
A Testing Deadline
for Endocrine Disrupters

EPA scrambles to develop a screening program
for these complex substances.

MARGIE PATLAK

a n reaction to growing evidence that environ-

I mental pollutants that interfere with the endo-
! crine system can harm the health of humans and

I wildlife species, Congress this past summer gave
I EPA a tight t imetable for action. Within two

years, the agency must develop a strategy to screen
and test  common chemicals for  endocr ine dis-
rupter effects, and the program must be imple-
mented just one year after that.

EPA has already begun to decide which of the
nearly 80,000 commercial chemicals should be tested
for hormonal activity. According to Lynn Goldman,
assistant administrator of EPAs Office of Preven-
tion, Pesticides, and Toxic Substances, her office has
already whitt led that number down to about 17,000
common chemicals that are in commerce at high vol-
ume. She plans to further shrink this number by fo-
cusing on chemicals found in drinking water, food,
ambient air, or household products. EPA research-
ers are also scrutinizing the three-dimensional struc-
tures of known endocrine disrupters to look for sim-
ilar traits that can be used to predict which groups
of chemicals are likely to have hormonal effects.

But researchers and regulators scrambling to meet
the deadline are discovering that endocrine disrupt-
ers pose a unique set of challenges. The effects of
these compounds can vary depending on which tis-
sues are tested, when during an organism's devel-
opment the compounds are administered, and
whether other environmental estrogens are present.
Some effects may not surface for more than 25 years
and, unlike most toxic substances, the greatest ef-
fects of endocrine disrupters are often seen with some
of the smallest doses tested. Because endocrine dis-
rupters can so aptly mimic natural hormones, it is
often hard to separate their effects from those of hor-
mones generated by the body.

Researchers are just beginning to tackle some of
these complexities. " IEndocrine disrupters] provide
a totally different look at a toxic substance, and that's
what's so fascinating and frustrating to toxicolo-

gists," said Frederick vor.n Saal, a developmental re-
productive biologist at the University of Missouri i r .r
Columbia. Vom Saal, an authority on the prenatal ef-
fects of hormones, is on the National Acaderly of Sci-
ences committee charged with recomrnending re-
search, monitor ing,  and test ing pr ior i t ies for
endocrine disrupters.

[strogen: A versatile homone
M<-rst known endocrine disrupters mimic or block the
effects ofestrogen, a hormone generated by the ova-
ries, testes, and adrenals that plays rnany roles in the
body. Estrogen prompts a diverse range of effects,
from ovulat ion and blood clott ing to bone growth.
It  also rnodulates the irnmune systeln. In the fetus,
estrogen plays a major role in organ development.
During the early months of gestat ion, the balance of
estrogen and other sex hormones dcterrrrines whether
the fetus develops male or female sex organs.

Estrogen achieves these eft'ects by binding to re-
ceptors lodged in the nrrclei of cel ls. Such binding
turns on certain genes, which can act on the repro-
ductive tract, skeleton, brain, l iver, kidney, irnmune
system, and the l ining of the blood vessels. Rernark-
ably, studies show that two dif ferent estrogen corn-
pounds can bind to the same receptor, yet turn on
a whole dif ferent gamut of genes.

Compounds can also exert estrogen effects by
binding to dif ferent estrogen receptors t l .rat stud the
surfaces of some cells. Such binding has beer.r linked
to changes ir.r the electrical activity of brain cells and
the secretion of a hormone that stirnulates breast rnilk
production.

There is mount ing evidence that many syn-
thetic compounds can tr igger or block estrogen ef-
fects ir.r the body by binding to estrogen receptors.
One of the first clues that syntl.retic compounds nright
exert horrnone-like eff'ects was the discovery in 1949
that crop dusters I tandl ing dichlorodiphenyltr icl .r lo-
roethane (DDT) had reduced spernr counts. Biolo-
gists also noticed that in regions l .reavi ly contami-
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r ra(t ' r l  bv l ) l )  1,  grr l ls  h i r r l  de l i r r . r r r t , r l
s t 'xrral  or-garrs.  l r r  t l r t ,  I i )80s,  r r , l r t , r r  tJtr i -
vcrsi tV ol  ( .a l i l i r rn ia_l) i rv is toxi t .o lo_
gi .st  l ) .  Nl ic l racl  I r r . r ,  i r r iet . rcr l  grr l l  t ,ggs
rvi th I  ) l  )  l ,  t l tc  l ratchl i r rgs l rat l  t l r t ,  s i r r r rc
sexual  c l t ' l i r lnr i t ies l ts those sct , t r  i r r
I  ) l  )  l  -corr  t i r r r r  i  r rat t ' t l  l r r . t . i rs.  l . l r t ,st ,  c l  -
lccts t 'otr l r l  a lso I lc  gt . r rcr . i r t t , r l  b1,  i r r_
j t ' t  t i r rg t l rc t 'ggr rv i t l r  i r  rur t r r r . i r l  l i r r . r r r  r r l
L 'stro! l ( ' l t  t 'a l l t ' t l  t 's t rat l io l .  Slrort l t ,  i r l -
l ( ' l  t l l i l l ,  l i , r r r i r r iz t ' t l  r r l l ig i r tor .s rr t , t t ,
Ioturr l  i r r  i r  l : lor . i r l i r  lakc t l torrglr t  to l r t ,
contatrr i r ratcr l  rv i l l r  i r  l ) l )  l_ l ik t ,  corrr_
porrrrr l  cal l t ' t l  r l icol i r l .  l :s t r .ogt , r r  i ikc
contart t i tut t t ts i t t  t l t t ,  ( ,nvlr .onnl( , t ) I
I ravc also l t t ' t ' r r  l i t rker l  ro r( ,1) t .o( tu( . -
t ive r l t ' l i r r r r r i t i t 's  or  inr l l r r i rur l  l i , r t i l i tv  i r r
l is l r ,  t r t l t l t 's .  l r r r r l  r r r i r r r rnr i r ls  {  /1.

Sl lurr t ' t l  orr  [ r r '  ( l r t ,  rv i l r l l i l t ,  l i r r t l
i r rgs,  lu l l  s( ' iet) t is ts l r i rvc i t l t ,nt i l . i t , t l
l r )or t l  i l ) i l l t  50 r ' t l t r rp0urr t ls  l l r i r t  Vlrr . i -
( )us t ( 's ts sugg( 'st  i r r t ,  crrr lor . r i r t t ,  t l is_
rul) tcrs.  r \ r r tong l l t t ,nr  t r r . t ,  t .ornl lor t r t r ls
Iorrnr l  i r r  t l r t ' l l l l ts t i t 's  t rst , t l  to l l i r t .k
ir ! . i ( '  l l l i t l lY l i rot ls and I l t ,vt,r . i rgt,s; t l r t ,
t 'orrr  rnorr lY t rst ' t l  pt 's t  i t . i r l t ,s  t , r r r iosul  _
lan i rnr l  l l rct l lox\ , ( . l l lo l . ;  iurr l  st , r , r , r . l r l  i r r_
t l r rs l l i i r l  c l r t ' r r r i t . i r ls ,  inr . lut l i r rg r l ioxirr
i rnt l  sorrrc l to l t 'chlor. in i r tct l  l r i l r l rcrr t , ls
( l ' ( . l ts)  (2) .

Srrr 'pr isi  rrgly, r.est, irr t . l t t ,r .s l l i t \ ,( ,  \1,t  t(  )
un( ' ( ) \ ' ( ' t  i l  ( .onl l l lon stru(. tur . l t l  l i , i l
tur t '  t l t i l t  l i r rks t l r is  t l iv t , rst ,gr .orrp ol .
l ikc l t ,  t 'nt locl i r r t '  t l isnt l t t t , rs.  \Vi( l rout  i r

How estrogens exerl their influence
Estrogen and estrogen mimics trrgger many of their diverse effects by binding to estrogenreceptors froating in the nucrei of cei ls, Estrogen-bound receptors then r ink up with thecel l 's  DNA to turn on certain genes, which iommandeer estrogen's ef fects in targetorgans, including those of the reproductive tract, brain, r iver, rroney, and immune system.
9,::f:'^r9: 1:lej:lr 1str9s:n effects by uirji.g ir'rrtrosen receptors that stud thesurlaces 0t some cei ls. such binding does not applar to turn on genes, but can init iateother changes in the bodv.
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te l l t i r l t '  t r i r i t ,  r t 's t ' l r r t . l l ( , rs l l lust  t .orrr l r r t . t  l t ,s l  t r r l r t ,  or .
i rn i l r ra l  stur l i t 's  lo t l t , l t , r . l  l ror . r r rorr t ,_ l ik t , t , l . l i , t . ts . . l  r r t ,st ,
t t ls ls i ( le l t t i lv  r .onr l torrrr t ls  l ik t , lv  to post, i r  l r t , i r l l l t  r isk
to l r r r r r r i rns.  I l t r t  stLrr l i t ,s  s l ron, i r rg i r  str .orrg l i r rk nt ,_
t\ \ ,( .( 'n c\ l)osutc to t l)r ,s(,  t .ortt l lorrt t t ls irr t t l  vi tr ious l t t , i r l t l r
probl t ' r r rs i r r  1tco1l l t ,  an,  r r t , t , r l t , r l  to l i r l l t .  i lss( ,ss u)r ,
I tc i r l t  l r  l r i rz iu t ls  t  ht 's t ,  t ' r  r r  r  rpor r  r r t ls  r r  r  ig l r i  i r r t l  Lr t . t , .

Shortcomings of current tests
Nlost lal lolator\ '  t( 'sts t i rr .  t ,rrr lot. t . i rr t ,  r l isrrr lr t t ,rs irr t ,  tk,_
sigrrer l  t ( )  t lc t t 'c t  t 's t r .ogt , r r  t , l l t , t . ts .  I  l rc gol t l  s t iur t l i r r . r l
f i r r  urr intr l ,  or  in v ivo,  tcsts ts lo l i t \ , ( ,a t . l t t , r r r i r . i r r  r r r
ro( l ( 'nts n, i t l t  i t t l t t i t t r r t .c or.  r t , r  r rovct l  ovirr i t ,s ( i r r r r l  t l t r rs
tv i thoLtt  l l te i r  on rr  int t , r r r i t l  sout.( . ( ,  o l  ( ,stro! .1( ,n)  o\ . ( , t .
sevt ' r i r l  r l l rys. ' l  l te rr t t , r i  of  tht , i rutol ts i t , t l  i r r r i r r l r ls  l r r . t ,
thcn conrpirr .er l  n, i th t l rose ol  corr t t .o ls to t l t , t t ,ntrrrr t ,
n,ht ' ther t l t t '  i ' l tcrrr ical  h i rs pxrrrrptc<l  utrr i r r t ,  grorvt l r .

r \r ' r  t ' i rsi t ' r '  i r  rrr l  lcss cxpt,rrsivc st.rt , t ,rr  l i r  r , ,r t  r , ,14,,, ,
i tc t iVi t \ ' ,  k t t ( )n, l t  i ts  t l t ( ,1:  s( .1( , ( ,1t ,  ts l l  t ( ,sI  tUl)( , ,  o l . i l l
v i tnr ,  r r tet l tor l  t lur t  rnci tst t r t ,s l tou, t t rut . l t  i t  c t r r r r -
p,uncl  prrrrr l ) ts cul t r r r ( ' ( l  b ' t ' i rst  Cirrccr. t ' t ' l ls  t .  r r r r r -
t i l l l r : ' l  l rc cal t ( 'cr  t . t ' l ls ,  n, l r i t . l t  l r i t r .bor csl fo l l r , l l  r . ( ,c( , [ )_

lots,  gr 'o\ \ ,  ( ) r r l t  i l  ( ,s l t .ogcn or ( ,strog(,n rnirrr ics arc
ir t l t lc t l . ' l  l r t ' i r r r rourr t  o l  ct , l l  l t ro l i l i , r - i r t iorr  i r  tcst  c l rcrrr_
ictr l  i rr t l rr t  t 's oi, t ' r . i r  six-t l l r \ ,  1tt ,r . iod, r.onrpirrcr l  rvi th that
p|orrrpt t 'c l  I r t ' t 's t r i rd i t l l  i r r  tht ,s i r r r rc test  s1,stcrn,  c lc-
l ( ' r  I  l l in( ' \  t  l l r ,  t .orrr l lourr t l 's  t .s1y, ,* . , , ,1, .  r . i r t  i i rg.

() th( ' t .  r 'onln)only t rsgt l  tests l i r r .  t ,str .11gr:rr  e l f i ,c ts
nl( ' i rsr i l r '  l l r t '  l r r r r ( )utr t  ( ) l  getr t ,  i rct iVi t t ,  t r . iggcr.er l  l l1,
t 'h.crrr ic i r ls  l i r tc l r ing on to estrog(,rr  r . t ,cel t tors in t l tc
t t ' l l  r r t rc lctrs. ' l  l r t 's t ' r l r r i r .k i lss i lVs,  r lh ic l t  usual ly usc
cu l  t  r r  res of  gt 'nt ' t  i t .a l  ly ,  t ,ngi  t r t : t , r . t , t l  \ , " , , r t , r , . , r r , , , , ,  _
t t t r r l  t  t ' l ls ,  gt , r r t ' r . i r l l t  t i rkt ,  l r ,ss t l r i r r r  i r  t i r r t . .

IJut  r totrc ol  t l r t 's t ,  t ( , \ ls  ( . i l l  r l t , lc t . t  t l t t ,c l ler . ts ol .
i r  corrrporrrrr l  on t l ) ( ' ( l ( , \ , t ' lopirrg lct t rs. , l . l rc golr l  starr_
t l i r r r l  l i r r  asst 'ssir rg t l r is  is  to ar l r r r i r r is t t i r l l l  c()rn_
l)oun(t  Io l ) t ( ' ! l r ) i lnt  rOt l t , r r ts i t r r r l  t l tcn krOk l i r r  arr \ , : rc l_
vt ' r 's t '  t ' l lc t  ts ot)  l l ) ( ,  i l l t in) i l ls '  pr .ogcrr1.  I_trr t i r rg r i l l  to
l lJ  nrotr t l rs,  t l t is  tcst  is  too cxl terrs ivt ,  arrr l  t inre _
corrsrrrrr i r rg lo l lc  l l r . i rct ical  lor . tcst i r rg u lar .gc rrurrr-
bel  of  c l tctrr i t .a ls.  I l  i t  n,cr .e use( l  to tcst  t l te thou_
slrrr ls ( ) l  cht 'nr i r . i r ls  susl)( ]ct t ' ( l  0 l  being ( ,strogcnlc,
" , thcrt ' ivrrrr lc l  l r t ,crrotrglr  n,ork to kccl l  la l ls  goi i ig f i r r
I l ) r '  nr ' \ t  thr t ' t '  to lour.  l r r r r r t l re r l  Yci l rs,"  accorcl i r ig t , r
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Unusual dose-response curues
for estrogenic compounds
Unlike most substances in which response is proport ional to dose, researchers
often f ind that estrogen and estrogen mimics produce therr greatest effects
at lower doses. These dose-resoonse curves tor adult rats show an inverted
U-shaped curve in the product ion of  a uter ine enzyme 10DC) in response to
administrat ion of natural estrogen 1Ez) and synthetic estrogens (EE2, DES).

0 10 2 l0 t  '100 101 102 103 104
Dose, pg/kg BW

Source: Reference 10.

r t 'pt  or l  t t t ' t  iv t '  i t  t t t l  t l t ' r ' t ' lo l t t t t t ' t t t r t l  toxi t  o logist  I ' i t t t  I

l  ost t ' r  o l  t l rc ' ( . l t t ' r r r i t i r l  lnt l t tst t \ ' l t ts t i tutc ol  l i rx icol

ogv i t t  l l t 's t ' i t t t  h I i i i r r rg l t '  l ) i r lk ,  N.( . .

lJ t ' t i r t tsc i r t t i t t t i t l  tL 'sts iuc t t t t l  t t l  t t ' r t t  l t  l i r l  gt ' t t t ' r ' r t l

r tst ' ,  i t t  v i t lo t ( 's ls nlr . rst  l l r :  t tst ' t l .  I  l t t ' r t to l t ' t t 's t ' i t r t ' l l -

crs l t ' i t t  t t  i t l rout  ct t t loct  i t t t '  t i is t  t t l t t t ' ts ,  I t t t t l t ' r ' t ' t ,  t l t t '

t t tor t '  skr 'pt ic l t l  r t lutv I t i rvt '  bt ' t t t t t t t '  r t l rot t t  t l r t '  i r l l i l '

i tv  o l  crr l l t ' r r t l i  lv i r i l i rb l t '  i t t  v i t ro t ( 's ts to i t t t t t r i t ( t ' lY
( l ( ' t ( ' (  t  ( 's t r 'o l l t ' r r  t ' l l i 'c ts,  l t ' t  u lot t t '  t l t t ' i r  t tst ' l t t l t t t 'ss i t t

l l l t ' r l i t  l i r rg l r i r r r r t l i r l  r ' l l i ' t  ts  i r r  1 l t 'opl t ' .  1 l t t 's t '  r t 's t ' i t t t  l t -

( ' r .s I )ot( '  t lut t ,  l l t ' t l t t ts t '  t l t t '  t ' l l t ' t  ts  t t l  i t t t  t 's t togt ' t t -

l ik t '  corrrporrr t t l  t  i r t t  v i r rV t l t 'pt ' r t t l i r rg on t l t ts i tgt ' ,  l i t t t

ing,  t issrre t t  l l t ' ,  orgir t t is t t t ,  i r t t t l  i t t t t ' t i t t  t iot t  tv i t l t  ot l t t ' t '

I rorrrront 's i t t t t l  r t t t ' t i r [ ro l isnl ,  l r  (or l r l )ot t t t t l  t t t l tV l t ] l -

peal  i r t r toct toLts i r t  ot t t '  l ( ' \ l  \ \  \ lcnl  l l t t t  prot l t r t  t '  c l t l t -

t t t i r t ic  t 's t togct t i t  t ' l lc t ts i t t  at tot l tcr .  " l l  tv t ' ' tc  goi t tg t t r

I t rvc i r  str tcrr i r rg t t 's t  l i r t  t 's t togt ' r t ic i t \ ' ,  tvc tv i t t t t  t t t  l t t '

cert i l i r r  t l ) i l t  l r  l )osi t iVt ' i r r  t l r is  i t t  t i t lo t t 's t  l t r t ' t l i t ' ts  i t

l losi t iv t '  i r t  r  ivo fcsl)onsL' ,  l t t t l  i t  r t t 'g i t t i r ' ( '  l ) t ( ' ( l i (  ts i l

r t t 'g i t t iv t ' , "  s i t i t l  I rost t ' t .  " lJ t t t  t torr ' ,  r t l l  nt ' t r t t t  s i tV is l t

posi t iv t '  is  i r  r r l r \ ' [ r t ' lnt l  i r  t t t '13ir t ivc is i t  t t t i t \  l r t ' .  l  l t i t t 's

t  t  st ' l  t 's  s.  "

, \  t 'ot t t l l t r t t t t t l  t l t i r t  l l i r r t ls  to cst lo l lc l l  I ( ' ( ( ' l ) tofs ol t

t l t t '  s t t r l i r t  t 'o l  t ' t ' l ls ,  l i r t  t ' r i t t t tp l t ' ,  t l i l l  l t t '  I t t isst ' t l  i t t  t t 's ts

thi l t  n)( ' r ( ' lY I i l ( ' i lsr . l r ' ( '  t l te i rct iVi t r  t t l  gt ' t t t 's  st i l l tL l -

l i r t t ' r l  [ rv t  orrrpottr t r ls  t l r i r t  t r i r r t l  to t  t ' l l  r t t t t  l t 'us r ' ( ' ( ' ( ' l )

to ls ( . 'J) .  , \  spt ' t  i l i t  l l ( 'n( '  i r (  t iv i tv i rssir \ '  \ \  i l l  r t lso t t t iss

cl l i 'c ts t ' l i t  i l t ' t l  bv i t  t  t t l t tpot t t t t l  t r l t t ts t ' t 's t rogt ' t t  l t i t t t l '

i r tg st i t t t t t l r t t t 's  ( l tc  i t t t iv i t t  o l  ot l t t ' t .gt ' r r t 's  ( . / ) .  I  I r t ' r ' t '

is  i r lso t  or t t  t ' r 'n l l l i r t  \ \ ' l l i l t  i l (  ts i ls  iur  ( ' \ t rog( ' r l  i t t  Vt ' i ts t

t t ' l ls  Ltst ' r l  I i r r  gt ' t t t ' l rc l iv i t t  i rssirvs \ \ l l l  t tot  l l t ' i tc l i t t '

t t t  t t t i t t t t t  t t i t ls . , ' \  t  t t t t t l l0t t t t t l  t  i t t t  i t lso l t 's l  t  t t 'g i r t  i r  t '  i t l

i r r r  i r r  Vi t |o t t 's t  i t t t r l  \ ( ' t  ( ' \ ( ' r ' t  potr t ' t  lu l  ( 's t loH( ' l ) i (  ( ' l '

l i ' t ' ls  i r r  i t t t  r t t t i t t t i t l ,  l l t ' t  i t t ls t '  t l t t '  t  ot t t l lot t l t t l 's  l l t  t ' i tk-

r lonrr  prot l r r t ' t  i r r r t l  r rot  t l t t ' tot t tpoutt t l  i ts t ' l l  is  t l t t '

( 's l  ro l lcni(  t  t r lp l i t .

I  l rc i r l l i l i t t  o l  i r r )  i rssirv ot  iut i t tut l  t r 's t  t ( )  ( l ( ' t ( ' (  l  ( ' \

t fo l j r 'n i (  t ' l l i ' t ts  i r lso r i r r i t 's ,  t l t 'pt ' t t t l i t tg orr  u l t i t  l t  t is

sr . l ( 's  i r r ( '  l i r lgt ' t t ' t l  iut t l  n ' l r t ' r t  i rnt l  l totr  I t t t t t  l t  o l  t l t t '

t 'or t tpotutc l  is  i t t l r t t i t t is t t ' t  t ' t l .  Sot l t '  t  ot t t l tot t t t t ls  b l r r t  k

tht ' r ' l l t ' t  ts  { ) l  tst r 'o l { ( 'n i r t  sot t r t '  t isst tcs l t t t t l  t l iggt ' r  t 's

t rogt ' r t  c l l t ' t ts  i t r  ot l r t ' rs.  l rot  t ' r i t t t tp l t ' ,  t l t t ' t l r t tg t t t
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r r ror i l i ' r  r  [ r locks cst  r i tc l io l 's  st  i  r t t t r l i t t i t t t t  t t l  bt  c i tst  t  i t t t
t 'e r  t  t ' l ls  brr t  prorrrot t 's  t t te t  inc ccl l  grorvt l r .

Greatest effects at lowest doses
I i rx i t 'o logists t l lc l i t  ior t l l lv  t i r r t ' i ' i ts t  t I t t '  e l l i 'c ts oI  i t  lorv

t lost 'b i tst 'c l  on r ' \ t fa l )o l i l l i t l l ts  o l  t l rc t ' l l t 'c ts s( ' ( ' t l  l t t

h ig l rer  r lost 's.  [3t t t  ot t t  t '  r tg i t i r t ,  t ' r tv i l  ot t t t t t ' t t t l t l  est l  o-

gt , r rs stvrrr i t  srr t  l t  c f l i r r ts.  l l t 'scart  l t t ' t  s  o l terr  l i r r t l  t l t t '

! j f ( ' l r tcst  t ' l l i ' t ts  iue st 'c t t  t r i t l t  t l t t ' lotvcst  ( lost 's t ( 's t ( ' (1.
"  l  l r is  is  i r  s\st( 'n l  t l t i r t  is  l t rOgr i i l t t t t tc t l  t t t  \ \o lk i t t  st i tg-

gt ' r i r rg lon lcvcls ol  l rot  tnon( 's,  s l t i t l  r  t t l t t  Si t i t l .  "  l . l r lgt '

c loscs s l rut  i t  o l l . "  I  l r is  r r r i rkt 's  i t  t l i l l ic t r l t  to ( l ( ' l ( ' r ' -

r r r i r tc tht '  t t t i r t i t t t tut t  t l t ts t '  o l  i t r r  t 's t r 'o l l t ' l l i ( '  (  ot t l

1rotr  t t t l  t t t ' t ' t l t 'c l  to c ut tst '  r t t lv t ' rsc t ' l lcc ts. , \ t  t  or t l  i  t tg to

vorrr  Siur l ,  t l r r  urrr tstr i r l  t tpsi t ie c lon rr  IJ-s l t i r l t t ' t l  t lost '

f ts l )or)s( '  r ' r r lv t 'o l  l tor t t tor tcs I l ts  l t ls t t  l t ' t l  I t t i t t tY r t ' -

sclrc ' l rcIs to l i r ls t ' l r '  l r t [ tc l  a t '0t t t  l lOtt  l tc l  i t t t  t 's t  rog( ' l l  -

b lockt ' r .  "1: \ ' r ' r )  cstrol lcr t  is  i t t t  i t t t t i  t 's t rogt ' t )  i t l  t l t ( '

t lost 's t l t t 's t '  pt 'o1t l t '  ut  t '  t ts i t tg i r r  t l t t ' i r  st t r i l i t 's ."  l t t '  s i t i t l .

r \  l t ' t r rs cxpost ' t l  t0 t ' t tVirort t t t t ' r t t i t l  t 's t t ( )gt ' l ts  i l t  i ts

rnot l r t ' r 's  l t loor l  is  nt t t t ' l t  t t tot t '  l ) r 'ot)( '  to l ) ( ' f t t l i t t ) t ' t l t
lur lvt ' rst '  t ' l l i ' t  ts  l l tarr  i t t t  l t t l t t l t  t ' r l tost ' t l  to t l ) ( '  s i l t l ) t '

lunor.r l t  o l  lht '  t 'ot t tpr t t t t t t ls . , \  t r i tg i t '  t ' r i t l t t l l l t '  o l  t l r is

is st ' t ' r r  i r r  t l r t '  n 'p lor lu( ' t ivr '  ( l ( ' l i ) r 'nt i t i t 's  l t t t t l  (  i l t l (  ( ' rs

lh l t  I l rvt '  ot  cul l t ' t l  i r r  l l t t '  o l ls l l l i r tg ol  rvol t t t ' l t  g ivt ' t t

tht '  s t  r r t l r t ' t i t  ( 's t roH( ' r )  t l i t ' t l rv lst i l l lest fo l  (  I  ) l :S),  \ \ ' l l ic l )

\ \ 'as (onlr) lor) l t  t tsct l  i r r  t l tc  l1)50s i t t tc l  l1)( i0s lo l t l t '
v t ' r r t  r r r is t  i r l l i i rgt 's .  ( .or tscr lu( ' l r (  ( ' \  sut  l t  i ts  i I r l i ' r t i I i tv

ol  v i rg i r r i r l  ( ' iu l (  ( ' rs t l i t l  t tot  st t t . l i tcc t rn l i l  t l i r t rg l r t t ' r 's  o l

I ) I :S rrrot l r t ' r 's  l t ' i r t  l tc t l  i r t lLt l t l toot l .
' I  l r t ,  l t ' t t rs is t 'x t t i rot . t l i t t iu i lv  st ' r ts i t i r t '  (o ( ' \ t ( ' t  t l i l l

( ,s l fog( 'ns.  \ \ r l t t ' r t  rot t t  Sir l r l  I t ' t l  l ) tcgt) i t l t t  t t t i t t ' i t t t  t 'x-

t r r 'n l ( ' l l  lon t lost 'o l  l ) l ) l  o l  I ) l :S ( i r r  t l t t ' l ) i l f ts  l ) ( ' t -
l r i l l iorr  or '  p i r r ts-pt ' r ' - t l i l l ion t  i tngt ' ) ,  t l t t '  s t ' r t t i t l  l r t ' l t i t r ' '

ior  o l  t l r t '  r r r l r l t '  o l l ip l i r rg n ' l rs s igni l i t i r t t t lv  i l l l i ' ( ' t ( ' ( l  (5) .

I  l r is  scrrs i t iv i tV is pi t r t i t 'u l i t t  l t  i t t t l tot  t r t l t t  l r t ' t  i t t ts t ' t l t t t .

i r rg prt 'grrant v i t t t t l  l i tc  t l t t ior t ,  t l t t '  t l t ' r  t ' lopirrg t ' l r i l t l  is

exl lost ' r l  to i t  r losc l tcturt t t t l i t l t ' t l  l t t  t l t t ' t t tot l t t ' t  ovt ' l '

t i r r r t ' .  lJrr l ike nir tur l l  cstr l )gct)s prot l t t t ' t ' t l  l r t  l t l i t t t ts  i t l t t l

i r t t i r r r i t ls ,  r r r i r r rY sYrr t l t t ' l i (  ( 's t r 'ogCl ls i l ( ( ' t l l l l t l l i l tc  i l l l ( l

pcls ist  i r r  l i r t  t isstrc sonr( ' t i r l l ( 's  l i r t . t i t ' t  i t t l t 's .  St t t ' l t  i t t

Separating synthetic estlogens
Current tests for  estrogen mimics are unable to
separate the effects of synthetrc estrogens from
those found in food or generated by the body. But
Ana Soto of Tufts University in Boston has devel-
oped a method for si f t ing out some types of syn-
thet ic estrogens from ovar ian-generated estrogens
and plant estrogens in human blood. The combined
effects of these synthetic estrogens can then be
tested in an E screen. The separat ion technique
can be used to t ie people 's exposure to var ious
environmental estrogens to adverse effects without
the confounding interference of  d ietary and natu-
ral ly generated estrogens present in the blood (2).

Soto's method uses several  solvents and cen-
tr i fugat ion to isolate estrogen compounds in blood.
Liquid chrornatography is then used to further sepa-
rate synthetic estrogens from endogenous or plant

estrogens. A pi lot  study suggested the method is
feasible,  and Soto is current ly ref in ing and val idat-
ing i t  wi th other screening techniques. -M. P
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cul 'nulat ions,  a long with other l lutr ie l l ts ,  are re-

leased into circtt lat iotr and passed orl  to the devel-

oping enrbryo aud nervborn dttr i trg pregtrat lcy arld

lactat ion. Most auimal or i tr  vi tro tests cit l lnot pre-

dict the consequences of such stockpi les of etrvirot ' t-

rnental estrogens, and they do not factor i t-r to the

binding of syrtthetic estrogerls to proteitrs found in

the blood. Such bincl i l lg l inl i ts the at lrott tr t  of the

compclttud that can latch otrto estrogel l  receptors.

New complications lound
'l 'he versatiliry of environurental estrogens also poses

problerns for those tr-ying to assess their effects. Many

of these c<lnrpotttrcls cart bincl to lllore thatr <-rtre tvpe

of steroid receptor. For exatnple, DD-l '  ar ld chlorde-

cone can bind to both estrogen attcl  progesterol le re-

ceptors. Other conrpclr.rr lds bind to lroth estrogett at ld

androgen receptors (5). "Sonre of the ct l l l t i rsiotr al lortt

r t 'hat these chettr icals are cloi l ' tg is becattse theY are

actt la l lY operat i l lg th lough t t t t l re than one hor-

mone receptor," said vorn Saatl .
' lwo recetrt  sttrcl ics have further contpl icated the

issue of test ing f i l r  estrogen el ' fbcts. John Mcl.achlan

artcl his col leagttes at ' fulal le [Jr l iversitv '  t tsing i tr  vi tro

tests, titultcl that several estrogetric cotnpotttrcls Irlixecl

together had greater eff 'ects than t l lc aclcl i t ive eftbct

of each chentical alotre. Sotne Irt ixtt tres were 1600

tirnes nrore potetrt  thatr the acldit ivc e f-fbct t l f  the sit l -

gle chcnricals (( i) .
' t 'he appl icabi l i tv  of  Mcl .achlal l 's  tcsts to l l la l l l -

rurals has tteetr clttestioned. Iltrt tlthet rescat'clters have

als<l sh<lwtr less clrattrat ic s-Vrte rgist ic el ' f 'ects of cs-

trogenic ct l t t tpclt t trcls i l l  t t l r t les ancl breast catlce r cel l

cultures. ' l 'hese restt l ts st lggest t l tat to t lulv assess thc

et ' fbcts of  the I l rat ty et tv i tot l t t re t t t i t l  estrogel)s peo-

ple are exposetl  t t l  si t t t t t l tatteottsl \ ' ,  t tr ixtt t t 'cs of the

conrportncls t tray Itavc to l le tcstct l .  Vt lnt Saal sttg-

gestecl regtl l i l tors l l ) igl l t  wal l l  to l ink r lr t lni tori t tg to

test ing so that thev cart  assess t l te syl lcrgist ic c l -

t l 'c ts of  the ct l tnbi l tat iotrs t l l '  chett t icals l lc t l l l le are

nrost l ikelv exl loscd to si l t t t l l tal tcottsl \ ' .
' l 'he sectl t tcl  Irerv cotnpl ici l t i l )g rcst l l t  col l lcs lrol l l

Sweclish rese arche rs at the Karol i l lska l l tsl i tLtte'  rvl t t l

havc founcl a rterv trt tclci lr  estrogct) t 'ece l l tor I t i t t ' -

bored b-v the ovarv artcl  l l rostate (7). l 'hc researt: lr-

ers clonecl thc recel l tor t i 'ott t  rat t isstte, attcl  thcir tcsts

suggest t l tat solt te estrogel ls tr lav [re Inore incl i l led

to bind to the novel receptor thal l  to the classic es-

trogen rcceptor al td v icc vet 'sa.  ' l 'h is is al l  i tnpor-

tant f inding; becaltse i t  sLtggcsts that " iust l l lei lsttr-

ing rcspotrses tnccl iatecl  l lv  the c lassic estrogel l

receptor l l ray l lot tcl l  yotr L'verVtl l ing yt l t t  treecl t t l

knorv," accord i trg t<-r reprt lcl t tct ive ancl cleveloprnel l  -

tal toxicologist I)alt icl  Sl leehart of t l lc F<locl al lcl  Drttg

Adnrinistrat i( l tr 's Cetrtet '  t i l r  - l  t lx icolt lgical Research in

lef lbrson, Ark.
t .urk ing behincl  cverv i t l  v i t ro or highly con-

trol led aniural test is the nagging ciotrbt that i t  u' i l l

not trulv predict aclverse ell'ects ilr lleoplc. Strch dotrbt

is part icularly prcvaletrt  in tcst ing fbr the eft 'ects of

etrvirotrtrtetrtal estrogens becattsc-tt l l l ike test atr i-

mals or tisstte crtltttres-people are' exprlsed to a large

nuntber of etrvirounretrtal hortr l<ltres, including those

found in their  d iet .  Mar.r-v plants '  incl t rd ing sov-

beaus, several seeds atrcl graitrs, ancl certetitr frtrits and

vegetables, cotrtaitr  cot lrpoutrds that block or r lr i tnic

Screening for other
estrogen lecept0]s
Chemicals that disrupt the endocrine system by
binding to estrogen receptors on the cell surface
instead of receptors in the cell nucleus are missed
by current tests. Cheryl Watson and her colleagues
at the University of Texas Medical Branch in
Galveston have developed a system for detecting
estrogen effects triggered by binding to cell mem-

brane rather than nuclear estrogen receptors. The

system measures the rapid secretion of the lacta-
tion hormone prolactin from cultured pituitary tu-
mor cells. Such rapid secretion is thought t0 be
triggered by compounds binding to estrogen recep-

tors harbored on the surface of pituitary cells.
Watson is currently developing her system into a
convenient assay (3). -M. P.

the eftects ofestrogetrs (B). People als<l generate tlteir

own estrogells ilt collcelltratiotrs that, itl n'otrlerl, vatl

rviciely fronr otre titne itr the Inonth to anothcr. Sep-

arating out the eftbcts of endogelloLls and dietary es-

trogens fiottr eltvirottnlelltal estrogetrs is trot eosy, 95-

llecially if sotne cotlnteract t l.re eff 'ects of others or,

conve rsely, strellgtl lcn strch eft 'ects.

Tiered testing lecommended
( i iven the corr iplexity, variabi l i ty '  atrcl  i tr teractive tra-

ture of horv estrogel l  cottt l l t l t t l tcls ope rate in the bocly,

expcrts al4rec that a si l lgle i tr  vi tr t l  t t :st canl lot accu-

rately precl ict estrogelt el l t 'cts. "One sirnple test is l lot

goirrg to givc v<ltr al l  the al lswe I 's," saici l :oster. A group

of in vitro tests, horvever, rnight rel iablv l lc t tsecl t tr

scrce Ir colt t l t t t t t trcls f i )r  estrogel l  effects, sol l lc rc-

scarchct 's st lSSeste(|.  Others t l t i r lk i t t  vi tro tests Ir l t lst

bc corntr i trccl rvi th at l  i t r  vivo tcst, "altht l trgh t ls sool l

as vor. l  saY t l )at  sort  o l '  th ing,"  r t t l les l r t ls te r ,  "y<l t t r

clrcap ancl cl tcert ir l  scrcett l lect l t t les a pretty expell-

sivc test. What's ct lst-ef lbct ive and rvl lat 's col lrpre-

hensivc ( lott ' t  l tecessari l l '  f i t  togetlrcr."

Sheehatt st lggested a t ierecl test i l lg apl l t 'oach i l t

rvhich rescarchcrs init ial l l '  test col l l l )ot l l lc ls r 'vi t l t  a lerv

rapir l  and i l tcx l te l ts ive i t l  v i t r t l  tests.  ( lherr t icals that

test posit ive i tr  these shtl tr l t l  t l ten bc te'stccl i l l  atr i-

rrral stucl ies. ' l ' l tat r 'vav, "vott t l l l ly rvt lrk yt l t tr  wav t lp

the level of c<lnrplexity atrcl exl lettsc r 'vi th chertr icals

that seern, in the t l lst t 'erv t iers, t t l  l le t l le \ 'vorst ol les,"

hc saic l .
I} ,r t  the Itest set ol 'screel l i trg tests l i rr  entloct ' i t le

disrult te'rs has Vet to be iclenti f iecl.  F. lA has bcen

bringing together stakelrolders attt i  expe rts frott t  i lc-

adernia, ittdtlstrv, altcl govet'rltnetlt itr a series ol tneet-

ings ainred at clevelopir lg al l  ct ' fbct ive screenitrg pro-

grirt tr  t i rr  etrdocri tre cl isrt lpters. At a Ineeti trg helcl in

Dttrhattr ,  N'C. '  in l t r l l t ,  the strel lSths al lc l  weak-

nesses of abottt  twtt cloze Ir cttrrent assitvs fbr cr ldo-

crine cl isrt tptL-rs were cl iscttssecl,  br ' t t  there was l lo

agreert lel t t  al totrt  rvhicl l  tests to incltrde i tr  a screetr-

ing progratn.
IIr  a t-t teeting ou etrdocri l le cl isruption screenittg

and testirtg held in Mav EPAs L)'rln (loldnran said the

agency has lecently begun requir ing the test ing of

nerv chenricals for potential enciocri tre disruptiol l  ac-
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Iesting for fetal eflects
There is currently no short-term
and inexpensive animal test for
the effects of environmentar es-
trogens on the developing fetus.
Daniel Sheehan of the U.S. Food
and Drug Administration s Center
for Toxicological Research has
developed an inexpensive and
short-term animal test that shows
promise for quantifying the ef-
fects of an environmental estro-
gen compound during prenatal
development. The test measures
what level of environmental es-
trogens administered to pregnant

for Toxicological Besearch

mice prompt uterine cells in their female fetuses to multiply. Shee-
han said researchers can use the test to assess whether an envi-
ronmental estrogen given to the mother passes through to the fetus
in a form likely to cause adverse effects (9.

Sheehan's assay can also be used to assess the effects of envi-
ronmental estrogens stored in fat t issue and released into circula-
tion during pregnancy by administering the estrogen compounos
before pregnancy. To determine the effects of environmentat estro-
gens released into breast milk, Sheehan added, researcners can
measure the amount of uterine proliferation seen in unexoosed
mouse pups who are nursed by mothers prenatally exposed to envi_
r0nmental estrogens.

"The assay we developed is pegged to the historically accepted
'gold standard'for estrogen activity." Sheehan said. ,,people have
confidence in that assay and know what the results mean wnen
they see them." The assay is much more cost-effective tnan stan-
dard multigeneration studies, he added.

Sheehan has used his animal model to construct dose-response
curves for a dozen estrogenic chemicals given at various develop-
mental stages of the mouse. -M.p

t iv i tv rrs i r rg t l rc gold stanclard in v ivO assay, whic l t
nrcasurcs uterine cel l  l t rol i l 'crat ir tn in roclents. As al-
tcnlat ive tost  n lct l lo( ls t r rc dcvclotrcr l  arrc l  val i -
d i t tccl ,  horvever ' ,  tcst ing lct ; r r i rcrrr t , r r t i  rn l r1,  c l r i r r rge.

legislation sets testing timetable
I ) r iv ing I i l )A act ions ale two l )c\{  acts ol  Oongrcss.
' l 'he f t rocl  Qrral i tv l ) rotccl iun nct  o l ' lgg6, erractcr l  i r r
Jrr l1, ,  retpr i rcs l r l )A to te st  a l l  l lcst ic i r lc  chcrnicals,  r r r -
clrrding t l tc incrt ingrccl i t 'nts of ' t l tc pcsticir lcs, l i l r  crr-
r locrinc t l isrult t ion ef l i 'c ls. l 'hc act also sltecif  rcs that
I : l 'A can le c l r r i re the lest i r rg of ' "any other sul tstance
tl tat rna1, havc an eftbct that is culnulat ive to an el '-
t 'ect of a pcsticide chcrrr ical" i f ' I l rA de terrrr incs a sub-
stant ia l  l to l t r r lat ion rnav l te exl toser l  to strch a sul t -
stancc. Accrlrr l ing to ( iolclnrarr, Ir ln is inlerprct i l )g the
"currrrr lat irre cf lbcts" clause to ntealt  test ing ol cl tent-

icals fbuncl in associat iotr with pesticides r lr  rvi th the
sarne effects.

' l 'he Safe Drinkir.rg Water Act Anrendrnents of 1996,
which rvere signed into law in August, authorize EpA
to "develolt  and irtrplerne nt a progrant to identi fv ancl
regrr late substanccs that nray have ef fects on hu-
rnans sirni lar to those prociuceci by natural ly occur-
r ing estrogelt r lr  other endocrine etfects." Neither of
thcse acts of Oongrcss gives F.PA alty uew authority
to test fbr cl tclocrine disrupters. The agency alrcacit ,
hacl this authrlr i ty uncler t l te Toxic Sultstances Con-
trol Act ancl t l re Fccleral Insecticicle, Fungicicle, ancl
l lor lenticicle Act. I lut l toth laws give HpA highlv spe-
ci f ic  t i r r re l inr i ts:  ' l 'hcy requirc '  t l te age ncy to c lc-
velop a screening and test ing strategy for enclo-
cl ine cl isnrl t ters wit l t in two Vcars ancl irnplcrtrent the
strategy rvithin thrce years.

Wil l  l l l ,A l ;c able to r l leet this congressional rnan-
clatc bv t lrc close of l99t]? ( lolclrnan thinks i t  is a f 'ea-
sible goal ,  a l thorrglr  o lhcrs,  suclr  as l lobert  Kavlock
ol '  l r lA 's Nat ional  I leal th and I : r rv i ronrnental  l r f lbcts
l icscarclt  l .al toratr lry, are nlorc skcl l t ical.  Uc notcd
that l r lA has rnissecl  other congressi<tnal  c leacl l rnes
sct in t l ) ( ]  past .

Most rcscarchcrs in the f ielcl  wi l l  l tot ev( 'r .r  naz-
i t ld a gucss as lr l  rvl tcrr an cf l 'ect ive screening pr-o-
grant l i l r  enclocr i r re r l isnrpters is l ikc lY to l te forntrr-
lated. As I :ostcr  conclucled, "screening cornl torrnt ls
for e nr locr inc r l isrul t l ion is rrot  i lnpossible,  l t r r t  we're
not thcre Vet."  I ;vcn ( io ldr t rarr  aclrni ts that  $, l tat(rvcr
screening stratcgv l : [rA r lcvises rvithitr  trv<l ycars is
l ikc lv to cvolve ovcr t i rnc as rnore scient i l ' ic  f int l -
ings are rel)ortt ' ( l .  "scicncc is an ongoing process, and
rcgulatr l ry scicncc l ras to rrrove along lv i th i t , "  s l re
said. Like othcr scicnti l ic techniclues that are praisecl,
irrrplovecl,  or t l iscanlcd i ls nlore rescarch is clone, t ,n-
r locr i r rc c l isnr l t t i0n assays wi l l  l ravc t r l  unclerg()  the
ul t i rnate scre( ' l ) :  the tcst  of  t i l t re.
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