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- Abstract: Hormonally active compounds were first recognized in *Silent Spring"--
by Rachel Carson in 1962, which implicated pesticides, such as DDT and deriva-

- tives. Nearly four decades later, the book “Our Stolen Figure; by Theo Colborn
- etal., and other pertinent publications have revisited and breadened the issyatoa

 variely of chemicals and areas exposed. Translations of these books have just'

. become avallable in Japan in the past three or four years, and since then Japan has
started to join the debate and/or discussion of tho globa! issue. of endocrine
o :diSruptors_—,“Enyironmentgl Hormones Although significant numbers. of chemni-

cals possessing a hormone-mimicking action- have been. recognized for many

- years.and based on ‘biological plausibility their receplor-mediating effects strongly
- suggest effects In humans simllar 1o those sesn in wildlife, little is known aboutthe
experimental evidence related to human adverse efiects. The key issue inresolving
the dilemmas posed by the blological plausibllity and poor experimental evidence. - - -
may be to clarify their machanism of actions at low levels, In other words, the =
- mechanisms of the possible low-dose effects may be resolvad simultaneously by -
rgism.

Introduction  all the currently availablé information on the
ST S possible hazards of endocrine-disrupting chem- .
- The objective of this paper is to summarize  icals (EDs) on human health from the stand- .

This article is a revised English version of a paper Qri'ginauy published in - L
the Journal of the Japan Medical Association (Vol. 127, No. 2, 2002, pages 197-201), ]
The Japancse text is u transeript of a lecture originally aired on October 12, 2001, by the Nihon Shortwave

Broadcasting Co,, Lid,, in its regular program “Special Course in Medicine™:
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points o['lhe-r'nech:'mi_sms'.of 'aeliohé of these'. -

chemlcals.

hormone- mlmxckmg effects, These chemicals,
the so-called “environmental hormones,” often . .

accumulate at detectable levels in the environ-

mem and it has been feared that they may -

| reports of ferninization and deereaaed colouy' .

size of wild creatures, and, reports suggesting
a possible association of these chemicals with

abnormahtxes of reproductwe organs and onco- -

on the pOSSIblllty that these occurrences may

be associated. with ‘exposure to EDs. In’ this

connection, a Japanese translation of the book

entitled “Our Stolen Future,” written by Theo L

(‘olborn er a! was pubhshcd some time ago. .

harmful effscts of these chemicals, and current
- feces and urine containing these substanccs‘ '

are elumnated into river water, it is p!aumble )

~to imagine that even inactivated hormones can

. - sometimes become active and cxcrt hormone- .
 mimic ac'tions‘ in' the 'ehﬁr'o'nirie’n’t' This' isone =

medleal lupn:s pertammg to them

can be divided into four groups (1) hormones

founcl in vivo,. (2) medicines with hurmone- o

- mimic actions manufaciured for use in hor-
" monal therapy, elc,, (3) plant hormones known
to exert phytoestrogen-hke actions, and (4)

In addmon substances wh:ch do not mteraet

with hormone receptors but exert effects on

- gonads by lheir modifying effects on steroid .

. in the broader sense of the term. In this paper,
however, emphasis shall be placed on the hor- -
mone-mimicking actions mediated by receptors

- whlch play essentml roles in the mechamsm of

O8  IMAJ, March 2003 - Vol, 46, No. 3

Charaeteristlcs of the Receptor— '

_ ‘Mediated Actions of Hormone-Mimics

‘The receptor-mediated actions of hormone-

mimics are fundamenlally characterlzed by the

‘similarity- in the  structurcs. of the ‘receptors -
invo[ved crossing the bacrier of species. This. :

m nalure also oecurrmg in humans.
- . Secondly, since sim;lanues in.the structure .
1o varjous sex steroids and hormones are also

‘known, it is possible that each individual hor- .

mone-mlmlc exerts diverse effects by acting- '

receptars, receptors in the nuclei (meludmg

some unknown reccptorq), etc.

chemicals,

and the d1ssomat|on of llgands from rcccptors,

signal - cross-talks, involvement of unknown
nuclear receptors, ete.

The actions of these chemlcals add to- the '

effects of intrinsic hormones. For this reason,

‘ the_sc chemicals may exert theu_actxo_ns in a
way different from that known for other chem-

icals which do not have structural or functional
counterparts in vivo. For example, stimulation
of hormone receptors by these extrinsic chem-
icals may modify Nomeostasis i vivo, lcading

140

Receptor-mediate'd responses involve many . .
. unresolved questions. Various undefined ele-
- ments may be involved, including the relation- -

sh:p between receptor binding and signals, the

.....................

“Thirdly; many of these chemicals are climi-=
natcd_from the living body in the form of_

Cwd
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"Pmau In the Effecis of
-Hormone-Mlmlcs- SR

-~ We must disﬁngi.:is_h the interactions of endo-
- crine hormone-mimics with hormone receptors.

the problcms relatcd to thc cffects of hormone-:

‘mlIlllCS.".:."'.'. T

effects of small amounts of hormone-mlmlcs to
interfere slightly with thesc mechanisms, ofteén .
. with no_ advcrse influence; this is well-known..
" However; this is not always- the case. There -
: sccms to be a group of genes that act antago- .

homeostasw
With the ulerus growth test, which is used

to check [or estrogcmc acuvnty. the ovary is.
remOVed m advancc and the blood level of

: _stancc (a chemical or hormone) is administered
to check for its effects on the growth of the

. iterus. This test (checkmg for growth- of the-
_ uterus 1n ovaricctomwed amma]s) is dcsngned N

...............

_ nf homcostasm

This test method'ltself is valid.. Howevcr,‘ :
thcrc is no sufﬁcnem ratmnal cvxdence that

'body can serve as an indicator of the health'
hazards of hormone mimics Although the ovo-
testes seen in Iowcr verlebrates may be used

lo weakemng uf lhc physlologlcal stlmulatlon'
-of these receptors by the intrinsic substances.
Therefore, the mﬂucncc of the continited cffects_
of enwmnmental hormones needs specnal study. .

3. Data gap. conceining the eﬂ’ects of

valld ns zm lndlcator of the health ‘hazards nf

HEAI‘T[I HA?.ARD? OF I"NDOI’I!IN]" DISRUI’T‘ORS, MECHANISM OF ALITON

ED’s when mammal ate. used as cxpenmcntal e

ammals

: of receptors-

It is Kknown that the expression of genes en-

oodmg receplors is down-regulatcd by stlmuh ,
‘ leadmg to reduced receptor scnsntwny Thls can -

‘same substance it [hﬂ phenomenon oocurred;

in - individual - organisms;. the dose-response,. ZI

. relationship will be non—lmear.

enon if the hypothesis were indeed valid, are

7 test the val:dnty of this hyp-olhes:s, and analysis' o
~of the mechanisms underlying this phenom-

thus nnportant Studies to rewlvc these ques-- B

female honuones

In mature women, thcrb -are high levels of =

‘ -physmloglcal hormoncs in vivo, and these are
' -1t has been proposed -

begin menstruatlon at tower ages and undergo

tale breast cancer.

- sexual maturation earlier than usual, and that =~~~
hormone-mimics in these sub]ecls can prc(:lpl-

The weak links in this hypulhesns havc b-ecn o

pomted out, and it has been shown experimen-

tally that estrogen by itsell may be teratogenic,

although this tendency Has been shown to be

‘weak. It'is known that organisms are pro- -
grﬂmmed such that exccsswc cxpmurc to _

,,,,,,,,,,,,

There are many open qucqtlons as to the

'IMAJ, March 2003 —Vol, 45, No. 3 §9
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mechanism by which malure females remain .

physiologically stable. even. whcn cxposr:d- .

Some dramatic effects are probably nceded to,
dtsturb lhls physxology ' '

| , 4. Mulll-generalion Iests and en‘ccts

from the 13th gestanonal day to about one

" on fefuses : :
It has been shown that exposurc to hor- '

ible changes in the pattern of development y

“In animal studies mvolvmg obscrvatlon of

: iexpenmental animals for two Or moye genera- -

tions, no effects of GDs have been demon-

- strated, The question thercforc ariscs as to why- -
: window effects are observed during thc short -

| do, how are they produced

~ . New theories of method_oloSY, foel_lﬂn'g on .
.the effects in fetuses and children, arc now_ }

- Delayed -growth of. the - thalamtc nucleus_;

specnﬁc lo males (called sexual type Il nucleus) :

mature individuals, exposure to dose levels that
usually cause on[y reversible changes can lead
to irreversible changes, if the exposure occurs -

durmg genesis, morphogenesxs or l'unctlonal

Consulermg the btologtcal p!aumbtltty in-
ferred [rom the experm:ental dala accumulated
to date,” we may say that there are no sufficient .
data that clearly rule'out this view. Close'attcn- -

children.

¢nce/absence of threshold level, (2) prescncc/ .
~ absence of synergistic or additive effects, and

- beiny doveloped pfijmarilytn' the United -Slat-es.':' :

thhm the Iramework of chtldren S program etc. '

'Heatth Hazards st Low Levels
:of Exposure ‘

gated. We may therefore understand that they:' |

- . .are used on the premise that the possibility of.

these chemicals exerting hazardous effects on .

" This susceptibility petiod:is short; extending - health at relatively high dose levels has been

-almost ruled out: Nevertheless, problems with = - -

~ EDs have begun to b highlightcd. These prob- -
.+ lems may be not confined ta thosc related to . . .

the accumulatton of these substances lhrough '

- food chains in the ecosystem, but also to the - -

possibilily addmonally that these chemtcals :

The latter posstbthty may apply, howcvcr, only o

) to some cases and not to others

“We may say that a_major tssue penammg ‘

i to EDs that must ‘be resolved urgently is
_ whether or not they pose health hazards at

(3) posalbthty of extrapolation of high-dose .

- effects - 1o low-dosc - levels -(i.e., presence/ .. -
: ,absence of a linear dose response relation-

' above~menhoned charactertsttcs of the ef[ects :

cof hormones, it is pldusnble 10 imagine how L

difficuit it may be to resolve these questions.

To determine if these chemicals exerted haz- -

ardous effects on health at low dose levels, the

following basic questions may tieed to be'con-

sidered; (leir blologtcal plausibility is hardly
demed

100 JMAS, Masch 2001 Val. 46, No. 3
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(1) R'ega.rdi'ng the prQSeth_:: Of.;hbr.'e.ﬁce of -
threshold levels, it seems likely that many

-~ chemicals suspected of being EDs can cas-

ily permeate. across the ‘cell membrane, -

which is composed of phospholipids There.

fore, assuming that one recéptor molecule

reacts with one chemical moleculc, the

lower limit of the dose level excrling the

. chemical’s effects. would be very low, . -

- Of course, since the probability of the
- binding of a ligand (0 the receptor will be

low if the dose level is low, we cannot say

' that thére is ‘no threshold level for the -
_.effects seen in the low dose level range. In

fact, for bisfenol A, which has been atiract:

not yet been reported. It seems rational,

- thereflore, to assume thal these healih haz

non-lincarity of responses (e.p., wavefosm

expression following an increase in dose .

- level), it-is-possible 1o assume- that - there -
.are U-shaped or reverse U-shaped reac-

' tiois or oscillational dose-response cuives.
nteriny data endorsing -such a view are.
being accumulated. -~ ¢

- Regatding the possibility of synergistic or
additive effccts, the observation of additive

also suggest. such a possibility. In fact, the
dose-response cutves for some composite
- materials were reported to be additive, but -

not synergistic. . - .. . -

Thus, the questions on heatth hazards at low
- dose levels have scveral aspects: (1) the type

of receptor-mediated actions of the hormone

mimics, (2) diverse reactive characteristics on. .
the part of the receptors, (3) diverse modifica- -

tions during expression of intracellular signals,

" established. -

“ducted (o date.

Ce

and (4)“fat::'ors involved in irreversible changes
- related to morphogenesis and functional devel-

- opment. Resolution of all these aspects of the

question will lead to clarification of the mecha-
nism of actions of the substances from each of

. the aforementioned standpoints. While these
‘questions: are among the. hottest - research

\emes at present, they arc cortainly unlikely to
beresolved easily. .

Ata workshop held in North Caralina, USA,
-in October 2000, hcalth- hazards of chemicals
at low dose levels were discussed. Investigators

“for and against the possibility of these sub:

- Sances posing health hazards at low dosclevels
 gave detailed accounts of their studies, and no

. .definitive conclusions could be reached, as'the
arguments of both sides appeared to be tenable.

“al low dose levels in animal experiments casn-
Dot be immediately rejected. The 3 orkshop

concluded by pointing out the necessity of pay:.

- Ing attention to the possible hazards on fetuses.
 3nd nieonates,
. yesponses as a result of reduced receptor. - i

on Humans .

adequate epidemiological data, and the num-

- ber of cases for which the data clearly éndorse:

such effects is. quite small, The US 'National

ealth Hazards of Hormone-Mimics - .. ..

 The possibility of health hazards of hormone.
- mimics on humans have not been supported by

Rescarch Council emphasizes the necessity of

-+ In conclusion, this paper summarizes the cur-
rent knowledge concerning the health hazards

-conducting further epidemiological studies on.
this topic (National Research Council, 1999).

of hormone-mimics on humans, Reports deal-

ing with the cffects of these substances on

humans are confined to those pertaining (o, the

- ‘effects of dioxinis and PCB, and the validity and

usefulness of these results have not yet been

Tiw following are based on case studies con-

IMAT, March 2003~ Vol 86, No. 3 101
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1. Health hazards of dioxins SR
Regarding health hazards of dioxins, two-

'year dosing studies revealed wcight loss and

liver damage, and three-generation reproduc- .

tive studies in rats cllsclosed mtrauterme dcath

and a decrease in- litter size. Onset of endo-.
metriosis in rhesus monkeys has also been

reported

episodes in humans has been suggested: b:ased'
male-to-female ratio in children born'in the.
dioxin-exposed  Seveso area of Italy,  and-
mcreased incxdence of - cleft: palnte inthe

' probably due to stero:ds In bulh of these cases,
the Environmental Protection. Agency (EPA) -
of the United States did not affirm a causal.
‘rcl'a'tion'ehip, and - treated classified them ‘as_

cascs rcqumng specml atteunon., S

the inhabitants along Lake Mrchlgan 10 thej
ingestion ¢ o[ PBB (polybrommated blphenyls) o

conlammdled ﬁah

2. El'feds on mature fema!es, eg,

" No reports affirming the cffects of dioxins on

mature human females (c.g., cffccls on breast
cancer of endometriosis as discussed below) -
“There are many unresolved questions on this -
“topic. However, none of the studies conducted -
in mdture experimental :mimdls re\'realed data 3

effects. On the other hand, it is known that the

age at menarche is lower and the incidence

‘of breast cancer higher in females exposed

‘to dxoxms. Some uweshgators eite these data

102  JMAIL March 2003 Vel. 48, No. 1

.............

- Itisalso known ihat females exposed to dloxm .

are oflen taller,
" In European countnes a helght mcrease oI
about 3.5mm per year and an approximately

‘one-year decrease in the age at menarche have
,been reported' during ‘Ih‘e' past 30 years: 'Il is

endocrine’ Iactors on these changes, and no
-~ studies addreéssing this issue have been reported

to date, Although a number of studies have

been published concerning the effects of female

hormone preparatsons. mc!udmg plIls used for

prowded data that csta bhsh the elfects of l:Ds.‘ |

3, Endometnosrs :

 Endometriosis is a disease of unexplamed
.ongm that is seen in primates with sexual

| to dloxms (l("DD/PCBs) Data yxelded from

experiments in- rhesus monkeys are used: as
evidencc to corroborate the causa) relauonshlp
between droxms and endomctnosns We cannot

thes¢ effects, However, no réports affirming

~ the causal relationship in humans have been

pubhshed

‘4 I’msrblhty of other ell‘ecis on humans .

on humans: quahtat:vc dysfunctmn of human

sperm, effects on neurobehavior of neonates,.
and immune functions, The cffccts on immune
functions have been suggested by reports of
cases with Yu-sho (PCB intoxication),
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