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Acetaminophen induced liver injury is a multifaceted phenomenon potentially causing liver
failure. A precondition to developing strategies that avoid, disrupt, and/or reverse liver
damage is a reliable causal cascade description. Yet even after three decades of intense
investigation, a cause-effect relationship remains elusive. The weight of the evidence
supports this hypothesis: zonation (spatial heterogeneity) within hepatic lobules of NAPQI
formation (the reactive metabolite) can account for necrosis occurring first adjacent to the
lobule’s central vein (Mechanism Composite 1). However, the hypothesis cannot be tested
directly in mice because doing so requires sequential intracellular measurements at different
locations within hepatic lobules, which is currently infeasible.

We challenged and refuted—falsified—Mechanism Composite 1 using virtual experiments
with concrete mechanisms. To date, objects of acetaminophen toxicity experiments have
included animal models, organotypic hepatocyte cultures, and organ-on-chip systems. But
controlling key variables during such experiments has proven problematic. Consequently,
results have fallen short of expectations. We experimented on virtual mice containing a
concretized biomimetic liver lobule model of Mechanism Composite 1, which had already
achieved multiple multiscale qualitative and quantitative validation targets. Virtual
hepatocyte objects can exhibit lobule-location dependent behaviors. We first achieved
quantitative validation targets for acetaminophen clearance and metabolism. We then
implemented and verified a concrete, parsimonious version of Mechanism Composite 1 and
imposed several evidence-based constraints. A parameter space search failed to produce a
parameterization that could achieve the key validation target: necrosis first occurs adjacent to
the lobule’s central vein. We posited that at least one additional feature must also exhibit
zonation to achieve the validation target. We developed and challenged two alternative
hypotheses: either amount of GSH (Mechanism Composite 2) or amount of mitochondrial
damage (Mechanism Composite 3) must exhibit zonation in addition to NAPQI formation.
Alternative mechanisms were evaluated based on their composed behavior (phenotype).
Mechanism composites can be selected (for or against) based on whole or decomposed
pattern/phenotype. Both hypotheses were falsified.

We then challenged a fourth hypothesis: zonation in amount of available GSH and
mitochondrial damage repair (in addition to NAPQI formation) are required to achieve the
validation target. That mechanism achieved the validation target.

In silico outcomes are multiscale consequences of two location-dependent counteracting
mechanisms. We hypothesize that corresponding mechanisms occur within mouse lobules
upon exposure to a toxic APAP dose: two types of intracellular injury initiated by NAPQI:
mitochondrial (mitoDamage) & non-mitochondrial (nonMD) damage. The pace of repair of
(recovery from) mitochondrial injury determines if Necrosis is triggered or not.
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