (5 of 5 correct predicted)
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