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Agency Problem

Endocrine disrupting chemicals (EDCs) are symmn Bl o chemta\s that mimic axdkithe acunns © o
and can disrupt the normal sutin

‘The issues associated with EDCs intersect with ERédsiire ments through several environmental lawuding, the Toxic
Substances Control Act (TSCA) , the Food Qualityt@tion Act (FQPA), the Safe Drinking Water Act Andments and the
Clean Water Act (CWA).
ORD has developed an Endocrine Distuptors MYP (EEFYo help identiy 1) chemicals that are EDCs aneir mechanis ms of
action,

2Bt ics fredal £ & otk o e BN R DS ol o) s et e e Wi oL e
10 EDC expos

“This research supports several EPA offices, indhe Offce of Science Policy, the Office of Feetion, Pesticides and Toxic
Substances, and the Office of Water.

Research Goals

the extent to which organis n+level effects careeapolated across species

the population-level ramifications of EDC exposur

he herbicide atrazine was selected as a model BDE ¢ase study using two species, a rat and a Astazine has been shown to
hange the activity of the steroidogenic enzyme akase, which is the enzyme complex that cataljzesonversion of androgens

zine is known to disrupt normploductive processes in rats, fish and frogs. ©aus at AED was on atrazine
biects in the marine fish cunner. astiong Toxcology
Fiveion in Rescaren Trangle park, N, where s were conducted.

mpacts and Outcomes

hrough this research, we have identified a nurbeifferences between species that indicate thezesignficant
ncertaintis involed i arazine rik assessmerss dverse specks. Ths knowlsdge willhelpAgency form ate

‘approaches for EDCs enti 1, thereby minimizing of
DCs on diverse wildife species.

Reported Impacts of Atrazne Exposure

In Rats InFish

+ Mammary gland tumars + Developmental abnormalties in zebrafish embryos

+ Disrupted cyciicity + Alered swimming behavior i red drum, zebralish
and goldiish

+ Delayed puberty
o + Reduced responsiveness to female pheromone in
e lacta ‘male salmon

+ Pregnancy loss + Changes in social behavior in goldfish
+ Inflammation ofthe prostate gand

HYPOTHESIS#2

Assimilation, metabolism and clearance of atrazine is similar in rats and fish exposed
to the same doses by the same method.

HYPOTHESIS#3

Impacts on reproductive endpoints in both rats and fish due to atrazine exposure can be

linked to modulation of aromatase activity in both organisms.

HYPOTHESIS#1

Atrazine will have no effect on the reproductive success
of exposed fish.

hemi cal of Interest: Atrazne

idely-used broadtleat herbicice

Atrazne: Mode of Action

= Atrazine does not fteract with steroid hormone peas- Connor & al.
1996, Fundam Appl Tosicol; Robergeet al., 2004 Toxicol Letters
* 0 cellutures,sicazine moates e achtymomaase, n enyme
mplex that converts androgens i
S ndersomt o 2000.To4co1 S Kol and MeClellan-Geen, 2004,
Mar Environ Res|

summer due to

un-off from agricutural appiications

J exas estuaries, spring time viater levels maasas high as 2000 nglL,

jth yearly average of 920 nGLPenningtoret al, 2001 Environ S5 Health

). EPA crerionoproessavater i om lonic xposae s 17000 CreAME A by

Robergestal., 2004, Toxcol Letirs
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fike aromatase, which it turn causes enzyme adtinalr inactvation
- Haider, 2003Comp Bioche Physol Part A
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Metabolic Pathway for Atrazine
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APPROACH: Measure reproductive endpoints in spawning cunner

(Tautogolabrus adspersus) i the laboratory both before and after treatment

with atrazine.

Cunner

+ Common inshore in estuarine and saltater areas ne
Sheltered ock subsirates, wharves, wecks andreel

« Spaun daiy for 4 - 6 week periodn the spring

+ Paired courtship behavior or grotp spawning, both
endingin a rapid vertical run 1o the vater's scdand
simuitaneous release of gametes

Experimental Tank: (114 L, 80cm x47 cm)
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Fish treated wih the lwest concentration of dftahad significantly
decreased eqg production, eqg fertilty and eobit.
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APPROACH: Expose rats and fish to identical doses of atedelivered by gavage and analyze plasma samples
for atrazine and metabolites over time.

Short-term
50 mg/kg atrazine & metabolites

Rats metabolize atrazine quickly while, in contrdsh retain high
circulating 0

Long-term s =5 o =

50 mg/kg atrazine & metabolites

Overa period of days, metabolis mand clearanceratine differs between
rats and fish. However, in both species, DACT veaained the longest

Long-term oars. == =55
50 vs 200 mg/kg atrazine & metabolites = 25

Increasing the dose of atrazine delivered to cunyeydvage does not notably change
circulating levels of atrazine and metaboltes, sging uptake fromthe gut is a limiting

factor.
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Increasing the dose of atrazine delivered to ratgdage notably increases the circulatin
level of DACT, suggesting difierences in up-takectearance compared to fish.

APPROACH: Measure tissue-specific aromatase activity in isti rats exposed to atrazine.

Aromatase

= Member of the cytochrome P4SO family
of enzymes (CYP19 ge

= Converts androgens to estrogens during steroidsigne.

= Foundin all vertebrates, including mammals,
fish, reptiles and amphitians

* Hihestconcentration undinthe gonacs
andbrains of vertebrat

= One type n most mammals; two types n fishes
~ Pas0aromA (encoded by CYP19a/CYP19A1)
predominates in fish ovaries
* Piwus el Cr e oy
predominates in fsh beai

In Rats

Although atrazine increases serum estrogens in
rats, there is no evidence that arazine aters.
aromatase activty or gene expression

Aromatase Gene Expression

*+ Aromatase ofoms i s are sty an ity

distinct, deriving from separate g

distinet reguatory mechanisms
~ CYP19aICYP10A1 (gonad aromatase)
+ Conserved binding site for SF-1

+ Muliple cAMP responsive elements (CRES)

+ Others: FoxL2; SRYISOX; ARRIAML
~ CYP19HICYP19A2 (brain aromatase)

+ Estrogen responsive elements (ERES)

+ Others: CRE; PPABRXRG; NGFI-BINu77; SRY/SOX

In Fish

Fish from the same airazine treatment that had extic
reproductive success also shoved a significantaslan in brain
aromatase activiy.
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* Nochange: aromatase activity n testes
* No change: CYP19 expression in brain, testes @osti

Female Gonads

Male Gonads
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* Both male and female cunner showed aftered braimatase
 actty nthe atrazine reatment

n testes was very

Conclusions

- Egg production, fertility and viability was redutin cunner
implanted with a low concentration of atrazine, hat higher
concentrations.

« Rats and fish assimiate and metaboll even

Future Directions

= Are effects of low concentrations of atrazine ofisproductive
success and brain aromatase activity environmentalyant?

Approach:

when treated by the same method

« Brain aromatase activity was increased in fishtadawth a low

concentration of atrazine, but atrazine did novaite matase in rat.

« Results suggest that accurate interspecies el s a proces:

= Can differences in assimilation and metabolismtatzine between
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complicated by differences in physiology and
rganisms, even when a chemical's mode of act@siabished
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