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Drugs = prescription medicines

Not drugs of abuse



Drugs are chemicals

Which of these are drugs?



Drugs are chemicals

All have been used as drugs
- but two were withdrawn

Halothane
an anaesthetic

Chloroform

Trichloroethylene
Ex-anaesthetics
Liver and kidney toxicity
Industrial solvents



Consequences of drug toxicity

Drug withdrawal
(1971 - 2010 data)

Cautionary labelling, e.g. bosentanInefficient development



Types of drug toxicity
• Type A

– Dose dependent, common
– Occur reproducibly in humans and test animals
– Often, but not always, due to exaggerated 

pharmacology

• Type B
– Dose independent, infrequent
– Occur only in susceptible humans, not in animals
– Unrelated to drug pharmacology
– Termed “idiosyncratic”



Toxic and nontoxic drugs

• Many drugs cause serious human toxicities
− e.g. halothane, troglitazone, sitaxentan, 

bromfenac etc.

• But many “similar” drugs do not
− e.g. desflurane, pioglitazone, ambrisentan, 

ibuprofen etc.

How can safe new drugs be designed and 
selected?



How drugs cause toxicity

No toxicity:
tolerance &
adaptation

Propagation and amplification
e.g. innate and adaptive immunity

Protection
e.g. stress response

Step 4

Drug

Chemical insult to target cells

Biological response in cell

Biological response in tissue

Step 1

Step 2

Step 3

Drug ADME

ToxicityOutcome
Preclinical species vs. man

Compound related effects
Can be explored using simplified “in 

vitro” model systems

Patient related effects
Can be explored only in vivo



Predictive toxicity challenges

• Which in vitro assays and endpoints?
–Mechanistic relevance?
–Robustness, throughput, turnaround time, 

cost?

• How to interpret the data the assays 
provide?
–How to evaluate and validate them?

Many divergent views, scientific consensus not yet 
achieved



Many possible assays
Simple

Intermediate

Complex

Cultured liver cell lines Membrane vesicles

Low

Complexity

Cost

High

Volume

Turnaround 
time

High LowBioreactors Spheroids



A way forwards

 Focus on chemical insults likely to be relevant 
to human drug toxicity.

 Select robust, high volume, reasonable cost 
assays that quantify the insults.

 Take account of in vivo drug exposure when 
interpreting assay data.

 Generate validation data using toxic and non-
toxic drugs.



Hazard and Risk



Some useful assays
Chemical insult Assay

Cell cytotoxicity THLE-Null cell toxicity
Reactive metabolite toxicity THLE-3A4 cell toxicity

Covalent binding to human 
hepatocyte proteins

Mitochondrial injury HepG2 cell toxicity in glucose
vs. galactose media
Seahorse® analyzer

Membrane transporter
inhibition

Bile Salt Export Pump (BSEP) 
inhibition 

Chem. Res. Toxicol. 2012: 25;1616
Drug Metab Dispos 2012; 40:130
Toxicol Sci 2014;137:189



Excellent discrimination between 27 toxic drugs and 
9 non-toxic drugs (100% sensitivity, 78% specificity)

Chem Res Toxicol 2012; 25:1616.

See also: J Pharmacol Exp Ther. 
2015; 352:281.



Conclusions

• Mechanistically relevant in vitro assays can 
discriminate between non-toxic drugs and 
drugs that cause idiosyncratic human 
toxicities.

• These assays have the potential to aid 
selection of safe new drugs.

• In principle, the same approaches could be 
used to support human risk assessment of 
other chemicals. 



The future: Adverse Outcome Pathways

OECD. (2012). The Adverse Outcome Pathway for Skin Sensitisation Initiated by Covalent 
Binding to Proteins Part 1: Scientific Evidence. [Series on Testing and Assessment No.168 
ENV/JM/MONO(2012)10/PART1].



The future: Systems Modelling
e.g. Hamner DILI-sim consortium: http://www.dilisym.com/

Drug exposure based simulation of population variability  



Bottlenecks to progress

• Underpinning science is still emerging.
• No consensus on which assays to select, or how.
• Limited scientific funding.
• Innovation largely driven from industry, not 

academia.
• Toxicologists are conservative.
• Lack of regulatory pressure to change.
• It’s much easier to criticise than to be 

constructive.





Safer Medicines Trust

• An independent charity.

• Our goal is to replace poorly performing 
animal studies with more predictive human 
biology-based methods, for human efficacy 
and safety testing of pharmaceuticals and 
other chemicals.

• See: www.SaferMedicines.org


