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Valproic acidValproic acid
(2(2--propylpentanoic acid)propylpentanoic acid)

�� a known human teratogena known human teratogen

�� causing neural tube and cephalic causing neural tube and cephalic 
defectsdefects

�� pharmacologically well studiedpharmacologically well studied

�� teratogenic effects have been teratogenic effects have been 
linked to inhibition of histone linked to inhibition of histone 
deacetylasedeacetylase
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Structural RequirementsStructural Requirements

�� Work in the 1990’s with a mouse model Work in the 1990’s with a mouse model 
in the laboratory of Heinz Nau revealed in the laboratory of Heinz Nau revealed 
the structural requirements for the structural requirements for 
teratogenesisteratogenesis
–– a carboxylica carboxylic--group is necessary for group is necessary for 

activityactivity
–– branching in the 2branching in the 2--position but only while position but only while 

maintaining an Hmaintaining an H--atom on the 2atom on the 2--postion Cpostion C--
atom enhances potencyatom enhances potency

–– there is a difference in potency for there is a difference in potency for 
enantiomersenantiomers

Frog Embryo Teratogensis Frog Embryo Teratogensis 
AssayAssay-- Xenopus (FETAX)Xenopus (FETAX)

�� a static aquatica static aquatic--based assaybased assay
�� starts with early embryos and starts with early embryos and 

exposes them up to the tadpole exposes them up to the tadpole 
(fetus stage)(fetus stage)

�� allows for the calculation of both allows for the calculation of both 
a LC50 (lethality) and EC50 a LC50 (lethality) and EC50 
(malformation) value from (malformation) value from 
concentration response dataconcentration response data
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Frog Embryo Teratogensis Frog Embryo Teratogensis 
AssayAssay-- Xenopus (FETAX)Xenopus (FETAX)

Frog Embryo Teratogensis Frog Embryo Teratogensis 
AssayAssay-- Xenopus (FETAX)Xenopus (FETAX)
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FETAX: Developmental Toxicity FETAX: Developmental Toxicity 
of Carboxylic Acidsof Carboxylic Acids

�� tested 45 carboxylic acids and calculated tested 45 carboxylic acids and calculated 

–– acute embryo toxicity (LC50)acute embryo toxicity (LC50)

–– malformation (EC50)malformation (EC50)

–– developmental hazard index (DHI) developmental hazard index (DHI) 
LC50/EC50LC50/EC50

�� DHI uses acute toxicity measured as lethality DHI uses acute toxicity measured as lethality 
as a reference for malformation as a reference for malformation 

QSAR modeling of ToxicityQSAR modeling of Toxicity

log (LC50log (LC50 --11) = 0.64 (log P) ) = 0.64 (log P) –– 2.70;2.70;
n = 45, rn = 45, r 22 = 0.819= 0.819

log (EC50log (EC50 --11) = 0.66 (log P) ) = 0.66 (log P) –– 1.47; 1.47; 
n = 45, rn = 45, r 22 = 0.823= 0.823

no log Pno log P--dependent relationshipdependent relationship
(r(r 22 = 0.001) with DHI values= 0.001) with DHI values
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DHI for Saturated, Unbranched DHI for Saturated, Unbranched 
Carboxylic AcidsCarboxylic Acids

AcidAcid CC--atomsatoms DHIDHI

AceticAcetic 22 1.41.4

PropionicPropionic 33 8.28.2

ButyricButyric 44 8.48.4

PentanoicPentanoic 55 13.213.2

HexanoicHexanoic 66 12.412.4

HeptanoicHeptanoic 77 6.26.2

OctanoicOctanoic 88 4.54.5

DecanoicDecanoic 1010 3.23.2

UndecanoicUndecanoic 1111 1.81.8

DodecanoicDodecanoic 1212 1.51.5

DHI for Saturated, 2DHI for Saturated, 2--Position Position 
Branched Carboxylic AcidsBranched Carboxylic Acids

AcidAcid CC--atomsatoms DHIDHI

22--MethylpropionicMethylpropionic 3:13:1 3.13.1

22--MethylbutyricMethylbutyric 4:14:1 3.83.8

22--EthylbutyricEthylbutyric 4:24:2 3.73.7

22--MethylpentenoicMethylpentenoic 5:15:1 13.813.8

22--PropylpentenoicPropylpentenoic 5:35:3 27.927.9

22--EthylhexanoicEthylhexanoic 6:26:2 13.613.6
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Assessment of Reproductive Assessment of Reproductive 
HazardHazard

�� reproductive hazard in this case is reproductive hazard in this case is 
defined by malformation in reference to defined by malformation in reference to 
lethalitylethality

�� acids with a 0.5 log unit difference in acids with a 0.5 log unit difference in 
lethality and malformation potency lethality and malformation potency 
have a DHI of about 3have a DHI of about 3

�� acids with 1.5 log unit difference in acids with 1.5 log unit difference in 
lethality and malformation potency lethality and malformation potency 
have a DHI of about 30have a DHI of about 30

DHI Assessment of Reproductive DHI Assessment of Reproductive 
HazardHazard

�� acids such as acetic or decanoic with acids such as acetic or decanoic with 
DHI of 2 or less are not reproductive DHI of 2 or less are not reproductive 
hazardshazards

�� rather they elicit malformation at rather they elicit malformation at 
concentrations near lethal levelsconcentrations near lethal levels

�� acids such as valproic acid (2acids such as valproic acid (2--
propylpentanoic acid) with DHI of 20+ propylpentanoic acid) with DHI of 20+ 
are reproductive hazardsare reproductive hazards
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Characterization of TerataCharacterization of Terata

�� FETAX allows for anatomical FETAX allows for anatomical 
characterization of defectscharacterization of defects

�� the valproic acid syndrome, the valproic acid syndrome, 
malformations include craniofacial malformations include craniofacial 
defects, especially microcephalydefects, especially microcephaly

�� nonnon--specific malformations that only specific malformations that only 
appear at or nearly at lethal appear at or nearly at lethal 
concentrations include edema and axial concentrations include edema and axial 
skeleton defectsskeleton defects

Characterization of TerataCharacterization of Terata

�� Control Control –– stage 46stage 46

�� Frog embryos with Frog embryos with 
microcephalymicrocephaly

�� Frog embryos with severe Frog embryos with severe 
terata in most organ terata in most organ 
systemssystems
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SummarySummary

�� the DHI allows for the use of acute toxicity as the DHI allows for the use of acute toxicity as 
a reference for more specific hazard a reference for more specific hazard 

�� teratogenic potency is highest for C5teratogenic potency is highest for C5--C6 C6 
acids and decrease rapidly as the number of acids and decrease rapidly as the number of 
CC--atoms increases or decreasesatoms increases or decreases

�� teratogenic potency is higher for 2teratogenic potency is higher for 2--position position 
branched acids and highest for longer branched acids and highest for longer 
branched chainsbranched chains


