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| Ab§t}aCt--Irradiction of the carcihogenic]bénio[é]ﬁyréne (1)
with 1-methylcytosine hydrochloride I1a (molar ratio 1:10)
at 3500 & in methano]-acetone produces the 6-(1-methylcytos~-
..S;yl)-benZO[a]pyrene»(III). The struCture of the brcduct_
’ShQWS the hydrocarbon bound.through the most active 6-carbon
| atom to the.nuc]ecphilic S-boéition'of'the base. cih the
'1§econd part; the poSsibilfty of'obseryingicarcinogeh1c effects
"~ on the mouse skin frrom hon-carcinogénic hydrocarbons under the
‘action of'UV Tight is investigated. Both_eXperiments provide
evidence that the 4,5-double bohd_(K region) of I pkesumab]y

does not play a role in triggérihg the cancer process.

INTRODUCTION : .
The Pullmans“ fhecretha]'atfémpt aiming to corréIate.the‘mo]ecujar<

reactivity of aromatic hydrocarbons to their carcfnogenicity-ha§7been
popular'for some tfme. :Pullman and. Pullman [1,2]-have asgociated.the
carcinogenic activity cf these compounds:with the presence of a chemi-
| cally reactive phenanthrene type double bond (K regioh). They have sug-
'gested fUrther that the prfmany process in cancer ijnduction is an-addition
reactign’ofvthe cellular component at the K region. In order to déterminé
~ whether or not such theoretical assumptions were correct, we have under-
taken twc réther different experiments. ‘The first onechac been a purely
phctochémica1 excitation of the carcinogénic’benzo[a]pyréne in'thé.

presence of a nuc]eic_acid_compoheht, methy1cytosine, Under these
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cohditfohsIWe'mighf'expecc avcyclobutané derivative_ihroivfhg-the 4,5-
doUbTe'bOndsof the'hydrocarbohr(K‘regioh) and. the 5,6-doUbie oonofof |
fhe‘base":However, instead of the'cycTobUtane adduct, tne photoproduct
was 1dent1f1ed as the 6 (1 methy]cytos -5-y1)-b 'enzo[aprrene (II1). The
first part of the paper dea]s w1th the e]uc1dat1on of the ohotooroduct
structure 1n connect1on w1th prev1ous data 1n the Titerature (3, 4]
. suggest1ng cyclobutane structures for similar photochem1ca1 products.

: In the secondvpart, a photob101091ca1}exper1ment;us1ng mice 1s_des- '
cribed‘ It has beeh'demonstrated'that cancer inductiOn'on the'mouse
sk1n is 1ncreased by uv 11ght [5] when a defined concentration of benzo—
,[a]pyrene and 1ntens1ty of rad1at1on are ut111zed The»photodynam1c
act1on-of:the aromatic hydrocarbon might be 1hterpreted'in terms of
excitatiohiof the aromatics with resulting increased binding to the
cel]ular receptor sites. With this idea in‘hind-'the possibilify of
observ1ng carcinogenic effects from norma]]y non- carc1nogen1c hydrocarbons,

under.the_act1on_of the UVr11ght,'was"1nvest1gated.

* MATERIALS AND METHODS

Materiais

Irrad1at1ons were carr1ed out in a quartz vessel, us1ng a Rayonet
Photochem1ca] Reactor Mode] RPR-208 (8 low pressure Hg Iamps, 3500 k).
The alumlna used for column chromatography was obta1ned from Woelm and
andvact1v1ty descr1hed is in accordance w1th the prescr1pt1ons of tne
Compahy.h Thin-1layer chromatography was carried‘outron Eastman Chromagram
sheetsfcoafed with silica gel containing a fluorescent inoicator. Pre-

' parativexthin-]ayer'chromatographthas done onvglaSS plates. coated with
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: T mm}thick stlica gel containing’fluore5cent.1ndicator.‘ Meltingvpoints»‘
'_were determ1ned on a Blichi apparatus and are uncorrectea The infrared
spectra were recorded on a Perkin- ETmer Model 257 The VMR
‘spectra were scanned on a Var1an high resoTut1on HR 220 MH, spectrometer
with tetramethyls1]ane as 1nterna1 standard ' o |
The UV spectra were. recorded on a Cary Model 14 recording spectro-
_ ohotometer The 100 watt uv Tamp for 1rrad1at1ng mice was a Black- -Ray ,
. ModeT B- TOOA w1th f]ood bulb (max1mum output at 3660 ﬁ) and 5 inch round
'f1Tter produced by UTtrav1o]et Products, Inc. (San Gabriel, CaT1f ).
The Sw1ss aTblno m1ce were obta1ned from B1o Scuences Laboratory.v

.(Oakland Calif. )

Experimental details

1-Methylcytosine (I1). TQMethchytosine:wasiobtained'from'CycTo
Chemical and had m.p. 305-307° (Tit’, m.p. 303° [6]). The NMR (in dimethyl-

dg- squox1de) (F1gure 5A) had absorptlons at 6 3.15 (3H, singlet), 5.54
and 7.44 (1H each, doublet, J = 7.0H ,) and 6.92 (2H, broad singlet).
};Methy]cytosine hydrochloride (Ila). T-Methylcytosine (1.950 g,

1.56 x'TOf? moles) was dissolved in 150 ml of methanol. To that solution

was added an excesscof.hydrochloric acid disso]ved in methanoT. ~Upon
) d1]ut1on w1th 300 ml of ether the 1- methchytos1ne hydrochTor1de (2.260'9,
VQO%) prec1p1tated, its m.p. was 292-293°.

Photo]ys1s of benzo[a]pyrene (I) and 1- methyTCJtos1ne hydroch]or1de '
_jjl_)_ A soTut1on of I (O 400 g, 1. 59 x-107 moTes) in 120 ml of dis-

't1TTed acetone was m1xed w1th a solution of T-methy]cytos1ne hydroch]or1de
(2. 570 g 1.59 x 1072 moles) in 280 ml of,absoTute methanol. The resulting
'TsoTution_was bubbled with a stream offoxygenéfree nitrogen for 1 hr and- |

then irradiated at 3500 E for 24 hr. ”The'tTc on silfca_gel using acetone-'
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| benzene water (70 20 10) 1nd1cated a smaII amount of a new compound
: (correspondlng approx1mate1y to IOA of I), show1ng the Rf between the two
starting mater1aIs, wh1ch were st111 present in Iarqe amount After eva-
porat1on of the soIvent the res1due was taken up 1n ether and most of I |
'passed_lneo squt1on. The 1nsqubIe mater1aI was d1ssolved in a mixture
of water-ehIonoform. After extnactIon the organic layer which contained
the newbpfoduct end,some residual I was nashed nith 5% sodium carbonate
and fuhther'Washed<wifh an aqueous'satunafed ammonium sulfate solution.
The chIoroform squt1on was dried (Na2804) and, after evaporatlon was
chromatographed on WOeIm aIum1na act1v1ty IV. The f1rst.fract1ons, eluted
w1th benzene-ch]oroform (1:1) conta1ned 6-(I-methy1cytos-5-y1)-benzo[a]pyrene
(III) (30 mg). The new:compound was further purified by preparative tlc on
sIIiCanéIvénd'reCnyStaIIized from_acetone}hexene. A yellow solid with m.p.v
331-3335 (dech) was obtained. |
AnaI Caled. for Costg 3o C, 79.56; H, 5.07; N, 11.13
v Found: C, 79. 46; H, 5. 22 N, 10.61

’ The 1nfrared spectrum (F1gure 2) showed bands at 3520 3460, 3400
1655, 1590 cm .
258, 268, 278, 290, 302,-340, 357, 375, 395, 407 5 nm.- The NMR snectrum

The UV spectrum (Figure 3C) had'max1mum absorptions at.

~ (Figures 5B and 6A) possessed absorptions at & 3 5] (3H, methyl group,

.s1ngIet) 4, 52 (IH NH broad band exchanged with a drop of 020 added to

the ch]oroform1c solution of III), 6.64 (1H, NH broad band exchanged with
DZO)’ 7.35 (1H, H6MC’ singlet), 7. 70 - 7.89 (3H H2, 3 and Hg, multi-
pIet), 7;92 (1H, Hy doublet, J = 8.8 Hz)? 7.99 (1H, H], doublet, J =

7.5 H,), 8.08 (2H, Hy and Hg, doublet), 8.24 (IH, H,, doublet, J = 7.0 H,),

. 8.34 (IH,_H]Z,'doubIet, J = 8.8 HZ), 9.02 (1H, H]],'doublet, J = 8.8.H?,
and 9.04 (1H, Hyo doubIet);' ' v

_Proton‘at:the 6-position of the methylcytosine moiety.
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~T-Methy]-5,6-dihydfdcytosiné;f 1¥Methy]f5,6FdihydrOCyto§ine'was'pre—
'pafed By:hydrbgéhatibn'bf 1-methy1cytosiné accdrding to:the'méthod of
.Gréeh:ahd Cohen [7J'wiﬁhlsome modificatfons; 'l—Méthy1¢ytosine (125'mg;
1 x 1073 hdies),was digsolved in 40.m1:bf'ébso]ute methano].  fo;thaf )
EOidtion"s% of rhbdium on aiumina'(éOO mg)”wés added.f'whehIOne equivalent
df hydf@gen was_cbnSOmed;-the react{on was_terminated. After evaporation
of thé_solVent, the solid obtained revealed by tlc (acetone-benzene—wate},
70:20:10) the neW“pFoduct with”tFéces of l—methy1cytoSiﬁe, TWo recrystal-
]izatiénsifrom methanol-acetone removed the starting material. The purified
prbdhctfhad‘m.p; 223-225° (1it., m.p. 223-25° ‘[8]). The'NMR spétfrum (in
diméthy]}ds—su]foxide) shbwéd atld 2.79 (3H, éihgfet), 2.41 and 3.20 (each
2H, triplet, J = 7.0 Hz)land 7.70 (ZH, broad ;jng]et);v ThegNMR speétrUm
in ch]orbform;d, in spite of ‘the vefy poor so]ubi]ity of tﬁe comﬁound, ex-

hibited at § 2.93 (3, singlet), 2.65 and 3.33 (each 2H, triplet, J = 7.0 H,).

RESULTS

" Photochemical results

Phbto]ysisiof benzg[a]pyrehé.(l) and of 1-methylcytosine hydrochloride

ﬁjlgl,"The mixture of benzo[alpyrene (I) (0.400 g) and l-methylcytosine
hydroch]oride* (ITa) (2.570 g) (molar ratio 1:10) when irradiated.in 400 nl
of a so1ution'of methaﬁo] acetone’ (70:30) aﬁ,35001ﬁ'using a RayonetfPhotoF
:chemical Reactor for 24 hr, seemed to react according to the scheme in

Figure 1.

*The protonation of the nitrbgen at the 3-position has been clearly demon4 
strated by Miles et al. [9]. |

g
In an alternate run, water replaced methanol with the same results.



NH,
2™,
CH,
I e 11

‘1la, HCT at 3-N
~Figure 1

Aprot1c so]vent systems, such as benzene acetone (70 30) or pure acetone,
does not move compound II1 on s111ca gel t]c However, a solution con—
’ta1n1ng on]y 2% of water, e _;g., acetone- benzene-water (58:40:2), is suffi--
cient to d1sp1ace the compound No decompos1t1on of the III is 1nd1cated
by t]c and UV spectra after the compound is bo11ed for 24 hr.in methano]-
water The product is equa]]y stable after treatment with 1 N hydrochloric
acid for 2 hr at 100° or with 1 N sodium hydrox1de for 12 hr at room
temperature. | o

‘When a mixture of I and II (rather than Ila) was irradiated, only

trace amounts of»the'new;product were revealed by tlc. The comparison.of_
“this product with the -compound III showed the same thon t]c.and-the same
uv spectrum. In contrast, the non-carcinogenjc benzo[e]pyrene VII and
]-methy]cytosine-hydroch]drideilla or l-methylcytosine II, when photolyZed
underttheusameﬂconditions, formed no products visible_on't]ctor, if any;

less than 1%. | | o
‘ An:attempt to get the coup]ing_chemically between the compounds I
and IIa;(molar ratio 1:10) in’acetone-Water (66:33), using as promoters
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'e1ther 1od1ne or hydrogen perox1de in. the presence of ferrous sulfate, was .

unsuccessfu] This exper1ment was suggested since a covaIent ).nd1ng be-
tween I and-DNA [IO] has been 1nduced b/»1od1ne, or hydrogen perox1de (in
the presence or absence of ferrous 1on), or the ascorbic acid modeI hydroxy-
Iat1ng system |

EIuc1dat1on of the photoproduct jstructure IIIL ‘The structure of |

compound III has been eIuc1dated by the elemental anaIys1s (see prer1menta1), '
and the 1nfrared,,uItrav1oIet, and nucIearAmagnet1c_resonance (NMR) spectra.
The infrared spectrum-(FigurenZ) shows characteristic absorptions at

3520 and:3400'cm'] attr1butab1e to the NH pr1mary am1ne, 1655 and 1590 cm ],

_ascr1bab1e respect1ve1y to the carbonyI v1brat1on of a §-lactam and to the

bend1ng v1brat1on of an amine. The dusappearance of the character1st1c

strong absorpt1on of the benzo[a]pyrene at 870 cm . -1 between the absorptwons

=1

at 840~cm’ and 905 om” -1 (see F1gure 2), correspond1ng to the out-of- -plane

bend1ng band of the CH group at the 6- pos1t1on (penta subst1tuted benzene

'[II])voffers,some suggest1on that such a pos1t1on is 1nvoIved in the

, attachment to the base

The uv spectrum (Flgure 3C) has'simiIar absorption maxima to‘benzo[a]-,
pyrene (FigurehéA)‘w1II all the bands shifted to longer waveIengths by L
3-10 mu. This displacement toward the red is the same as is found in 6-
methy]benzo[a]pyrene (F1gure 3B). The moIar_absorpt1on coeff1c1ents for
the three compounds, corresponding to the Wavelengths of maximum absorption
are repOrted'in Table I. The str1k1ng s1m11ar1ty of the UV spectra ‘of the
methy]- and of the methylcytosyl- benzo[a]pyrene stroneg suggests for the
latter the.attachment to the hydrocarbon throughva subst1tut1ng position.

BefOre discdssing the NMR spectrum of:thevphotoprodUCtrIII, which

will enabIe us to establish the specific points-of linkage of the base



“TABLE I: Molar Absorption Coefficients

€'1~Zj o

[Amax( max) -

 §énzb[$jbyféné 5f °:

- 254.5(53,100) 265(56,500) 272(36,400)

© 284(49,000) 296(59,500) 332(4930)

© 6-Methylbenzo[alpyrene <

o 347(11 900) 365(22 900) 385(24 9oo)
‘4404(3150)

*256(31;000) 267(34 200) 277(18 200)z"'~‘3"

" 288(32,400) 300(45,800) 340(4550)

356(11,500) 374(21,600),394(22,800)

- .409(5000)

6-(1- Methylcytos 5-y1- _

benzo[a]pyrene

| 258(62,700) 268(64,000) 278(43;000)
290(50,300) 302(48, 700)”340(6030) x
;,-357(13 600). 375(27,800) 395(30 600) -
R 407.5(9430)_, | |

RS
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and.of the hydrocarbon,.it-is useful to considcr.the'structures_pre~
v10usly proposed for compounds of th1s type | . |
R1ce [3] obta1ned stable products in small amounts when bcnzo[a]pyrene
was 1rrad1ated in the presence of- urac11 thym1ne, cytosine, 5-metry]cytos1ne,v‘
guanlne and 6 azathymlne The. UV spectra of tnese compounds showed the same
absorpt1on maxima and were s1m11ar to that 1n F1gure 3C He proposed for

cytos1ne and benzo[a]pyrene the “cyclobutane adduct IV, in Wh]Ch tne 4,5-double

bond of théxhydrocarbon'is fused_Withfthe's,sidouble bond of the base. The
4,59doub]é:bondvof the'benéo[a]pyrene is the K.region proposed by the
Pu]]mansl(seé IntroduCtidh)i The ratfona]é of'the Pu11mans‘vtheory con-
-tr1buted largely to the -formulation of the adduct IV Tnis'struCture offers
two maJor d1screpanc1es. (i) The UV spectrum of the hydrocarbon,'wn uh ch
the 4,53douo]e bond is reduced as jn IV.may be supposed to be similar to
the’UV_spectrum of chrysene; but in fact, it_was,not (see Figure 2C). The
comparison of the UV spectra of chrysene(V)and'4,5-diacetoxy-4,5-d1hydro-"
benzo[a]pyrene(VILt as shown in Figure 4; are truly similar; therefore, the
structuré v for the photoproduct can be regarded as unlikely. (ii) The
same UV spoctra were obtained from the photoproducts’of benzo[a]pyrene and

pyrimidine bases or purine bases as, e.g., guanine. While it is easy to

This compound'wasgprepared in the manner described by Cook and Schoental [12].



vspe¢ufate about the possibility of a Cycioéddutt of the hydrocarbon with
the actf&é 5,6-doub1e:bbnd of the byrimidineibaSes; it is a bit more far
fetched to expect the same ‘derivative with guanine.

The latter argument is é]So Qé]id in causing serious doubts about
the stk&fture of the cyclobutane addﬁéts proposéd'by Ahtohello et al.[4]
for théiéame'photochemical products. In this case the'7;8-doub1e'b6nd of
fhé Hydrocarbon‘{s suggested'to form cyc1oédditfon with the nuc]eic'acid
bases;’uThe structure of these photoproducts was suggested since there
dbes éXf§t1a'simf]érity between the UV spectra of these compounds and the
uv speéfrum of'7,8—dihydrobenzb[a]pyréne. |
o The éhalysié of the 220 MH, NMR (Figure 58) shows'the-charactekistic._
methyixprofons of the c&fosine moiety af s 3.5T.”'Thevsame protons in the
NMR spectrﬂm ofllfmethy1cytosine in dimethylfdG-su]foxidevéré at S 3.15.
The two broad singlets at 6§ 4.52 and 6.64 are exchangeable when a drop of*
| déUterétéd_Water.is'added,_and.thus-correspond'tq the amino protons. In
]-methy]¢ytosinefthe3e'twovacidic protons passess a unique chemica] shift
at s 6.92; The difference of their chemicaivshiftélin the‘compound Ir
results presumably from hindered rotation of the amino group, as alreacy
nggeéted'ear]ier for the cytosine hydrochioridé [73], and fof'the 1-

methy]cytosine hydroch]oride [9].



R A

The.tuo‘doublets at 6'5‘54 andl7 44 in l-methylcytosine (Figure SA),
correspond1ng respect1ve1y to the protons in the 5- and 6-pos itions, have
.d1sappeared 1n compound IT1 (F1gure oB) Th1s m1ght 1mp1y, at first
g]ance that the 5,6~ doub]e bond of II is 1nvo]ved in the reaction with
the hydrocarbon However, if this bond has been reduced the corresponding .
protons must be strongly sh1fted to the h1gher f1e1d as can be observed
from the NMR spectrum of 5 6-dihydro- 1 methy]cytosune in ch]oroform-d
.(see Exper1menta]) where the protons in the 5- and 6- p051tlons are f0und
Cat's 2. 65 and 3. 33, respect1ve]y
| The expanded spectrum of 111 1n'the‘1ow ffeld region (Figure 6A) per-
mits one to visua]ize.the-aromatfc protons. The-integrated‘spectrum.shows
twe]Ve:protons.determined relative to the protons_of'the methyl group
(Figure SB) and-provides thevre]ative‘ratio from 1eft to right as
2;1.1:2:1;1.3.1, Comparison of this spectrum w1th the spectra of
benzo[a]pyrene (Flgure 68) and 6- metny]benzo[a]pyrene [14], which have
been 1nterpreted, shows the absence of the character1st1c s1ng]et peak
at ¢ 8 4], correspond1ng to the proton in the 6 pos1tnon A 51m17ar ab-
sence‘nas been obseryed in ‘the spectrum of the}6-methy1ben20[a]pyrene;..
Therefore thevhydrocarbon is substituted at the 6-carbon atom. .The tno
angular protons H]O -and H]] are c]ear]y 1dent1f1ed by their largest down—
_f1e]d sh1ft The H]2 is also ass1gned on the bas1s of the same coupling
‘constant as H]] and about the same chemical shift (s]1ght]y desh1e]ded)
as in benzo[a]pyrene. The two broad bandsﬁcentered at § 8.68 and.9.36 ;
are spinning side-bands - | o '
. The other protons of the nydrocarbon mo1ety are on]y tentat1ve1y
ass1gned The doublet at 6 8 24 (J = 7.0H ) is- probab]y the prctor in-

;the 7-p031t1on wh1ch is not desh1e1ded comoared to the benzo[a]pyrene,
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o
although the presence of the base subst1tuted in 6- -position snoqu prov1de
a desh1e1d1ng effect‘ The H4 is suggested to be the doubTet at s 7. 92
from 1ts chemlcaT shift and coupT1ng constant (J'= 8.8 H ) The chemical
sh1ft-and the coup]1ng constant (J = 7.5 H. ) also suggest the 1dent1ty of

H,. In the higher fier the compTex mu1t1p1et centered at av7.80~conta1ns

1°
three protons, which from their chemical shift are tentativeTy assigned

asdthelpretons at the 2-, 8-, and 9fp051tions. The twolprotons at & 8.08
are the Hé and HS;' This band system is a superimposftion of twd;dOUbTets.
The Sing]et.at 6 7.35, that was not'tound infthevspeetra”of benzo{a]pyrene

and 6-methy1benzo[a]pyrene must necessarily beTong to the methylcytosine

moiety. The chemical shift is consistent with the proton at the 6-position.

The methyltytosine in'dimethyl-ds-sulfoxide'(the base is insoluble in
chToroform) shows this signaT‘at 5 7.44. The_STight shift difference is

compatible with the solvent effect. The spectra of-5,6—dihydro-1—methy]¥
qytosineltn ehloroform-d_and dimethy]AdGASulfoxide present a shift dif- ;

ferente of the respettive protons of the same order of magnitude (see

' Experimental). The absence of the signaliéorresponding'to the proton in

the 5 pos1t1on and the resu1t1ng s1ngTet in the -6-position cTearTy signify
that the base is subst1tuted at the 5-position.

The uv spectrum, prev1ousTy discussed, has the same absornt1on maxima
as the- 6 methy]benzo[a]pyrene, indicating that the planar r1ng of the pyrl—
midine base is not conjugated to the aromatic hydrocarbon and thus,vmust

be perpendicular to it.

: Photobiological experiments and results

Negative photo-carcinogenic effect of non-carcinogenic nydrocarbons.

The capacity of binding with the_te]]u]ar component, in accordance with

the Pullman theory (see Introduction) is presumed to be directly related

o .

‘e
-
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‘to the presence of the eIectronfcaIIy rich K region. If the energy re-

quired to Idca]ize the two éIeétrons.is-beIow,a'Set Valuef the aromatic
hydnocarbon may.form an\addition.reactiOn with a.bfologiéal-récebtor and.
thereby 1nduce cancer | | | |

The non- carc1nogen1c hydrocarbons benzo[e]pyrene (VII) and nyrene (VIII)
were: chosen since they are character1zed by a 51m11ar structure to the |

benzo[a]pyrene (I) (K vaIue 3. 23 B). and possess K vaIues only sI1ght]y

3.33>3

_-3.37.3 S
L ¢ SN S S
h(ghér'fhén'tne IimIt bf?éartinogeniCity.* The ]affék reason was likewise
responsib]é_for the chbice of'chrysene (v). | | |
Thé'experﬁment was carried out on 180 mice. Swiss albino mice of
both.sexes; seven weeks old, were used. The mice were'snaved once a week
in the-interscapuiar area and painted twice a'Weék wfthJOQI mg of benzo[a]-

pyrene (I) in acetone (6ne drop of acetone solution devaered by an- auto-

:mat1c d1spenser) or with the correspondlng moIar amount of the other non-

carc1nogen1c hydrocarbon (v1de uQra) They were fed with S1mons;n food
and water was provided ggv11b1tum., The 180 mice were d1v1ded into nine

‘gnoups'treatedvrespectIVer:: 1) benzo[a]pyrene,bl’) benzo[alpyrene plus .

The 1limit value of the K region set by Pullman and Pullman [2] is a com-

'pIexvindex equal to 3.31 8, where 8 for the polycondensed aromatic hydro- -

carbons.IS‘about 20 kcal/mole.
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- UVv]{ghi,,Z):benzo[e]pyrene, 2')’benzo[e]pyren¢ p]us UV Tight, 3) pyrene,
3") pyréﬁe plus uv Tight 4) chrysene, 4') Chryéehéxp]us-UV-light'~5)’on]y.
UV 11ght | The pa1nt1ng was performed twice weekly by de11ver1ng a drop in - o
the c11pped 1nterscapu]ar area which was about 1 cm2 The 1rrad1at1ons
were carr1ed out four t1mes a week and two hours a day, using a 100 watt | '
uv 1amb.wifh;maximum oufput at 3660 A and keeping each group of 20 mice in
p]aStié-ébntainéré‘lo'x 10’cm and 3 cm'High,'covered'by a metallic net.
The infénsfty of therV_]ight; délfvered by a bQ]b 1émp at 20 cm from the
- mice, wéS'SSSO'uW/cmZ. VA fan system directed at the light beam regulated
the temberaturé at 25° at the level of the mice.x.The.experimenf lasted 18
weeks. After that period all mice survided. No tumors were disc1oséd in
vthe irradiated-only group or in the groups bofh.irfadfdted,ahd’n0n4irradfated;
treated'with the.non-carcinogenic»cﬁrysené'(V); benzo[e]pyrene (VII) and
pyrene (VIII). The group treated wi th fhe behzo[é]pyrene'(l) showed 31%
of tumors - whereas the group with benzo[a]pyrene p]us irradiation showed :

63% of tumors. The pos1t1ve photo-carc1nogen1c effect for I is in agree-

ment with the previous results [5].

~ DISCUSSION

The benzo[a]pyrene in the photoproduct III is subst1tuted at the 6-
cérpon atqm, which is known from the 11terature to-be the most reactlve
one. ' The same UV spectra for the photoproducts arising from irradiation
of the benzo[a]pyrene and all bases of nucleic acids [3, 4] or D”A 157 | .
suggest that the same.pos1t1on of the}hydrocarbon is bound to the_owo1o4.
gicdl substrates. Theréfore, the 4,5-doub]é_bdnd (K region)‘does rot nlay

_ the major role in the photdreaction with these nucleic acid components.
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The methy]cytos1ne 1n III is subst1tuted by the h/drocarbon at the 5-

' pos1t1on wh1ch has been postu]ated by theoret1ca1 caIcuIat1ons to be tne

most nuc]eoph111c one, both in the free base and 1n “the - cyt051ne guan1ne

' vcompIementary pa1r2[16]; Bes1des, the nucleoph11e hydroxyIam1ne reacts

SpeciffcaITyvat the‘64p051t1on of cytos1ne [17] Thus, ‘the react1ve 1nter- o

med1ate of the hydrocarbon produced by uv 1rrad1at1on presumab]y displays
a pos1t1ve charge 10ca11zed on the meso- anthracen1c pos1t1on In th1s
connect1on, further compe111ng ev1dence stems from the - rad1ca1 cat1on of
benzo[a]pyrene 1nduced by(hem1ca1 ox1dat1on Th1s 1ntermed1ate reacts at
the 6- pos1t1on w1th the nucIeoph111c n1trogen of pyr1d1ne [18]

| In the b1o]og1ca1 exper1ment the data for benzo[a]pyren confirm the
prev1ous resu]ts [5], namely, that there is an increase of cancer induction
in the m1ce pa1nted and 1rrad1ated as compared to the mice only painted
w1th.the same compound. If the extent of b1nd1ng to the b1oIog1caI const1-
tuents accounts for the photodynamic action of benzo[a]pyrene, the K reg1on'
s, not responswb]e for th1s effect 51nce the most active position is the
6-carbon-atom. as_above descr1bed,for the photochem1ca1 reaction between

the hydrocarbon and methylcytosine or other nUCIeic acid components.

The absence of tumors in mice treated with benzo[elnyrene, pyrene, or

chrysene, and then irradiated is another bit of eVidence against the bio-
Iog1ca1 1mportance of the K region 1in tr1gger1ng the cancer process. It,
is. worthwh11e to observe in this connecc1on the photo carcinogenic activity -
of the non- carc1nogen1c anthracene on painted and 1rrad1ated mice [19]

The high chem1ca1 as well as photochem1ca1 [20] react1v1ty of this nydro-

: carbon at the meso- pos1t1ons is well known

The precise way in which the very‘act1ve 6-position of the benzo[a]-

'pyrenesmight be related to the'carcinogenic activity of the hydrocarbon
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is beyondathe~$cope of this paper. The interested reader'wiT].find that

matter p}esented elsewhere [21].

s s
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FIGURE LEGENDS
FiQUke 1;  Scheme of the photochemiéa]'cdupling._
Figure 2. The infrared spectrum in chloroform of the”6-(1-methy]tytos—s-y1)-

benzo[a]pyréﬁe.

Figure 3. The ultraviolet spectra in 95% ethanol of benzo[alpyrene (A), 6-
methy]benzo[a]pyrqne (B), and 6-(methylcytos-5-y1)-benzo[a]pyrene (C).

Figure 4;..Thevu1travi01et absorption spectra of 4,S-diacethy—4,5—dihydro-
~benzo[aJpyrene (A) and chtysehe.(B) in 95%,ethahd]g

- Figure SA; The 220vMHz NMR spectrum of 1-methylcytosine (2%’wt/v) in dimethyl-

- d6-su1fdxide.,-Thevscale is referred to TMS as internal standard.

Figure 5B. The 220 MH, spectrum of 64(1-methy1cytos—5-y1)-benzo[é]pyﬁene
(0.5 - 1% wt/v) in saturated solution of chﬁoroform-d'(isotopic purity

100%) at 17°. The scale is-referred to TMS as internal standard.

Figure.GA,; The 220 MHz NMR expanded spectrum of 6-(1-methylcytos-5-y1)-benzo-

[alpyrene. The coupling constants are in_Hi and have been determined by

expansion at 2 Hz.per cm. The accuracy of the coupling constant.measurei 

ments is + 0.2 H,.

Figure 6B. The 220 MH, NMR spectrum of benzo[a]pyrene (2% wt/v) in CDC1, at
17°. The scale isvreferred to TMS as internal standard. The coupling
_constants are in.HZ'andvhave been determined by exnansion at 2 HZ per cm.

The accuracy of the coup]ing constant measurements is + 0.1 H,.
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or '

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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