
The Possible Role of Hydrophobic Interactions of

,‘)Jo!. Pbmar,nacol. 5, 640-657 (1969)

Polycyclic Aromatic Hydrocarbons with Protein

in Chemical Carcinogenesis

R. FRANKE

Ji)epartineimt of Chemistry, Division of P/i ysica! Cimemistry, iechmimical (‘iii i.crsity,

Dresden, and Department of C/memi.stry, Research Divisioim, District Hospital

1) res(len-Prudrtchista(lt, l)resIen, Gerinaim m,i

(Rei’eived Ma�’ 12, 1969)

SUMMARY

Usimig thet’numod�’nmatumic data fot’ the hydrophobic bimmdiumg of polycyclic au’t)mmuatic iuydro-

tat’li)Onms to hummmani serummu albumumini and time K� values of 0. (‘halvet (“M#{233}caiiique

oniditulatoire et biolt.gie umuol#{233}ctmiaire,’’ l� 99, Paris, 1961 ) as a uumeasum’e of ehenuical reactivity,

time possible role of hydrophobic initet’act.momis of polycychic hydrocarbomis with prt)teitl mu

time process of (‘hemmui(’al carcinnogeumesis has beeii investigated. It ��‘as simow’ui that these inter-
actn)mus are ule(’essarv timid favorable for the process of chemmmical carciniogeniesis, hut that

thmeir role is onilv of se.’omudarv immmpom’ta.tnce as ct)nmpared with time (‘heummical reactivity of the

imvdn’o(’am’homms. lii imifluenmce of iuvdrophohic initeractmoums umuay be due to the iumductioti of a

(‘1 )nif( )runmati( )nal t’httnmge in a reteptt 1’ j)u’otein. Niultiphe regressli )ti analysis yielded ti new

conmmph(’x inudex �vhich perummits time com’m’ect gm’ouping of the hvdrocan’homus considered aecorditig

to timeii’ cam’ciuuogemmmc activity. lime eomncept presented inn this I)tiI)er offers a siumiple explamiation

for the drop inn can’t’iiiogenuic at’tivity (:)i)served if the hydrocarbons are �substituted with

I)Ohtit’ sumbstituenits on’ i)ulkv alkvh groups, as ��‘ehh as for the imitet’fem’enice aimiong hydrocarbotis
1mmskimi (‘arcmmn)gemiesis. a-lime results at’e imi keeping with botim time K-L-m’egioum theory of chemumical

carcmnmogetiesis amid the pm’oteimi deletit )ti hypothesis.

INTRODUCTION

It is well kumow’un timat polvcvclic aroummatic

hmvtlm’oeanbonms time solubilizedl by iJm’oteiums as

it m’esutht of m’atheu’ weak ammd unmsi)ecific (imy-

(lu’oh)hmobic � imiteractioums, aumd the dluestiomu
huts i)(’euu u’muse(l wiuetii(’r such intem’actiomus

nmav l)e of immmpom’tauict’ fon’ time pu’ocess of
ehnemmuical cau’cinnogt’nmesis ( 1-7 ; see also u’ef.

8 � , Thmougim timen’(’ ant’ st’v(’n’al l)al)en’s deal-

mug wit hi tint’ sohumi)mhmzatiomm of l)0l�’c�’Chic
hmy(ln’ocau’l)onms h)\’ pu’ot(’iuns � 9-26 ) , time inuten’-

pn’t’tationm of time m’esuhts mi t(’rmims of cimeummical
(‘an’cmnmogenmesis pu’esemmts conmsmdem’able difficul-
ti(’s. Tiuis spu’inmgs fronm time fact timat. such
iumtt’m’act iomis am’e conmupletely ummuspecific

by muatumm’e whmt’m’eas cimeummical cam’cimmogemmesis

seetmus to b(’ a huiginly specific r�’ocess. Thins,

l)im�’sical iumteractioums of huvdu’ocam’boums with
pm’oteinms cami omml� i)e of secotudlam’y muumpor-
tmtnmce, ammd ammy immv(’stigatioui iumto time imos-

sible role of timese intei’actiomms nmust take

iumto accotumit timose l)l’opeu’ties of time imydro-
can’i)oums wimicim au’e nuore closely related to

ca n’ciumogenmesis . Nunuerous at temimpts have
b)eenm utmade to fimmd simch i)roPerties amid to

cou’m’elat t’ t imeun wit im can’ciumogenmic activity.

Time mumost successfutl appm’oach so far seems
to be time K-L-m’egionu thmeon’y of time Pullmans

( 27-30) . Accou’dimug to this timeory the cru-

cial pimase mu cimenmmical carcinogeumesi�s is a

chenmuical reactioum of time imydrocarbouu with a

cehlutlar m’ecepton’, nmuost likely a pn’otein,
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through time so-called K-regiouu, wimich i’e-

senubles the 9,10-double l)onmd imu time phemmamu-

threne umuolecule. Time imydlu’ocarbolms nmay,
however, Possess a secommd active cemuter of

the type of time 9,10-pare l)ositiofls imm time
anthracemme mumolecule, w’imicim is called time L-

regiomm.
It is believed that too m’eactive an L-

region nuay draw’ time hydm’ocarbomu immto a
differenmt kimudl of clmemmmical reactiomi wimicim is

incomiml)atible w’itim cam’cinogemmesis. Thus , amu

active imydrocarl)on shuould have a n’eactive

K-regionm ammd a m’atimer inmactive L-regiomm, if

such is preseimt. This theory is mu excelleuut
agreenmemmt �vitim biochenmical u’esults omi time

covalemut b)iumdinug of imydlm’ocari)omus ivithm lro-
teins in vivo anmd imm full keepimmg with time

proteinu dieletion hmypotimesis Ifor a detailed
discussion, see, e.g., Puhlmamm (29) and

Heidelberger (31, 32) �. For time tiumme beimmg,
t.hem’efore, it seenms justifiable to accept tiuis
theory, at least. as a workimug imypothiesis,

ammd to use it as a startiumg poinut imu iumvesti-
gatimmg the possible role of luydropimobic

immteract iomms i)etween hydrocarbons and

Pm’oteinis imu cimeummical carcilmogemmesis. The
purpose of the presemut paper is to cau’ry out
such ami inuvestigation omm the basis of the

K-L-regioum theory , using tluem’immodynammmic

data oum the bindinmg of polycyclic aromatic
hydrocarbons to huimman serum albumin (23-
26) . It will be shown that such interactions

are indeed involved in the process of chem-

ical carcimmogenesis.

STATISTICAL TREATMENT

To solve the problem concerned, it is
necessary to investigate the interrelation-

ships betweenm three variables y, x, and z,

which characterize respectively the carcino-

genie activity, time cimenmical reactivity, and
time hydlm’opluohic interactiomms with protein of
time hydrocarbons in questioum. In particular,
the degree of association between y and z

with the effect of x removed and the rela-
tionship i)etweemu y aimd the combination of
x and z have to be estinmated. This is accom-
pushed by the usual techniques of partial

and multiple correlation and regression
analysis (e.g., ref. 33).

All correlation coefficients were trans-

formed to z values according to Fisher be-

fom’e tests of sigmmificammce weu’e pem’foriimed

(see m’efs. 34 amudl 35) . Raumk com’m’elatiomm co-
efficiemmts accordiumg to Speam’uimamm with cor-

rectioum accom’dimmg to Kelly (33 were calcu-

lateti fom’ all siunpie con’m’elatioums in additiomm
to time pm’oduct-miuomimenmt cou’u’elatiomm cocffi-
cienmts as a coumtn’ol. lime agm’eemmmt’mut 1)etweemm
time two sets of coefficieimts was vem.v gootl itu
all cases. �1’imis ummav be comisik’m’ed amu imnlica-
tmomm timat tim(’ I] valumes an’e nmorummally distm’ib-

Itte(I. Imi time followimmg sectionm stuitable quamu-

titit’s fom’ tiit’ timu’ee varial)les y, .u’, amm(l z time
definmed, anmd time simimple com’m’elatiomis betweeti

timesc’ djUauitities am’e (‘Stablished. All data

used fom’ time calculationis are summmmummarized in

Table I . Immclu(led mm thus table au’e all

hmydu’ocarb)omms fou’ ivimicim values of all three

vau’mal)ies w’em’e available.

J)efinition of Three Tcmi’iable,s !/, .r, (111(1 z
to (‘hai’actei ize (‘ai’cinoqenic Act’m.’ity,

( ‘hem u’al Reactivity, (lad Ilydi’ophoLmm.e

Binding to Protein of the II!J(11’O(’(ll’bOflS,

(1�l(/ �Siiimple (‘oi’i’elat ions

(‘urcinoqenie (L(’tit’ity ( y � . To au’m’ammge time

hmydln’ocan’honms mm om’deu’ of cat’ciniogeumic p0-

temmcy is a vem”v (:Iiffidult task (fom’ a (letailed

(Imsclmssionm, see m’efs. 36-42) . Atteniml)ts imave

beeim numadle imm time 1)ast to express carcimmo-

genie activity mm ten’uims of certaium quaumtita-
tive inmdices (43, 44) . However, ean’cinmogeumic

activity cammmmot i)e cotmsidem’ed a �vehl-defimned

ammd ehau’acten’ist.ic property of cimenmical

commml)ouuudls. Timus, time utse of these imm(lices

mu coummparinmg time m’elative potemicies of

differeumt imydln’ocam’hons is apt to give a

greater senmml)hauuce of accuracy timamm is juts-
tified, owiumg to time ummmcertaimmties iuuimem’enmt
in the biological assays. Badgem’ (45) hmas
suggested a nmucim simpler systemmm of grad-

immg, accou’diumg to whmichm time iuydm’ocarbomms
are divided inmto five gm’ouups of different

activity. The l)otemmcy of time commml)oumnmds in
time (Imffeu’emmt gu’oumj)s is cimaracterized by
the sVnmmi)ols 4+ very mmmam’ked), 3+

(immau’ked) , 2+ ( nmo(ieu’ate) , 1 + (weak)
and 0 (inactive) . Evemi with timis simimple

system time expected eu’ror in gradiuug is at.
least. one � synumbol. Therefore, the gn’adiumg

of the hydrocarbons commsidered in this

paper (Table I I has been further simplified
by using only four groups: very active,
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active, weakly active, amm(1 iunactive commu-

l)Ottti(ls. lime gt’ou�)imug ivas basc(I omu hio-
logical (ItItti fm’ouiu tlue liteu’ature (28, 36-38,

45-51 ) . For statistical pur�oses tine huydm’o-

cam’ht)mns imm tlue fotut’ gi’oups i�i’u’e arbitm’am’ily

assigmmc(l timt’ values of 3, 2, 1 , amid 0 as a

nun(’aun’t’ of tlneim’ cau’cimmogeumic activity.

}or 9-mmuet mv 1- 1 ,2-bt’nmzamit iuu’acemme an( I I 0-

nun(’t liv 1- 1 ,2-ht’umzauit imu’ac(’tIe tt value of 2.5
\�.its lIs(’(l. hue carciumogemmi(’itv 01’ cinu’yst’mie

is (‘(lUl\’t)(.’it 1 � 37 � . liueu’t’iom’(’. a vtm inc of 0.5
w�as used nathuer timaun 0 om’ I . lint assigmuuumeumt

(I t 6-unit imv l-3,4-hemizopyu’t’tue amid 9,10-

miimumt’tluvl-l ,2,5,6-diimenmzamitlin’aceume t.o the

gm’ot1�) t)t tint’ ven’v active conimpouum(ls i’efei’s

I 0 t I it’ u’((’)’mmt n’esit its of 11 en tell a’m’gt’m’ et (11.

� 48 � ttlt(l L:u’:t.sagmu(’ et (�/. ( 50 � . 9,l0-1)i-

uuu(tiuvlttmutluu’a(’tume,\vimi(’im al)l)eau’s in time

glOuul) � muua(’tiv(’ (‘t)muml)oummml’ inn ittl)lt..’ 1 , is

SOIt km mmuut’s tone-mm lem’e 1 to i)t sliglut l�,’ aii’t i\’e.

\vt’om’m liuug to ( ‘lay)t)lu ( 37 I , lio�vt’vt’m’, t in’

(‘Omm’(’sl )OIii 1t mug exln’m’immmcmu t’ \vem’t’ mmot � )tI ut it’-

imlam’ly (‘omuvimucimig, 0 that l)ia(’tummtmut of timis

Iuv( lu’t)(’�t t’i )()�1 ill t in’ gu’ou�) #{176}� imua(’t i\’e c’onmm-

potmuumls, w’ili(’im is mm agn’eemmmt’umt. �vithm the
opmuuiomu (.)t t)t imeu’ tflutint)m’s I t’.g., u’(f. 51 �

5((’ttiS to he jimstifiel.
( �11 �iii (‘(ii I’ea(’t.t’it!/ I ml . l’�ou’ tin’.’ sl)c(’ial

l)tum’l)�st’ of tius Puil)(’m’ timt’ ummot suital)le

(luttmmt itv fom’ cimam’at’tt’m’izimig tint’ (‘imemuuical re-
itt.t i\.if.y of t in” hy(lu’ocau’botms �vitimimm time

!m’:unnmt’ivom’k t)f tin’ I’�-L-u’egioum tineou’y set’imms

to i)t-’ th( ‘i��: value mmmtu’o(hmct’(lby Cimalvet

toni his co-wou’keu’s � 51 , 52 � . This value is a

nmmi’:tsure of tim(’ al)ility of a givemm iuydn’ocam’-
1)0mm to n’t”ict w’ith pu’ott’ini timm’ough thm(’ I�-

m’(’gon, taking inuto a(’(’olmumt both th( n’e-
ttt’ti\’ity of time I’m-u’cgioum amid timat of time

L-m’egioum, amu(l tints eoumui)imlmumg time clman’actem’-

istit’� of l)otiu m’egioums inn omit’ qunamutity. A
furtht’u’ advammtage is that this valite is

tiv:milabie ruot onmlv fon’ umonmsuni)titute(l i)ut
al�() fon’ slml)stitut(’(l imvdm’ocan’i)onms. Time
‘K value ��‘as den’ived fm’onm a very simple

nuo(lt’l uvlmichm is I)ased oum time follo\vilug
11550 miunt ionms.

1 . Time Imvdrocam’hons canm n’cact w’ithm Pro-
teinm across cithuen’ time K-n’egionm on’ the L-

i’t’gionm.
2. Eithmer proteimm (52) on’ luv(lu’ocarhon

(51 ) is pu’eseumt mm conmsiderable excess.

3. Time cotiuplexes fom’muuetl betweemm hydro-

CtIl’I)Oti auid � )m’ot emmi time nmt’tabolized anmd
(lest roye(l aft ei’w’auml.
Tints, the following scimemuut’ m’esults.

k � metabolite

Protein + ilytlroi’ari)milmCk’ k’,

( ‘F _� ImIetal)olil (“

C aumd (“ am�t.� tiit’ (‘t)nnl)ltx(’s resultimmg fronm

time fixatiomn of tlm(’ imv(lu’ocau’l)omm thu’ouugim tiue
I’m..-m’egmomm ot’ time L-u’t’giomu, u’t’s�)ectivt’ly, anmd

1.�’aund I.’ t�’e tint’ mn.e couusttmumts fou’ time for-

unatiotn , aium I h’. itil( I h”,. t lie mate coumstatnts

fom’ the (lecomiml)ositmoun, of time com’res�)o1udnmg

eoummplexes. Usimig steady-state kiumetics, it

is l)Ossil)it’ to (‘ttl(’ttltttt tilt coumcenti’atiomms
of t lie (‘OmflpleXt’s ( ‘ anal ( “ as a ftuumctiomi of

t mime.’ ...\.s 0I)st’m’\’(’( I in i tro, tint’se quanut ities

l)iiSS timuougim a nmmaximnutmmm. Time K� value is

Pu t)1)ort iouma 1 to t lie nuaximmimmmuu eommcent m’at ion
(.)f due (‘o�umpl(’x ( ‘, amn(l tutu’ to time ammmoimtmt

of inv(lro(’au’l)omm fixtil imm timt’ ‘night w’ay’’

tiumougim tint’ I’%..-u’egion. Sinuce time rate coum-

statits A’ anmd /“ � 0l)taimie(l fronu electu’o-

l)imili(’ oi’t/i �) ann I /)(l /0 lot’:t lizat ion emleu’gi:’s,

it w�as l)OsSil)it’ tt) imu(’lu(le sul)stitut(’(l imvtln’o-

can’l)omus itl the (‘alculatiomms. It is of inmteu’est

to muote tiitit. tht’m’e (XistS ti eeu’taimm con’r(’la-

tioum l)et\ve(’nm t ime Pullnmanm conmmhimmed iumdices

fou’ time Im-u’t’gion and time electm’opiuilic ortho
locahizatioiu emm(’u’gv ( 51 � : if time Puilmimaum

ium(lex is smumallt’u’ timaun 3.31 f3, the value for
time el(’ctm’ol)iiilic O1’th() locahizationu eumem’gy

will i)e less than 3.64/3 ( but set’ also u’ef.

53 �.

A.s is tt) i)e exp(’cte(l amid as canm 1)1’ seenu

fm’onmmTable I , tiuere is a faim’lv good (‘ou’n’ela-

tiomm hetw’eemi I’s.. alu(l carcinogemmic activity,

time con’m’elatioui (‘ot’fficiemmt beimmg 0.83 ; imow-

ever, time relatioumsiuil) betweeii the K1 vahues

amid time activity is umot liuuear b)ut exl)onmeum-

tial. Therefore, time quantity log I�C! is used

to (‘imara(’t en’ize time cimenmmic’tl m’(’activmty of
time iuvdm’ocau’i)omms mu the com’relations w’itim

carcimmog(’uiic activity: .r = log KL Time cor-
r(’latioum coefficiemmt i.,.,, for the (‘orn’(’iatiomm of
carciumogemuc activity (�j) witiu log I’C! (a’)

1 This caletulal ion slmoiulml also hi valid if tiuc

reaction through the K-region anmd throimgim time

L-region occurs witim different proteins.
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is equal to 0.90, amid the correspommdiiug raumk

correlatiomm coefficiemut amuioutmmts to 0.92.
Hydrophobic binding to protein (z). A

i’easouiablc assumnptiomm as to how pim�’sical
(hydm’opinobic ,� I)imm(ling of time iuydn’ocarbomms

to proteitm ummay imifluence the �)u’ocess of

cimemnical carcimmogennesis could be that �)hmysi-
cal bimudiung is a mmecessam’y Pm’em’eciuisite for
time critical cinetmuical reactiomm to occur. If

timis is acceptetl, timeti it coutld lit.’ either time
tot al aummount of imv(lrocam’i)oni l)iiYsica ily

boumid on’ tine strength of bimm(liumg whelm is

u’elate(l to (‘an’cimmog(’mnesis. A glanmce at

�fable I sint)\vs tinat tint’ fim’st possibility

s(’(’tfls m’atin’r ttmulikelv, if tine umnolam’ uatio in

of bounid iny(lu’o(’am’ht)mm to l)m’ott’iui for tin’

binmdmumg of time hydm’ocam’i)omns to inumnamm

seu’ummm Iili)unnminl is eommsideu’ed. It is mu-

mmie(iiatelv evident tinat there is mno associa-
tionm betweemi time ni values amm(l carcimmogemuic

act ivity. 1�’l)1ctt 1 iunact ive h’v(l rocau’bons

hik’ 1)imemiamit imm’t’mn(’, aunt lmn’acemme, om’ �)ym’eIuc
show till’ imigiut’st valttes of in , w’hem’eas cx-

trt’nnely pott’nnt eonil)oumu(ls like 3,4-beumzo-

I �‘ m’(’mi(’ on’ 20-iuuet In y Ic imo I ann t imu’t’n e iuave
vt’m’v low in values, the secomud possii)ihitv

inuphes tinat time einamnge imu stan(lar(l fn’ee
(‘mmergy omi pliysit’al i)imulimmg is amm imuml)ortault
factom’ mm cii(’tmmical (‘am’einuog(’n(’sis. Timis be-

mug the case, thmem’t’ slmoul(l exist a corm’ela-
tiomm i)(.’tw’e(’!m time log�in’itimnmus of time 1)imi(limmg
comistamits � log J�..) amid can’eimuogt’nmic a(’ti\’-

ity. Correlat iomm amialysis yit’l(ls a coru’elat ion

eo.’ffieie’mt of 0.48. Time con’n’t’spomm(hnig rank
corr(’lat io’i coeffieiemit aummomtnit’. to 0.52.
Botlu coefficieumts :� rt’ statistically sigumificanut,
�vitim p < 0.01 . timius iuidicatinng an associa-
tiomi 1)etw’een logan’it humus of t in’ i)in(linig
couusta’its amid carcimmogemmic activity Henmce,
w�:’ have’ (lefinell : z :� log K�.

As already pointe(l out, time binudimug data

imsed mm this papem’ refer to omnu’ 1)ini(hinng

StU(lies w’ith Imuman serum albunmium as a
nmodel � 23-26) . Time validity of this nmuo(lel
fom’ time situation in i’ivo will h(’ (liscusseil

below. The figures mm Table 1 nman’ked witim
an asterisk are expen’imental values. All
other biumding data were calculated either

fn’onu the soluhility in water if soluhility
data were available (data from ref. 54) or
fromum time nmolar refractivity (data from

i’ef. 55) with the int’lp of time equatiomns I)t’e-

semmted in ref. 26.� These calculations are
based omu time assuumnl)tiotm timat pi’oteimi bitmd-

itmg nutty i)C tm’cated as a 1IIO1’e or less cotu-

l)lete i’cvcm’sal of tine solutiomm pu’ocess itm
watem� �26) �see also ref. 56) . Though for

cr’s’stalliume imydu’ocam’i)ons time state of umuole-

cities i)ottmmd to l)t’oteimm is niot strict lv ideni-
tical with time state of time nuolecules iti time
pure hmy(lm’ocarb)onm, timere is gooti experi-
inemmtal evitlenuce that. timis comucept pu’ovidt’s

at. lent a very goo(1 al)l)m’oxmnuat ion (or
sitchi (‘otuml)t)umm(l. Iii time �tt�e t)f tiit’ pol�-

cyclic au’omnat ic iuv lm’o(’au’bomns, for cxammnple,

amm excellemmt com’m’elationn exists bt’t.wc(’mm time

fm’ee emneu’gv of binudinmg to imunmuamn sem’utun

albumnmimi ami(l time fm’ee (‘mi(’n’gv lot’ tlit’ soiu-

tit)mi l)u’oct’ss imn u��ttt’m’ t26 � . time com’m’elatiomm

cocfjicit’tmt beitug -0.998.� (..‘ou’m’espommditmg

coru’elat iomns imavt also bet’nm l)1’e�t’nmte(l for
time biindiuug of other seri(’s of solid au’ouuuatic
conmil)ouunls to 1)()\’ini(’ sen’utmm ali)ummuimm I I 7,

58� , tt)�’i�’t1I as to t’mnz�’uimes 59, (()�

‘IFiit’ l�imu� hung conustamits for t lut’ �)oIycyc lie

an’onnat i(’ iuv( Im’oca ml omms canm a iso I �e (‘a 1(11-

lat ti I (moon i )it mt it it)mn (‘o(’fficietnt s � 26 � . i�a t’-

t itioni (‘oefficit’mmts for such conlml)ommmn(ls,

mimost of themum (‘stimnat(’(I tiut’Oreticail\’, iuave
1)eemm pI’t’st’mmte(l i)\’ 1laumscin antI Fuj ita (61 )

In geumeu’al , time agr(’emum(’mut of binndimng eonm-

stanits (‘alculat.ed fm’om solubilit#{149}ies inn water

amid fm’ommmtiit’s(’ l)am’tition (‘ot’ffi(’ienmt� is quite

sat isfact om’�’ . For �ommme mimt’tiiyl-sui )st it ute( I
imymlm’ocam’i)oums, inowever, bindiumg conmstammts
obtaimued fu’oni st)lui)i liti(’s am’e low’er t iman
those ol)tainme(I fronum pam’t itiomi coefficienuts.

Fortummatelv, timem’t’ is agreenmiemmt mu tw’o

ilmmj)ortannt i)oimnts : binl(limmg constamits for
isonim(’ric nuethyl (lerivatives am’e always

ai)ottt (‘(l11�1l, amu(l w’itim increasimig umumummhersof
nmetimvl 51.1l)st it tm(’nuts time logaritiunmms of tine

2 Sinm’m’ lmv(Iro(’ari)omms ��‘it 11 iumom’e than five fumed

rings 11)5(1 mmot yet. i)m’(’mi imm(’lltded in otmi � mroti’in

binding stum(Iies. it is flOt (‘ertain ��‘het her t immse

equations are valid for su(’lm lmydrocarhomms. Timerm-

fore, llvdroc:mrbouls �vith more Oman five fuismd rings

could not be treated in the l)r(’s(’nt inv(stigation.

3 A similar relationship exists for the sohihuliza-

tion of polycyclic aromatic hydrocarbons in potts-

sium lautrate micelles. as follows from time data of

Klevens (57).
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bimmdimng cotmstaumts incm’easc stea(hly. Timus,

fom’ the problem the l)I’eseuut. paper is coum-
cermmetl �vit1u, time (hiffem’emmce imm the binding
(littit resultiuig frommu soltubilities aund parti-
tiomi coefficieuuts for some imydrocarbomus
simould mmot be cm’itical. Nevertimeless, as a

conntm’ol, it. seeumms desirable to repeat time
st atistical tests, usimmg i)mnm(liuig comistants

calculated fm’om partit ioum cot’fficiemmts for

time slti)stituted hydm’ocarbomms imu question.
ilnis ��‘ill 1)1:’ (lone with time rankimug teeim-

muiqmn(’ of Kemmdall (34 ) , uvhmicim pem’mits cal-

(‘lulatioli of time partial anud multiple rank
t’om’m’t’iationm coefficiemuts. If time biumdinmg con-
st amits fom’ t ime Sl.lh)stitute(l imydrocat’bomms are

calctnlat(’(l frouum pan’titioum coefficiemmts, time

follo�vimmg n’ank fon’ log I(� is oi)tammmed

� samnue nmuunl)(’m’inmg of time imydm’ocarbonus as

imn �Fable I )

7> 11 = 17>5>13=4>1 =�4>3

=6=12>21>27>23>2>3!

> 9 = 10 = 14 = 15 = 16 = IM = 22
=25=28=29>19>24>20>26

> 3() = 32 > 34 > 33

Flie last poimut. to ill’ discumsse(l hmem’e is

flit’ vahiIity of imunumamu s(’riunm albunmuinu as

a mmiodel. ‘I’Inem’e am’e sonme m’esults available
fu’omumtint’ liten’atuu’e (62-65) w’hmicim ium(licate
t Imttt polycyclic hydu’ocam’i)omms immdeed muter-

:tt’t J)h\’si(i’all\’ w’ith cellulan’ pm’oteiuus in

?‘U’O. Thest’ pm’ot(’inis au’e, of coturse, differ-
(‘nit fu’ommm inunumaum seu’mmmmm alinmmmmimm, i)umt this

fact pu’(s(’mmts umo sem’iomus pu’oi)leuum. It. follows

(him’t’(’t lv fn’onmm t ime eqmnat iomms pu’esented

pu’e�’iotmsly � 26) timat the commstammts for the
i)imm(hinmg of imydrocau’bons to a pn’otein (I)
tine relate(l to time correspomm(hing constants

fon’ tlm(’ i)in(limmg to anotiuen’ iroteinm (II) ac-

cou’ihimmg to Eq. 1:

(logKj�)mm (l(lOgKjm)u + Li

This equatiomi is valid as long as only

uuuspecific Imydropimobic forces are present
amud umo steric hindraumcc of the binding

occuu’s. Assummuimmg this to he true, time rela-
trve order of time biumdiumg comustants is the

sanme for all pu’oteiums. Them’efore, humman

serummim ali)uuumminm seenmus to be acceptable as
a ummodel.

Portia I (hid lIuttiple ( ‘orrelcitions and

Regression s between Ca rein ogenic Ac-

tit’itii (�j), Chemical Reactivity (x), and

Hydrophobic Bindinq to Protein ( z) of

the Hydrocarbons

It. �vas simowum imu time I)I’eCeding section

timat timeu’e exists a close cou’relation be-
tween cau’ciuuogemiic activity ammd the loga-
rithmmms of tine K� valumes. Furtiuernmore, a

loose associatioum betw’eeum cam’ciumogelmic ac-

tivity amm(i tim(’ logam’itimnmms of time binding

comust.ants is also huigimly proi)ai)le. If the

pam’tmal aun�l time mumtultiple con’relatioum co-
efficiemmts ai’e calculated, timis picture is
fully coumfirummed. All coefficietmts are sum-

uluarize(l mm Table 2. Sinuce botim the partial

coefficiemmt i’�,,.,. amid time nuultiple coefficienut

ii,., am’e statistically sigumifleamut, with p <
0.01 , amm(I siumce time nmumltil)le coefficieuut is

greaten’ thamm time pan’tial coefficieimts, it is
to be conclitded timat imydm’opimobic inter-

actiomus hetw’eeim imydu’ocarboums aumd proteins
time immdee(l innvolved mm time process of
cimeummical cam’cimmogemiesis. From the values

of r�.,.0, i’�,,.,, anmd ,‘,,.� it is evident, how-

even’, that time role of timese iumteractiouus is

only of secomudam’y imnportammce as cotumpared
wit.lm time cheummical reactivity of the hydro-

carhoums. Equmation 2 was den’ived by the

ummetimod of least sqiuan’es froumu time data

(1) pm’esenmtetl in Taile I

TABLE 2

Simple, partial, (lad multiple correlation coefficients for the correlations between three variables

chiaracteriziimq carcipioq(’nic actimnly (y), chemical reactivity (x), and hydrophobic binding to

protein (z) o,f the 34 hydrocarbons listed in Table

Si 11ti)lt’ com’i’elat iomms Siniple ramuk eort’elations Part ial (‘orrelat ions \I tilt iple em)rrelat iou

F..,’ = 0.9() R1,, - 0.92 r1�.. = 0.90 i’,,.., = 0.93

I.,’ = 0 . 4% 1?�, = 0 . 52 i1/#{149}% 0.49

if. 0.31 1?�� = 0.36

‘, .\ct’ordimug to Spearnuatu.

1
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y = -1.79 + 0.751 + 0.71z (2)

An ammalysis of variance simows tiuat time

z terumm mm Eq. 2 is quite sigmmificammt, with
p < 0.01 . For all practical purposes time
two commstants 0.75 amid 0.71 mimay i)e con-
sidered a�)proxmnmately idemiticai. It timen
follows from Eq. 2 that time cam’cimiogenic
activity simould be P1’Ol)ot’tiommtil to time sunu

of log � + log K5. This sunn is l)m’eselmted
in the last columnu of Table 1. As caum be
seemm, there is a good correlatiomm of this
sunm witiu carcinogeumic activity. All imy-

drocarboums in time group of time very active

commil)oummds huave values greater thuaum 6,

time values for time compoummds itm time secomud
groump are betwecum 5 ammd 5.63, anmd time

�‘alues mm time third group are betweemu 4
anmd 4.69, time ommly exccptiomm i)emumg I 2,7,8-
dibenzammthmraceni e . All iuuactive commmpounds
have values smaller thamm 3.70. Thuus, time
siumum log � + log K,� l)eu’nmmits aim exact
groupinug of time hmydrocau’boims accom’dimmg to

their carcinogeimic activity. Thuis is imot

I)OsSii)le with time help of KI or log IK�
alone. For example, 9,10-diuumethyl-1 ,2,5,6-
(hbemmzamlthm’aceume would ieemum to belouug to
time secommd gm’oimp of imy(ln’ocari)onns rather

timamm to the first group accon’dinmg to its
relatively low !KI yalime of 0.211, and

correct assigmunmenmt of time comumpoummids
beloumgiung to the secon(l anmd thin’tl gn’oumps
mm Table 1 w’ould muot be possml)le at all.

Clearly, the sinmultaumeous conisi(len’atioum of

botim ehenuical u’eactivit.y aumd imy(In’ophobic
himu(hmig to l)rotemnl pm’ovi(Ies i)etter inusigimt

into time pu’oblem of carcimmogeumic activity
timauu time consi(leratiomm of cimemical reac-
tivity alone. Esseimtially time sanme conclu-
sioums art’ reached if the statistical anualysis

is repeate(I with the rammk of log K11 which

was oi)tIunued usiumg pan’titionu coefficients
for the calculationm of time binding con-
st.ants for substituted hydrocarbonms (see

above) . Time siimmple, partial, amid nmuultiple
rank correlat ion coefficients are sunuma-
rized in Table 3,4 Since both the partial

m’ank correlatioum coefficient R’011.�. and the

4 The lower values of the coefficients in Table 3
as compare(l with the coefficients in Table 2 are

due to the special characteristics of the rank cor-

relation coefficient according to Kendall.

TABLE 3

S’iinple, partial, (1 11(1 in iiltipk’ ran k carrel at iwm

coefficients accor(hinq to Kendall ,for 1/mi

corrclatio,ms I)CtU’((n three lar�(zble.s

cbmaracti’i:iimq carcinogen ic (zclil’it!I

(y), chemical reaetii.ity (.r), (11(1
bmijdrophobie biii(hiimq to protein

(z ) o,f time 34 hiydrocarboims

li.St(d in i(lblC .1

‘The rank for .: ‘�uras�ihtainmed musing i)it1’t it 0)11 (‘O(’fh-

eiemmts to calculate time l)ilu(lilug coummtautts for time

SILI)St it unted hydroeai’i �( 1115 ( see t iue t ex’ )

�nmmple tank Paut iul ranuk \Imtlt iple i’auuk
(‘1 )rI’elat ionms (I)rrelat ioums cm)l’Ill’l)tt iou

1?,%y = 0.52 1?’%�.� = 0 75 1?’).!: = 0.54

1?’z, = 0.52 = 0.37

1I’�_ = 0.40

uimimltiple cocfficietmt R’,,..�) are statistically
sigumificanmt, witim p < 0.01, time relatiommship

betw’eeum imytlm’opinoi)ic i)imulimig to Pm’Oteimi

ammd cau’cinmogt’tmic activity cami he coum-
sidered as beimug pi’ovemm mm timis case also.

Figure 1 shows a l)lOt of time summit log

� I,� + log K,� w’ith i’espect to cam’cinogemmic
activity. Thoumgim timis plot agnium (lemimoum-

strates time close l’elationmslmil) betweemm these
two quuamitities, it is aiso evident timat direct

propou’tiomnalmty is hinumited to the raumge of
active conmmpoumn(ls. It is oh)vious fronm Table

I timat time (livisioum of tiue hmydrocam’i)ons

immto active amid inuactive classes is possible

with tue imelp of time sinmple � values

alouue, if time valmm(’ fon’ I ,2-benizanthm’acenne
is takenu as a timm’eshiold. The ath’auitage of

the summm log ,K� + log K,� over time simple
�I%t� on’ log � values is ommly that it per-

mumits time com’u’eet gn’adinmg of time imydro-

carboums within tine gn’oup of active corn-
pouimds. Tiuerefon’e , it was of inutem’est to
m’epeat tilt! statistical analysis for the 21
active coummpouum(ls alomue. The com’m’elation

coefficiemmts am’e sumumtmman’ize(l mm Table 4.

Time couiciitsiomms n’eachmed fm’ommmtimis table am’e
essemutiallv tim(’ sanie as fu’onmmTable 2, simmce
the levels of sigmnificaumce for r..,.�, r�,,.,., and
1’,,.J.:� au’e time sammme mumi)Otim cases. �5ot(’ the

l)roumottnice(l incu’(’ase mu time partial com’m’el-
atioum coeffi(’ieunts as comni)au’ed w’itim time

simple coefficients, especially fom’ time cor-
relat.iomm hetweenm log K,� anmd thut’ cau’cimio-
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Ito). 1 . R(l(ItU)ns/mm/) lntweipm time seam lo�j � /s,’ � + log � aimd the (‘(lr(’i!mol/(n ii’ (zctirity

‘[‘lit’ Imuumfli)(’tiuIg of tine im�diocaihonms is tue sinme as ut Tai)lt’ 1. For the explanmatiout, see time text.

gemnic activity. Time nmetimod of least squares (p < 0.01 � . Time two coumstanmts 0.91 and
yields F�(1. 3 for time 21 active couimpouumds. 0.92 time pm’actically identical, so that time

1/ = - 2.93 + 0.9l.u’ + 0.92z (3) use of tii(’ sutmm log K� -f- log , K� as atm

. mmdcx of carcummogeuimc actmvuty ms substaum-

Aim anna 1vsis of van’iannce agaiun demmmonm- t iated.

stn’ates the sigmmificammce of tue z term Sonmme inactive hvdm’ocau’bomms (pimenan-

TABLI.: 4

,Sm imiple, p(Irtiul, (1 im(1 in IIltmpl( correlatio,m co’jJicien Is for time corielatio,ms between three l’(iria.bles

cbmm’ueteri:inq carcinoqe,mie artirit!/ (!I), chemical reaetiritij (.rI, a.n(l hydrophobic bin(hin(/ to
/)rotem?m (.:) ().I’ time �l (zctjz’e colnp000(ls liste(l iii Table

Siumiple (‘oI’t’(’lat 0)115 Sinmple ran k eorm’elat iomms Part intl (‘orrelat louts \Iult iple correlation

‘�1J/ 0 52 I?�� = 0.85 = 0.55 = 0.89
‘�.!I = 0. 16 1?,� = 0. 17 r,�.1 = 0.59

ix: 0.20 R�, 0.07

,‘ A(’(’or(liumg mmi Spearnutum.

1
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timrene, pentaphene, and 1 ,2,3,4,-dibenzan-
thracene) listed by Chalvet (51) have IKI
values equal to zero. Since the logarithm
of zero is meaumingless, these hydrocarbons
could not be included ium the present in-
vestigatioum. Jim reality, imowe�’er, time K1

values of these hydrocarbons would only

be too small to be distinguishable fronm
ZCI’O witim the nmodel applied by Chalvet.
It mimay be deduced from imis table that time

logarithms of timese K� values must he
smmmaller than - 5. Thuis i)eimmg the case, time

values for the summi log K� + log KB for

t he hydrocarhoums immentiomied above would
be in the right order of nmagmiitude for

inactive comimpoumuds.

As already poimutecl out, 1)iumdimug comu-
st ammts for hmydm’oca rl)onus wit lu nuore tiuamm

five fused rimugs are muot available at lres-
emmt . Timerefom’e , a(lditiouma 1 huydrocarbomms

�3,4,8,9-dibemmzopym’enme, 3,4,9,10-libemizopy-

rene, 1 ,2,7,8-dibeumzumaphtimaceume, amuci aim-
timammthretme preseuited mm time taper of Chal-

vet had to be excluded. Timm’ee dimnethyl-1,

2-benm:a’m imm’ac?�mes �vitim onue of time immethuyl

groups imm time angular rinug (1’, 10-, 3’,6-,

amid 3’,7-dimmmethuyi- I ,2-bemmzamitimu’acemue) , also
liste(I i�v Chalvet, i)ro\’ide a special case.

Hvdrocarhomus of this type l)n’o\’ecl to be a

pitfall imm aumy attemmmpt so fan’ mmmade to con’-
m’elate struucture on’ certainu 1)rol)erties of time
hydrocarhom� witim cam’einmogemmicity. [sually

I ,2-bemmzaumtlmracenue (lem’ivatil’es with one
methyl group iuu time amigulan’ u’inug am’e con-

sidered completely immact.ive. Timeu’e an’e,
however, some receumt reports whuich immdicate

timat sumcim coummpoummds cotuld imave vem’y weak

activity. Graffi aimd Bielka (38) conmsideu’

1 ‘,lO-dinmethyl- I ,2-henmzanitimu’acenie to be
very slightly active, anmd accordiumg to

Heidelberger et al. (48) the sanme is true
for 2’,6-dilmmethyl- 1 ,2-benzaumthracene. Fun r-
ther examples of possibly weak activity
amonmg such conupounds are 4’,IO-dimetimyl-
I ,2-hemmzanthracene and 4’,9,1 O-trimetluvl-

1 ,2-henzanthracene (see ref. 66) . Thums, the
immact.ivity of such compounds mmuust he

commsidered with sonic caution . Furthermore,
1 ‘,l 0-dirnethyl-1 ,2-benzamithracene, as well

as 3’,6- and 3’,7-dinmethyl-1,2-henzanthra-

cene, shows steric peculiarities which make
the calculatiomu of binding constants from

the unolar refractivity �solubility data are

muot available fou’ timese hydrocam’boims)
soummewimat difficumit : time fornuer lmvdu’ocau’bon
is umot plaumar, and time latter tw’o iuave

limo lecular ditmmenmsiomns (list itmct l� greater
t imaum for ot item’ (liummetimyl- 1 ,2-henzaumtimra-
c(’nes.� Fou’ these u’easomus timese hmydu’ocar-
l)otms w’en’e also miot inuclude(I mm time pI’eseumt

immv(’stigat ioum . This does mmot, however, affect

time l)m’immcipal m’csult of timis pa�(1m’.

(.‘oinparmson ti’ith the _ippi’oach of ilansch

071(1 Fujita

It has beeni simowmu inn tine �)m’ect’(linig see-
tioum tiiat imvdn’opimol)ic l)inu(Iimng of time by-
drocarhomms to pn’oteinm is of inmmportammce for

thi(’ I)t’Oc(’ss of cimemimical cam’cimmogemncsis, time
carcimmogenmic activity l)eilmg iimmearly n’elated
to log K0. Ammotimet’ imit(’n’esting appm’oacim

n’elat imig imy(In’opimoi)mc pn’op(’u’ti(’s of time huy-

(lm’ocarl)onms w’itim (‘au’cimmog(’micsis is that of
Hanscim aumd Futj ita � 61 � . _\.pplyimng tiueir

bm’illiaumt pi-sigina tn’eatmumemit to sumI)stit.Imted
1 ,2-bemmzammt hm’acenmes, I)enmza(’ritliuies, ammd
i)emmzpimeumanmtimremmes , these ant hmou’s dcn’ived

time follow’ing eqtnationi

iog�4 = -0.14(logP- 5))

+ 0.32(log J) _ 5) � 2S.07� - 35.26 (4)

1mmEq. 4, A is time cam’cimnogt’mmic activity omu

anu arhitn’an’y scal(’, P is the pam’titiomn co-

efficient in time svstenmu octanmol-wat(’m’ � calrn

culated fn’oumu inm(’m’(’nm(’mmtsI , ammd #{128}is time total
chman’gc oni tue I’i.-m’egiomu ac(’om’(Iiuig to Pull-

ummani.

Let ums fim’st commsidt’u’ time mole of log P mm
E(1. 4 amid its relationnsiiii) to log K’; mm time

5 :N.. p. I�mtin-11Ioi , m)(I’SOntal vonmm nmumnmmim’at non.
6 In Fc1 . 4 log �‘1 is consi(lem((l, �vlimii�ms t he

equmat ions prcsentm(1 in t,lm(’ present paper (‘on tam

time activity on a linear s(’:tle. � l)e(’:luse of

the rather (‘ru(le s\’steumi of graditig wiml(’im iuad to

l)e a(lojmte(1 in i)Ot im p�p�rs 1)eeammse of t h( on-

certainties inherenit in the i)iologi(’al results, it (li)CS

not matter nmimeiu whether A or log .4 is used in

the statistical analyses. For (xammmi)le. E9. 3 of

this taper nmav be Smni)stitut(’(i 1)1’ the following

equation \vitill)lnt nnincim chmange.

log y=0.23x+0.22z0.93 (r,.,:=0.86)

Thus. this thifferenmre is not iml)ortant and needs

no special (lms(’mmssion.
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t’(lttitt iOfls l)n’�’senmte(l ai)OVt’. \.ccon’(Inmg to
t Ia’ umno Id of Flamnsclu amnd Finj ita, iviiiclm imas

i)t’t’omume so \\�(�ll knmoivmu tinat it nn’e(I mmot be

(‘omusi( lt’n’(’( I hen’e inn (Itt am 1, t inc m’(’lat iotmsinip
l)(’tweemm act ivity anm(l l)itt’tit ioni coefficiemmts

is (Inc to the nuiovemnnemnt (.)f tint’ imvdm’ocau’-

hoiu� to time site of actiomn. Timesc auntiuom’s

(‘ommsi( It’m tiuis muovtnmm(’mnt to he a m’aumtlonmn

wa 1k � )I’O(t’Ss ivimiciu ( lel)(’mn(Is 011 the lipo-

iuV(lm’Ol )imilic ciuan’a(’t em’ of t inc mmmolecules conm-

(‘t’m’nut’( I . ‘�1�’imey asstmmumt’ t hat t iu(n’(’ iS tuu 1( I(’It 1

i’alue of log P such t hat tinny leviatiomm

fm’omun t mis \‘tiltt( i�’iii nt’smn it inn a sloiven’ mat t

ol nno\’t’nuneimt I 0 t lut’ site of a(’tiOmu anu(I,

(‘omu)(’(hInt’umtlv, mu a (lecm’ease inn biological
a(’t i\’itV. \l tnt iu(’ummati(’alIv tinis u’(smnlts inn a

I )tt ma 1)O1 it’ n’(’lat ionmsinii � I )et \\(‘t’mu log 1 amid
log J), as mu I’;(l.4. limos Fq. 4 numt’annstimat

t h(’ lo�vt’n’ in\� lm’oca mi )omms a ut’ umot inj opiiilic

emtougiu :01(1 hvdm’oeam’boni’ beyommd a (‘eI’t aiim

size a mt t 00 1ji )o1)ini lit’ t t) tu’imiev(’ mnuaxiuniurn

(‘omu(’emut mat iomu at t lit sit t’ of act iomm anul

in(’muce, to l)Osst’ss muiaximnmmnmmmactivity, t lit’

i(It’ul valut’ of log I’ beinug about. 6.1 . Floiv-

(‘\‘(‘t. (Xl )en’inum(’umt til (Itit a on u t Ia’ inlit ake of

luvm lnocam’homus 1)1’ ummotust’ skimu aft (‘I’ paimmtinig

��‘it lu a 1 (/f( .olut iomm in I )t’umz(’nme � � )lmns 1 �

nuniman’al oil � pm’(’senmt(’(l 1)1,’ Bock amud I�uu’mm-
imunuu I 67 . 68 � seenum muot t 0 fa \‘om’ t iu is (‘onncel)t

I f a t mine t’t hlmiiii)n’iUflm is est a biisimt’d , t ime unp-

take ot hvdm’ot’ttu’boums liv kini iumav be conu-
si( lem’e I a �i )t’(’ittl (‘�t5t of a i uti ut it ionm (c1tuilib-

n’iimmuu ���itim timt’ tissmn( as ‘‘aqtieoim’ l)imase. It.
umiav t I m�’mt i)t’ � )nt’(Iict(.’(I fu’ommm t hue t’(luat ions

1)m’(’semut t’d l)u’(’\’i()unsl� u26 � ( ste also m’(’f. 69)
that a plot of time logan’itiunim of tint’ comucen-

t mat iomm of imvdu’oeam’boui inn skimn ivithm respect

to t hue mu(’gat iv(.’ logam’ithmmmm of t ime sohubility

mu w’a��n’ siiOUl(l vielml a stu’aigimt linme �vith

nm(’gat iv(’ slope. As simowum in Fig. 2, this i.
imn(lt’t’(l t hue (‘as(’, ani�i tint’ agu’eenumenmt of time
u’atimem’ (liffi(’ult-to-(lett’n’nminme h)iological data

witiu thus stm’aigiut linme immay be comnsidered

(1ttitt’ �atisfaeton’y. Time nmt’gative logan’ithmnmu

of thm(’ sohmhihity mm mi’att’u’, ht’ing a nnmeasui’e

of hvdm’opiuobicity. i u’elated to time loga-

nit hun� of pan’tit ion (‘o(’fficiemmts w’ithinu

honmohogotus sem’ies of lmy(lu’ophmoi)ic substan-

ces (26. 69) .� Thins, it follows fu’onim Fig. 2

7 Instea(l of time negative logarit.lmm of soIuI)ihty.

log P value’s could also have l)e(fl lmse(I. in princi-

that. time comicenmtm’atiomm of imydn’ocarbomm in

skiti (Iecl’eases w’ith inmcm’easitmg partitiomm co-

(‘fficiemmts 01’ immcm’easiung inydrophmobieity , re-
spectively. Accom’dinmg to time mimodel of

llammscim anu(I Fujita, imoweveu’, a parabolic

m’elatiouushiip witim t Inc iiuaximniuin mmear 1,2-

I )emizamit hnm’acenme simould imave beemi exl)ected

n’atimen’ tiiamu a sti’aiglnt limme, simnce time low’er
iuydrocarboums conmsi(Iem’e(l mm Fig. 2 have

values of log P \\‘(‘li i)elOtV the i(Ieal valtue

of 6.1 . iinotnghi the cotucenntm’atiomm of hmydu’o-

cam’I)omm mi time wimole tissue is uuot. iuecessam’ily

n(1(’mmti(’al witim tiit.’ eoumcenmtn’ationu of hmvdm’o-
(‘am’homi at tiue site of actionm w’itimin time cell,

Fig. 2 stn’ongly suggests timat time squared
tt’m’nnm itu F�(1. 4 is of dotnbtftnl significamice.

Timis tem’mum is imm(le(’(l a tm’oui)lesonue omme,

simmce it leads to cotmmpletelv w’rommg pretlic-
tiomis of time can’cinmogennic activity of imigimer

commdt’tIse(i iivdu’ocau’bonis. According to Eq.
4, 9. 1 0-m limumet hvl- I ,2,5,6-Iihenmzamitimn’acenie

shoimld i)e only veu’v slightly active, and

imvtlm’ocan’bonns w’ith six on’ nmmom’efumsed rinmgs

siuoimld be immactive, simnce timese imydrocam’-

bomis am�e ‘impposed to be nm.mumcimtoo hipophmil-

ic. Inn u’ealitv , imoiveven’, 9,10-dinmetiuyl-I ,2,

5,6-dibenmzanmt imn’aet’nme is a v(’u’v stn’onmg can’-
einmogemm � 48 ) , w’hnich fact is (‘ou’n’ectly pre-

dictt’d by tim(’ stmniu log I’� -I- log K0 (see

Tabit’ 1 ) . ann! hmvdn’ocam’i)onns as big as

Piu(’miammtinm’o � 2’,3’,3,4) pyn’(’nme (6) , I ,2,4,5,8,9-
tn’ii)enizopvu’(’nue ( 6. 70) , aum(l �)eu’o�)yrenue
� 71 ) iuavt’ b(’enu pm’om’ed to i�ossess (lefimmite

cau’cinmogenmic activity. If, oum time otimer hanid,

time sqlnam’((I tem’mn mm Eq. 4 is dn’opped, time
sitinatiomm is miot immmpt’oved, since thmenm time
hnigimeu’ aikyl dt’u’ivatives of I ,2-henmzauutlun’a-

eemme tom d 20-uimetimvlcimolanut hum’enme woun Id

pie. in time Plot pnsmnlt((l in Fig. 2. Soluhuhity data
lmm�( I ninm � n’fmrn’t’d for timnie n’easons : (a ) log P
�:mlinm�.z for 3.4-henzopvn’ene anti nmethvl-3 4-lenzo-

m‘mum :mnm � l:u’king, ( i)) I ime olinhihit ieS are deter-

nmunmleti (xtmrmumm(nmt thl�’ (54) whereas time log P
�alties ant oni�’ theoretical estinmmates. anti (c) the

log P �:mimnes m’�tl(’tnhtt4(l iT’,’ ITanscim and Fu�ita
nmmigimt 1)e somuu(whmat too imigh for sonic simhstit imted

imv(iro(’arbonms (ste ref. 26) . Together with the

pOlV(’V(’hi(’S. I imrte I)enza(’ridines wen’e also inchnde(i

in time studies of Bock and Burnham. These

hydrocarbons cannot he handled in the same plot

with the PoIYcYcli(’s since they do not i)elong to

tiut� s:uniie imouiioiogouns series.
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ap��ear to have iimcreasimmg activity w’ithm mm-

creasimug letigth of time cau’bonm cimaimm. Timus,

one is led to time comielusiomi that time pt’o-
teimm-bindiumg concept outlined in tine pn’esent

paper is pm’oI)ably more adequate to m’atio-
imahize time influenuce of hvdropimobicitv oum
cheummical earcinogenmesis tinamm time kinmetic
nmo(lel of Hanuscim amm(I Fu�ita. 1mm fact, it is
nmot. mmecessary to invoke timis nmO(lel to ac-
counut for time relationushuip fouumd bet�veetm

activity an(i log P, simice time protein-bitmd-
inig coimcept caim explaimi timis m’(’latiomlship
equally well ; it can also pm’ovide a simmuple

explanmation for the existence of time squared

ternm in Eq. 4. If phmysical bindinmg to pu’o-

teinm is considered the real mechanism by
whicim time hydrophobic cimaracter of time

hydrocarbonus influences carcinogenesis, the
relationship found between activity anm(l

log P is simply ascribable to the fact. that

time iogam’itiummms of pam’t it iou coefficiemits ane

lineam’Iv I’t’lItt(’(I to tine logam’itiumns of binud-
immg comnstanuts � 26, 69 � . Inn otimer words, tine

log P ten’muu in E(1. 4 is actually a log K,�

termum, log P 1)(’inng omilv a mmueasumn’e of log
� Inn time (‘ttS(’ of time iiigheu’ alkyl 1 ,2-

benuzanutimm’a(’(’nnt’s conmsi(Ien’t’(I b�’ IHlammst’Iu ami(I
Fujita, hnowevem’, log P cammmnot 1)e ums(’(l as a

niieaslnn’(’ of log .k�, simmet’ time l)m’otein bimn(l-
itmg of timcse conmmpotmmmds is expectetl to be

stem’icallv iuiumdeu’ed (see 1)ISCFSSI0N) . For

tiuese comimpommn(Is v�’(’ hmavt’, with increasinig
lemmgtim of time can’bomm cimaitm, (ai a stm’ong
(lecm’eas(’ mi a(’ti\’itv at about constanit.

cimenmical m’eactivity, ( i)� (I(’cm’easmmig valines
of log K11 as a result of steric hindranmce,

anm(l (c) increasing values of log P. The
(lecn’ease in�u log I’s.i� is sufficienmt to explaimm

the decrease in activity on time basis of a

liumear relatiomusimip accom’ding to time equa-
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tiomis l)l’eseflted in this l)al)er (see DISCUS-

SION) . If, however, log P itustead of log KB

is commsid(’red, II squared tcrmn accordimug to
Eq. 4 becomes imecessan’y to account for

time (l(’CI’(’tISe um activity w’ith imucreasing

valites of log P. Thus, it. follows that the

squam’etl ten’nn in Eq. 4 is pm’obably due
mnmaimilv to tlm(’ mmmadeqtuacv of log F as a

mmncasun’e of log KB in time ease of time imigher
a lkvl I ,2-ht’mnzamit imracenmes. mi t lie opiumionm

of tiut’ l)m’t’st’mit. autimom’, timis t(’m’lui unost likely
inas mit) meal physical signiificammce, amid it. is

nmot Intt’(l(’(l if time pam’tmtiomm (‘Oefficiemmts au’e

I’(’l)lit(’(’(I l)\’ bimn(limug (�Juistanuts.�

1mm a(i(litiomu to time �vn’onmg commclusiomms
t’omnccn’nuimmg time cam’cmmiogemii(’ act ivity of
imiglmem’ (‘on(i(’nise(I hmydm’Ocam’l)Onms alm’ea(ly

mmi(’umtiomut’(l, cam’(’imiogeniic activity mm gemmen’al

is omulv l)oom’l� pm’e(lict(’(l l)\’ Eq. 4 as coni-

I Otl’(’( 1 t 0 t in(’ sttIui log � Is.. � -f- log I�ij� i)m’e-
s(’mut(’(l inn tinis l)itl)(�1’. This follow’s fn’onm Fig.
3, winich ShOWS the con’u’(’iatiomm i)(’tW’eenu oh-

s(’m’vt(l ItIi(l (‘tul(’lIlate(I activities for the ac-
t i\.i:’ IiV( 1mo(’an’l)ons conmsi(len’e(l mm t lie l)itl)CI’

t)f 11 amus(’in 011(1 Fuj it a . _\. mat lien’ mn’m’(’gular

s(’�tt t tm’iuug of poimits is Oi)t ainicd ( eomumpare

�vith Fig. 1 � , and it is immmuuu(’(liately (‘vi(lemmt.

t limit t’ou’u’tct gu’a(himmg of inydu’ocanbomms ac-

(‘om’(limig to them’ ean’eimmogeuiic activity is not

h)t)sSii)l(’ ivitim tine hn(’li) of I�i. 4. Fun’timer-

� TIme nmost convemmiemmt �va� to smnI)st tnt mate this

i)tuchmn�morm fon’ the imvdrocarhonms (onlsi(len’((i i)V

1i:uims� 1m an( I �Fmi.j it a \vm)mnl(l , of cm)mnrsr . 1)1 a st at isti-

m:ml :mnmaIv�is mnsinmg 1)imm(iing (onustanut S mnmstead of

I :mnt mtion coefficimnml s. however. hiummlnnig constanmts
for ( lie 1 )(I1ZI )humum:mlmt imrei�s an(i f 1 the bcnzaci’i-

(limo � are n )t a.v;milai mit anmd (‘:uuunmot I me (al(’mnlat ed

fnonmu time e mt)lt iomms (ierive(i PreviomuslY (26) for

il:mmu:mn’ pOlV(y(’li(I’ aronimatic imymirocambons. The non-

il:mnuarit� of time rinmg svstom in tim bemmzphenan-
t hn(mu(s. as mvell as I he u�r�’smncm mn(i posit ion of

time umitrogtn in time benza(’ridinmeS, is expected to

inmflmnenmce protemnm binding. so that othcn’ sets of

(‘omitanits for these emimnatioums are reqmnim’ed for

timesc cOnuI)OUImtis (see also ref. 69) . Therefore. a

statistical aum:miysis canmmot be ma(ie for the I)resent.

T1o�vever. Siti(’e no squnared tet’ni is fle((Ied in time

((unations presenttti in this papir. timoungh some of

tlm( hydrocarbons in Table 1 have log P values

�m�i’il above time i(le:ul value quoted i)V Ha.nsch and

Fmnjita. it. seems rather safe to conclude that time

s:mnmme is true for time sample of hydrocarbons con-

si(lered by these authors.

more, four out of 12 immactive coumpoumids
�umot immcluded imm Fig. 3) would appeal’ to

be active according to time log A values

calculated fronu this equation. These in-
accuracies mm grading cami also be explained

on time basis of the pm’otein-bimmdnmg conucept.

It is to be expected that somewhat different

values fom’ time coumstaumts in the himmear equa-

tioim m’elatinig log � to log P are required
for the different classes of imydrocarboums
conmsiden’ed mu time paper of Hanmsch amid

Funjmta.� Timis i� mmot takenm imuto accouunt by

time simmmpi(’ log P values timid unmay �vcll be a
reasoti fom’ time scattem’immg of poiumts in Fig.

3’

Theme is still aniotlmem’ iummportanmt l�oinmt to

be (liscumss(’d mm tinis sectionu commcerninmg time
mole of chetimi(’al n’eactivitv. Inu time l)n’esetmt

1)t1l)(’m’ the n’oles of 1)0th time I�..-regionm ammd
t iut�’ L-n’egiomm time t’nmipima.ize(l , l)imYsical hinud-

immg to pn’oteimi 1)eimng (‘otmsi(lered a factor of

s(’conmdam’v inmpom’tamne(’ ItS (‘onmmpan’ed with
chemumical u’eactivitv. 1Iannsch and Fujita, onm

tine otiuem’ iiamn(l, (‘onm)i(It’m’ time i’ole of time

lipoimvdm’o�)imilic (‘inam’uu’tt’u’ of t he imydm’ocau’-
I �omms mmmomc inmupom’t tlIlt IltimI commclu�le tiuat “it

is niot nit’cessam’v to immvokt’ time couicepts of
I., aum(l Ii;: m’�’gionus. �1imis commclumsiouu is i)ase(I

muiaimnlv omu time asunmil)tionm timat lmydi’ocau’-

1)005 W’ithi six om’ nmmore fused riumgs are mm-

a(’tive. Timis, hmowev(’m’, is not tn’ume, as �il-

u’ea(Iv (Iis(’lnssetl, Fum’tim(’l’nmore, it. iuas i)eemm

poimut(’(I out i)V tint’ Pullnnmamms (27) that. the
(‘an’cimmogenmic activity of substmtut.e(1 �mnd

ILZO (l(’m’i\’IttiVes of h)ol�c�’clic am’omimatic liv-

(lt’ocam’bomms oftemu depenmds maimmly oum time

m’eactivitv of time K-i’egiomm alonme. Comiciu-
sioums oum tine genmen’al immmpoi’tammce of the L-

n’egioui canmnmot., timen’efom’e, safely i)(’ (ln’awmm

fm’onn tint’ sanmuple of huvchn’ocan’lmonms conm-
si(len’ed i)V 1Tanms(’iu anid Fuujita. �\.ltimoughu,
accom’(linmg to time statenment of time Pulhmmuuus,
time immfluenmce of time L-regionu niay 1)e ime-
glected imu a first appn’oxinmiationm for nmatny

of these livdn’ocarbonms, time use of the sim-

l)le (lata of the total charge on the K-reg-
iomu mm dem’ivimmg Eq. 4 is very likely to he
anmotlmen’ i’easomm for the sluortcomings of this

equatiomm iii predictimug carcinogenic activ-
it.y.

It is to the credit of Hansch and Fimjita
that. timey wem’e time first to show, by a de-
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calculated front the equation presente(I by .FJan.scim (111(1 F�jita (loq .1 r,meuem! ) for tim( (I(tlm( imy(Iro(’urbons (‘on-

sid red b!J time.se authors

.tu1 data are taken from Table VII of llansch anud Fujita (61 ). Note tiut’ scat termnmg of I)uinmts.

tailed analysis, that hydrophobicity is imm-
volved iii carcinmogemmesis. The kimmetic imuodel

of these autimou’s has proved to be extrern-
ely useful in sti’ucture-aetivity auualysis for
many series of biologically active substan-

ces (e.g., ref. 72) . Hanseim et al. m’ealmzed imm

a later paper (72) that, imu prinmciple, re-
lationships betweelu imydm’o� )imobicity ammd
biological activity ummay also be (hue to pro-

tein bindimug, bunt they elmiphmasiZe(l at time

sanme tinme that they still favom’ time kinetic
model. 1mm the special case of luolYcYclic

aromatic luyclu’ocarbons, howevem’, it is the
feehiumg of time present autimor that. the pro-
tein-bindiimg concept as otuthinmed ai)ove is
preferable. This concept, iim commmhinatiomu

with time K-L-regiomm t.heom’y, mmot only hias

the advauutage of ailowinug com’rcct gradimug
of the hydrocarbons accordimug to their

carcinogenic activity, but camm also offer a
simple explanation for the interference
among hydrocarbons in skin citrcimuogen-

esis (see below) , ivimicim time kinetic miio(Iel

cannot.

DISCUSSiON

Time l)I’imi(’il)itl m’t’sult of this l)aPt’I’ is mm

good agrcennenmt witin hotim time pm’oteium

deletion imypothesis annd time K-L-n’egion
timeom’v of cincnmnical (‘an’cimmog(’mlesis, anmd it

nmav he slunmummam’iz(’(I as follows. Hydro-

J)1m01)ic imit(’m’a(’tionns of hv(lm’ocam’bonis �vith
l)1’Ot(’imis (10 inifltu(’nCe time 1n’ocess of ciuenmmi-
cal carcinmogcmu(’sis, but tineim’ mole is otmly of

secomi(:Ian’v inui)om’tanmc(’ as conmpared with

the cim(’unical u’eactmvmtv of time hydm’ocar-
houms. \Vith iumcm’easimng stn’enngth of these

inmtem’actionns, can’cinog(’miic activity immcreases.

Timus, thuese iimteu’actiomms are nueeessary anud

favom’able for time process of cimenmical car-

cinmogemmesis amid soummehmow seenmm to facilitate

the n’eactiomm �vhmicim leads to time mmuahigumannt
eiiaumge inn time cell. Anmy alten’ation of mm
givemm imy(ln’Oca n’hon �vim icim , at commst amut
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(‘iuennuical n’eactivity, leads to a decrease imm
himm(iing stl’enmgtii simoul(l tlmerefom’e i’esutlt in

a decn’easc mm cam’cinmogemmic activity. Timis

conuclusiomm ofi’ers a siuuuple atid straigimt-

fon’mvau’d explaimatioum for the drop mm activ-
ity �viuicii is usunahly obsem’ve(I fom’ slti)sti-

tuemmts with polan’ chan’acteristics, simmce time

imntn’o(luctionn of stucim substituemits umumfavor-

able fom’ inv(In’opimol)ic ituteu’actiomis lowers
t lit’ himmding conmstammts. lime saumme linme of

m’(’asomunig nmmav be a�)plied to (‘xl)laium time
(i(’t’I’t’Its(’ inn �tcti\’itV �vitim mnncn’t’asiung lemmgtim

of alkvl sul)stitutemnts in aikvl-l ,2-benmzauu-
tium’atemn(’s annul 20-alkylciuolamuthmm’enmes. It
\\.as simo�vti mm a pu’ecetliumg i)a�)eu’ (26) �see

ILiSO 8aimviumm ( I 7 � J timat. tint’ inv(lnocau’bonis

bomnmm(1 to pu’oteimm �ti’t’ mmmost. likely flatly

It( lsom’bctl to a imv(lm’opiuobic n’egionn oum time

stunfact’ of time pm’oteinm mlmolt’cul(’. �f1ne j)n’eS-

t’um(’e of btnlkv slni)stittmeunts simein as big alkyl

gn’ommJ)s inn time hnydrocan’i)oun nnolectules w’OUl(l

sten’icailv iumn(lcn’ time i)inm(lmng l)m’Ot’(’ss ( see

also n’(’f. 73 � anmd imenc(’ \\‘ouil(l lead to a
( lt’t’I’tits(.’ mu t iue I)imn(linmg (‘omIst Iillt 5. �\.. simmuilam’

sitmmat iomn is to i)(’ (‘xpect(’(l for vcu’y large

iuv( luOc1tu’lX)InS. It follow’s fuonm tine equmatiomms

Pm’t’s(’umt (‘(I (‘l(’\�’hueu’e ( 26, 69) timat. him�Iinmg
eouu-t anmts mmuem’ease ivitii iumcm’easiumg nmolecumlai’

sizt’. Ilow’eveu’, if aum iso(’imeumuical sen’ies as-
(‘euu(I sufficienitlv fan’, a meimuben’ will be
m’tat’iuem I \Viiit’h i� too i)ig fon’ t lit binudiumg

m’egioum mm time pn’ottium mmmoi(’(’uie (see m’efs. 26

�tit( I 69 � . I?t’vounml this imm(’mmnl)er eat’hn furtlmen’

inn(’m’t’as(’ mm mmioleemnlan ‘izt ivill u’c’uult imm a

(i(’cu’ease inn t hue i)imn(limng coast amnts amid,

timeu’efom’e, mm a (l(’(’n’ease of cau’cinmogennic ac-
tii’ity at a givenu level of (‘imemnmi(’al m’eactiv-
it:�’. \ Ioleculau’ st m’itct tmn’e umm:1:’,’he (ituite ci’iti-

(‘01 hmeu’e, sinmce it is Pm’oi)ai)lY time gn’eatest

lenmgtim and time gn’eatest w’i(ltin of time hvtlm’o-
(‘an’i)onm ummolectmles m’atimem’ tinami the total

nnmmnni)en’ of an’oumuatie rimugs or smni)stitunemmts

�viniciu are inmpou’tant. \\itimout detailed

kmmo�vledge of the ‘)tOf(iIi Cs) of fine cell ium-

\‘t)l1�(’(I mm carcimmogemmesis. va lid conmclunsioums

omu size ammtl simape of time i)imldinmg regionm
eammmmot, of coum’se. be dn’aw’nm . i)lnt it seenms
timat this region is n’atimer lan’ge, sinmce lmvdro-

(‘an’i)onms �vitim imiou’e thaum six fused rimmgs
Imave beenm simowum to possess definite car-

cinogenic activity (6, 70, 71).

Time relatioumship between the logarithms

of time bimmdimmg comnstanmts anmd carciimogenmic
activity mnidicates that time iumflueiuce of

hiy(II’OpimOI)ic binmdmmug OIi cai’cimmogenesis is
pi’obably i’eiated to time free eumergy of bind-

iumg. Oume reasommable suggestion nmigimt be

that binmdimng cimaumges the comuformation of

a receptor hiroteimi itu sucim a nuaiuner that
time subsequeiut cimeummical reactioti is facihi-

tated amid that timis cotmfom’mmmatiomual cimaumge
depemm(ls oum time fn’ee enmei’gy of physical

binndinmg. Sumcim a m’elationiship betweenu binud-

inig eumen’gy amid counformmnatiomual chmammge of

the hinmdinmg i)m’oteinm exists, for exanmple, in

tine case of time bmumdimug of sonic ammestimet-
ics to globinlan’ pn’oteinis, as caum be (k’(Iumc(’(l

fm’onu the (liitIt of Balasul)u’anmammianm anmd

\Vetlautfen’ (74) . Aniotimeu’ �)oSsibiiity is

timat. tine enmen’gy of i)inmdinmg pm’ovides pan’t of

thit.’ emmem’gv of activatioum for time cm’itical

cimenuical m’eactionm. Funm’thmer studies an’e

certaiimlv umeeded to clam’ifv timis poinmt.

It has beemm simow’mi by several w’oi’keu’s

( 75-83 � that inmactive anud weakly active

hiV(lm’Ocau’bomms iiavt�’ ann iumimibitou’v effect onu

time cam’cimnogenmic poteuncv of stm’onmgly active
comnupottmmds. (Onnul)ttitiOni lou’ a (‘ellunlar

m’eeepton’ is time imsimuml exl)lanatiomm offeu’ed

for such imuhmii)itionm. mm nmom’e i’ecenmt immvesti-
gationu. (e.g., m’ef. 82) it imas i)eelm assuumme(l

that this conmmpt’titioni occiun’s in a cimenumical

m’eactiomm w’itim a pu’oteimu of the cell. How-
even’, it. imas I)eemm shmow’ni by Aijehl aumd ITei-
(It’ll)eu’gtm’ (84 � timat active anm(l inmactive liv-

(lu’ocan’i)onus m(’act ivitim dmffcm’(’mmt l)u’oteinis.

Thins, (‘onnmpetitioum mm a chmeummical n’(’actionm
cain l)n’ovi(le umo stu’aighmtforw’au’d explamiatiomi

fon’ t lie mmt en’fenennce amumong imv(hn’ocan’i)ons mm

cau’einmogeniesis. Jun tine ol)iImion of time pu’es-
t’mut atuthom’, hy(lm’o�)hmoi)ie i)mnmdimmg i� iumvohi’ed

inn timis connmpetitionm, n’atimei’ than a ciuenmnical
m’(’actionm. Althmotnglm time inactive ou’ weakly

active conmmpoinnuds mmmigimt he imnmai)le on’ onmly
i)au’(’lv cau)al)le of n’eaetimmg cimeimmically ivith

the specific reeepton’ imm’otein for time active

hvdu’ocai’bonis, t imese cornpouimds coumlcl well

conmupete witim the stroimg carcinogens for

t ime sanmnc huv(ln’opimoi)ic bimmdiuug site. Assiutum-

inmg thmat pimysical i)inl(lilmg of time active hy-
(In’ocan’i)omls to time i’eceptoi’ protemnm is a

necessary prerequisite for the critical
chemical m’eaetiomm to occur, this would

clearly m’esumlt in a decrease in activity.



HYDROPHOBIC INTERACTIONS IN CARCINOGENESIS 655

Mo!. Pimarmnaco!. 5, 640-657 (1969)

Timcm’efore it seenms that time concept pres-

enmted 1mm this paper may also lead to a bet-
tei’ uimderstanmding of time inmimibitory actioum
of inactive and weakly active imydu’ocam’-
bonms.

Tine results presented imere have a most
dii’ect bearing witlmin time franmework of the

pm’oteiui deletion hypothesis. They mimay
also, however, be commsisteumt with a reaction
of imvdi’ocarbons with DNA. 1mm receumt

yeiln’S much interest. has focused on the

l)ossii)le role of I)NA mm chemical carcilmo-
gemn(’sis (e.g., n’efs. 85-88) . Like proteimms,

I)NA caum react chemmmicallv �85-87) as well

as pimysically (88-94; hut see also ref.
95 ) w’itim iuydrocan’i)omns. Though time m’ole of

l)hmYsical immteu’actions hetweenm imydl’ocan’bouus
amid DNA is umot vet kimowmm, timese imiter-

actioums am’e at least pau’tly goverimed by
the samime forces as time iumteract.ionms with

pn’otemtis. Timem’efore, siummilan’ities in the bind-
ing of hydrocarboums to DNA anmd to pro-
teinis am’e to b)e expected. 0mm time other hanud,

it must. i)e stressed thmat time situation �vith
DNA is nmorc cornl)licate(l timan with pro-
teinm, since steric pecumliam’ities of the imy-
(h’ocam’b)ons simotmld exen’t a nimucim gm’eater

imiflueumce mm timis case. Fum’timeruumom’e, the

fon’immationu of chman’ge tm’anmsfem’ connplexes

nmmav also i)e of immupon’tamnce � 96)
Anu imnt(’resting tne��’ ap�)m’Oacim to m’ation-

alizinmg stn’ucture-activity relationships of

sevem’al diverse classes of carciumogens has
.itggt’ste(l recently hV T)ipl)le et a!. (97),

win) Pm’ol)osecl that. time ultinuate carcinmo-
germs which react whim the essential cellulam’
n’eceptou’ ummay he eari)oumilnnm ionns generated
nmmetabolically. Sinuce time site of umuetabohic

genen’ation is su�)pose(1 to i)(’ distant. fu’onu
the m’ecepton’ site. time stability of these cau’-

honiiummm ionms is coimsi(Ien’ecl the most impor-
t ammt factor (ieten’mnmitminmg (‘au’ciunog(’nmic po-
temicv . For �)OlycVclic am’onmmatic iuydm’ocai’-

bonms this assunmuptioni i� suppon’ted bY a

l)O�it lye cou’relationm i)etW’(’(’mm (l(’localizatioum
coeffici(’nts amid carcinogenic activity. Siumce

tii� n’ate of pu’odmnctioum of cam’bonitnnmm ioums

and possibly their stability, as well as corn-

Pi(’X fon’mmmation �vith the cellular m’eceptor,
an’e expected to be influemmced i)v hydro-
phobic interactions, time eonmeept of hydro-

pimoimic i)indiumg as a seconmdan’v factor mm

carcinmogemuesis, as outlined mm the presetmt

paper, is imot inconmsistemmt witim this theom’y.
Furtimermore, the con’m’elatiomm bet�veenn (IC-

loca hization coefficiemit s atid carcinogemmic
activity gives a pn’edictiomm of cam’cimuogemmic

potemmcies very simnilar to thiose of tine K-L-
regioum theory aceon’ding to time eonmbimmed inn-

dices of tiue Pullumnaums (27 �

REF’EREN CES

1 . N . P. Buu-1Ioi, Ac/a lumuo I,mt . eoumtra (‘abram

7, 68 (1950).

2. J. C. Areas and M. Areas, Bum/i. Soc. Cimmam.

Beig. 65, 5 (1955).
3. N. P. Binu-Hoi, Arc/i. (�‘scim mmmml.stfor.�e/m . 6, 19

(1953).

4. N. 1�. Buu-Hoi. Sommderb. ,Stru/mlentimer. 37, 26
(1957).

5. :\I, Ar(o�. and J. C. Arcos, Amzmmei,,mittcl-1’or.�eim-

ummg 8, 643 (1958).

6. N. P. Buit-Hoi. Cummcem lIes. 24, 1511 (1964).

7. P. D. Lawlev, Discussion of i�au�i’r i)\’ C.

H(i(IehIi)erg(r. J. Cell. Comnp. Pimy.�iol. 64

(Suppi. 1). 129 (1964).
S. (�. \\atten’s :mnn(i A . (�ammtemo, I�uit. J. (‘ancer 21,

393 (1967).

9. F . Loremmz an(l FL . 13 . .� nmdervonm t , �1 in m 1. J . (‘a mm-

cer 243, 783 (1936).
10. C. \\�nnden’lv �tn(I 1�. �\. . Pet zold, .\at mmrmmi,�.s�mm-

..c/maft(mm. 39, 493 (1952).

11. J. C. Chalmmmers, Brit. J. (‘almcer 9, 320 (195.5).

12. J. .�vigan, C’a,mcem’ Res. 19, 831 (1959).

13. J. Statmif and (;, Reske, Z. Xatumrforscim. 15b,

578 (1960).

14. C;. Reske and J. Stauff, Z. .Vatumrfor.ch. 19b,
716 (1964).

15. G. Reske mmmd,J. Staunff, Z. .VaturJor.uh. 20b,
16 (1965).

16. H. L. Falk. A. Miller �mn1 P. Kotmn, Sciemmce

127, 474 (1958).
17. M. H. V. Saimvuun, .Vatmmme 209, 613 (1966).

18. 1.,. J. .�mngimiioni. 1�X/)e1’ie1mtia 23, 661 ( 1967)

19. NI. Shnyser. Bioc/mimim. .Uio/)/mys. ,4c(a 154, 606
(1968).

20. 1. ,J. ��nmghihieri, European J. Pimaimnucol. 3, 153

(1968).

21 . J. S. Hannngtomm aunt! \I . Snuit im. .1 elm . Emm iiO)bm

health 8, 653 (1964).

22. A. Genmant. Grace 110(7). Bull. (Detroit) 42, 17

(1964).

23. R . Fm’anke :ummd M . Biirimnner, .4cm Rio!. .ifed.

Cer. 19, 1047 (1967).

24. R. Franke, �Stud. Biopimi�.�. 6, 199 (1968).

25. B. Franke :mn(1 M. Biicimner, 8111(1. Riophys. 6,

207 (1968).



656 B. FRANKE

,�1ol. Plmarnmacol. 5, 640-657 (1969)

26. H. Fuanke. Bioc/mmmn. Bmop/mys. Ada 160, 378
(1968).

27 . .‘t . Pullunnan and B . Pullmnman, A d Lan. Ca mmcci

Ifes. 3, 117 (1955).

28. A. Puilmati and B. Putlltmman, “Catmc#{233}risation par

its substances chnimiques et structure mol#{233}c-
uulaire,” Masson. Parus, 1955.

29. .\.. Pullmann. Biopolynmers Symp. 1, 47 (1964).

30. H. Pullnnman, J. Cell. Camp. Physiol. 64

(Stnppl. 1). 91 (1964).
31 . (‘. Heideiherger. J. (�‘ll. (.‘onmp. Pim ysiol. 64

(Suppl. 1), 129 (1964),
32. C. Heideiherger ann(i B. C, Giovanehla. Advamu.

RiO!. Skimi 7, 105 (1966).

33. P. I). Lark anm(1 B. H.. Craven, “Tint’ Handling

of Clutumuical Data.” Perganmon Press, Oxford,

1968,

34. ( ;. U. Yule ann! C. �t1. Kendall, “Ann Introduc-

mtoni to tine Tlneorv of StatiSti(’S,’’ Ed. 14.

(;riffin, London, 1950.

:35. 1;. \\m’i)mn, ‘(,rmnndrnss tier hiologisciien Statis-

uk.” 2. Auflage. Fischer. Jena, 1956.

36. P. Datndt’l anmd R.. Daundel. ‘Chmt�unnica1 Cancino-

gtumesis Lfl(I \Iolt’(ular Biologs’.” Inter-
S(i(flC( Pmni)lmshers. Nt�s \ork, 1966.

37. 1). B. Clavson, “Ciuennnm’al Cai’t’inogenesis.”

Churchill. London. 1962.

38. _� . (:;r�tffi inn 1 H . 1�ielka, ‘ 1�n�ililenmum den’ exptni-
nummnt4’lhn 1\.n’(l)sfors(hmumug.’ Akademnmiselue

\culzmg.’�gts(lls(lmaft (ict�t & Portig K. (I.,

Lenpzig, 1959.

39. ,J. P. (;uttnmstinm. “Biocimtimmistrv of Cannccr,”

lAi. 2. .�ca(lemnmim Press, New \ork, 1954.

40. ,J . Hiegem’. ‘C”arcinmogennm is .‘ ‘ A (a(lennic Press.

New Yank. 1961.

4 1 . tl . 1 . Shm(ar. A aid’. J. (‘ammeer 33, 49�.) (1938).
42. NI. J . Simt:mr mmmd 1. Letter. J. .‘\Ut . (‘ummcer Imm.st.

2, 254 (1941).
43, ,J. Ihahi. �I,mmer. .1. (‘ammcer 35, 188 (1939).

44. 1. Bereni)lmnumn. Cancer 1?e.�. 5, 561 (1945).
45. (. M. B:mtlgtr. J�rit. J. (‘amicer 2, 309 (1948).

46. J . L. Hartwell. ‘Survey of Conmpottnmds \Vhich

Have Beenn Tested for Carcinogennic Activ-

it,�’.” lIT. S. Pui)hc Health Service Publication

No. 149, Bethesda. Md., 1951.
47. 0. I’A(’hi(r, A. Farah, H. Herktn and A. D.

\\el(’hn ( eds.) , “Handhmncin der experinmentel-

len Pimarnmakologie,” XVI . Band : “Erzungung
�on Kuankimeitszitstiinmdeim (inr(’h d�ns Experi-

umment.” 12. Bandteil : “Tmnummoren I” (revised

i)y H. Bit’lka, H. Bitrwolf. A Graffi and T.

Scimranuimm ) . Springer. Heidelberg, 1966.

48. C. Heidelbergtr, M. E. Bauunnann. L. C,ri#{128}shach.

A. Cimobar an(i T. NI. Vauugimn. Cammcer Res.

22, 78 (1962).

49, J, L. Stevens mind E. vomn Haan. Amer. md.

J!yq. A.s. J. 26, 475 (1965).

50. A. Lacassagne, F. Zajdela, N. P. Buu-Hoi, 0.
Cinalvet and G. H. Datub, mutt, J. Cancer 3,
238 (1968).

51. 0. Clmalvet, In “M#{233}canique ondulatoire et

biologic nuokcitlaire “ (I , Fiscimer-Hj airnars
(‘t. (II., P(IS.). P 99 Revue d’Optique, Paris,

1961,

52. 0. Cialvet. R. 1)audel tnn(I C. �Ioser, Cammcer

Res. 18, 1033 (1958).

53. J, Kotutecky atmd H. Zainradnik, CoUect. Czech.

C/memo. (‘omnmmmmmn. 28, 1256 (1963),
54, ,�v. w�, Davis, M, li. Krahl and G. H. A.

Clowes. J. Amer. Chemn. Soc. 64, 108 (1942).
55. II. G. Davis and S. Gottlieb, Fuel 42, 37

(1963).

56. (1. N#{233}nnethv and H. A. Scheraga. J. Phys.

C/memo, 66, 1773 (1962).

57. H. B. Klevens. J. Phys. Colloitl Chem. 54,
283 (1950).

58. M. R. V. Sahvtntm. Life Sci. 5, 961 (1966).
59, A. J. Hymnmes. 1). A. Rohitmson and W. J.

C:mnm:oly. J. .Uiol. (Yimeni. 240, 134 (1965).
60. U. Raven’ anmd \V. J .Canady, Arch. Bioc/mern.

BiO/)/mt/.. 124, 530 (1968).
61, C. Haum.n’im and T. Fujita, J. �4nme,’. Chemn. Soc.

86, 1616 (1964).

62, G. H. Sloane and C. N. Loeser, Cancer Res.

23, 1555 (1963).

63. H. P, Btnscher, J. Feit and W. Oehlert, Z.
Krmh.�forseim, 70, 287 (1968).

64. L, J. Alfntl, Brm’t. J, Cammcer 18, 564 (1964).

65. A. C’. Allison an(i J�. Mallucci, Nature 203,
1024 (1964).

66. N. J. tit. Souza atn(1 W. R. Nes. Cancer Res.

27, 1969 (1967),

67. F. G. I�)(k annd \I, Burnimam, Cammcer Res. 21,
510 (1961).

68. F. 0. Bock. Progr. Exp. Tumor Res. 4, 126
(1964).

69. R. Fr:mnmke. ,4cta Biol. Med. Ger. Itm Press.

70. ,&. L:uasagne. N. P. Buu-Hoi, F. Zajdela and

D. L:mvit-Lamv. C. R. Seances .1ewl. .4qu’. Pr.

252, 826 (1961).

71. A. 1,:mcassagune, N. P. Buun-Hoi, F. Zajdela and

C,. Saimit-Rinf, C. R. S#{243}ancesAcod. .1gm’. Fr.

266, 301 (1968).

72. C. Hanscim, A. R. Steward, J. Iwasa and E. W.
Deintsciu, Mo!. Pharmaco!. 1, 205 (1965).

73. C. B. Fluitigins. J. Pataki and R. G. Harvey,

Proc. .Vat. Acad. Sci. U, S. A . 58, 2253
(1967).

74, D. Balasmnhramani:un and D, B. Wetlaufer,
Proc. ,Vat. Aced. Sci. U. S. A. 55, 762
(1966).

75. A. Lacassaguie. N. P. Buu-Hoi atnd P. Cagnat,

C’. B. Soc. Biol. Paris 138, 16 (1944).



HYDROPHOBIC INTERACTIONS IX CARCINOGENESIS 657

Mol. Pimarniacaf. 5, 640-657 (1969)

76. A, Lacassagne, N. P. Bunn-Hoi and G. Rudali,
Brit. J. Exp. Pat/mo!. 26, 6 (1945).

77, W. B. Warttnan, P. Simubik, W. T. Hill, B. B.

Reeb, D. W. Stanger and B. Riegel, Cancer

Res. 10, 247 (1950).
78. P. E. Steiner and H. L. Falk, Cancer Res. 11,

56 (1951).

79. W. T. Hill. D. W. Stanger, A. Pizzo, B. Riegel,

P. Shubik and W. B. Wartnman, Cancer Res.
11, 892 (1951).

80. P. Kotini, H. L. Falk, W. Lijinski and L.

Zecimmeister, Science 123, 102 (1956).
81. H. L. Falk, P. Kotin amid S. Tlnompson, Arch.

Environ. Health 9, 169 (1964).

.82. C. Finzi. P. Daudel and 0. Pn’odi. European

J. Cancer 3, 497 (1968).

.83. P. Damndel aimd G. Prodi, Ada Unia mt. commtra

Cancrmtrn 19, 522 (1963).

S4. C. W. Abeil and C. Heidelberger, Cancer Res.

22, 931 (1962).

.85. P. Brookes and P. D. Lawley, Nature 202, 781
(1964).

86. P. Brookes, Cancer Res. 26, 1994 (1966).

87. L. I\�I. Goslmmmman atmd C. Hcideiberger, Cummeer

Res. 27, 1678 (1967).

88. E. I3O�\’lafl(i, But. [tied. Ball. 20, 121 (19(14).

89. E. Bovland and B. Green, Brit. J. Cancer 16,
507 (1962).

90. E. Bovland, B. Green and S.-L. Liu, Biocimmum.

Biopimy.s. Acta 87, 653 (1964).

91. E. 1�Ov1afl(l and B. Greenm. J. .)Iol. Biol. 9,

589 (1964).

92. J. K. Ball, J. A. NIcCarter and M. F. Stmmithm,
Biocimini . Bu)p/m ys. ..4cta 103, 275 (1965).

93. M . Kodama, 1. Tagaslmira, A. Imanmura and C.
Nagata. J. Bioc/mem, ( 7’ohi.tio) 59, 257 (1966).

94. I. Isenberg and S. L. Baird, Biopolymners 5, 477
(1967).

95. B. C. Giovantila, L. E. McKmnnev and C.
Heidelberger. J. Mol. Bkil. 8, 20 (1964).

96. B. Pullman, Biopolymners Synmp. 1, 141 (1964).

97. A. Dipple, P. D. L)t\S’le\’ and P. Brookes.
Eurovean J. Cancer 4, 493 (1968).




