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ProteinsProteins
ProtaminesProtamines –– Heritable GermHeritable Germ

Microtubules Microtubules –– no significant effectsno significant effects

KinesinsKinesins
AneuploidyAneuploidy

Micronuclei (Micronuclei (kinetochorekinetochore))

Dominant Dominant lethalslethals



Heritable Germ Cell/CarcinogenicityHeritable Germ Cell/Carcinogenicity

DNADNA

ClastogenicClastogenic
Chromosomal aberrationsChromosomal aberrations
DeletionsDeletions
Micronuclei (parts chromosomes)Micronuclei (parts chromosomes)

MutagenicMutagenic
Point mutationsPoint mutations
FrameshiftsFrameshifts



Mutagenic Mode of ActionMutagenic Mode of Action

AA convert to GAAA convert to GA

Mutations Mutations HprtHprt, , cIIcII

DNADNA-- GA adducts variety organsGA adducts variety organs

Mutagenic bacterial assaysMutagenic bacterial assays

PostivePostive mouse lymphomamouse lymphoma

Similar dose range dominant lethal and Similar dose range dominant lethal and 
life time carcinogenicitylife time carcinogenicity



Mutagenic Mode of ActionMutagenic Mode of Action

AA convert to GA AA convert to GA -- yesyes
Mutations Mutations HprtHprt, , cIIcII –– dose (50dose (50--125 mg/kg/d)125 mg/kg/d)
DNADNA-- GA adducts variety organs GA adducts variety organs –– yes, no yes, no 
correlation with target sites, dose? Except correlation with target sites, dose? Except 
1mg/kg/d1mg/kg/d
Mutagenic bacterial assays Mutagenic bacterial assays –– 1 mg/plate1 mg/plate
PostivePostive mouse lymphoma mouse lymphoma –– 300 mg/kg300 mg/kg
Similar dose range dominant lethal and life time Similar dose range dominant lethal and life time 
carcinogenicity carcinogenicity –– 2.82.8--13 mg/kg/d (multiple)13 mg/kg/d (multiple)



Mutagenic Mode of ActionMutagenic Mode of Action
Extend dosing into lower range consistent Extend dosing into lower range consistent 
with onewith one--hit, one targethit, one target

ConcernsConcerns
Organ adducts no correlation with targetOrgan adducts no correlation with target

High doses except one study @ 1 mg/kg/dHigh doses except one study @ 1 mg/kg/d

Adducts formed are easily repairedAdducts formed are easily repaired

UDS @ 7.8 mg/kgUDS @ 7.8 mg/kg

Dominant Dominant lethalslethals limited to limited to spermatidsspermatids to to 
spermatozoaspermatozoa

SpermatogoniaSpermatogonia @ 100@ 100--125 mg/kg 125 mg/kg 

Threshold?Threshold?



DoakDoak et al 2007et al 2007

MMS MMS ––
methylmethanesulfonatemethylmethanesulfonate

EMS EMS –– ethyl ethyl 
methanesulfonatemethanesulfonate

MNU MNU –– methylnitrosoureamethylnitrosourea

ENU ENU –– ethylnitrosoureaethylnitrosourea

MicronucleiMicronuclei

(CREST staining of (CREST staining of 
kinetochorekinetochore))

HPRT mutation HPRT mutation 
frequencyfrequency

TK mutation frequencyTK mutation frequency



DNA AdductsDNA Adducts



Non linear response MN Non linear response MN –– Crest Crest 
staining negative = staining negative = clastogenicclastogenic



HPRT mutation frequenciesHPRT mutation frequencies



TK mutation assayTK mutation assay

N7G, N3A repaired by N7G, N3A repaired by 
base excision repair base excision repair 
enzymes (robust)enzymes (robust)
O6 repaired by O6 repaired by 
methylguaninemethylguanine DNA DNA 
methytransferasemethytransferase
(easily saturated)(easily saturated)

Conclusion: Linearity Conclusion: Linearity 
tests for AAtests for AA
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