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MoA-Based Selection of  
Reference Compounds 

Loss of reduction potential, disruption of mitochondrial membrane 

gradients, and inhibition of ATP formation are commonly cited as causes  

of cytotoxicity.  This figure recasts these effects in terms of the energy 

metabolism pathway and illustrates the point that specific types of 

molecular reactivity can be associated with discrete points in this pathway.  

The thiol of glyceraldehyde phosphate dehydrogenase is highly reactive, 

for example, and production of ATP by glycolysis is therefore sensitive to 

alkylating agents.  Similarly, DT diaphorase catalyzes the oxidation of NADH 

by redox cycling quinones and will deplete the cellular reduction potential, 

turning on redox-sensing receptors such as NRF2.  Strongly oxidizing 

quinones such as NAPQI block the entry of reducing equivalents into the 

electron transfer chain at complex I and deplete the mitochondrial 

membrane potential.  Finally ATP synthase is a common target of toxicants 

with promiscuous activity, presumably reflecting a sensitivity of this 

enzyme to membrane disruption.  

 

Many toxicants have multiple potential MoAs, whereas an MoA-based 

approach to prediction of toxicity must rely on an understanding of 

discrete MoAs.  Therefore we have identified additional compounds that 

are selective for each of the key points of interaction illustrated in the 

figure so that we can profile these more discrete MoAs.  Comparison of 

these to profiles for less selective toxicants  will help us understand which 

MoAs are dominant causes of toxicity for the more complex compounds – 

or perhaps reveal that the dominant MoA is not reflected in the pathways 

of energy metabolism. 

In addition to promiscuous ligands, there are also promiscuous 

receptors that are relatively non-selective in ligand binding.  The hERG 

ion channel is an archetypical example and is included as a target for 

cardiotoxicity standards.  Of the major protein classes with cellular 

regulatory activity, the nuclear hormone receptors are considered 

relatively promiscuous as a class.  This promiscuity is being assessed 

quantitatively in the ToxCast program of the EPA and representative 

results from this project are shown in the figure.  Analysis of this 

protein class for inclusion as reference standards is currently underway, 

and the three systems that appear to be most relevant at this time are 

listed. 

A superset of potential hepatotoxin standards were initially 

proposed based on their association with the adverse events of 

cytotoxicity, fibrosis, steatosis, cholestasis, and phospholipidosis.   

A subset of compounds was subsequently selected from the parent 

set based on the diversity and generality of their MoAs.  These 

included compounds with alkylating, redox, and free radical 

reactivities and a group of compounds classified as promiscuous.  

Promiscuity is a concept derived from the characterization of high 

throughput screening hits and refers to a lack of selectivity, which is 

commonly associated with hydrophobic compounds.  It is likely that 

disruption of membrane function contributes to the activities of 

this group. 

 

In addition to the hepatotoxins, doxorubicin was selected as an 

archetypical reactive compound for developing assays of repeated 

dose cardiotoxicity. 

 

Since adverse events of lipid accumulation are commonly 

associated with reactive/promiscuous hepatotoxins, these events 

normally co-occur with other MoAs of cytotoxicity.  It is not clear, 

therefore, to what extent these disorders are sources of toxicity or 

are in themselves benign.  Therefore, a set of selective inhibitors  

of lipid transport is proposed as MoA standards that are devoid, to 

the best of our knowledge, of additional reactivities.  These 

compounds may be employed to determine the effects of long-

term lipid accumulation, in itself, on cellular function. 

 

General selection criteria were developed by the Gold Compound 

Working group and agreed across the cluster.  These take into 

account the strategic goal of the SEURAT-1 cluster to develop an  

MoA-based approach to toxicity assessment that is applicable to 

compounds from any source, as well as practical considerations 

such as ease of handling.  Specific requirements, such as volatility 

for carbon tetrachloride, may be suspended if MoA considerations 

are overriding. 
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