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A Comparison of the Potency of the
Mutagenic Effect of Chemicals in Short
term Tests with their Carcinogenic Effect
in Rodent Carcinogenicity Experiments

I. F. H. Purcha5C

ABSTRACT

Short·term lesls for carcmogenicity. particularly lhe S~/1JtQMII~ mUlat,on assay
of Ames. are used euenSIV\'ly for the qu.alitati"e idenlificalion of potential
orpnic chemical carcinogens. Quamitati'-e risk assessment requ"es a further
step of esumaun* lhe carcinoaen", polency or lhe ehemtcal considered, a ,tep
....hich currenlly relies on ep,demiolop:al Dr lonl-Ierm mammalian carcino
genicity studies. Aaemp\> ha'-e been made to compare lhe potency ofchemICals
in mULll&cnicily aS$lj'1O ....,Ih lhe" carcinogenic polency in rodenlO, Nine 'lI<:h
studio' "'th the Ame' Ie,tare rt'o'io....ed and it i' concluded thatlhere is no good
evid.nee 10 ohoW lhat mutas.nlC and carcinogenic polenci", are correlaled. Data
from t....o mammalian <:ell mutasenicity a,say, are insufficient 10 confirm a
correlation.

Se,-eral fundamental dlff~r~nces hel....aen th~ ill ",'m mutagenicity as...y. and
in <'iro carcinogenicily assay' mitipte lhe correlation. including lhe lalet>C)'
period bnw«n dO$ln* and ~ff«1. Ihe duration of dO$ing. the mute of
administration. lhe melabolic kinetics. lhe muhilud. ofextrall<Ou, faclors which
modulate the responses and the inter·te't and inter·laboratory variability.

Tho al1~mplS 10 compare mutagemc and carcinogenic poteJICy have not
demonstraled a relation.hip "..hich ....ould be u..ful in ri'k a""",ment. 1m·
pro'-emenls MOl' come from methods whICh l'Vt' ao;ura'e CShmatcs ofdose al the
sne of action and bnter ""'}'S of UPresstni dose-respon.. relalionships.

I INTRODUCTION

Tho development ofshort ·term leSlS for carci nogeniclly in the mId· I970s was d ue
10 ~ttal concern 10 reduce exposure to chemICal carcinOitM tOtethef "'ith
l<ellnical metbodolOJicaI irnprov~menls culminatm& in a pracllCal Sa/monLIla-

'"



ba5ed assay pubhshe<l b'I Ames and co-....w~er; (1915). This asia¥. and SOlTlt of
many olher l"'ls del'elope<! In lhe last f.w )urs. performed ....n as regards
qualilative Idenlifieauon of careinogenio a<l1vny of chern.:als SO lhal lhe
Impression ...as cr.ated lhallhe conlrol ofch.m.:ally induced cancer ...as w,lh,n
our vasp, Th. SalltIOItel/o microsome .....y had been ver)' widely used in
screening S)'mhelio and naturlll chernioals and lhe resullS for ol-er 2000
compound...ere published by 1979 (Hollsl.in., 01.. 1979). A large nriety of
s)'mh.tic chemioals. panioularly those: roacllv" chem"'als used in indUSln,1
sj'nth.sis. w.re found to be ~iliveas ..·.re la'g. numbers ofchemicals found in
food, lhe environment, and el'en the conl.nl. of human gut. Th.re ...as thu. a
pres,inl1 need to sel prionu", amonl1 carelnogens, and 10 concentrate on lhose
wh",h wer. lihly 10 cau.., the mosl harm. Ea"linllong'lerm anImal studies had
been used for Ihis purpose but resource limitation once again .ncouraged the
e,plOrllllOn of ,I"mlltn-e technlq1lC$_

Z ASSF.SS:\I£NT or CARCINOGENIC POTENCY

In order 10 make a ..,nSlble. Informed chOICe ofchemicals whlcb can be used and
.. bich should be controlled. it is neces...ry to be able to assess, among othe'
th,ngo, tbe magnitude of any adverse effecl lhe)' may I1al". Assessmenl of tb.
adverse (carcinogenio) effect may con..der one or all of lhe follo....'ng critena
....hicb tahn col1e<:tiv'e1)' define lhe potency of a <amnOI1.n;

(I) q""nlj'Qlio~. Ho.... many people are hhly to tkl-e10P cance, (the SOCIetal
nsk) or, pulln another ..... y. how likely i' any parlicul.r indiv'iduallo del..lop
cancer (th. individual ri,k)?

(2) sn:er;/y, How seriou' " lhe di..,a.., lihly to be1 The d.gree of malignancy
and 'it< of the neopla,m are t..'o of the most critical i..ue" A skin cancer
wh",h IS easy 10 control and lreat rna)' be I,.."ed diff.rently from a brain
lumour ..-hiob is lif.-lhr.atening and non·treatable_

(3) /ImI!, Wh.n i. the neopla,m likely 10 occur? Win it be in 6 or 60 years?

The potency of the camn"!.n i. only one of the faclors "'hich mu,t be tak.n
imo aCCoum in judgmg the likely effeels that ex~ure 10 a carcInogen may
produce; Ihe duration. magnitude and roul. ofe.po,ure are equally important .

.} COMPARISON'S or THE MUTAGL~ICASD CARCINOGESIC
POTENCY or CHEMICALS

All eumpl", published 10 date attempt 10 compare lhe magnnude of r"'ponse
for a panicular dose: in one .,oay .yn.m ",'ilh a simil.r measure .1 another dose In
a 5eCOnd .....y,

In some cases Ihe <aronoll.n", potency lakes lim. inlo a<Xounl, bUl, nOt
surpristnaJy. no attempt has been made 10 conSIder all aspeetS mentioned above
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(ql. quanti'atlon. ~'enty and hm.). T"o shon-,erm ,e., sY"ems have l:>«n
compared e,'emi".ly "'ith roden' <are,nogenie,,)', 'hc Amcs' Salmo",,11o test and
a poin' mu'auon a.say ,n mammalian cell.

3.1 TM S.I__lt. MIe.oso.... Asay

M...,I"", and Russen (1977) pro'ided Ihe firi' ..nous anempl t" compa..
mu,agemc polen<"}" (in the SoI_lIo 'esl) "'l,h care,nngtnic po,et><y (in
rooen,s), Foun..n cbemicals ,,'hieh had been ",'i.",ed by [ARC and tested by'
McCann and co-worke,.. (1975) "'e.. s'udied. Ca,cinOllcnlC pot.nC)', K. is
defined U Ln2 VI 2. ,,'here VI 2 i.,he daily dose whieh 1Ii"es 50% cumula,i,'e
Slngle.ri,k ,nrid.lI« of induced caneer in ",." yea,... Mu,agenic po'ency (m) IS
e,pressed as micrograms ofcompound per 100 Salmon./lo ..vertants. The resullS
fr"m 10 "f'he chemlCalo otudied is presented ulheir Figure I; 4 ehemlCals had
been omined becau.. lhe ,,,I,,,, ofm *""s m""h less 'luin 1, ,he "al"" found f"r
Ih. other 10 chemical•. The "aph of log DI 2 and I Itl is gi"en for all 14
compounds in Figure 1.

AS'" all work of Ihi' 'ype. 'I "'a, necessary '0 normalize the carcinogenicity
da,a '0 pm"id. an ..timate ofdo.. ",hich "'ould proouee 50 ~/. neoplasms al I"'"
years: Ih" required a number ofa..ump'i""s 10 be made.•""h U 'M' proponion
of unaffected an,mals de"elop,ng neoplums per UM ume after e'posure
illC..ases ,,"h ,he firs' power of the dose. D. and ,h. lhird pow... of lime. I

The eaclu'lion "f lhe four nilrollO compounds from the general ..Ia'ionship'" *_1 wu on the Nosio,hat valu« were mU<:h Ie.. Ihan 1. F"r n'lrosnmelhyl_
u..a. t"'o e'lima'" of D I '2 we.. IIi".n ",hich differed by ",,,rc Ihan 10'; Ih,s ",as
con'idered '0 be d"" 10 in'tabililY in IIOlutlon, For the o'h.... ;1 "'lIS suggested
'hat 'refinemen.. ,n lhe Salmonella ,est 'y'tem will !>nng ,h..., nltr"",
cnmpound, in,o agreement ,,'ith ,h. rela'ion 'Uggesled in ,h. figu..•• '" *_1

One of ,he problem, peroci''td by Ban..,h n 01. (1980) in eslabllShlng a
quamitali'....lationsh,p be''''..n potency in So/mcneIlQ and in ammal carcino
genicity, waothe majnrdiff........ in m.laboli,m OO"'-..n in "'''0 S.9and in ";';0
e,perimen.., They ..lected direct acting alk)'Ia,ing ag.nts in order 10 avoid lhi.
problem although Ihis does n", "bvia'e c"nfound,ng facto .. "f baclerial
melaboli,m and differem lev.ls of nU<:leophil;e macromolecules in ,h. ,wo
sy"em,. Their resullo a.. ploned on Figu.. 1 adju"inglhe mUlagenicity index
f", d,ffercn' unIts (pJ 100 m'.nan.. in MesetllOn and Russetrs ...-ork: 11.8 500
..,.."anlO lit Ba"..h and co-"'orker'o ,,'ork) by dIVIdIng by 5. The ,ndex of
careinogenic pol.t><y (TD,.,) is ....nlially equivalent '0 'ha' used by M...,I",n
and Rus..lI.

On Ibe basio "f their own w"rk. Ba"..,h and co-workc" concluded ,hal <a
quanli'am.... Iation,hip bet...-..,n carcinOllene,is and mutageneSis ,n Salmonella
's not sufficlentl), O'$,ablishcd to allow lhe confidenl prcdi<lion of ~rcinogt:nic
pCIleney·.
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rig~" I M~"Fn'" al>d ••"'ioOF"'" po,e",,)' I A~a,o,," BI
2, 4-Am,nobipbe'n}). l. Berwdll", 4. Ben.zo{a]p)',rne. S. Dibon.z[a.... ]
.nth,..."". 6.4-4'.M"h)'leno-b".2<hlo,,,,,n'h"" (MOCA), 7.
Melh)'1 mellanesulphonote (MMS) 8, 2·Naphthylam".. 9 l.l.
P,oP'J'I< 'ul,o"e 10, SI",gmOlOOpt1n. II. D"thylnLlr"..m,,,,, (DEN).
12. Dime'hylni""..mLne (DMN). I). D,.... butylnilroumin•. la....
n;,roso-/'I-mtlh)1 ~...a (MNU). IS. Gly"idolde~yde. 16. /'I·n",ooo-/'1·
nl".,.N·m<th)'1 JU.nidine (MNNG), 17, PtopaJ'l< 'ul,oJ'l< 18 p
Propioaclon•. 19. .\'.nnrooo-N·"..,hjl u.... (MNU), 20. N-lllt'ooo-/'1-
el~yl ~ (E:-:U). 21 Ep",h]orhydnn. C"'m",.I. 1-14 from Mesol"""
.I>d R~ 11 (l~77). Chemicals 15-21 f,om B.n..~ If 1>1, (19SO). Val"".
for ,"u,ailenio actm,y la,'. been divided b)' S '0 oonven from >'i sao
re'~f1.nl. '0 I'll 100 reven..... Tho lin. rep....n... ,-.Iue of .. k - I

There is such a ,,',de vanely ofchemical "",ctu,e. of".,cinog.ns. Ihat limning
the range lesled ml&hl be eXpoc1ed 10 reduce Ih. confounding faclors. Ashby and
co-wo,ke,", (In I) selected eighl do,;,-ati,'es of 4-dimOlhylaminoazobenzene
which had been leSled fo' carclnogonicity and subjected them 10 Ihree vari.,ions
of lhe S<llmonella mUlagenicil}' os..y (plale ,,>corporalion, liquid preIncubation
and f1uctuallon a,<oay'). Thei' ,,,,ulls are presented in Figure 2, The Index of
carcinogen icily used was thaI proposed by Miller and Miller (l9S3) and it suffers
from Ihe dra"'back Ihal the range of pot.ncies is limIted to belween 1and 40; the
method of Mesel..,n and Ru.seU is nOl stnctly comparable bUI ha. ""lOntially a
much larger 'ange (in thi' paper a range of 10' 1>'a. nOled), Nevertheless. no fixed
relation.hip wa. obse"'ed and in pan"'Ular Ihe mOSI polOn! mUlagen "'as not
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Fil;ure 2 11>< relotion<hip be,o.= carc,nol<nic J><>
,rncy ond Illulal<nic po,e""y fOl nlt,e dem..,i"", of
4-dime'hylollllncwob<nze... (IfI.. Ashby" tJI" 1981)

care,nQienlC and lhe m"'l polent carcinogen ....a, barely muta,.nic.
Coombs U aI. (1976) compared the polmey of a sc,;t$ of pol}'<")'Clic

compound$,n a 'tandard ,l,,,n carciMienlCity as"'y ....ilh thaI in lhe Sal_II"
a"",y. The unit> ofmUlagenic acti"il)' irt"-enam 'nmole) are "milar to Ihose used
by MeselliOn and Russell. The carcinogenic activity ....as expre5Std u.ingubilrary
uo,ts ( ... 100 Ii ~. Iumour ,,,,,,de,,,,,,, m«n lal."t pcnod ,n day$) hlCh sutTer
from lhe ",me dra...-backs a. Ibose used by Asbby tI ai, (1981). N nheh:so.
""me indic1lion of any relolion"',p ....ould be oblamed by eJlam,nin, lhe data
(Figure 3); the... wa. no apparent relation$hip.

Glatl " ai, (1979) studied tbe mutai<"oicily in SaI""''''l/a and carc,no,...,icily
m miQ of4) b"erocydic compounds_ Four ~lra,nsafSalmon,l4r w.r-¢ used wilh
II!< pial' incorporation prolocol aDd. io order to overcome tb. probl.m ofwbich
sel of dala to USC. an arbitrary mUlalion iodex " ..s devised (mutagenicily
index ... re'-ertanlS pcr nmol. ,n TAloo+t...·io: r-¢"'ruOIS pcr nmole ,n
T.0.98 _ four lI""'s I.verlaJ\l$ PC' nmol. in TAl 537) or lhe dala from individual
~Irain• ...-.r. used. Th. carcinoi<"nicily 'Iud,.. ""'r-¢ diff.r.nt from Ihose used ,n
lhe olh., ~ludlCS r-¢~ic...-«l In Ihal Ih"'" montbly injectiono of 0,6 mg of It$t
compound "-ere gi,'.n 10 ,roUp< of 28 mice; lb. proportion of lumour-beann,
animal' obsc,-.'ed pro,id«l Ih, index ofcarcmogenicity. Th••uthol'l concluded
(hal Ih.... was DO quami"ti.... corr.lolion betweeo pol'nc~ oftb. mUlageni<; aDd
carcinogcnic .ffccu.
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VIJUI'< 1 ll.la\lOll.tllp I>el ..= ""ranoenuo
_",~ ........,poIftl<y OaLaf,.,...e-bo"
111_ (1976'1. I"llIIlben rrl..- to~ __
p<>UDd... thou Table 1

Tbt m"lalO"'C loC'l"ly 0( fi~ nnrow.rm.... "'-as 1Iud>cd ID !be .aDdarc!
5=7_" lIIIICrOOOlDO usa)" (I .....bech r, III.• 1980). Tlom= ""-u no corrdal><JOl
.'lhf;l.mfIOII:"JC po<.trICy IIlWllbt kast pgo,tnl~ "''U 'Iloo _ potml
mllUlaen (Fip", 4) A better eondauoa "'-as oblllncd ..Ilea • ~n.lD<dj,md

IfttU,bob; $)"'"'" ",-as lftCOfpolaled

A tomes or ....-a. po/)"C)doc h)'ircarbonJ ""35 tested In 11."'.... TA1~J7and
TAl S18 III 1M sund2.rd s.u-n.. .sur and 1M millIS compared ""lb ,be Iball
'ndea ofClrcinosenicily (Tmln""" r, aI.• I'nS). No aood cornla'l(lIl " ... fOWld
...nh TA1SJ7 bul ,be multi from TAISl8 showed a.. Ll'O;fn~ ". mll"~>:
polency ..nil ,nc:reaSl"' Clrt1llOJ"nlcily in 'ha' lhrtt compounds ..-..... moot
potent in both usay. (Fi,Un: S), Two compounds, djben~o(",.)anlhracweand
di\>tnzo!a,.]p)'",,,,,, h.1d .,pul'lcan' camnos.nic acI;vny b\ll no mutagonic
"'!lv;,y. It is imemlinl to not. th. fairly substamial chanae. in mutallenicity
produced by chan,... in the metabolic: .ct"'at;on systems used
~'.n denvlIll"<$ of 2·am;noftuore..e ........ '<Sled b)' Bansch ., ,,1. (l9n)

for Cl1'CInoaenici1y b} lubcu,aneoul inp;lion and for mul......ICny In tbe
SaImtMIII4 assay_ Four of ,he &n'.."va "...,.. bolh cal'ClnosenIC and mUlaS""",
bul '''0 polen, <:a1'Cl""l\'<nulto.....:I no mutagenIC aeti"ly ,n TAl nil and TA9lI

Baruch ., aJ. (1979) l<:Oud for mUIaJC11lClI) of Ii,.. polycyclIC ltydrocarl>oM
..., 'belr maud non·I(·"'JIOlIG,lt)'drodlOllln Sl-....'" TAlOO and compared
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F'IO'" 4 R.lallon>h,p of oa""ooll<o",,,y ..ilh mut....mcily in the ,.." .....y•.
Carcinol<mc PO«""Y is <>prtsStd a. the ,,,,,protal of the lo..·..t ,,'..kly doot
t..ted "'h"'h prodll<ed a to"",o, 'nci<!e"'" of at lea" 6O~10·., MOP.
0.815 ml kJ; BOP, B mil kll' HPQp. 9.5 ml kl: and BHP. ~I "'I k.. All
compoond. ""Or<: ad"un""red 1»' •.c. adm,n"t..."on ",·..kly ,n ....t.. to ....m."'...
for lifo. MO'"J<TI'" potency ,n both a....)-. i. oxpr<»<d as nombe, of mo'",," (or
,.,.fUm,,) per 10' "'''''ivo~ For lbe Arne> a....y, 1<>01" or.....ken .110mw,
teO"J'Ul 1and 100 In>< ""'''Id aloo ,nda« ""correlat"'" bel""«O mo,aJ<TIic.nd
",,,,,,n0l<n,,, pol...,.... MO"-J<TI'" po"""'" .n the ",,1I·med,ated a""l" are ..k.n
al 0.1 """.• cooc<n''''''on at ""h",h all compound. "'..,. ,...,ed. MOP. N·
ni"OOO-m<lh)i.2-oxop",py·lonuoo, BOP. N.onrooobir(2-<lMlP,opyl)o.'n<: HP·
01' _ .'·.nllrooo(2.hyd,o»·propyi)(2-<l""l"'0pyl)am".., BHP _ ....·n"r"'"""'''
(2.h)'d'o'l'prop)·J)am'n<. R.prodUctd b)" p<m'l,,",on of Carn-r R""areh 1""
from l.onl<nba<h <t m. (19SO)

.h. ~ullS ","h lh. [ball inde. of <artinogenici,y. Th.re ""as a mll<h clo..,
' .....ia"on he''''·..n ,he mutai'nic'llCS of ,he d,hyd,od,o!s .nd 'h" oamnogen·
<,"rs of'l>< hydrt::IQrbon. from ,,'bich lbey ..-ere deri'-ed lban there ""a, hel.....n
,he mUIag<nlC1lirs and carcinogenici,irs of the hydrocarbon, ,he"""I.'rs
,Figure 6).

Therc are f.r r....er data availabl. for mamm.aJian mUlat'on 1<'<1$ '" l"i1r0 'han for
,he 5<11_114 les1.

HUberman aDd Sil<bs (1976) tested a .,mety of polycyclic: hl'droca,bon~ for
mu,all('nicil y "'tng lhr....par... loci ,n Chinese hamster celiS. Metabolizmg
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F'IU1'< ~ Th< oor,<I.,ion "''''''<tn <orcino
",neil), and muta8eni<ity in T""SJ8. Each
<bern",., "'a. "sod .t a 00"""0'....';00 of
$0 ~I plot<: '. ]·me'hylcholan'h,e.<: b.
dibenro!a,iJpy",n<; c. bo".ol~Jp~'''''''', d.
dibenrola,~]pyren" eo dl benz{0 ,n ».n'hrac,ne;
f. bef\Zlo)anth'~ ..: i. b<nzokjpy'<n<; h,
d"''''h~1,ulphox«l< (con(fol). Each ...Iu< .....
to. ""'raJ<' of duplicat< plot<•.• Li'-.. hom.,.
Fila" from ra" ai'cn dnnk'"1 ,",",., co"'.. n·
ina 0, 1~. pI\<Mblo,bot.1 for 7 d.),.. 0 L.....
homoilen.t. from ,," i"-en the PB·
eonl.,nml dronk'", ,..te' .. abo", .•nd the.
,fljt<,e<! ,nlrapon'onully "ilh J·Me., ~ h
bofor< bei". kilkd (I~ 01' 'V,Qli ...' homo
8'n". f'om ra" ai",n '!>e PB-<Qnla'nJni
dnn.'"1 ,,'.t., .. a'ooY<. "nd then inj<x:t<d
,ntr'p<ntol><.lIy "ith DB(~"')A "' 48 h
(140 mll:l). E.ch ,-.rue is Ill<: ",',,.ge of
duph.,.t< pla'tO, ReprO<lU<ed by p<mlL<>ion of
EI'<'oi<r North HolI.nd Bi~","1 Pres.
from T,,,n,,hi ~t aJ. (1975)
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FIJu", 6 R.lll>on.h,ps 1><''''"«1\
,h. <.",inOJ.nle PO"""'" of polj_
e)elle hy-d,,,,,arbon >eO 0>

tbon indiocn, .nd ,II<: mu'......,
acU,"... In mlerosomt-m<dlllOll
....j .• ","h S. 'J.,A"""i"" TA100
of (Al th<1< poIy"t)cll< hj'drocar_
bon>: (8) ,I>< ",tate<ll>01l-K''''I,on
dihyd,odiol. "..ho.. funhe, ""'..b
oIi"" ",,'ould )'i<1d ·boy_..,...n> vi_
<1",1 d,ol-epo.;dcs. The: mUlIJrnio<
acI""... hi,.. been IIk.n f,OTIl ,II<:
Ii.,.." .><=<l,nJ ponoon. cf ,he
d.,.. =pon.. <U,,"'OS, 0 B<nz(al
>nlh,,«n•. 0 7-m..hj·lben.(ajan
th,""""", • 7.12-<l,m.'hjlbenz(a]
Inth,,,,,,,,,,,. _ J-m<thjkhol.n_
lhrmc:: .. l>enzo(aJpy",,,,,. Ro:pro
dllC<d b) p<nn"siCl:l of Et....-..r
Sci<Dtili< Puhli>b<t1 t"land Ltd
f,om lIMt><h" ai. (1979)



capatnilly was pWllda:! b)' Irradlaled cmbf)ocells, four Oflbc lcn b)'drocarIXlnS
.. hich ..'ere ca,cinollenic 10 ham'te" wore mUlagenlc '0 all three loci. Of lhe >IX
non-carCInOlienic hydrOCllrbon•. four "'ore oon·mu'allenic. and ,h. remalninll
1"'0 ..·.re ....akl} mUlai.nic, No mic1. compari""n of mutai.nlcIlY "'as made.
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FtJUre 7 Oncoten'" po'.ncy in "'Ii and m"'" (ordinate) ". mu....n'" pot.",,)' in ,he
LSl78Y TK· - ,y~lelll (absa...). for 2~ ebemical, of ~ano'" """"ures. ".....,....i<
aaivilleo and metabol'" ~Ulremen" for 1C1""'""", ...11 mUll..n", pol""""" 'lC<J>1 ,1111
for DOE _. determIned in duo 10 ,be pre..""" of Aroclor·,ndl>C<d ,.t I,,'" S·9 aod .11
bul DES In ,he prnenee of3~, ..rum. For .....k or 'oon-co.rcll>OFo,· (e .•. 4·...AF, BlelF.
DFN) upper 9~~. conJid<nc< limn re used for ,he <oleul."ono of oncoaen", polency:
,...... re shown .. broken r<cUn For .bb.......'ion. 10 ,he Fipre ... T.ble'
ll.eprodl>C<d by p<rmlu.ion of Elsevier Bi<>m<d",.1 Preu frolll Oi'.. <I ai, (1979)
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bul ,he most polenl ca""no~n. '.12-<!'me'h)1benz(a)an'hra<:e~.""a5 the mOSI
mUla~mc,

In an eXlen5;,'e 5ludy of ,he mouse I)'mphoma 5)'51em. 25 chemical5 or di~er5<:
slruclure we,.., 1••I<d ,n Ihe L5178Y 'TK .' -$)'5lOm and compar<d ""'Ih publt.hed
caranoaenicily data (0;,.. tI oJ.. (979). The careino,enic pol.ncy ""a, CJl·

~s<>d as lumour_be.ann, ammal. ~ol< 1:, body """,hI and d,d nOl,oclude
Ih. ""nous corr..,lion, us<>d by Me5C1IOn and Russell (1977). A realOnable
COrKlalion "'a$ found be\"-een Ih. \"'0 md.xe. (fi,u ... 7). beanng in mind Ihl.l
c.ofC1nog.n>c pol.ncy ~aried by as much as 10" (DES from 2 ~ 10-' 10 10") and
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mutagenicity b~ as much as 10' (4-AAf from 2 x 10-' to 1)( 10~').lt is abo
"onh nOlinl that some diffcr.m protocol• ...-.n: used to optim",. tilt: results
(DES wuhout serum. pop'-DOE "'thout Arodor-induced $...9). N.'..,rtheks$. an
Imprm,~. o.,.""n ",lallon.lop wu prcscntN

3.3 COMlosi.,..

The r.ports r.~I.,.edal"",. cnm",. a r.l.ui,-.I)' .mall numher ofch.micals from
selecled cla~_ Th.", ar' insuf!ici.nt daUl on "hi.c:h to dra'" finn or definitiv.
conclu,ion,. From the ••..id.""" ,,'ailah\c. the follo"-inl t.ntali•.., cODClusions
may. ho"..,,'.r. he drawn

(1) U"nl the ,,·ailahl. m01hods th.r. IS no obvious cor"'lation I><,tw..n
mutageni<: pot.ncy in Salmonella and carcinogenic poteDC),. Meselson and
Russell (1977) ucluded four nitroso compounds from th." iUphical
prcscnUlt;on of resulls a, they con>idered Ihem .=ptional. Further .tudies
lead to th. ,..." that lhe'" is no fixed ",lallon,lop betw..n Ie and m. ",..n
"'lhin homologous series of widely diff.ring muctural t)-peJ. and that tl><,
14 compounds oflilnall)' used h)' Meselson and Russell were not unu.ual.

(2) Th.... an: se"ou, prohlem, in e"p",,,,nl carcinolCnic potency from the data
prestnted in the pubhshed hlerature Ames and hi' co-"'orkers ha.,.
mounted an ."tensi... study of the puhhshed hteratu ... "'ith a ,....... to
aSSt$<lng carclnolCnic poten<)' of as many chemical' a, possible

(3) There are some prohlems in espresslng mutaiC"ic potency, If data from
mo", than on. strain are availahle. should only one stram be used (a, 1»'
Bartsch et 1'1.. 1980). should the mO,t senm,,'. straIn for that chcmlcalbe
used (a. by M.stlson and Ru,stn, 1977) or should an arhitrary ind." (as h)'
Glatt n al. 1979) be used?

(4) The ohv,ou, and Important d,lf.......... ,n metabolISm bet"'..n j~ ci,,,, and i~

,-j,'o studies had to be iJllored. and th" fael ...-a, consid.red by ""..,ral authors
to contribu'. to th. lack of co"..la1l0n_

(5) The correlation d.scribed hy eli"••, ai, (1979) for mU'ation in mouse
Iy'mphoma e<ll, and carcinOI.n",it)' .. qUIle 'imilar 10 thai originall)'
described for Salmo",lIo b)' M....lson and Russell (1977). It ;, an e""oural
ing Start but rcqu"es larger numbers of dt.mical, and repetition In olher
laboratori.. befo.. it' gon.ral apphcahilit)' can be assessed,

4 PR08U:~lS ESCOUNTERED IN EXPRESSING POTENCY
FOR QUANTITATIVE ESTIMATION OF RISK

It ;.convenient at ,hI' po,nt 10 conSIder the o"e,all proc... of qu.anUlam'. n,k
.S1imation. because the separate ,,,ps ,n,ol"ed Inft""""" th. way ,n whICh
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pol'n<:)' is a....-...d. To u.. tbo l.rminology dolined bolo...·. pol.ncy IS ~""ntlly

oonsid.red to be. C<lmpon.nl of hazard .'....m.nt. It is. ho.....v.r. ditlicullto
'~PrffiPOI'ncy allho low Iov.l. ofexposure normall)' boiDJd.all wilb in tho risk
as<e«monl ..ag. and this iofl""nces lho oon.idorauon of buard.

4,/./ A..........III of C(UcUwgcllic Ha:.a,d

Huard m.y 110 defined astbe ox"lence ofa situauon "',Ib a polemial for h.lorm 10
~fe. Thustbe carcinogenic buard of.cbemlcal iSlho pol.nllli orlM chemical 10
prod""" c.ncer, The Slruclure of lho cMmical endo"'i il ...'ilh more or I...
potency and conlributt< 10 the delerminalion of its site and Ii"'" of .clion.

4.1.1 Q~(JII/jralj.'. Risk A.....melll

RIsk is ddiJ>«l as lhe probability ortho re.hzallOn of lhe pol""t,al of lho hazard
at .ny given level of .xposure. Thus lho cancer nik of • chcmlCll IS tho
probabllily lhat cancer ....ill occur in a populalion e~poscd to a parlicular I""el of
a carcinogen (lbi. may be lermed socielal risk) or tho probability lbal an
indIVIdual .xpo<c<.l to. camnog.n ",11 d<"o,.lop cancer (Ihe mdlviduaJ risk). The
roul. and rate ofe~posure may belp lod.termine lbe site and lime ofaction oftbo
camnogen.

4./.J Rut A=plabilily I1JId Lilttlloriolt

Once 1110 risk i' established in qualilal"(: and quantllal"'e 'cnns. $OCI(:\y may judie
....hotb.r il i' acceptable. laking inlO accounllho .nilabihty of alternalivell.nd
1M cO't of lmposmg conlrols.

The imparlance of lht<c proceisei 10 lho a.....""'nl of th. pal.ncy of a
chomical carcino&<"n I. thaI an ""mat,on of pal'''''y is rcqu"od .t lho do"" Iovel
10 ....hlCb lhe papul.tlon .1 risk is exposed. This is panicul.rly crilical for
carcinopic action beau.. for tbo majorily of camnog.ns large doses a",
rcqulfod to prod""". signific.nt.I.-'.tion in cancer incidence in lhe e.perim.n..
normally carried out ....ilb rodents; .nd beau.. m th. majority of "tU.t,Ons
....b.'" exposure to carclnog<:ns "",",Uri 1M Iov.1 of ••posur. is 10...·. on.n by •
factor of 10'-10" Io-..'.r than used in tbo rodenl experi"",n...

4.1 Pole,",y E"i",arioD from Rod...1 Sludi..

The esllmallon of polency i••n inlegral C<lmpoMnl of carclnog<:nlC huard
.'....""'nl ....bich i. quanlofymg .n lnhoren' property ofth. chomlC.L The usual
assumplion m.d. is lbal lho e.pres.ion of carcinog<:nic pol.ncy i. a fealur.
common to tbe C8.l'I:inog<:nic process In all species: d.U1ill ofoxpenmental <!Mil"
....hich all.r the .~pressed pol'ncy are confounding factori tn lb" C<lDCtJll.



260 Mnlrods for £.flimaling RisJc of Chemical Illj"ry

Most current atltmplS .1 !:StiNting pottney ~k to express lilt eam.nogenlC
respon'" produced ""tb =p«:1to dose. In many. lim( i5 an i""id.mal parameter
,"hi,h involded b}' suitable oo"""tion of tb. d"'" and or incidence dala. In non.
doc< tilt lhird oompontnl ofpot.""Y. namely ""..rity. playa significant part.
Thus it is wortb considering tilt problem. of upressing d"'" and '''''tde~.

"·hicb .... used in estlln.tinl! pot.""Y,

4.2.1 v.-
In tilt majonty ofupenmcnl5 II i. only !'O"lhl. to .~press d"", in t.rms of lhal
applied to lhe rodent. l1Ic problem i.to pro"id. an int.lVllcd d""'.... b",h "
m(aningful for comparaliv. putpO<Cs. that cO"""tly lakC5 into aCCount duro
ation. frequency. roul. and mall"itudeof .xposu.... Cur...nl approachc1 ...mo....
duration and frcqucnc)' from tb. problem hy lbe ",I""tion of tbe studies to be
an.alysed and usinl! only tbo'" in ...·bicb .~posu ... W bcc:n continuOU5 OHr the
\if.lIm., Crud. appro"mations of th. d"'" .dmlnlslcrtd by th. nnous rOUI.'
may be made and .xp=sed as mg. kg body w.tghl day. From lbe'" analy.., th.
dose requued '0 reduce by on<·halflbe probablltly ofanImals be,nl! lumour-f....
when administ.red o'..r a sundard lifctUM may be C<lkulatcd. Thi' index and
similar indlCe10 ar. tilt bc51 me'hod5 avai!;oble forupresSlng pot.ncy. H"",..,..r. II
must be re<:ei"ized 'ha' 'h.y suff.r frem '"" .... d.fici.nciC5. th. me" ne'abt. ef
whicb a...,

-Experiment> ...,th dC5'i'" 5uhs,antially dlfftrcnt from a "andard ''''0 yur
daily do", protocel cannot be used.

-It i' r""ognizcd lhal cancer incid.nce "ari.....·itb the second 1o founh po...·.r ef
lime and thus tilt d"'" admtnist.red urly tn tbe .xperiment ha' a mucb more
critical influcnct' than ,ha' admlnl".rcd la'. in ,h••xpenmen'- Thi' fm i' ne'
mcompasscd in tht It".ar expression of d""'.

--only' tb. applied do'" is 'eusid.red. Very larg. dlfftr.n= OCCur in tbt ratio
bt'wttn tbe applied d"'" and tbe targ" tlssu. d"'" at differingdo", rat... Only
the .xperimenul do'" and or respon", ran~ i' used.

Th... inadcquaciC5 m tb. e~presslonofd"", mean tbat tst,matts ofdo", ...·,1I
be r.latively tnaccurolO, Comparisons bet ...·..n speei...... ill ba.'. a 1e....1 of
inaccuracy duc '0 dlff.r."," in such parame'.r5'5 5urfacc- ar.a body w.iJht
ratios or resptra\Qry volumes in relatien to body' ",'etJht, Comparisons bet...·..n
reul.. of exposu... ,ould ha.,. similar Ie"els of Inaccuracy', Taken togetber.
tstimat.. of do'" may be inaccurat. by' a factor of betw..n 10 ' and 10'.

4.2.1 hJfXJ"H

11...- number of tumour-bearing antmals is lhe u,ual param.ter of response. A
major drawhack i. that 11m. i5 correc,ed for rather than beinl in«>rpcra,ed a5 a



compoomt oftbe~_Aftal)_ oftbe ED., 5uadl R:<UIu 1» tb< Soaetyof
TO"icoInI> Ttik Foru (19lI1) <Icmoawated tbat Ume-Io-tWDOUr coatnbultS
mfotlNl>Oll .-alll:lbk (or tb< "5l1mal>Oll of~ l'C'\PO"W: Ie, ,..,,"'_ II
• >er1OO51um1a1-. Important mformal_ (orU>c~'ofb..-n'"
mcII as tb< oumber aDd ~'J'e of neop!...... &ad tbnr 5Ue. t5 abo ....Ited.

Tbe <:1pi IiIClll of • al'riuoji:_ 1'e5pCIDW II mbJ<ct to ...-.de vanel) of
conf<l<lDdm.l (lI:Ion .. b>cb mclude donat)' compcllllJOa. qua,""y of cbn.
"""l'QftlIltIllII eoncIltlOm (temperature. bpt. a;NIUllnilWlt'l. '"lRi IOf«t1OM
&ad. iloA of Wll;"o·..." flll:lorl. E..pt'nmtl\lII prolocols .ttempt 10 dlmutale
lbe:w by tb< llIC of eo,"roh aDd by randt>nuu.lIon. bul lbe respc>l1W lInIl!)
obscf'<'oo1 may be 1>m,loo1 '0 Ibose omlm51Illl:n.t>d IItW of lillie nbdny ,n
extrapol.tlon

V.ri.tlOM In lite Il>Cld.ntt of Cinar in conl.olanlmal5 hou.ed under "early
identi,,.1 condil;on5 liv... Ih. 10..·•• l,mn on Ih. inaccuracIes of .s"mallnl
r.sponw, For 50.... IYpes of cancrr. a 1"'0' 10 Ihree-fold variation i5 qu,tc
common (Chu c' al.. 1981). [nler~lion5 bel",«n lheoe vanauon5 in conlrol
iDCidentt at>d lhe carcinoaenic aclion of a chemical may tnll'ufy IhcK
dllferencn. and n 15 not uncommon 10 lit>d 1M hipe.llDCid...... ofca"""••n lite
10"''''' dow ....up.

Cllrrenl metbods of aprasmJ poteae) of a.ICwoazW iD rodc:nts R16cr from
$<"\-= 1iml1a11ClllL Wbm lbe.-.naDCe 1D lbe tSllfDl;U of dow &ad rapoa5e ..
compoo,lIdcd byddr~ ... l'OIlU ofadm,n... ral>Olll aDd sptoC>eS. q",u .la.....
•-anabilil) IS~. For enmp!c compo<ll>ds 11 aDd II ID FiruK I ba ..
<:slnmlft of poItt1C)' .. hocb dIlfer by 0Wf 10'. aDd dietb)lsuIboes'roI potCftCy

....... by 1000.".be ..wt de$cnbed by A.... II. (19'79) (F,CW" 7).

1.3 POI..,. EsI....1loM r,- i••if... SIMMs

TIlt numbef of ''lInabies "'hlCh ha'e 10 be co.u>dt1'td m these ill>dltS" mlll:h
5mlIller .hln rOf ;~ t' ''''' studies. M Ul.1.amic polmc:)' tnI)' be .xpressed tllher 15 the
number of re"en.n15 (or mUUlna) pt'. unll dose Or a5 ii' r=proca1, An
."umpl;on i5 made lhal such ..limallon5 of pol.ncy are reason.bly rehabl.
Thi5 IOPIC "'15 lhe lubj('cl or~"eral papers (Ameund Hooper. 1978: Ashby and
Slyies. 1978a.b: Purchuc. 1980: BarlSCh '" Q/.. 19801 "',Ih respect 10 lhe
Sd_lIa mlCfO$Oll'lC assay. Bncfly. Aillby .t>d SI)l« ,,'CfC of IM"-;'w 1I1.llht
corr.lalion belween mUlaeenic po'ttIC)' aDd carcil>(llC!lic po'ttIC)' should lIOI be
~ '0 be • .....-raJ ruk on .hI: basis of lbe "'ort of Ame5 at>d oo-wOfkcn.
1be lQOOQS"en: lbal'~"-as. '~y of coufO<lt>d1D1 (aclon '" hocb CI.fI ba,..
I drlmlUC t1ftctOlltht~ofpolellCy(e,J.. \tiler "nuD. 1)'J'eofprotocol.
detaiIo of pRpafllJOft of s-9 mu. umt or IX\lltauoa. IIerobiI: or u roboc
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mUllItwn a....... by 8rida... in 0< Sorres and A'hby, E....ll1OlIon of Short_term T..,. for
Co"'inoaen'- PI'- 49-{JQ Cop)'ngh' 1981 by Eloevior Scien<¢ Pubbshinl Co



condiuons, $01"ent. $;Ill, buffer and nucleophilic "",nten' and OtM' futu'n).
Ames, "'bile crilicizing techn>eal aspec:ts of the" case, acknowledged that tM
potency numo.tn were not precise. Some =nt <lola han gJ~en an Idea of the
quantitali"e implicatiOns of $Orne of these points. In an internalional coUabo,
ati,. s,udy (Bridges, 1981), 12 laboratorin tested ,he sam. chemIcals uSIng the
standard Ames' protoc<>l (Amn .. al.. 1975). Comparison of the result, sho""0<1
an m'or·labora'ory vaMlion of up 10 10-' and 10" in the ,",'enan! rolonies
ob$c:"'ed ata ,;,'en dose (Figure 8), Changes in tlte qllan1l1y and $Curne ofS·9
mix can affect the "",un,s of re"enan" by similar amounts (.... for example,
McGregor, 1978). Re,ponses may only be ohse"'ed in one Slrain or may be
greater in one s,raln. frequeolly TAlOO. These differer><:es are frequently of the
order of 10-'. Similar differencn may be ob$c:,,-.d ,n the mutagenIC potency of
chemlQll, among the data re'·i....·ed in iCCtion ] of thi' paper (compound. 14aod
19 are methylnitrosourea and dIffer in po'cncy by 10'. Figure I).

E,u""'tion, of potency, e"en in the ,elati,..ly simple Salmonella, microsome
a...y. are subject to substantlale"ot< (p'obably on 'he order of up to 10') and
Ihis should be laken into """ount In any comparison "'th ca",inogen;' polenc)'
in rodentS.

3 PROBLEMS PRESE!'.'TED BY CO~IPARISO!'.S OF POTE:"o'CY

3.1 DIII...nt Nltur. of Mutal....is Ind CI"'il>Oll.nes!s

Curren, knowledge of tlte molecuLil.r rnechan ..m of mutagenesIs allows a fa"I}'
detailed description of the ",enlS re>ulung from trea'ment of Salltl<>Mlla or
mammalian cells wi'h a mutagen, In Ihei' ,implest de",ription. these e"enlS
compri", damage to DNA from the reacl,on of 'he chemical with. u,ually. lhe
nucleo'ldn in DNA f01l0we<! by the fi.ation of non'repa;re<! or misrepa;re<!
DNA damage in daughter ceU•. A .inaJe dose of material follo,,'ed b)' a period
.ufficient fo' I cell d"l,ion is ,ullkientto fix Ihe mu'"tlon; a ,.,.riable period of,
$;I)'. ten ceU diVISIons is reqUIred for 'he phenotypIC 111.ra,ion '0 be ••pressed and
become observable.

CI",ioogenni., on the olher hand, requires repeated dOSIng. oflen O'''r a
major pan of ,he lifetIme of Ihe annnai. and Cal\C\'r only appears after an
U'enS,,"e laleo t period, probably rep,...nung man)' cell d"'iSlons (thereare some
e"""ption. "'he'e .ingle or f....· doses are .ulli",ent to induce cancer). Thee"ents
at the molecula' and coUular le"el are no' w¢J1 undet<tood. Somati<: mutation
may be in"ol'"O<I in initiation bUI does not pro"ide a complete uplanation for
lhese phenomena no, for subsequen, promolion. 1be in"ol'-.ment of immune
mechanISm' and a "'ide variely of tnl and env"onrnen"l f""tors ,,'hich
modulate ca.",inoge....i. caonot he explaIned by somalic mutation. There is I
group of chemical carcinogen. "'thout mutagenic acti";ty whIch appea, to
induce canctr fOUO"'lng production of prolongo:! aDd profound di~\ulballCtS In
Ih. oormal phy.iololY of the!>osl (e.g. l>ormonal changes).



"DOlba uta or IlIIJOl' drlfereocn be\'Am !be I"'ll p!lenoa:Jrnl is !be
freqllnlC'Y of ....""~ MUUlUOft " 1lOfIllAlI~ o:on<ockred '0 Ix I rdI',,~

mfreqllnll ....""1 (in lhe aK of lhe AmoJ' lCSI. 10'-111' I'C'\'efWIlJ pc1" 10" cdIs).
~ III rir<> IS mach leN freqllnlL R~uddosmJ (d;ady for 2)Un
_ 7)0 d.aIly <:\o$u. or. tf Idded. '0 lhe dlCl. 1$ • COfl,l1ll.l>OU$ <10K) "''ill produce a
few CIDCCl" cdIo _,Ibe 10"-10" cdIs iIIlhe DUlmm'''an body UI I bfC'l1me.
Evm If I SlI1pe: orp.I1. e_•.. lhe b_, IS~ 1$ ,be~ lhe freqllmC}' io
ml>dt ~"Cl" pc1" unll dosoe lban for muUlltODL

Tllom: .,..,. ,bcfrlo...,. K'o"tnl funclammUlI dltr=»l:U bcl"'«amu~
and~ MUlJlF1>CS'l maybe mduoed afln a SlI1pe:dC* aLI rcla.I1,"dy
h'i/l frequmty and r"la.",..,ly raPIdly, Clmo~s uSllIlly requ,m muh,ple:
do»,n. LO produce I 10'" \c:vcl of ~loC after I ..,IKUlnUIII.tency

5.1 Thrt.llold.

Curron, anemptl '0 "ompare polen<:y ,nvol,"~ an un'talW l$iUmP1l0n Lh.Llllert
Ir~ no Lhreshold' for mutal"fICfi, o. camooFocsi.; for ifLMrc we..., Lhreshold' a
more ioenflbk approach ",ould be LO idwllf) IMm as a ","0' of tkfioln.....f~
dosoe TIw: lacl< of lh=hold." dcduoed for mutagmclis 011 tbe: btil' thaL i' is
lbcoret.lCl.lly posSIble: for ...nck n>oIccuk to md......, • mutattltlC ......,m on I cd!.
Tbtro arc lnIDy thaI bdon.., LN. 10 be: ,mprobabk bu1 few IItmlpu .....'e been
madl: LO clm>ons',...a- a t.h<eshold bec:a...., of lhe ,CCIUOJCaI poobkll>. ,."aI,'M.
JmslaI &Dd R.amd (19llO) ......., .....11 1h< P<:S<IU of a de:al' UtmIdd III u."
mdllCUOll of I-!boor'........ ., ""n t IllUlaDtl b) &!kyiaunt aplS .. \'79 <:db ..
ru,"", n... """""-.tlOII iI aplam<d b) tho: ....,.t"" ellicxllC) of rq>a!' It Jo,. dosoe

"'do
For~ tho: ,ecImoatl ptOl:IIo-ntI ofdmlooml.,...UIlI a ,hll:ll>olcl.,..,

...."" pain Baxd 011 the """""-.t"'" that <aDOf'l ~"proportiooaIto
d<M and a 6u;d P""""" of t".IC III ,be: ob6<-r>:ablc tanF, II has been ....,rnM lha'
no 'hrcstIold can nlSt. nil. '1nI IS lUpponM b)' n\Ctld,o. lbe: ftO-lhrnbold
COnttp! Ln mutlgcfWSl> Lo ,hi: praumpl"e 1i..1 >lCl' of .......LIC mutation io
Cl.l'ICCr, Ho".-t>'t•. II " ...uHe ,,1~1r f'om up"nmcnlll ""ork ar>d Llowrctocal
con.,<krationl Ihl1 th.cohold dOioe' of noo'i~notoaicCl.mnOFn. do in fact
occur, TIt<: onl~ con""",n8 "~p"nm~nlll ~,-;d~nC\' for gcnOloalC "a~lnoien. i.
,ontrlllictory, ,n that acet; lamlnofluor~ne(AAF}indllC\'d her "an<:er 'ho"'ed
no thmhold. ,,'hile AAF-induced bladder Cln<:.. dId Ihow a thr~lhold in the
EDo, ,tudy (Sociel) of Toaico\oiY Task Fo"",. 1981),

5.J Al W~ir:~ Dow S.....I. Potntey lit E>:.,cssed~

As an tlllmauno of ,hi: d_ reqtnnd '0 prod""'" a ....m In-cl of ril"oct (or "'
rtaprocal). tM cormnorLl~ Il>ed 'ndea of potm<"). DUll be ",UII~ nusk--''''...bco
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the quantilati'·e estjnulion of risk i. reqUIred at a much lo...·er (or higher) dose
(Figure 9), The only condition under ...-hich this teChnique IS ''alid is ...·he:n the: 'wo
dose-response hnes are parallel o"er the ... hole dose ranlle of tnlere.l. In lhe
absence of thi••pecilk condtlion. poteflC}' estimates are '-alid only at Ihe ilven
dose-response po,nt or they should hcexpre.<ed a. the response al a g"..n dose
IOllether ...·ith the .Iope and shape of lhe d"'" response cu,,-e.

Th,. arllument ...,.rdy l,mit. the uuhly of compari""n. of potency ;n Iwo
.y.tems using a single dose-response poinl in each,

,,'
,-

: 111'
g

Kr' /------_

,"
••
,<"~~_L--:t;-~~--o,;;;",:-j

10~ 10" 10' (~"'I 10'
l"'l R..ooo" I.,.)

Fi,u" 9 ldu.hud dote-mpon.. cu...... fOf aam·
""F" in 2.....y 'y>t<mo_ [n botb the EO,." the ......;
.tlow<rd05Cl the ...pon...... dramat...Uyd,lI"<r<tlt

5.4 T1>e Impact of Metaboli< )(;.,.Iia

It ha. been recognlUd IhlIlthe metabolic capabi1it)' pro'·i<\ed by S·9 mix in ill
rir'a mutation assay. dIffers quanhUlti,..ly and qualitali,..ly from ill dt'O

metabolism. Krewsk, or aJ, (19112) ha,.. anal)'<ed the consequence. of variou.
t~'pes of kioetlC models on the rtlatiooshtp bel...ttn applied dose and concen·
tration of til<: .-.aeti,.. melabolite. Their .imple model it:
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IlOl000 01 <..-.cal --,----- Rto<""'" --- _',"" .. '" ,_
Ae·...'... ......"".,.... ..: ' : ..

I

'The: ......tJomhip btl........ appbod dow and ~ll':ll1JOfl0( roarn,~mnal>
olne ll\lIy bo ron,-u or COI'Q''C dtpmdJ". on the ki_ue ...odrl vsed (r,...n lO),
I" <UfO leW differ lipd;antly rrom ill "ifo »_ i!l ha'lDl no roul< for
,,1Imn\allon. no eI'\l)'mn for l'OnJUpllon aDd ruddy a,'&I1abk nuckopbilic
malu,.1 ,n II\( lllCUbal,on IMdlum, An Inltf'OSllng e...mple of ,I\( problmIs
prosmttd by m<labol'" prDCaSCi 's pr",,>dtd b) Banseb and co-... ork".. (1979)
""ho found a patel'><)' co,...lallon bol.......n camOOFn>C11y of hydrocarbons and
mUlai"n~nyof ,1><'" m<1abol~ prodU<:15, It "'ould 'ndt<d be .'try surpri.ing if
II\( ...Iatlonshil" ",,,.... imilar at all dose It>'''lo in any 1'0'0 a.say .).ttms,
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Comparison, of muta",nic and car<:inogenic poleII<"}' are e~lremely oornplu if
lhey are 10 be atturale, The dIfference, ,n bIologIcal proces.es. 'he need to a.....,
polency over a wid. dos.e range, and lhe differences in frequency and e~pression

of response. presenu fonmdable array ofvanables 10 ,orrelate in a ..'ay .. hich i.
5ufficienlly $Imp!e to be useful. EXISlin, aucmpts to carry oul lhi. lype of
correlation h;we ignored mosl of the prohkm. outlined \n thl5 ~"on and II i5
lherefore not 5urpri5mg that no usable correlatIons ha,.. been .ubstantialed

6 fUTURE DEVELOPME"'TS

The inilial altempl5 10 compare mu,agen", and camM,en", polency luiye nol
demonstrated a relationship ..hich is un;~rsa1ly accepted as useful for n5k
a5~menl u5ing in dtTO sys<cms. The major l,milat,on. whICh will have to be
o,'e=me fnr these correlations to be u..ful ar"

-An ;mp'n"ed melhOO of Upre55,ng dos.e wh"'h ..,11 allow compansons
belween lest s\'item•. The use nf rad;<W:1i~I)' labelled chemicals allow. an
e51;malion of re'idual radioacli"ily in tar",l tis>ue oyer lime; such eslimates of
dnse cir<:um"ent melabolic difference.,

-An lmpro,'e<! melhOO of .xplCSSln' response fnr catClnOi."",t< whICh takes
accounI of all a"ailable <!all, ",eludin, lime and ""en'y.

-An understandin, of dos.e-response relal;nnships '" lhal polency can be
up.-c5sed In a way which avoids lhe problems of d,ffering do..-.-c5pon..
CUJ"lC'S.
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