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Overview

• Dose selection
• Dose-response relationships

• Animal model selection
• Anatomical and physiological differences
• Pharmacokinetic differences

• Decision context



Dose-Response Relationships

•Toxic effects are dose 
dependent
•“The dose makes the 
poison”

Paracelsus (1493-1541)
Swiss PhysicianDose Effect



Traditional Dose-Response 
Relationship
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Non-Monotonic Dose-Response Relationship
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Micronutrient Dose-Response Relationships 
are often Non-monotonic 

Deficiency 
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Micronutrient Dose-Response Relationships 
are often Non-monotonic 

Krewski et al., Modeling U-shaped dose-response curves for manganese using 
categorical regression. Neurotoxicology. 2017;58:217-225.



Dose Selection

• Decision context
• Pre-clinical safety
• Pesticide registration
• Exploratory research
• Mimic human 

environmental or 
occupational exposure

• Confirm in vitro 
findings
• In vitro to in vivo 

extrapolation (IVIVE)



Dose Selection

• Rodent toxicology studies
• Hazard assessment

• Mouse models as 
replacements for the 
conventional rodent cancer 
bioassay

• Trp53+/−
• Tg.AC
• rasH2 

Eastmond DA, et al. The use of genetically modified mice in 
cancer risk assessment: challenges and limitations. Crit Rev 
Toxicol. 2013;43(8):611-31. 



Dose Selection

• Rodent toxicology studies
• Responses can vary 

tremendously even within 
the same species

Diversity Outbred (DO) mice and 
benzene-induced genotoxicity. 
Micronucleus (MN) frequency in 
reticulocytes (RET). 6 hr/day, 5 
days/week for a total of 26–28 
exposures.

French JE, et al., Diversity Outbred Mice Identify Population-
Based Exposure Thresholds and Genetic Factors that 
Influence Benzene-Induced Genotoxicity.  Environ Health 
Perspect. 2015;123(3):237-45. 



Dose Selection

• Rodent toxicology studies
• Life stage, fasting, 

sex, diet, circadian 
rhythm and other 
factors can alter gene 
expression and toxicity

Ulsamer AG, et al. Effects of hexachlorophene on 
developing rats: toxicity, tissue concentrations and 
biochemistry. Food Cosmet Toxicol. 1975;13:69-80.

Control Hexachlorophene



Dose Selection

• Rodent toxicology studies
• Life stage, fasting, 

sex, diet, circadian 
rhythm and other 
factors can alter gene 
expression and toxicity

Kirkim G et al. Is there a gender-related susceptibility for 
cisplatin ototoxicity? Eur Arch Otorhinolaryngol. 
2015;272:2755-63. 

Biasibetti R et al. Hippocampal changes in 
STZ-model of Alzheimer's disease are 
dependent on sex. Behav Brain Res. 2017 Jan 
1;316:205-214. 



Dose Selection

• Rodent toxicology studies
• Life stage, fasting, 

sex, diet, circadian 
rhythm and other 
factors can alter gene 
expression and toxicity 

Wang B et al. Dietary Manganese Modulates 
PCB126 Toxicity, Metal Status, and MnSOD in the 
Rat. Toxicol Sci. 2016;150:15-26. 



Dose Selection

• Rodent toxicology studies
• Life stage, fasting, 

sex, diet, circadian 
rhythm and other 
factors can alter gene 
expression and toxicity 

IARC Monographs Vol 124 group. 
Carcinogenicity of night shift work. 
Lancet Oncol. 2019;20:1058-1059. 

Spontaneous HCC from 
circadian gene mutant and jet-
lagged WT mice. 

Kettner NM, et al. Circadian homeostasis of liver 
metabolism suppresses hepatocarcinogenesis. 
Cancer Cell 2016; 30: 909–24



Dose-Response Relationships

•Variable dose-response relationships can be 
the result of differences in:
•Pharmacokinetics

Drug delivery can 
vary between 

organs

Albérich M et al. Ivermectin exposure 
leads to up-regulation of detoxification 
genes in vitro and in vivo in mice. Eur J 
Pharmacol. 2014 ;740:428-35. 



Dose-Response Relationships

•Variable dose-response relationships can be 
the result of differences in:
•Pharmacokinetics
•Pharmacodynamics

Receptor 
numbers can 

also vary 
between 
organs

Tavori H et al.  Serum proprotein convertase 
subtilisin/kexin type 9 and cell surface low-density 
lipoprotein receptor: evidence for a reciprocal 
regulation. Circulation. 2013;127:2403-13. 





Animals good.  Models bad.

Dave Dorman



Animal Models in Toxicology

• Mammalian models have been 
the primary basis for toxicology 
research

• Increasing consideration of 
alternative animal models

• Artemia salina (brine shrimp)
• Caenorhabditis elegans 

(roundworm)
• Danio rerio (zebra fish)
• Drosophila melanogaster (fruit 

fly)
• Galleria mellonella (greater 

waxmoth) 
• In silico modelling
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Selection of Animal Models 
for Human Disease

• Thousands of options
• Inbred strains

• Vast genetic and phenotypic 
variability

• Mutation-bearing strains
• Knockout
• Humanized models
• Pharmacological and surgical 

manipulations
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Selection of Animal Models 
for Human Disease

• Important anatomical and physiological differences
• Development/embryology

• In vivo
• High fertility and large litter size
• Wistar or Sprague-Dawley rat strains are 

frequently used
• Both rat and mouse present different 

placentation from humans
• Prolactin is the primary hormone for 

establishment and maintenance of early 
pregnancy

• Increased sensitivity to dopamine agonists 
and some other chemicals 

• More sensitive to agents that disrupt 
parturition (e.g., NSAID)

Alves-Pimenta S, et al. Biological Concerns on the Selection of Animal Models for Teratogenic Testing. Methods Mol Biol. 2018;1797:61-93. 
https://embryology.med.unsw.edu.au/embryology/index.php/Mouse_Development

https://embryology.med.unsw.edu.au/embryology/index.php/Mouse_Development


Selection of Animal Models 
for Human Disease

• Important anatomical and 
physiological differences
• Development/embryology

• In vivo 
• In vitro

Smith GD. Utility of animal models for human embryo 
culture development: rodents. Methods Mol Biol. 
2012;912:19-26. 

https://www.jove.com/video/2170/the-
method-rodent-whole-embryo-culture-using-
rotator-type-bottle



Selection of Animal Models 
for Human Disease

• Important anatomical and 
physiological differences
• Size

Nair AB & Jacob S. A simple practice guide for 
dose conversion between animals and human. 
J Basic Clin Pharm. 2016;7:27-31. 



Selection of Animal Models 
for Human Disease

• Important anatomical and physiological differences
• Size

• Allometric scaling of doses is based on 
normalization to body weight or surface area

Nair AB & Jacob S. A simple practice guide for dose conversion between animals and human. J Basic 
Clin Pharm. 2016;7:27-31. 



Selection of Animal Models 
for Human Disease

• Important anatomical and physiological differences
• Respiration and lung delivery of inhaled agents

• Human and mouse breathing patterns

Kolanjiyil AV, et al. Mice-to-men comparison of inhaled drug-aerosol deposition and 
clearance. Respir Physiol Neurobiol. 2019;260:82-94. 



Selection of Animal Models 
for Human Disease: Nasal Airflow

• Species differences in airflow patterns 
reflect anatomical variation in the 
shape of nasal turbinates

• Human nose simple structure (three 
turbinates)

• Dog, rat, mouse, rabbit, cat have 
complex turbinates 

• Increases filtration, absorption, 
and disposal of inhaled materials

• Improves olfactory ability

Pang et al., 2016

Pang B, et al. The influence of nasal 
airflow on respiratory and olfactory 
epithelial distribution in felids. J Exper 
Biol 2016; 219:1866-1874. 



Selection of Animal Models 
for Human Disease

• Important anatomical and 
physiological differences
• Respiration and lung 

delivery
• Human and mouse 

breathing patterns
• Anatomy differences 
• Result in different nasal 

and lung delivery of 
inhaled materials

Kolanjiyil AV, et al. Mice-to-men comparison of inhaled drug-aerosol deposition and 
clearance. Respir Physiol Neurobiol. 2019;260:82-94. 



Selection of Animal Models 
for Human Disease

• Important anatomical and 
physiological differences

• Respiration and lung delivery
• Human and mouse 

breathing patterns
• Anatomy differences
• Responses to irritants

• Respiratory depression 
by simulating trigeminal 
nerves in the nasal 
cavity

• Rodents can have 
dramatic changes in 
respiration

Yokley KA, et al. Sensory irritation response in rats: modeling, analysis and validation.
Bull Math Biol. 2008;70:555-88.



Selection of Animal Models 
for Human Disease

• Important anatomical and 
physiological differences

• Respiration and lung delivery
• Human and mouse 

breathing patterns
• Anatomy differences
• Responses to irritants

• Respiratory depression 
by simulating trigeminal 
nerves in the nasal 
cavity

• Also see decreased 
body temperature

Blackstone E, et al. H2S induces a suspended animation-like state in mice. Science. 
2005;308(5721):518.



Selection of Animal Models 
for Human Disease

• Important anatomical and 
physiological differences

• Size
• Respiration
• Macroscopic organization of 

most organs
• All organs show some 

anatomical differences

Dolenšek J, et al. Structural similarities and differences 
between the human and the mouse pancreas. Islets. 
2015;7(1):e1024405. 



Selection of Animal Models 
for Human Disease

• Important anatomical and 
physiological differences

• Size
• Respiration
• Macroscopic organization of 

most organs
• All organs show some 

anatomical differences
• Can be complete

Kodama Y, et al. Mechanistic comparison between gastric 
bypass vs. duodenal switch with sleeve gastrectomy in rat 
models. PLoS One. 2013;8(9):e72896. 

Rat has no gall bladder



Selection of Animal Models 
for Human Disease

• Important anatomical and 
physiological differences

• Size
• Respiration
• Macroscopic organization of 

most organs
• All organs show some 

anatomical differences
• Can affect pathologic 

responses



Selection of Animal Models 
for Human Disease

• Toxicokinetics
• Absorption

• Substance enters the body
• Distribution

• Xenobiotic moves from the site of entry to 
other sites in the body

• Metabolism
• The body changes (transforms) the xenobiotic 

into new forms (metabolites)
• Excretion

• The xenobiotic (or metabolites) leave the 
body

Dalgaard L. Comparison of minipig, dog, monkey and human drug metabolism and 
disposition. JPharmacol Toxicol Methods. 2015;74:80-92. 



Selection of Animal Models 
for Human Disease

• Toxicokinetics
• Can be significant in strains 

from the same species
• Collaborative cross

Venkatratnam A, et al.  Collaborative Cross Mouse Population Enables Refinements to Characterization of the Variability 
in Toxicokinetics of Trichloroethylene and Provides Genetic Evidence for the Role of PPAR Pathway in Its Oxidative 
Metabolism. Toxicol Sci. 2017;158:48-62. 

Liver TCA levels in CC mice 24 h 
after oral administration of 800 
mg/kg of TCE.



Selection of Animal Models 
for Human Disease

• Toxicokinetics
• Skin absorption

Beydon D, et al. Comparison of percutaneous absorption and metabolism of di-n-butylphthalate in various species. 
Toxicol In Vitro. 2010;24:71-8. 
Jung EC & Maibach HI. Animal models for percutaneous absorption. J Appl Toxicol. 2015;35:1-10. 



Selection of Animal Models 
for Human Disease

• Toxicokinetics
• Distribution (transporters)

• Efflux and uptake transporters 
• Multidrug resistance protein MDR1 P-glycoprotein (Pgp)
• Breast cancer resistance protein (BCRP)
• Multidrug resistance proteins (MRPs)
• Multidrug resistance and toxic extrusion proteina 

(MATE)
• Organic anion transporting polypeptides (OATPs)
• Organic anion transporters (OATs) 
• Organic cation transporters (OCTs)

Chu X, et al. Species differences in drug transporters and implications for 
translating preclinical findings to humans. Expert Opin Drug Metab Toxicol. 
2013;9:237-52. 



Selection of Animal Models 
for Human Disease

• Toxicokinetics
• Distribution (transporters)

• Efflux and uptake 
transporters 

• Multidrug resistance 
protein MDR1 P-
glycoprotein (Pgp)

• Ivermectin toxicity

Edwards G. Ivermectin: does P-glycoprotein play a role in neurotoxicity? Filaria J. 
2003;2 Suppl 1:S8.



Selection of Animal Models 
for Human Disease

• Toxicokinetics
• Metabolism (enzyme activity)

• Relative differences
• Humanized models



Selection of Animal Models 
for Human Disease

• Toxicokinetics
• Metabolism (enzyme activity)

• Relative differences
• Humanized models
• Absolute differences

• Species differences
• Guinea pigs lack N-

demethylase
• Knockout models

Ghanayem BI, et al. Using cytochrome P-450 gene knock-out 
mice to study chemical metabolism, toxicity, and 
carcinogenicity. Toxicol Pathol. 2000;28:839-50.
Gonzalez FJ, et al. Transgenic mice and metabolomics for 
study of hepatic xenobiotic metabolism and toxicity. Expert 
Opin Drug Metab Toxicol. 2015;11:869-81. 



Selection of Animal Models 
for Human Disease

• Toxicokinetics
• Excretion/clearance

• Relative differences 
can also be large even 
within the same 
species



Final Thoughts

• Answering the question “What is the best animal model to evaluate 
the toxicity of X” can be complicated

• Consider decision context
• Level of confidence needed in the decision
• In most cases the animal model is a surrogate for another species

Tsaioun K, et al. Evidence-based absorption, distribution, metabolism, excretion (ADME) and its interplay 
with alternative toxicity methods. ALTEX. 2016;33:343-358. 
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