
Comparative Aspects of Birth Defects 

in Laboratory Animals and Humans

Kohei Shiota, MD, PhD

Shiga University of Medical Sciences, Japan





�Over 2,000 agents have been shown to be 
embryotoxic/teratogenic in one or more animal species. 



Identification of Human Teratogens

1920s Radiation

1930s Endemic cretinism

1940s Toxoplasmosis, Rubella

1950s Virilizing tumors

Cytomegalovirus, Syphilis

Aminopterin

1960s Herpes II virus 

Methylmercury

Diabetes mellitus, Phenylketonuria

Methotrexate, Cyclophosphamide 

Thalidomide, Busulfan, Progestins

1970s Venezuelan encephalitis virus, Varicella, Herpes I virus

Polychlorobiphenyls

Diethylstilbestrol, Warfarin, Phenytoin, Trimethadione

Alcohol 

Hyperthermia

1980s~ Parvovirus B19, HIV virus  

Retinoids, Valproic acid, Anti-inflammatory drugs 

Angiotensin-converting enzyme (ACE) inhibitor



�Over 2,000 agents have been shown to be 
embryotoxic/teratogenic in one or more animal species. 

��Only a limited number of those agents have been proven 
to be embryotoxic/teratogenic in humans.
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�Many human teratogens have been identified by clinicians 

when 

they observed a small number of patients with birth defects.



�Over 2,000 agents have been shown to be 
embryotoxic/teratogenic in one or more animal species. 

��Only a limited number of those agents have been proven 
to be embryotoxic/teratogenic in humans.

�Many human teratogens were identified by clinicians when 

they observed a small number of patients with birth defects.

↓

How accurately can preclinical animal studies 

predict the embryotoxic/teratogenic risks in 

humans�



Comparison of Teratogenicity in the Human and Laboratory Animals*

Agents teratogenic in humans (N=38) Agents not teratogenic in humans (N=165)

Teratogenic Not teratogenic

Species (Correctly positive)   Species (Correctly negative)

Mouse 58% Mouse 35%

Rat 80% Rat 50%

Rabbit 60% Rabbit 70%

Hamster 45% Hamster 35%

Nonhuman primate 30% Nonhuman primate 80%

Two species or more 80% Two species or more 50%

Any species 97% All species 28%

*Compiled by US FDA (1980).                   



Teratogenicity of Major Human Teratogens in Laboratory Animals

Species

Teratogenic Major anomalies

agent induced in humans Mouse         Rat        Giunea      Hamster     Rabbit Nonhuman
pig primate

Ethanol Craniofacial anomalies, ++              +               + + ++

cardiovascular defects

Aminopterin Skeletal defects + ++ - -

Androgenic hormones Masculinization in ++              ++             ++               ++          ++ ++

female babies

Coumarin Nasal dysplasia, - - -

skeletal anomalies

Diethylstilbestrol Uterine ++ ++ - - +

malformations

Methyl mercury Microcephaly, ++ ++ + - +

neurological disorders

Streptomycin Inner ear anomalies - ++               - -

•

Valproic acid Neural tube defects, ++ +                +                 + + +

raniofacial anomalies

Thalidomide Phocomelic defects + +                 - + ++ ++

-: Not teratogenic; +: Teratogenic; ++: Induces similar anomalies as in humans.



Teratogenic Doses in Humans and Laboratory Animals

Teratogenic dose (mg/kg/day)

Teratogen Human     Mouse       Rat        Rabbit    Nonhuman primate

Alcohol 400 1500

Aminopterin 0.02 0.15   0.15

DES 0.02 0.2

Methylmercury 0.005 2 0.25

Thalidomide 1 150 5

Trimethadione 12-24 600                 60

X-ray 20-50R 200R 30R 250R



Causes of Species Difference in Teratogenesis

1. Phylogenetic difference in reproduction and

pregnancy

2. Different susceptibility of embryonic tissues to

exogenous agents

3. Species difference in pharmacokinetics in the

mother-placenta-embryo complex

Placental transfer (rate and extent)

Absorption, tissue distribution, metabolism and 
excretion
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Species Characteristics of Reproduction

Length of     Duration of Critical period  

gestation     reproductive of organogenesis

Species (days) cycle (days) (days)

Mouse 19 4-5 7-15

Rat 22            4-5 9-17

Hamster 16 4-15 7-14

Guinea pig 68 13-20 11-25 

Rabbit 30     15-16 7-20

Rhesus monkey    165 24-38   20-45

Human 266 26-29 18-55



Placental Types in Different Species

Species Placenta type

Mouse Hemotrichorial                 

Rat Hemotrichorial

Hamster Hemotrichorial

Guinea pig Hemomonochorial         

Rabbit Hemodichorial

Rhesus monkey Hemomonochorial 

Human Hemomonochorial         



Causes of Species Difference in Teratogenesis

1. Phylogenetic difference in reproduction and

pregnancy

2. Different susceptibility of embryonic tissues to

exogenous agents

3. Species difference in pharmacokinetics in the

mother-placenta-embryo complex

Placental transfer (rate and extent)

Absorption, tissue distribution, metabolism and 
excretion
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Nau (1987)



Half Life of Teratogenic Agents in Different Animal Species

Nonhuman

Agent Mouse         Rat       Rabbit primate           Human

Trimethadione  0.7 1.5-2.6 1-2 20-24     

Valproic acid 0.8 0.3 0.7 – 3 12

Diazepam 1   1 3 20-50

13-cis retinoic acid 0.3 1 10-30                

Cyclophosphamide 0.2 0.7 0.7 4

Caffeine 0.7 0.8 1.6 3.2       4.2





Species Variation in the Metabolism of Amphetamines*

Relative extent of metabolic pathway            

Species Aromatic       Excreted

hydroxylation   N-Dealkylation Deamination  unchanged  

Rat  ++++ +++ + ++

Guinea pig - ++ ++++ ++

Rabbit + ++ ++++ +

Marmoset monkey + + ++++

Rhesus monkey +++  +++ ++

Human ++ + +++                 +++

*Nau (1989).              



Pattern of Drug Metabolism in Various Animal Species 

as Models for the Human

Similarity to the human in drug metabolism

Animal species Good Fair Poor Invalid

Rat 29% 12% 20% 42%

Dog, rabbit, 32% 27% 9% 32%

guinea pig

Rhesus monkey 73% 19% 4% 4%

Nau (1986).       



Evaluation of Reproductive Risks based on Laboratory Studies

1. Is the reproductive toxicity observed in two or more species?

2. Are the reproductive effects tested in appropriate animal species?

3. Are specific effects (phenotypes) induced by the agent concerned?

4. Are the reproductive effects dose-related?

5. Is the embryotoxic dose far below the maternal toxicity dose?

6. What are the embryotoxic threshold dose and the NOAEL?

7. What is the difference between the embryotoxic dose in laboratory 
animals and the human clinical dose?

8. How serious could the possible effects be in humans?

9. What kind of human populations could be at risk?



Proof of Teratogenesis in the Human

1. Majority of epidemiological studies demonstrate an increased 

incidence of a particular group of malformations in exposed 

populations.

2. The incidence of patients prenatally exposed to the agent is 
significantly higher in the population having the particular group 

of malformations.

3. An animal model is developed which mimics the human 

situation.

4. The embryotoxic effects are dose-related.

5. The critical period and mechanism of teratogenesis are 

biologically plausible.

Modeified after Shepard (1994).

















1) SMITH S Recognizable Patterns of Human Malformation (6th Ed): 

Kenneth L. Jones
2) Syndromes of the Head and Neck (5th Ed): Raoul C. M. Hennekam, Ian 
D. Krantz, Judith E. Allanson
3) Diagnostic Dysmorphology: Jon M. Aase

Selected books and atlases of human malformation (1)



4) The Malformed Infant and Child: Richard M. Goodman, Robert J. Gorlin
5) Oxford Desk Reference: Clinical Genetics: Helen V. Firth, Jane A. Hurst
6) Management of Genetic Syndromes (3rd Ed): Suzanne B. Cassidy, 
Judith E. Allanson

Selected books and atlases of human malformation (2)



7) Human Malformations and Related Anomalies Vol.1&2: Roger E. 
Stevenson, Judith G. Hall, Richard M. Goodman
8) Unbalanced Chromosome Aberrations in Man (2nd Ed): Albert Schinzel
9) Chromosome Abnormalities and Genetic Counseling (3rd Ed): R. J. 
McKinlay Gardner, Grant R. Sutherland

Selected books and atlases of human malformation (3) 



London Dysmorphology Database, London Neurogenetics 
Database & Dysmorphology Photo Library on CD-ROM: Oxford 

University Press 2001��

Databases of Human Malformation (1)



London Dysmorphology Database



Possum (Pictures of standard syndromes and undiagnosed 
malformations): The Murdoch Institute and the Telemedia Software

Labs 2002��

Databases of Human Malformation (2)



Possum













Problems in making comparative databases 

for laboratory animals and humans

1. Clinical terms are mainly diagnostic terms.

(Ex. Polydactyly, spina bifida, holoprosencephaly).

2. “Privacy” of the patient is an obstacle when publishing 

human clinical cases.







The frequency, type and severity of induced malfomations

depend on the following conditions.

1. Developmental stage of embryos/fetuses when 

they are exposed to teratogenic agents.

2. Dosage of the agent

3. Teratogenic  threshold

4. Genotype of the embryo/fetus (species and strain

difference)

5. Placental transfer

Rate and extent

6. Drug metabolism in the maternal-fetal unit



For better assessment of embryotoxicity/teratogenicity 
of exogenous agents

�Well-designed laboratory studies

�Precise description of observed results

�Proper data analysis

�Extrapolation to the human

�Assessment of human risk

�Knowledge on normal and abnormal development

�Data on pharmacokinetics and drug metabolism
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UR-DBMS

http://becomerich.lab.u-ryukyu.ac.jp/
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1) OMIM

http://www.ncbi.nlm.nih.gov/omim

2) GeneReviews

http://www.geneclinics.org/

3) GeneReviews Japan

http://grj.umin.jp/

4) Genetic Alliance 

http://www.geneticalliance.org/

5) Genetics Home Reference  

http://ghr.nlm.nih.gov/

6) Chromosomal Variation in Man

http://www.wiley.com/borgaonkar/

7) Chromosome Deletion Outreach, Inc. 

http://www.chromodisorder.org/



Proof of Teratogenesis

1. Majority of epidemiological studies demonstrate an increased 
incidence of a particular group of malformations in exposed populations.

2. The incidence of patients prenatally exposed to the agent is 
significantly higher in the population having the particular group of 
malformations.

3. Rare environmental exposure associated with rare defects. Probably 
three or more cases.

4. An animal model is developed which mimics the human situation.

5. The embryotoxic effects are dose-related.

6. The critical period and mechanism of teratogenesis are biologically 
plausible.

Modified after Shepard (1998).
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