Outline of Lecture 14 (03-03 PH; Witter)

Teratology
Principles of teratology


- Def: induced major, minor, overt, latent, structural, functional, or behavioral abnormalities

- Drugs or environmental chemicals produce 2-3% of all birth defects


- Susceptibility is highest during period of organ differentiation (weeks 2-10), but some systems take longer to develop and can teratology can occur later in pregnancy (eg CNS, gonads, teeth, and overall growth)

- Genetic influences: folic acid supplements reduce risk of neural tube defects, and conversely abnormal methyleneTHF reductase enzymes increases the risk


Mechanisms of teratogens


1. direct: direct effect on embryo (eg methotrexate is anti-folic)


2. indirect: causes a condition in mother that’s teratogenic (eg narcotic-induced hypoxia)

3. toxic or reactive intermediate: differences in drug metabolism make this mechanism difficult to identify by animal experiments (eg thalidomide)

Factors that affect fetal drug levels



- Lipid solubility: higher solubility cross placenta easier



- Size and charge: small uncharged cross placenta easier



- Protein binding: free drug level may be different in fetus than in mother, eg warfarin



- pH: fetal blood is slightly more acidic so weak bases can be ion trapped in fetus



- Surface area for exchange: increases with placental size


- Membrane thickness: decreases as pregnancy progresses



- Placental drug metabolism: eg prednisone is inactivated by placenta



- Placental binding: time req to saturate placenta delays rise in fetal drug level, eg digoxin


- Placental blood flow: increases as pregnancy progresses

How teratogens are identified


- For ethical reasons, you cannot directly study teratogenicity in humans, so it’s based on epidemiologic association between drug use/exposure and incidence/development of malformation


- Factors that confound these studies


1. drug is administered for a condition that itself produces the malformation



2. fetal malformation may cause maternal sx for which the medication is given



3. drug may inhibit spontaneous abortion of already malformed fetus



4. drug may be commonly used in combo w/ other drugs that produce the malformations


Case examples


- Thalidomide: originally developed as a very safe sedative, but animal studies didn’t demonstrate phocomelia, is approved for use in Hanson’s disease (leprosy) in US

- Isotretinoin (vitamin A analog): found in megavitamins; should not be prescribed in patients who might get pregnant; may take ~1yr for body to clear out vitamin A

- Bendectin:  effective Rx for morning sickness and epidemiologic studies unable to link this drug to birth defects, but litigation has forced it off the market
Categories of drugs

A:  established safe in human trials

B:  animal studies show no risk, or human trials do not confirm risk shown in animal studies

C:  animal studies show risk but no human trials, use only when benefits exceed risk


D:  positive evidence of fetal risk, use only in emergent life threatening situations in mother

X:  contraindicated in pregnancy


aminopterin, androgens, progestins, busulfan, chlorambucil, diethylstilbestrol, cyclophosphamide, mercaptopurine, methotrexate, procarbazine, 131I, thalidomide, etretinate/isotretinoin/vitamin A, phenytoin, valproic acid, warfarin
