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ABSTRACT

Malformalions and olher .mbryOloric .ffect' are kno....n to occur bolh in
.~pe ..mtntal animals and ;n man, Ho....tv.r. nol all sub'tancel u~masked i~

an,mals could also bt pro""" 10 be cffect,ve i~ man. This do.. ~ol necessarily
imply a higher sc~siti";I)' of .xperim.nlal speci", as compared 10 man. but ralhcr
dilT.renl reilons of Ihc dO$<';-responsc ,U,-,'O$ inv.stigated. Atlempts 10 reliably
achi.,'. quantification of embryotoxic .ffecls haw 10 tak< IntO accouni lhal

-a no-obsc,-,-ed·dfect-\evel i' most lik<ly r.lated 10 a truc thmhold btlow whoch
no advcfW .ffecl ottur>;

-dofect' delected in .xperim.nlal animal' reflecl an embl)'oto.i, potential; lh.
dcfect dllC' nOI hav. 10 oc<:ur ,n man;

-lhe condition leadinll to ad.' effect< muSl be g,,·.n in d.tail such as; sensiti".
de"clopmcn'al stage(s). po er of embl)'olo.ic pot""tia!. dosc--<lcpend.ncy of
embryolo.ic .ffects. melaboli,m mdudmg pharmacoki~eli<:s to.iroki""tks.
and mod.. of embryoto,ic action. R",ul!, of such properties t<,ted ,n
anImal man. and mOlher f.lu, are "ahd a,d, for establiShing qua~'ital;ve ri'k
asses,m.nt;

-dosc-respo~sc relation,hip, ha,'. no, yol been O$labli.h.d u.ing epidem;·
ological.IUdi..;

-Ih. minimum requ;r.m.nt, for SI,c",,,sful quantltativc ri'k e'timation are tb.
e'tabli,hmenl of dose-rcsponse r.lalion,hip in animals and comparati".
cvalualio~ of pbarmacokmttic lo,icokinet;c behaviour In bolh 5peci.s.
animal' and man,

I INTRODUCfION

It is g<'J\erally =pt<d that there ar. at lea" four types of non-heritable lesion'
....hich can be mdueed pr.natally:

-struclural abnormalilies (t<ralog.n,c dcl"oc"j

'"
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-Ielhal dIem (emhl}()O or felo·mOllahtl)
-ilro",h retardation
-funClional anomajj~s "'lh only postnatal manifestalion of d~fects (\ndudmg

pr~natal or transpta~ntal car<:lnogcn~'i').

All oflhem can be described as ~mbr)o-or fetoto~ie~ff...s---dtp(:nd'ng on lh~

I1me "f indu~lion,The term 'premllalto~ic"to8}" has been adopled in agreem~nt

"ith lh~ t~rminolo8)' used in othe' 6~tds of to~icotogkal research and "ill be
u<cd lhr"ughout thlS P<lper (Bass" al.. t911; l'euben rI al.• 1978. 1980),

Among irr~,,~ ...ibl~ I.,ions. so-called gross malf"rmMI"n, ha"t been of
grealtSt mltl"e'l f"ra I"ng lImt. T<:>day,,~ kno" that minor anomalie. (i.~, lhose
,,'hieh ar~ dose to physiological ",riabilily) constilUlt a targt pt"pornon "f
lttat"lltnlo tffect' and ofttn OCCur log~th~r wilh growlh r~la,dalionof Ih~ wh"l~
organism in so-called s)ndrom~, (for examplt. nhanoL ant'~pil~plic.),

Funchonal anomahts with postnalal manifestalions hav~ been recognized as
part of such s)'ndrom." De"ialion from normal developmenl of lht ~n1ral

n~fVOU' syS1~m> indnding impairmenl of inlelligence. seem. 10 be of special
<tgnllkance

From llu: man) f3«I' of leratololY, i,~. pr~natal 10Ucology. il become<
apparent that dose-response model. in t~ralo~nes .. cannol Indude all aspcocts
"f quantitali"n at lhe "'me I1mt. [nvestlgatlon. ,,'ill ha"e to foeu. on lhe
a.se..m~nt. for ~,ampl~. oflh~ incidence rat~ ofa &i"~n d~fect, or Ihe f'O',ibtllly
10 lncrease the """urrenoe ofdifferent t)'pes ofd<feel. wilh increa.inl do.... or
on dose~...ponse comparison. of .imilar or analogu~ substances, or on lhe
po"ibl~ r~lationship het,,'..n reversible and irrewr$lblt ddeels or belw..n dose
and sensiliv~ slag~ of d~velopm~nt Exampl~s of some of these ",pcociS will be
discussed.

2 TERATOGENIC POTENTIAL OF CHEMICAL SUBSTANCES:
SPECIAL DETERMINAI'.'TS OF THE OUTCOME

According 10 lh~ curr~nt conceplS of toxicoIOll). il should be f'O',ibt~ 10 induce
atltasl some kInd "f 10XIC actIon by lrealmenl with any chemical substance. if it
is applied al a high ~noush dose to lh~ righl speci~, in th~ right way at th~ right
time, Th~ same is expecled for ernbryOlO'1C ~ffeel'. allhough ~vidence is being
a""umulated whioh ,how, that nol all bnd' of embr)'oloXIC effects may be
induced. even "'ith e~trem~l) high dose' of chemicals, Teralogenic effecls may
only be IOduclble tn mammal' Wilh cenalO ohemlCal! and nol ""th others, We
know from e~~"""ce tha1only lOme of Ihe subslanen e~~rimemall)' defined a,
embr)'OIO~icnhibit the ...m~ or simila' properlies in man. In faCl. only a few
chemical ,ubslanen ha"~ SO far been Itt"gnl~ed as human l~ralogcns, This is not
SO surprising since humans mighl not receive lhe dose required to induce
embl)'oloxic etTeclJ, A simila< oituahon .. kno'''Jl 10 ex", W,lh carclOogenJ



11 _ 'MI cmbr)010'JCU) folJo,o" ,be rule of 'hrnbold. apPloeoblil to_
1)l'Cl' of \(WCl'). for cumplc ac1IlC '<>U:l'). aod practicalI) all tmds of O<JUI
1<WC11) Tcno,O$'IftS -... 10 bcba'" sa • d1If=n' "'lll Ulall ea.tCIJlOIC!lS or
mu.....os for "'lucll'bcn: seem> '0 lie 00 ob>_~ of actioo.

A. a 6nl S1CJI sa asocsoml cmbryoto>.lcll) of chcmJca1>. a qll&b...mc
('In' -·ool ....ll1ua'ioa obould be ancmptN Al llus sagt. "'.. sbouId hk. to
a.os"'-cr tIIc q__ of ""bc1ber a ...bs1Incc posscsiCS an cmbr)~..... ~I".

a,"FfI'C_ embf)olctl1ll. etC.) po1CI1ual ThIS f'tq\U.... uU:m1 <010 conoodera,lOn
,be ..pmmmlll cor><hUOM uodtr ",b..b ,be embryollwc clfCC\ his been
oI>oc1>"Cd. Tbae condlllOOS call of,en be ck.rl) defined. {T1u$1S ....nul "'ben
an.mpllnl 10 lllIt. ,be nex' <lop ,n nWi: a~.mcnl: qua.nuDca'ioa of tm·
br)o'olJC dr.cto}. Several qualillcrs are uloCd ,n lhe pbnnllli and lm.fIlm.1I0n
of >!udies on dose-response relahonsh,ps ,"dud,ni ,he kno"INIl" of,

(I) dcvclopmemal s,agt(s) a, ... h,eh ,he .mb')'o'OlUc .ffCClS can he ,nducN;
(2) lh. k'nd of cmbryolO,i<; .ff..., induced. and ,h. pall.rn of abnorm.huC$;
(3) lh. dose ranll" In "'hlCh lhe cffcci ~u ...;
(4) lhe Ipc<," In ...·hoch II\<, .ff..., ~u...

It call be helpful '0 ha,'. some llndemand,n. of pos»blc mod. of .mbr)'Olox"
~~

B) ....n. sucb qualifin1 in """" rcsponlC ....llluallon. 110< error lllIrJ1n
inbcrml,n 110< duslficaliou of cbcmocal Sll~ ""n bc<:omc omalltT

1.1 Mn.cnk \a.o E.-,ec."k c._ If A lilia

Pl ...UDCq>UOaIl mlllqCnic cfJCC1J OIl pa....".I cdI> Icad 10 IllDdomchanF>
of 1bc IftIOCDC Such ........tablc ...... dd"<CIS can upre.. lbcnuchu .' .,nltll
uqcs of dC\"lopsncrI•. ",lCff... "',Ib normal C1nbo)OCUC <k>"Clopmcnl..Itld. '"
oome ....1Inca.1cad 10 malforma1>ODL Thnr bearers oft... canool ."" Iknb 10 •
....bIe nn. bo'" .nd pl't'pQll'ICICS mull ,n dead nnbr)os Or fel....., Am"...,.,...
•!fecl hponll_ or 'Dduccd b)' chmlocals) ratdy mullS ,n .n 'lICff.lCd
<X:C'UrKllCC of a oertaln specific ')'J'C of 1llI1formauon bill n"her ,n .n 'lICff.loCd
~kiro"nd 1e',,1 of aU possibl) ...ncuc abnormahutl.

POSlconccpnonal. prenall!. ><>malic mu,alions are of qucsllonabk S'in'fi·
canet for lhe lIlduellon of malforma,ions, Non·l\<,ri'abl. conienllal .bnor.
mali,i., 'rc 1I1duct<l b)' inlerf.rence ....,'h ,he difTercnt,allon proccs5CS dunng
prena,al developmen,. Th.y mull hom ;mpainncnl by chemical ,ubs,ances or
rad'.lion of 'ypic.l reaclion. lICCC$lIr)' for normal d.....lopmcn'. lnd..ud
embryo,olJC ~lI"ccu ortrn ,nell>dc .....ll-<lcftncd Slruelural abnormahllb com·
paubk "",h bf•. Unhk~ mUla&<"". leratOlCIU .re kIIe....n lO product .pcafic
malfOtmlllOIlS.1 Ill'" frcqucOC) III a",mal .~ptnmcn", the '1>Cldcncc of ...
abnormal dc\'eIopmenl can be liP 10 100.0 , If lilt de\"tIopmenl.1 SI.....1lilt
trealmCl1,ltld the cIote of !be cbcmical ....ppropriale
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1.1 Inlllll:lbllJl)' of Dd«ts lA RdliloD to Dmlopmental Stile!!

It IS known tbat gr"" malformation. can usuall}' bo induced onl}' during
organoge""sis, .. hereas other typo$ of embryotoxic elf«,. (mortaht)" gro,,·th
rota-rdation) can al>o bo induced bofore Or aflO' Ibi. developmental period
Certain malformations ",n u.ually OCCUI after troatment with chemlCal .ub­
stancesduring a p;lrt oforganogenes;" resulting in pba..·.pecific reaction. oftbe
developing organ.

But II mu" bo .tressed that many teralogenic agent" even when applied at the
same stage of pregnanq, do nol produce tbe same abnormality pattern, ",'en
when te,ted in the "'me ,pecie., Pha...pecificity, therefore, i. a prorequi,ite, but
In the InaJority ofcase. not all the possible abnormaiities are Induced by a gi"en
.gent (c(, >eet;on 2,3,1),

The recognition of the principle that "aIiou, t}'po$ of abnormal";e. ma}' be
lI>dllCed with largel}' "ary'ing ,u=ptibilitles and at diff..ent .tages of prenatal
development has led to a r«ommendati"n 1<> treattbe expenmental animal.o"er
a period of at least 10 days (i.e., n"nnal segment II .tudy), Thi' rna) ha"e an
advantage in the general analy.is of the embr}'otoxic potential ofa chemIcal, but
it is less ,uilable for establi.hing dose-response relation.hips. For the laner
'tudie., ,ingle applicati"ns of vari"us do«:s aro generally preferable. T..alment
0'" e>tended periods of pronatal developm""t often favoul'$ an embryokthal
rather than a teratogenic eff«t. The troatmem i. given at stages of \'arying
,u<ceptlbility and evaluated simultaneou.I}'; the embry'otox", eff«ts tend to
.uperimpose on eacb otheI, Tberefore. quantification ..perimem. and more
sophiSlicated dose-re,ponse studi.. in general cannOI be perfonned as the fim
"ep of testing but only III a 'ubsequent ..periment

2.3 Mod.. "f Embryoloxlr Milo_

Our understanding of h"w a complete mammalian organism develops from a
ferlihzed egg cell " not .ufficient and. tberefore. explanation. "n bow t"xlcity is
....ted during tbi. dC"elopmem are almost n"n-eXl"ent; tbey are a"ailable only
for >ome cla~ ofcompound•. The embry'o or fetus is distingulsbed from other
mammalian tissues by its very rapid rate of proliferation and a great \'ariely of
dilferenllati<>n proce'ses. We favour the ...umption that an lntelference Wllh
differontiation processes (at the cellular 01 morphog""ic level) i. the preferred
mode of action of agents with a leratogenic potential. as d,<cu,sed in detail
elsewhere (Neubert el 0;" 1980). In this context, il is difficult to undel'5tand that
'unspecific' interfere""e with DNA roplication can al'" innuence embryonic
development ',a inhibition of proliferation, BUI it IS possible Ihal the inhi­
blllon of preliferali"n d<>e. not OCCm uniformly throughout the .. hole ern·
bryo,
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23.1 Specific and Vniurj(J! Mode. of hralogmic AClion

Two mod.. of ler'lo~nic .clion 're re,-ealod in Ihe e~periment.1 .nd dinic.1
lneratu...:

-5pecLfie mode of leralollenic .ction, i,e, ",miclion 10 Ihe induclion of •
cil'C\lmscripl .nd ch.raClen"i<: .bnorm.lity or p.ltern of abnormalitIes
E"mplos .... available for drug, (Ihalidomide). hormonei liluc«Orllcoids­
deft p.alate rn rodenlS), and olher chemical' (TCDD-cleft p.al.le in mice).
hen by increa,ing do... up to Iho.. that .'" loxic to Ihe mOlher Or by' 1.... ling
Ihrough one, ..veraL or m.ny day', of SC'tation, thi' re.lricted p.auern is nol
ch.nged.

-uni"e"",1 mode ofteratogenjc ,clion, I,e. a v."ely ofdlfferent abnormalities i,
indUCed If llie agent is applied at different stage' of developmenl, M ulliple
abnormalitlei .re: u,uall)' induced by X·ray.., al~)laling agenu or anli·
melabolites.

2.3.2 ModeJ of Action 0< Influenced bF P!wM and DOJe-.perific Reaclion.

A polenhal teralogen, be it ',pecific' 01 'un"'e",,,1' by n. nature of action, can
lead to the occur...nct of a cenain malformalion onl)' dunng • more or I..,
limiled pha.. of the geslation period, In addihon 1o this pha.. specificily each
emb,yotoxic agenl IOducts a Iy'pical paltern of abnormalilies ("drug specificity')
and ha' ils own dose-respon.. relalionship, Bj "",)';ng Ihe do... applied. new
malformations OT even new Iype. of embryolo.icily' .•uch a. teratogenicity .nd
embryolethality, may occur ('do«' speclficily'). again go,'erned by lhe '$peciftc' Or
·univer<.al' potential of lhe in"estipted compound, The bia' exerted by olher
faclon; ,uch a, chemical specificity and .pec~s specil'iclly will be deal! "'ilh laler

2.4 Po.... of E",b<yolox,c PoI.nllal

],4,] RaTe of £xp""ion of bnbrFOIoxk POlentia!

Bo'h from e,porimental re..arch and from observation. in rnan. ,t i. ~no",n that
the rate of expreSSIon changes ,,'ith the ,ubstance in""'llgatro

We can visualize a ter'lo~ni<: SUMlall« which is able 10 induce gross
abnormalities "'ith a high degr.., of prediclabilily, i,e. bolh its teralo~nic

potential and aClion are SITong,
In contrast, "'e can often ... ,h.1 a compound induce' minor abnormalilie'

Depending on lhe incidence rale (in many or only f.", hners) and on 'he
repetili"en... of the p.altern (,imilar or "arying •..lec,ion· [10m abnormahtles
recognized for the subslanct in"e.tigatro). or on lhe Increased OCCUrrence ofonly
one abnormality (major or monor. ,"ilh hiihcr or \o,"'er bad:around). lhe
,.ratogenic potential may be inlerpreted as weak. questlonabl., or non",XlSling,
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2,4.1 !kg,et oj Sump/wi/il;' of Embf;omc TiJSU€s

The rdatl\'< embf}'otoxic (teratogenic) potency i' not only defined by lhe
expressIon rate of lhe damage in question. A 'anet,. of (""lOr> are increa,ingly
belng used to compare embr;omc ,u=plibihty (leratogemcity. embr;olethaJily)
"'ith olher chantctenS1K:, (maternallelhalily, olhor signs ofmalernalloxlciW), m
order to describe lhe relative polency by embrjotoxic Indices (Fabro "al.. 1982;
Plal..k., al" 1982). Depending on the effect. exened at dIfferent lev.l. (for
..ample, molecular mode of action. morphological malformation'). ,h.,.,
factors or indi.... can be delermine<! for the ..penmental 'pecies under
inv.."ptlon. A powerful. potent embr;'oloxic al1ent can thereby be define<!
Independenlly of expo.ure le"el (an example Will be pre"'nted m sc<:tion 6,1),

3 tXPER1MENTAL INVESTIGATIONS OF QUANTITATIVE
DOSE-RESP01'iSE MODELS

Quanlification of r..ult. from animal experiment. must be a\templed by
eSlablishing dO\e-r..pons.e relatlonShlps_ In pr;nciple, lhe rules of pharma_
cology al'" apply' in prenatalloxicology:

-lhe extent of manifestalion of an effecl i' do",-dependent Thi' hold. for the
individual in"ol"ed as well for lhe frequency observe<! m a population:

-lhe d"" r..pon", for each embryo'oxle effect has 10 be e"alua'ed s.eparately:
-increase of Ihe dose may lead to addi'ional effect,. 'he action can no longer be

confined to only a rew organ .ystem,:
_<freet' produced by "ery h;gh dose. may' represent Ihe ,um of different

embryo'oxic action"

Low dose. of a teralogen", or embryotoxlc ,ub'lance ofkn mduce a defined
abnormalily. 'he frequency of occurrence being dose-dependent, A' high dose.
Ihe ,pecificily i' oflen 1"", and o'her abnormalities may oceUr WIth a .. hole
"anety of effect'. At '1;11 higher doses. se"eral Iy .... of defecl' are seen. for
example. functional defecn and malformatIon,. rela'dation and malformalions.
malformalion, and lelhal effect'. AI lhese high d.,.... the frequency of
embr;'olelhal effectS may be raIsed 10 more lhan 30-50~·,. and a rehable
evalualion of the exlenl of slructural abnormalil;" become' impo"ible

E>labli.hmenl ofdose-re.pon", model, is helpful f"r understand,ni the mode
of embryotoxlC action, ,pecies ,im;lariti.. or d; ..imilarities, quanlitative <om­
pari",n of dIfferent tj'pes of defects and the definition of thre'hold dose"
Howe'..er. for proper loxicologlcal ri'k ..'alualion. informalion not onl) on
dose-response relation.hips but al'" on pharmaeo- to.;ookinetic, and. If
possible. on pharmaeo- to.icodynam;e> mu" be anilable, The evalualion. ",'en
of a clear-cut 'leratogenic' .ubslance. may be difficult because of genelic
modification of .uscepllblhlY' in dtfferent 'train' and speci...



3.1 Dillle.l1ft .. £JlaWIsIoboc Dow R", I I" M.....

It .....) boo ""po5SIble lO In''esuple Ilk~ of malform.o.noM "'.. an
...<eftlkd and dnired dole raqe OOI-m, 10 imllll1atleous~ of ......,..,.,,1
an~-oIeIIlaliI} III tht ...... hu... Such a I<llDtioa ..... boom clcKribed. for
uamplt. for C}-.:\opboopIwmdt, for "'!udllc1halu) allu&ber doses 6uI1y mub
lboo leral"F'1'" nl"eos(~el aI.. 1979). Sunilarf}, a ''er) proaI1DtfIl 0lNC1wa1
drlCCl (for e mpk. a red..etion anomal}-) rna) 1;0'" matt dcbc:al. defocu loUII

allo"'",r d<»a n ""1:.0' rh< ....:a1... lJOft ordoK 'response: relatic><WllJ» fon
....wler okfCCl dllllcull if IIOt impoosible A kno""n e....mpk is lboo indVCIIOn of
polydac:t)l) ""Ib ,ncrea.s>nl frequellC}' al IIIIM'~' bUl hlp,~ or 1M
"me clll:mocallndllCl' phocomc:lia or ....."" amc:lia as ...",0 (NeuMn and Barrach.
1977). Under IllCh wl'ldllionl 111IUl) be ",·onh conlldcnng grOllpln. ",me 1)'pe1
of abnormahtlell lo,elher (such as all 11mb defecls) in order 10 obtaIn al leasl
some polSLbllil) fo' eslabh,hlog a dose respon5e 'elalion,hlp. Th,s app'oach
has been Int<l "'ilh some alkylalina aacnli and;1 could be ,ho"'·n that. at leasl
""lb Ih" model, Ihe d05e-...ponsecu..... forSloale and arouptd aboo,ma1lliel
run almosl ~rallcl (PIacrck or aI., 1982). BUI ..... should II')· to folio...· the
principle, if al all powble. of ....1I1ual;O. sinaJe 1)'pe1 of abnormalitl.. in dOloe­
"'poll5e' scudie'. Adelln, up VarIOUS IYpe1 ofanomal;'" 10 one IfOUP ,n order 10
am'", al a q...nufiallOfl is unj<mificd unlll"'e ba'" more t""",'IedF 011 doIc­
""POfl'C relauonshlps LO ...penmenlal ICralololY

TM ...pen.....nal LOvesliplion of dole respoa$C IDodcIs is. of rov.rlI<. IlOl
rc:slncted 10 ltNC1ural aboonnali..... Embo,omortahl) ma) aI:so he anaJ)>ed III

Ibis "'"), 1lus approach ..... boom empIo)'CIll III loIl1l1)lIIJ !he cbemotbenr.pal1l<

......... chlomnp/ltnlrol and IhJampbnurol. The untw}okIhaI effCCl rov.lll boo
eondated ""Ih boochelllllCal chanF' (Bass .. til. 1'nIc; ..,., l«1>OIII )3)

J.l PbraacoItIMIIal

PharmacoklMlIC S1udlC$ a.... helpful and ofl"" essentlal ..-beD anemplln' 10
quanufy Slud....... embryolOUClI) and 10 establish doIc-re<ponse relallOftslu""
and ""hen Ul,apolalln. lo~icok>p:al dall from one: species 10 anolher
Applicauon or. ror eumple. cbloramphcOlcol or Ihlamphcn>collO preJOanl ralS
and mice durin. OrtanOllenesi,. sh""'s lhes.: sUbslances 10 be apparenlly <>flow
loxicil~ fo' Ih. emb'yC'. IlUt from phlrmacokll'letlc sludies il bec<lmes clear thal
Ihese draa' ha'e a vel')' sborl half.lif. In Ihese rodenlS. By either ,ep"alt<l
inject",ns al 12·hour lnler>-als (lhlamphenlCol). or conlinuou. Intravenous
inful>On (chloramphenICOl). embrJiOIO'IC1IJi In IIll: form of prenalal morllhl)
can be pro'oked, "lICC under sllCh up"run""tal condlllons dru, COCIanlrallOns
can boo ach.....-.d and mainliUlCd fo' sul!iocnl periods of lime 10 lnh,b..
miloo;boDdnal prolem 'IlIl.!IeSlS (~ SCCUOIl 13). Under 00 COlldlllOIll. naI

"'-ben app/)-.n,lbcwdru&' 0.....- .. "'-.de do&< ran... could ....... malf.......uona he
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4tl"ttll \Ba~, 197j), D~l ottlltll to inl1\M tmbr)olctbalily 10 raLl AIlI1 ml'C
differed by a factor ofl-3, both doses. ho.....'·... ap~art:d lO be too high to be of
an)' relennce to human intake Oflh.... drug•. Afler performing pharmacokinetic
~tudi", il b<camc apparenllhallethalily already occurred allow matemal serum
and felalli"ue concentralion~of lhiamphenicol "'hich were equal or lo.....r than
the concentralion' of the drug which are used 10 treal infectiouS di ..a"" in man
(Bass ~I al.. 1978b), Such le"els r.nd.r mouse and r.l f.tu,"" equ.lIy sU<cep,ibl.
as judged b)' pren.l.l mortalily, The possibilil)' of 'ludying lhese drug, over a
""ide dose range (.nd no o'her 'y~ of emb'JotoxlCIly OCl'urnng a' hIgh do...)
led 10 a dose-re,ponse model ""hich oould then be used '0 funhe' in",sligale
quantltalive aspect' thai are 0.1", rel,,·.nt 10 man.

3.3 Pbu",.eodj'na",ics

When allempung lO use quan,ilatlV. dose-r.sponse model., lhe kDo.. ledg. of
lhe probable mode ofembryolosic a<:tion may be ofadvantage. Thisagain ean be
demonSlraled by the example ofchlor.mph.nicol thi.mph.niooL Similar to th.
inhibilion of baclerial prolein synthesi" mammalian mitochondrial prolein
,)'mhesis i~ inhibIted in rim) and in "i,'o by .nlibact.ri.1 eoncenlralion, of th.se
drugs. Thi' phenomenon h.s been studied in det.il (B.ss elal" 1978<:; Cumpiel
"al.. 1978. 1980), Althouib it .ppli.. to .lIlype, of ti"ue, toxic effect' only
occur in embryonic .nd wme aduh ,issues, The rapid rale of prolifera,ion ,ypic.1
for the "age of organogenesis i. a pr.requi"te for 'he sensitl\'ity of th. embr;io
to.....rd, inhibilion of mi'ochondrial protein s)'nthe~i~ (., in other rapidly
prohferahng Ii"U" such a' bon. marrow). Since during lhe r.pid gro....th lhe
number of functioning mitochondria per cell is already kep, low, furth.r
inhibition of milochondrial prorein syn,he", hy ehemolberapeutie agenl', .ueh
as chloramph.nicol or Ihi.mphenicol, makes energy supply In Ih. form of
mi'ochondri.1 ATP 'he rale-llmiung 'tep for embryonic d"'elopmem, .nd
embryoleth.lit)' re.ults (Bass er al.. 1978a). Apparen,ly, inhibilion of en.rgy
generation during organogenesis oon'tilul.' 'uch a gener.l embry'otoxic effeel
thal no organ or li"o. can be malformed. The ....uh i. an .11 or none effecl
lea,'ing lhe feJlilulio aJ intelJ'''''' and prena'al mortality lhe only po"ibihli...
Since it waS proven that 'hIS lollicodynamrc effecl .l the level of mItochondrial
prot.in .ynlhe,i. i' lhe ..me in rodem .nd human li"ues (B... ~, tiL 197&), Ihe
kno"'ledge of'ht: mode ofembryolelhal action aidse.lrapol.uon to 'he situauon
posSlhly .xi'ling in man.

3.4 Av.il.bility or D_t_

The amoun' of work requirt:d to galher .ufficient dala, and In the righl
proponions, for ,he _nall',i. of dose-re,ponse rel.tionships and 'he nec....ry
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phannaookmetl' mf"rmation may be substantIaL Until n<>w. useful dala ha'"e
been gathered and apphro f"r ,he pUrp<>se of quantila'ive risk esllmati"n for
probabl}' less than a dozen drugs and for "ery few environmental agen...

In r"utine studie" which n"rmally provide the "nly type "f data available f"r
quantitative risk estimation. lh= pmblems and needs are aIm"" never laken
im" llCI:ounl. The evaluation of a ,eratogenlC p<>,enti,al ...ms possible for
praclical purpose, with tW" to three teralogenic d"se lev'el., It is "bviou, that
,hese kind of "udies can only live rough estima'es "f no-observed..ffect level
and mostly c<>n«ntrate on the qualitative aspect. of the problem. In addition 10

the.. re"ricti"n, an"lher problem must be mentIoned. While many "f the more
recent studies fr"m mduSlriall<lrorat"ries are performed under c"nditi"ns which
can form tbe basis ("r risk evalualion. 'his is not Ihecase with the maj",ity "fdata
publisbed from many university' labora'ories fexperimental desi£". d<X:umen­
ta'ion ofdata. number ofanImal, med. rigid oontml "fexperimemal c"ndilion$.
etc.),

4 QUASTIFICATIOS OF EFFECTS AS A MEANS FOR
ESTABLISHING 1NTERSPECIES RELATIONSHIPS

An agent ma}' give "se to different effecls wben tesled in different species or even
m different 'trains "f the same expenmental ,pecie,. A classical example is
'halid"mide, Phocomeha and ameha as typical malf"rmali"ns seen in man can
only be reproouclbly induced in "ther primales, Different abnormalitie' fr"m
th"se seen in primates can be induced in rab!),t' and pIgs. Rooent species in
general do not show any typical abn"rmalities.

Melhotrexate. a f,,!ate antag"niSl. is leratogenic in man (WIlson, 1977) and
ralS (Jordan .1 al.. 1977) at eqUIvalent doses. wher<:as macaque monkey> seem to
be surprisingly resistant (ScOIl £I al" 1978), Comparison of plasma c""""ntra­
,ions In rats and monkey< was made by these autb"'s. sbo"'ing an appreciably
higher capacity t" clear ,h,s drug fmm maternal pla,ma in the monkey than in ,he
rat. However. the diff.= to ..ra,ogenic suseeptib,lity mmt apparently be
all"buted to other fartors. i.e., greater inherent suscep,ib,li,y "f lb. ral since
,he embryolelbalily was induced in roth specie. in .pile of pharmaool",...tlC
differel1CC'S (Sct>u "al.. 1978).

From ,he informati"n a,'ailablo tooa)·. II seem. impelSSlble. In 'he maj"ril) "f
cases. to prediCl the inducli"n "fa special t)'pe ofabnormalit) in another ,pecies
by trYlOg '0 e"fllp<>la.. findings "f "nl}' one '}'pe "f abn",malit}';n the species
experimentall)' Sludied. A ,peclfic embI)'ot""C efTect can frequently be induced
by a chemical only in "n. ("f in a fe....) animal species ....bile "'her SpecIes are
apparently n", susceplible. AmMg the many pelssible reason, f"r this .pecies
specificity. th. f"lI"wing are pwbabl}' the 10"'1 impel"an!:

-Although the llmmg {)f apphcallOn seems (0 aim al tile same de\'elopmenllli
Slage. i' i. pelssible 'ha' SOme developmental processes are n"'lllik. "f behave
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in adilfmm ttffit1:oordlllll(cd man ncr: or thc ~no""n dllfCICOCts mthe moot
of placentation or t) pc of histiotrophlC nutrition playa deci,i,." rolr
Dlff<rl'~ in tho mat.rnal phlirmacokin.llC> Can Cause critical concentra·
tions in 0..., spec;" but not in anothor (see section 3,2)_

-Dlffrrences In rmbl)onlC pharmacokln.,,,,s. such as the inlnnsic capabilit) 10
actival. and or macti,'at. a chemical substance can cause crilical concenlra·
lions in f.tu$O$ of one speci••. bUI not in another: Or th. Nrrirrs between
mother and f.tus function differentl) or to a diff.renl .xtent.

In general. th. same prohlem, are e""ounlrred Yo hen utrapolallna data from
on. anImal specic. 10 anothe" Since moSt animal .xperiments a", carried out in
'odenlS. the extrapolation from rodrnll to man mu.1 take IntO a""ount Ihe
possibilit} of ,pecial pha,maco· or loxicokin.lic differences botween rod.nt and
man (Neubert" aI,. 1978), If a chemical subs",,,,,. in u""hang.d form ha' an
.mb'Jotoxic potential and ,each.. tho .mbryo at a hIgh .nough concentration. it
rna)' be .xpected to ex.n. under suitabl••ondition•. an .mbl)otoxic .ffect in
, ..riou••pecies, If a chemical needs 10 be con'-ened into an embl)'otolic form.
this may occur elther", the maternal 0' the emb,}on", compa,tment. Only 'table
metabolit•• rna) rea.h tho .mb<)'onic tar~et al toxic .oncenlration., In order to
act at thelargel cell. shoft·jj,-.d embryotoxic metabolit.. mu.t be fo'med by tbe
ornb<)'o or f.lus itself: how.'-er. lhe inacti". form must fim pa"lo tho fOlus.

Espeeially in rodent•. It _ms to be dillkult fOf the fetu, 10 acti"ale ecrlllin
cbemicals. This seem. to be d,ff.rent in fOlUleS of pnmal", The pharmacololP­
<:ally' and tox>colog.teally 'mportant P450-ty pc drug metabohz"'a eoz}'me 'l"em
in human fOlal Ii'er IS operati"....arl)' .. in the 6th 0' 7th "'eek ofa."ation (cf
r-au and Neubert. 1978), linle .. known about tho .apacity ofextrahepatic felal
li"ue to metabolize x.nobioti... The information availabl. indical•• Ihat durin.
theerobr)'onlC penod and the most SIgnificant pha", oforpnca.nes'Slhe acti"ity
of monO-OI)'a''''''' is also lo" in pnmate rmb')",_ Therdore. it .. dillkult to
d""ide at presrnt "'bether rodents "",,,,,,,nt aood model. for pnmates ""lh
respeet to tbe ablln}' 10 m.taboliu ('Crta'" ...nob,o"" to act"'e short.lived
embrlotoxic 'UMllInces.

5 IN VITRO EXPERJ:\IENTS AND Cl;LTURE TECHN1QtlES

Durin. the la.t r." )'''11. $¢>'eral i~ ,-iITo Or culture I""hniqu.s have been
propo..-d for in".SligalinS prenatall) induced lo,i<: .ff""" in mammals, Here,,,
in other fi.ld. whero such Or similar sy'stem, arc employed. ad,'anta8.' and
disad,·antase. are to be IlIkon inlo account. A part of the complol .ituallon.
especiall) that whIch is so"erned by the maternal organism. can th.reb)' be
.,,,,umvented, For .,ampl•. d.pend,ng on the necessity to acti'al. or motaboliH
a Chomieal,nto a moro watOf-solubl. compound. tbe absence of a maternal
.ompanment may be a disad'·antag., How....r, mOst oflhe arsumen" brought



forth apmstth. use of cultur. ,echnlques can al>o bt: u~ In f"our of u"ng
th.m Il, chOOSIng proper condition', Th. absence of the placental barrier.
.as, control of th. f.lal druB concentTlltion, .asy ..ariation of and aCCO'S, to
nou",hm.n, are jU$t a fe" of the kno"'n argumenu Ad..anta,.. and
disad>an1a,o h.,'e recentl) been diKu...d .lse",here m detail (Barrach and
l'.ubt:rt. 1980, l'eubt:rt, 19S0, 1981 see t!leoe papers for funher references), A,
10 lhe quan,ificalion of effects. il is understandable 'hat in..-es'ip,ions on the
mode ofembl)oto.'" .ctlon as ",.11 as dose-re,pon.. Sludie" can frequenll) bt:
"ell performe<! by choosins th. ri!ht cultur. and condition. Th. 'IUd,. of the
ou'com. of l.sions d.,,'.lope<! in ,uch o}'st.m. rna,' not be achieved '" ...ily,
hO"' .....f. oince th. ""hole i ..ta'ion period c.nnot bt: co'-ere<! Il, one culture
."tern_ Th" bt:comes especlatl) .pparent "'hen paslnalal oble,,-a,ion of
prenat.lI) induced lesiono i. desirabl.

6 QUASTITATI\ E RISK ESTIMATlO:-' l~ MAl'

Quanti'ato..,. risk .slimation in man b.a~ on anImal data IS routln.l) attempted
for pharmaceuticals: howe'-er. th.rc aT< many limi'ationo and problems (see
sec,ion, 2 to 4), Usuall,' quah'atl\'. ri.k a....sm.nt (i,., th••,·aIUlltion of ,h.
teratogen'" potenti.l "'ith or "'ithou, the qualifiers d;scu.~ in section 2) "";11 bt:
.ullkien' to all"'" the mark."n, or prohib,tlng of a drug, In doublful ca~, r._
.,..Illation muSt bt: perfonne<! a. SOOn as addiliolllli infonnation from drug
application in man become' .....ilable This addit;onal'nfonnation may chang<
Or confinn ,h. pre,,'iou. deci.ion

In !.neral. the sam. probl.m, are .ncount.re<! In quantltati' e ri.k a$seosm.n,
in man a$5OC:la'e<! ",ith expo.ure '0 .n,-ironm.ntal ch.micals a, ,hey aT< in risk
......m.n' for drup. Da,a "'hieh afe first an;labl. for the "aluation of
chemical! '" III bt: almoot .M'lu.i,,"l; animal data; data on prenatalto.ici'} in man
are onl} seldom ""ilable, But Und.f certain condition. a qu.ntltatl". risk
otimation i' d.'lfable, ldeaH, _"e "ould like to be at ,be stag. "heT< ,hi. e.n he
achie'e<! for all ch.micab_

Quantilati". risk .stima'ion in man must b< d'KU.sed separo,.I; ror th.three
tbeor.hcall; po$.ibk data b.ase,

(I) animal data ar. the onl}' SOuree ,,-ailabl. for fISk eSllmation;
(2) anImal and human data are "ailable for JOInt uS<': ,n n,k estlmalion:
(3) human d.la ,,'ailabl. o'e,rule anImal data obtame<! b} 'landard pr01ocol

••penm.n,,_

6,1 Quanlilatln Riok E'limalion Based on "nu_huma" Dot"

BeeauS<': of the limitatiom ofquantitati'. risk est,mation baS<':d >olel}' on animal
data. it becomel helpful or elen <:S!oenlial 10 relale the effa:1> 'nI~llgall:<i 10
addnional "a'iables "hlch nn bt: mu.uced m ,be ..me e,perim.mal ')'tem
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Th~ aim of lookmg for additional vanablcs may be:

(I) either ro bener unde"rand rhe do",-~pon", ",Iation~hip in que'tion or to
obtain information on po..ible tb~hold,. or

(2) to find. link .. bich pennn,. bettef extrapolarion of experimental findinp
from one ,peeie. ro anolber. Sucb • link could be phannaeokll'l<tte­
informalion, (Thi. also appli.. ro ri.k eslimarion based on borh human and
non.human data: ........hon 6.2,)

Ikslde' quanrifYln~leralo~eniceffecl< a. obseroed In expenmenral an,mal•. ir
rna) be ad"antageou~ to ObtaIn addUional mformation on the mechanISm of
aer;on of the teratosen, In this ",ay it rna) become posSIble to dra" more general
condu"on~ on 'he rel'hon,hlp bet ..,ow the molecular reaCUOn .ffected and 'he
probability of an embf)otoxic effecl. Thl5 "a} faeilitat.. ri'k e'aluat;on, We
ha"e perfonned exponmem. "ith alkylallng .~enlS .. hich are a panirularly
useful da.. ofcompounds for thiS purpose, The) exen a "amty' of embr}otoxic
effect. and are able to bind covalently to cell constituents, The dose-response
relahonship of thi, primary reac'ion Can be mea~ured, It has. therefOr<, bcen
possible to ..rabli.h a correlation bet ..een the teratogenesis and the biochemical
e"em at the tar~et Ii...... (the embryo). The molecular toxic e"enl i' assumed 10
be represented by the alkylation of the DNA of embryonic t;..ues.

The cmbr}oroxlClly of "','eral dlrecrl) ac'ins alky'lahng agent~ h.as been
in'e'ligaled (methyl methanesulphonate and methyl nirfosourea. Rochen tI aJ"
1978: ethyl merhanesulphonare. Platzek., 01" 1982), DNA alkylarion e.per·
,menrs .. ere performed ming d""'" "hich had been sho.. n ro be effecti"e in
reratogenieir} tem, The alkylarion fale. expressed as pmole alkylat«l base per
I'mole suanine "itbin rhe embryonic DNA, increa"" linearly "'irh dose, A
comparison of different .ub,tances ,ho..«l great d,ffere"... in rhe o,crall
alkylation rate represemed by the alkylation of X' 'lluanine, Bur the alk}-tarion
rare ofO··guanine correlared ""en ,,'ithin a range of 3-20 pmole I'mole "'irh the
dose of .ny .Ikylatinllagent .ble ro triuer a rerarogenic effect. Dose-response
model. "'ere ..tabli~hed b} 1"'0bl1'amol}si~, and dose-mpcmse cun;CS "'ere
com pUled usinS rhe maximum likelihood estimarion, Effecti'e d""". "'ere
calculated and a teratOilenic dose ranlle (ED,o to ED.o) ",as defined for each
substance, Furrher tox;';ololl"'al charaetensllC' (mat~rmol lerhalrty. fotal and
male mal "'eighu) "'ere addirionally ",,,lUlled

Thi' appro.ach ha' enabled us ro predict from biochem;c.1 doora the leratogen;';
potency of an agent from Ihis class ofcbemlCals and ir also forms a ""und baSIS
for combinahon e.penmenlS.

6,2 Q....tllul.. Risk £I;tlma.lon Bast<! on N",,·human all<l Human Dala

In some cases, beeau", human dara beeame available. the '1uantilkarion of
animal <!ara anempred earlier had ro be adjusted. from pre';o,," e,penment~
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,n,h pharmaceulical. "e kno" 'ha' Ih. Illne SC'quence of O\-enl' can be qUlle
"anable

Intcr'p«"" ."tapola'ion f",m animals '0 man, or ftom man to animal',
re<juire. an an,"er '0 Ihree ques,ion,

(I) Is ,he ..me mode ofto'ic action 10 be npecle<! in bo'h .pecies?
(2) 1, the SlIme or a Ilmilar emb~oto,ic efTec' 10 be np«,ed In bo'h man and

..perimenlal.pecie,?
(3) Which do.. or dos,ng "'lIimen, rna) be expected '0 induce lhe SlIme

emb1')o,oxic efTect or '0 )ield the SlIm. concenlr"ion, althe tarBOI in bo'h
,pecies'

Queslion (3) can besl be an," ere<! "he" the pharmacodynam,c, " kno"n for
bo'h humans and expe"'''''nlal ,pec;e, uS<:<!. Th" "ill be d.mon'lrate<! ,,-j,h '''0
examples, Ih,amphenICol and e10nidme

6,2, I Ri,k £:"oIW(1/;on for Th,o",pnenicol

Al ,h. fitst ..JIb!. drug. ">eh ao chloramphenicol and ,hlamphenicol seem 10 be
...-ell .uited for 'he IreaUnen' of malern"l Or f'lal,nfecuon,. l>.o malforma'ion.
ha"e bttn «porle<! to occur In expenmental animal. and. "'i,h the u,,,,,1 ",u,ine
protocol for lhe e""luallon of "n embryNo'''' polenll,,1 ,n. for e",mplt. rats.
onl) al ex"emel~ hiJlb doses could an emb~olcthal effecl be obse"..d
Therapeulic usc has so far sho,,-n no mCrea" m human malfonna"on,
Ho"'C"er. comparali,'e pharmaroklnelic studies ru"e t'C'uled 'hal the .ilualion
i. more romplex and it i' no" our opmion that. On the ba,is of lhe p.....nl
kno,,·Ie<!lIe. a human embr)olcthal effecl cannot be rule<! oul

In human•. ineludinll fe,uses from therapeutic abonton•. ,he I" ,s much
longer 'han Ihat determIned ,n talS (3.S compared ";th 1.5 houts). When
ronsiderinll,his q""nt;,at"'e dtserep.ancy and expenmen,ally adjus,ing lhe dooe
and the lrealmenl ..hedule m tab SO Ihal "'''''enlrat,on, comparable 10 lhosc
uS<:<! fOf therapeu,ic purposes are achlC"ed in man (pharmarokinelic.). the resull
"-a, 100'. emb!)olelhali,)' The Inftuence of th;amphenicol on human em·
b!)onic milochondrial fU""I,on (phannacod)'nam,C$) " comparable 10 lhal
11"d;ed ,n 'he ra, (Ba.. n 01" 1978a.b.c) Since under Ihese circumstances the
an,mal model «<m, largel}' 10 m'm'" the ,i,ua,;on 10 be expected in humans. "'e
mU'l a.,;" a, 'he c"""lu.ion lhat lhiamphenlCol al ,herapeutIC dOSC'S has an
emb!)o,ox", potenC) fOf man as "en

6_1.1 RUk Em/walion for Clon/d",,,

Where", the an"hlpenen'''''e and an"m'IITa,n" drug don;d,nc indlCaled no
SI8n of ItraHlgenic polcnllal in 5C:"erlllp'cio (up to 2<xxl pg til in ra!, mou5C:
and rabbi')...,'eral 'tud,es showed. although incon'i"entl}' and ,n mosl cases



l1uhout a ,Icali:ut do:;c:-rt>pomc rtlallomhip. cmbl)'o' or fClOlclha\ c!T!:d.s at
pharmacolollically acti'-e do... (>edation. piloerection. exophthalmu,. etc.) that
are only mar¥inatly toxic to the mother_

As outlined earlier. emb!}olethal effect' and or llrowth relardation can ,",ult
from Ihe application of maternally toxic d0$e5 of alm<»t any chemical. Th"
mean, that they can be ,igns not only of direcl embr;-oloxicit). but also of
maternal toxicity Accordlnilio our present knowledlle. a teralOll,nic IX'tential.
however. is "ery unbkely lO be provoked b)' maternaltoxicily, If there are .ignsof
maternal to"city. embr)'olcthal effect' and gro" th retardation are qualified as
unspecific and are u,ually of no further intere.t

Onl)' a close anal)'.,. of data ",II al1o" mean,ngful conclu'ions ,n luch a case
,ince SlX'ntaneous rewrpt,ons can occur in up to 1O~~ of implantation, in
experimental animals; and slX'ntaneoul differences in the implantation rate, per
experimental series are common in rat•. rabbm and m,c<, The'" tWO "anables
can lead to an apparent ioerease 'n resorption rate. masked b)' h,gher
implantation rate giving an apparentl;- normal number of Ii"e fetuse, "hen
compared with control. Vice v....... Ihe number of I,," fetuses can be apparent I}'
roduced without changing the percentalle of resorption, if the ",'erage number of
implantation. in the ••penmental group IS by chance lo"'er than lhal to the
control group, For borderline effects. eondu,ive evidence for an increase<!
prenatal monality 'hould be considered ifboth an increase ,n resorptIon rate and
a deerea", ,n the number of Ii"e fetu... are found

Accordtnllto these criteria. one mouse e"penment had to be judlled positi"e at
the htghest do'" of 2000~g kg but absolutel)' negative at SOOl'll, kll Three rat
experiments at the hillhest dO$< of ISO I'g kg also Ihowed a small,ocrea", in
r.,orption rate. lower do... ono. or IS I'll kg respecti.'el)'. l!"V' nel!"ti'-e result •.
The ",crea>ed emb!}omonality was not accompanied hy other SIgns of
embryolOxieity .uch as ll'O""h retardatIon. In rals. the no-ob"''''ed-effectlC\'el
(NOEL). therefore. would be e.pect«l to be about 70l'g kll (in mice much
hillh.r) after SIngle dally application"

for don\d,ne. ri'k evaluation with rele"anee to man wa, attempted follOWIng
in"estigation. of it> phannacoxlOetic beh",'iour, Sueh a procedure iO\01\'O. th'ee
step>:

(I) The pha'lOaeoxineti.. mu.t be known for the laborator)' ,pecies to be used
and for man

(2) The dosing ,eg'men i, adJu>ted In the animal ,pecies. in our case the rae to
match the pharmacokineti.. in humans: and

(3) thIS d",inll relit men. "hich gi,·.. a SImilar pharmacokinetic, in the plasma of
the two .pec,"'_ IS u",d fo' assessinll the ernb!}'otox;c potency of the drull,

PharmaeoxlOettC 'tudie. indicated thai the half-Ii""' of c100idine in the t"o
.peci... man and rat. are rather different, In man. a maximal plasma concen-



Ira lion (r"",.) of 0.9S nl ml was found follow'in, an oral dose ("C·<:lonl<l;~) of
aboul 2.S 111 kg, The half·life ''"3' aboUI 20 hours. In Ihe r1l1. a c... of aboul
IS ng ml w'as reached af'er a dose of 1(1) I'g kl wilh a half·life ofaboul 10 hours,
'Scgroen1 II 'ludiC$·. u"ng one dose per 24 hours. w'ould lead 10 pluma
COnttnlralion profi\.. in Ihe ral w'hich could hardly be compared lIl'ilh Ihose in

="
It ""'~ Ihe..fore dcc,ded 10 apply Ihe drug 10 nil' al g.hour ;n'.."al, (from day

6 10 day IS of pn:gnancy). Ooscs of. for eumple. 3 ~ 40 IIg kg daily prod~
plasma concenlralion, in Ihe rat wh,ch ""n: Ihrtt l,mrs hIgher lhan lhe r....
mcuur.-d ,n human. (3 ~ 1SO IIg da,ly) and lhe r_ in humans "... mIl e,ctcded
in the ral by a faCH" of 2, Such pla~ma concentrationSln th. ,.,.t. "h,ch rIlcttd«l
,hose known 10 occur ,n man 3·"mrs (c... ) 10 2·llmrs (c....). did nol induce an
.mbry'o'o,ic effccl. Those e,ctcding Ihe concenlr1llions hy mOn: lhan 6-1,mrs
(r...,) and 4'limC$ (r_), r..pee'i,..ly. "..re nohO)O'o,ic. ASJudgrd from Ih=
dala. Iherapeuhc dosrs on ~ ISO IIg da,ly an: nOle,peeled 10 excrt embryoloxic
.ffCClS in man.

In bolh eumpl.. di",u~sed. lhe amount ofhuman data a>'ailahle did nOl aUo"
a n:liable n~k aSSCUmrnl. Thcon:\Ical or prac'ical Iuspl<'ion. ho"..,..,.. led '0
performing olher animal expenmen" in a<!dillon 10 Ihose required h}' lhe
~tanda.-d prOlocOI. Although i' wu "eO)' led'ouS 10 obta,n lhe nccrwry' dala, "'e
'ho"'cd Ihal lhe pharmacokinelic approach ("eps 1 (03) was fe.,ible. lhatlhe
conclusions were useful and allowed classificat;on of p!iarmac-rulicah as
'proNbly embry'Oloxic' or 'oafe for man'

6.3 EmbrY'oloxlclly a, a R,lall.', Risk

In anomal sludl... the demonmation of a leralogenic polenlial (qualilall>'e risk
e'·alnal;on. '),..' or 'no' aos,,'.,-) ,~ only' 'he fim 'Iep (ocr Neuben. 1983).
Quantification of the tcrat"1!enic effect (dose-r..pon... NOEL) h.. 10 follow.
BUI most importanl is the analy,i, of lhe polency oflhe embryolo,ic effecl "hen
compared 10 malemal toxicily'. If lhe ,ubslance i. applied o'..r an e"end«l
pcTlod of pregnancy (as il i' done ,n aU roul,ne ~Iud ...l. th. acule malCmal
10X";ly (.uch U LD,o) i' nol a .uitable m<a,ure "'''h "hl<'h to compa", lhe
embry'Olo'icil;

We h"'e ,ugge"cd (Plau.k.r al.. 1982) a procedu", thaI may be followcd
,n ".eh SlUdlC', The '.ralogenic dose ranle wa, d.fin.-d IED,.-ED..,) and
malernalloxicity measured. In analog} wilh the ·th.rapeulic index'. lhe usc ofan
'nobryoto,.: index' "'as proposed. stICh a•. th• .-alio of ED,o for maternal
mortalily and ED•• for teratogenicily, The quantification of the f<lOloUe effect'
by lheir o"'n 'indices' i. a p.-crequls"e for cakulallng Ih. 'embrjOloxl<' ind.x·
lhen used for comparison of lhe relat",'. le.-atogemc potency' of diff.rent
compounds.

A s,milar approach "'as ,ugge"«1 by' Fabro., ai, (1982), A so..:al1cd '",Iati".



teralogenic index' was established by tbe ratio oflDo, (adullletb.ahl\') and ED",
(tenl,o£Uoe,ly) for .."eral anh"on,-ulsants,

We eXpe<:t 'hal the introduction and use of lhese 'ndlCeS IS a Sl<p fo,ward 'n
quan!'IIl11\'e risk esumat'on based on ammal data, H,,""e'-er, Ihe usefulness of
such ,nd~ depends on c!>oostng the COrrecl paramele..,

6,4 Quulilali\'e Ri.~ ,,__., Based on HUAlu Data: Ri.~

£,..luatIOll for BudKe,."

Hendeetin" (doxylamine and pyridoxine) and un",an" (",hich in addition
con,alOS d",ydo"eone) hase bc<:n used 10 relie"e ""ere \'Omiting during
pregnaDC) Durins Ihe la" )ea.... human dan from app'Ollmatd)' 10(1()()­
15000 mOlh,,--<hild P''',s ha"e betn ga,here<!. Publi.he<! .tudi.. do not
demon",ate the a"""'iation belween druB intake and incrusffi risk of birth
def"",s (MIChaehs ~t (ll __ 1980: Con;!"o ~,al., 1981, Flemins ~t ai,. 1981; lick tt

af.- 1981: Milchell tr aI., 1981. and other earlier or more recenl publicalion.).
$,n"" it i. imposs,ble 10 prove 'ha' a drug ne'",' causes nuolfonoalions, e"en thOlt
phanoaceuticals .. eU 'Iudied in man .hould be us.ed ..'ilh caution (Bass. 1979).

For &nd""I,n" _Ihe nsk allelSmenl is bas.ed solely on interpretalion of human
data, selling a'ide dala on dOlt-respon.... relationships ,n rodenl', UlJnl only
tMst dala It U. betn concluded tha' th. malfonoal,on ris~, if an)', i••mall, Sueh
a 'Irong "atement ",ould ha'e ne'er been allow«l ifbased on animal data al01l<

We think "". h.". shown Ihal Ihe qu.n"t.I"'. fI.k es'imate can depend On
bolh Ihe amounl and 'ype of human and animal data ....ilable, Dependins on
Ihe amount of ,nfonoa'ion r<qu",;d and 0' Ihe a"ailable feedl>a<:k from human
da'a. additional especiaUy de,ilne<! animal "udie. can be performed

7 DIH'EREST T\'PES "ND DEPTH or IN\'ESTlG,,nON

Da'a from ,he .tandard pr"l""ol <Jlperimenll (<<>-ealle<! segmenl l. 11. and III
'Iudies) are usuall) ,,'ailabl. today' fo' drugs hut ..Idom fo' olhe, dasses of
chemical., Chemical' at 'he "'o'kpla",,_ fOT e:<ample, are ",gula'ed m",tl)
'hrough a da..,ficahon "f haz.ard ...ulting from acul. ex"",ure

The'" a'e t"o ph,losoph,.. .,'a,lahle .OOa)' .. hieh lead to qUlle d,fferent
desr= of ri'k quantification, Bolh, how';,'er. depend on 'he a"ail.bilit) of
pharmacokinetic da'a (s<:e also 3.3, 6.2.21-

7,1 SlOp by SlOp Compar,soo and E•• luu'o.

(1) From PUll'llacol"nel'" data ,n Ihe anlmal ,peci"" chosen ror in,...ti!!ation
and from purmacokinelic data in man (preferably inCluding 'hOlt in
prtgrlant ""omen and in rmb')'o fe'll< largrl) thr pluma concentration to be
obtained a. «lui'-alent of tberapeutic doses i. cakulat«l;
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(2) From thIS dala a dosing regimen is deli,'ed "hicb tak.. into acco~nl, for
e.ample. differenccs in I i I:><I...-«n animals and man. Ihus SIm~lahng h~man

pharmaookinclic condilions in Ihe animal;
(3) In addilion to tbis 10"'. therapeutIC dosmg rtgJmcn. t...-o hIgher dOSln!!

regJm<lls are used (Ihe blShest dose employed IS expected 10 sho" some
mat.mallO,icity. sucb as marded incr.ase of ".igh');

(4) F,om Ibe ,esulls oblalntd, NOELs a", d.fin.d and 'he ""fcly ma,gin fo' each
'ype of def~1 calrulaltd;

(5) Tilt mode of leralogcnic aClion may ha"e '0 be d.'ermintd in .pecial
experiments and S)'lIcms (pharmacodynamics). incloding j~ t'ilTo cultur.
S)"'lems;

(6) From ,lit.. expe,iments. special charan.'isties diocliminaling p",nalal
10..cit)' (seclions \ and 1) haH 10 b< de1intd for lhe cbem;cal und.,
;n"e";ga,;on: specific ge"eral and mong "-.ak d<f~lS OCCII,ring al doses
hJih 10" a. compared ,,'ilb doses toO: 10 lhe mother,

(7) The ..r.W margin a,-..ilable is ",Ia'ed 10 the lype of prenalal to.icily
obstr>td, The ..f<ly factors ",Ill.nd 10 lxcomt smaller" IItn lhe ",l,abtllt)
of tbe a"ailable wlla inc,ea..... For "'ong .pecific t....,os."'e cffect•. lbc", II
"0 t.ample available "her. a saf<ly faclOr ha' bccn succc"fully calculattd
and used: for mongo un"'.rsallceatog.nl. sucb as cytostalic ag.ntS. loda)
lhe lherapeuti. rc<juirement o'.rrul.. ,lit desi'" for saf.ly

(8) A dosing ",gimen. Includ,ng lhe saftly ma,gin. Iho",ng nO pathological
findIngs. muSt th.n be called 'safe for man al tbe safety margm .mployed:

7.2 Decision Approach

ThIs schtmt follow. th. fifll fom steps of sectIon 7, I. Th.n a deciSIon is madc
depending on ,lit occur",,,,,,, of any embr)'otoxic eff~l but no diff.",ntiatcd
."aillalion of the \'arious I) pes of damagc and Ihc" se,..nly IS altempled. ThIs
app,oach is based on Ih. a"umplion 'ha' lhe occur",nee of on. 'ype of d.f~1
mak.. mo", likcly Ihc OCCU''''nc. of Olh.r Iypes of d.fects whicb could nOt b<
obseryed ~ndCf 'he \imittd te" condition•. Thi' decision Icads to making lhe
chemical a'allabl. Or nOt a,-..ilablc 10 p,egnant "omen, including some Iype of
,,'ammll

11 has 10 be poin,td oul lhal "hal."cr meanS of quan"lkation of .mb,yol<>­
'i.eit}, is used. decisions a", based on dose-response rclalion,blpsof .mb,yolO".
defects delecttd in anImals. Thc dose-response r.lalionsblps for possible
dama!!. usually cannot be eSlabli,hed in womcn, be il by monlloring pr""",scs Or
by special direcled cpidemlolog>cal im'cstigations, The data obtained from such
"udles ma} ,n a sense appear semiquantilali,..: high 0' 10" rates of il\Clden"" for
differen! malformations 10 be related to diff.rent Chemical ~\lbsla~. MOl>t of
the faCIO.. quahf)inll embry<>to.ricily discussed earlier cannol be CValllaltd from
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hunun data. This kind of quan\lfication is a domain of animal e1~nments,
including in ,·ilto cul1ure studies,

The t..-o apprO<iche' d=ribed, the 'tep b)' 'tep and the deci'ion apprO<ich,
may both be useful. For drugs wilh indica led uSC in human pr¢gnancy. Ihe .Iep
by 'tep approach >CemS '0 be ,he correcl way of risk e\'alnalion, For olhe, Iypes
of chemical•. a ye, no ans...",. may be ,ufficienl 10 appro\.. (or nolto approve)
Ihe" use. lher¢b) allowing for the quantlficalion p,ocess 10 be performed in lhe
second ..ep.
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