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Carcinogenic non-aminoazo dye l-phcnylazo-2-hyJroxyn;i~)lith;ilcnc (Sudan I) is oxidizcd by microsomal 
cytochromes P-450 to reactive mehbolitc(s) binding to ni;icroniolecules (nucleic acids, proteins) in vitro. 
The extent of binding to niacroniolcculcs procccdcd i n  tlic ordcr: protcin > rltNA > tRNA > DNA. The 
pattern of products formed from Sudiin I and binding of the rcactivc mctabolitcs of this compound lo 
macromolecules arc dependent on the concentrations of Sudan I, NADl’ll and on the duration of the incu- 
bation. The participation of the adducts formed with macromolcculcs i n  tho initiation of chemical carci- 
nogenesis is discussed. 

EXPERIMENTAL 

Chemicals 

Sudan I (1-phenylazo-2-hydroxynaphthalcnc) (British Drug Ilouscs), cal f  thynius DNA and NADPH 
(Boehringer Mannhcim, F. R. G.), 5,6-benzoflnvonc (Signi:i. U. S. A.) and otlirr clicniic;ils (Lachema Brno, 
Czechoslovakia) were of analytical grade. Rat liver IRNA wiis prcp:irrd as described by Rogg el al.’. 

sized as described in  an carlicr paper6 from [U-14c‘]:~nilinc (’The Ikidiochcmical Centre, Amcrsham, 
. The labclled l-([U-’4C]~~hcnyl;izo)-3,-bydroxyn;~~~litl~~ilc~~~~ (14C-SuJan I ,  20 MBq nimol-I) was synthe- 
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England) and p-naphthol. and purified by column chromatography on basic alumina and preparative thin- 
layer chromatography (TLC) on silica gel. The labelled conipound was stored i n  a methanol solution at -5 'C. 

Subcellular Preparations 

Male Sprague-Dawley rats (about 100 - 150 g) were injected i.p. with 0 . 4 6  5,6-benzoflavone dissolved i n  
maize oil (60 mg kg-' body weight) once a day for 3 consccutive days. Aninials were starved for 16 - 18 h 
prior killing, and liver microsonics were prepared as dcscribcd by Kiniura et al.' and stored at -70 'C. 

Incubations 

Unless stated otherwise, to 1.4 nil of the incubation mixture containing 5 0 m ~  potassium phosphate buffer 
(pH 7.7) and 2mM NADPH, 3.5 mg of microsom;iI proteins, 100 ~ t l  of 3niM 14C-Sudan I dissolved i n  
methanol and 2 nig of DNA or tRNA were added. 'I'lic iiiixturcs were extracted after incubation (37 'C, 
120 min) with ethyl acctatc (2  x 2 nil). The amounts of rc.iction products and of tlie residual ''C-Sudan I 
were deterniincd in ethyl acetate extracts as described p r e v i o u ~ l y ~ ' ~ .  Microsonics were reisolated from the 
residual aqueous phases by centrifugation (60 min at 105 000 g, 4 ' C )  illid both. pellets and supernatants 
were collected separately. The extrxtion of Sudan I nirtabolites by ethyl acetate does not change those 
properties of microsomal proteins which arc esscntial for their reisolation by ~ e n t r i f u g a t i o n ~ ' ~ .  Pellcts of 
microsomes were thcn resuspended i n  one nil of 50mM Tris-IICI buffer, pi-I 7.5. One milliliter of 80% 
phenol and 1 ml of chloroform were thcn added to the resuspended microsomrs, mixtures were shaken 
vigorously and centrifuged (10 niin at  5 000 g, 20 'C). The :iqueous phascs were transfcrrcd into other test 
tubes and the phcnol-chloroform extraction procedure W:IS rcpratcd. Sniall volume (100 id) of 3 M  sodium 
acetate was addrd to the rcsulting aqueous phases. RNA (niaiiily rRNA). which is always present in the 
microsomal fractions containing ribosomes', was t l i e ~ i  precipitated from aqueous phases by ethanol (5  ml). 
In experiments with addcd tRNA or DNA to the incubation mixtures, similar procedurc was used. How- 
ever, one milliliter of 80% phenol and l ml of chloroform were added to supernatanis obtained aficr reiso- 
lation of microsomes containing tRNA or DNA and tlie mixtures werc shaken vigorously and ccntrifuged 
as described above. Small volume (100 id) of 3 M  sodium acetate was added to the aqueous phases. Then, 
tRNA or DNA was precipitated by ethanol ( 5  ml). 

Precipitates of nucleic acids wcre washed with eih,iiiol, eihanol-clicthyl ether (1  : 1, v/v), diethyl ether 
(2 x) and dried under a stream of nitrogen. DNA. tRNA or rRNA wcrc dissolved sepiiratcly i n  0.5 ml of 
distilled water and dialyzed against distilled water for tlic removal of tlic impurities (24 11). The 14C radio- 
activity of nucleic acids was determined i n  100 - 400 111 aliquots by means of liquid scintilhtion counting 
(Packard Tri-Carb 2OOO CA). The content of nucleic acids was measured s~~cc~ropliotomctrical ly~~~.  Micro- 
soma1 proteins were then recovered from the phenol-chloroform phases. Acetone ( 5  ml) was addcd to the 
residual phenol-chloroform layer containing denatured inicrosonral proteins. Prccipitiitcd proteins were cen- 
trifuged and washed by acetone (2 x), ethanol (2  x), eihanol-diethyl ether ( 1  : I ) ,  dicihyl ether (2  x) and 
dried under a stream of nitrogcn. Precipitates were dissolvrd i n  1 nil of 0 . 1 ~  N;iOlI (at 65 'C) and the 14C 
radioactivity of proteins was determined i n  100 111 aliquots by means of liquid scintil1;ition counting. The 
content of protein was measured by the method of Brdford" with bovine serum albumin as a standard. 

RESULTS AND DISCUSSION 

Microsoiiial enzyiiies of rat livers coiilriininy rytochroiiic P-450 ac1iv;ite Sudan  I to 
fonii metabolites niodifyiiig iiuclcic acids and proteins i n  vitro. Thc extent of binding 
to iiiicrosoiiial proteins wiis the highest a n d  procccdcd i n  the order: protein > rRNA > 
tRNA > DNA i n  iiicubiitioii iiiixturcs cont;tiiiiiig only iiiicrosoiiies (with the rRNA 
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present due to presence of ribosomcs) or iiiicrosomcs ; i d  DNA or iiiicrosoiiics and 
tRNA. In the abseiicc of microso~iinI C I I Z Y I ~ I ~ S ,  no binding w a s  observed (Tzible I). The 
binding to ni;icro~iiolcculcs is dcpciidcnt on tlic coiicciitriilioii of NADPH i n  incubation 
mixtures (Table 11). 

TABLE I 
Binding of I4C-Sudan I activated by microsomes to niacroniolcculcs in vitro. The values given are averages 
of three parallel experiments together with standard deviations. For other conditions see Experimental 

Binding to' 

protein DNA tRNA rRNA 

Reaction mixture 

Complete 13.90 0.40 0.53 1.52 
f 0.90 f 0.02 f 0.02 f 0.05 

Wi thout microsomes 0 0 0 0 

Without NADPH 0.10 0.01 0.09 0.08 
f 0.001 * 0.(K,I * 0.003 f 0.002 

I n  nmol mg-I. 

TABLE 11 
Effect of NADPII on the binding of t4C'-S~d:i~i I activated by iiiicrosoiiics to iii~cro11i01ccuIcs. The values 
given are averagcs of llirce piiriillel expcriiiiciits and stiiiidard dcvi:itioiis. For other conditions see Expe- 
rimental 

Binding to" 
NADI'I I 

m M 
DNA tkNA rRNA protein 

0 0.10 0.01 0.09 0.08 
* O.(OI * 0.001 f 0.003 f 0.002 

0.5 3.50 0.15 0.25 0.70 
f 0.01 * 0.009 f 0.009 f 0.002 

1.0 8.23 0.30 0.40 1.10 
* 0.20 * 0.01 * 0.01 f 0.03 

1.5 13.00 0.38 0.50 1.45 
f 0.90 * 0.01 f 0.01 f 0.05 

2.0 13.90 0.40 0.53 1.57, 
f 0.90 * 0.02 f 0.02 2 0.05 

I n  nmol mg-'. 
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Furtherinore, binding of the activated ' 'C-S~di~~l  I mctabolitcs to macromolecules is 
deyendcnt on the lciigtli of iiicubatioii (Titblc 111) and 011 tllc amount of 14C-Sudan I 
present (Titblc IV). Thc highest level of binding is rcilchcd iiftcr 120 min. 

Iiicrcasiiig concclitriitiolis O f  ' 'C-S~di~~l  I (up to 0.1 11111101 1-I) cllhiIllccS the binding 
to iiiiicroiiioIcculcs, however, under colicclltriltiolls of ' ' C - ~ ~ d i ~ ~ l  I ItigIicr thilll 0.1 
niniol 1-' the bindiug of ''C-S~dil~i I 1llctilbolitcs is dccrcilscd. Tlicsc results obtained 
seeiii to be rathcr surprising. The ~iictitbolis~l1 of 14C-S~di~~1 I by microsonial enzyilies 
was, hence, studicd i n  niorc dctiiil. Diffcrcnt rotlccntrittions of ''C-Sudan I i n  the incu- 
bation mixture a t  constant col1ccntriltiolL. of lllicrosoiliitl clizyiilcs aiid NADPH lead to 
the foni1iltioti of diffcrciit pattcrn of products. At thc conccntriltioltj of 14C-Sudan I 
highcr than 0.15 11111iol 1-', lililjor part of  p rodum fornicd ilrc C-hydroxy dcriviitivcs of 
Sudan I: 1-(4'-hydr0~y~~l~~1iylil~~)-2-hyd~~~yt~i1~~lttllill~1~~ (Vo  ;111d l-phcnylazo-2,6- 
dihydroxy~ii lphthi l lc~i~ (V). Anotlicr product ,  which WilS dctcrlcd its ii bcnzencdia- 
zoriiuiii ion (or tlic compound riliscd frot i i  this ion-product o3.l1 is, Iiowcvcr, foriiicd as  

TABLE 111 
Dependcnce of the binding of "C-Sudan I mctabolilcs to 111iicron101ecuIcs after aclivntion wilh the micro- 
soma1 system on incubation linic. 'I'hc niciins and standard dcvi:ilions wcre o1it;iined from triplicate determi- 
nations. For olhcr conditions sce Expcrinicntiil 

Binding to" 
Time 
niin 

DNA tRNA rRNA protein 

0 0.01 0 0 0 
f 0.001 

10 

20 

40 

60 

100 

120 

3.80 0.10 0.18 0.40 
f 0.01 f 0.0()8 f 0.005 f 0.001 

6.7-5 0.14 0.25 0.65 
f 0.20 * 0.ooY * 0.OM f 0.02 

8.80 0.20 0.38 1.10 
f 0.20 f 0.01 f 0.01 i 0.03 

10.80 0.28 0.48 1.45 
f 0.80 * 0.01 * 0.02 f 0.05 

1339 0.36 0.53 1.50 
* 0.90 f 0SJ2. f 0.02 * 0.05 

13.90 0.40 0.53 1.52 
0.90 f 0.tn f 0.02. f 0.05 

a In nmol my-'. 
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TASLE 1v 
Effect of concentration of L4C-S~d;~n I on tlic 1)iding of metiilw1;tcs to iii;icroriiolrc.ulcs. 'llie nicnns arid 
standard deviations wcre obtained froiii tripliwtc dekriiiiii~itioiis. For oilier colditions sce Expcrinien~al 

Binding to" 
''C-Sudan I 

mM 
DNA tkNA rRNA pro tr i 11 

0 

0.05 

0.10 

0.20 

0.30 

0.40 

0 

12.83 
t 0.80 

17.3 1 
t 0.90 

13.90 
f 0.90 

12.80 
f 0.w 

12.01 
z 0.80 

0 

0.4 1 
* 0.(12 

0.48 
* 0.03 

0.40 
* 0.01 

0.36 
* (1.02 

0.36 
f 0.01 

0 

0.61 
* 0.K 

0.66 
* 0.03 

0.53 
* 0.0' 

0.27 
* 0.01 

0.24 
2 0.01 

0 

1.35 
f 0.04 

1.53 
f: 0.06 

1.52 
f 0.05 

0.69 
* 0.02 

0.45 
f 0.02 
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foriiiation of beiizeiiediazoiiium ion is apparently rapid ( a s  it possibly may be repre- 
sented a t  the bcginning as a pseudoiiioIioiiiolccular reaction, i.c. cleavage of the mole- 
cule); the niechanism of reactions leading to C-hydroxylated products may be more 
complicated (the iilsertion of oxygen atom). HCWC, when Sudan I is present in the 
incubation mixture a t  low concciitratioils and thc wholc amount of Sud;in I is converted 
rapidly, this conipound could be oxidized niaiiily to bciizciicdinzoniuiii ion which is the 
reactive u 1 ti ilia tc ca rcinogen. 

Foriliation of dirrercllt Sudan I products i n  the dcyendcnce on the length of incu- 
bation (or on the Sudan I concentrdtions) could also be explaiiicd i n  another manner. 
Microsoiiial enzyiiies (cytochromcs P-450), which were used i n  the experiments were 
induced by 5,G-bcnzofl;ivone. That lilcil11s that thc liIicroso1iiiil prcprations were rich in  

TABLE V 
Effect of of 14C-Sudan I concentration on the proportion of products Tornicd lroni this compound by the 
microsomal system expressed in  relative radiosclcctivity" (%). 1ncub;ition mixture without addition of 
nucleic acids. For other conditions see Experiniental 

Productb Concciitration, mniol I-' 
~~ 

0.05 0.10 0.16 0.20 0.30 0.40 0.50 

I 78.7 
* 0.7 

11 3.3 
2 0.03 

I l l  5.5 
* 0.5 

IV 2.4 
* 0.2 

V 2.0 
* 0.1 

VI 4.2 
* 0.01 

VII 3.9 
* 0.5 

38.5 
f 0.3 

11.1 
f 0.1 

27.2 
0.3 

0.9 
* 0.1 

2.4 
* 0.2 

16.8 
* 1.2 

3.1 
* 0.09 

16.5 
t 0.1 

6.6 
t 0.6 

19.1 
* 0.2 

0.6 
* 0.05 

17.0 
t 0.9 

36.5 
* 0.66 

3.7 
t 0.9 

12.5 
* 0.1 

5.3 
* 0.05 

13.3 
t 0.1 

0.3 
* 0.03 

16.3 
* 0.7 

4 1.4 
t 0.8 

10.9 
* 1.0 

4.1 
* 0.04 

1.4 
t 0.1 

3.2 
* 0.03 

0.2 
* 0.01 

21.3 
* 1.2 

31.1 
* 0.9 

35.7 
t 3.1 

3.3 
* 0.03 

1.1 
* 0.1 

2.3 
t 0.02 

0.2 
* 0.01 

18.7 
t 0.3 

26.7 
* 2.1 

47.4 
1.9 

2.3 
* 0.02 

1.2 
* 0.1 

2.0 
* 0.02 

0.2 
t 0.02 

16.4 
* 1.0 

24.4 
1.9 

53.5 
* 0.8 

a Mean and standard deviation; total radioactivity was 217.57, 535.64, 1 017.41. 1 210.34,2 568.01, 3 146.87 
and 4 985.32 Bq for 0.05, 0.10, 0.16, 0.20, 0.30, 0.40 and 0.50 niM ''C-SuJ;i~i I, respectively. bCompounds 
separated by TLC (dietliyl ether-petroleum ether 3 : I )  alter extraction by ctliyl acrtiite (see Experimental). 

Collect. Czech. Chem. Commun. (Vol. 57) (1992) 



1544 StiborovA, Anzenbacher: 

cytochroiiie P-448 The prcsciicc of otlicr isociizyiiics of cytoclironie P-450 (in 
niinority) could not, however, be excluded. Cytochroiiic P-448 present i n  tlie micro- 
SOllleS i n  the iiiiijority liiiiy prefer lliiiilily such ill1 oriclltiilioli of substriitcs which is 
niore appropriate for the oxidative splitting of Sudii11 I th;in for C-hydroxyliitio11. 011 the 
other hand, iiiiiior isociizyiiies of cytochroiiic P-450 ciiii prckr C-hydroxylation of 
Sudan I. The products of rcactioiu ciitalyzcd by these niinor isocnzymcs (because of 
their low concentrations) may coiilributc to tlic dclcctioii of C-hydroxy derivatives, but 
only after a prolonged tiiiic of illcubation (or t i t  higher SUdiili I concentr;itioi~s). 

Interaction of chcniical carciiiogeiis or their iiictitbolitcs with niircroiiiolceulcs in  the 
target cell seenis to be a n  csscntiiil event i n  cliclIiicii1 ciirciiioyciicsis in  the ciise of the 
so called genotoxic c.arciiiogcns'2 . 

TABLE VI 
The time-dependence ''C-Sud:~n I conversion by tlic microsomal system exprcsscd i n  rc1:itivc riidioactivity" 
(46). Incubation mixture containing 0.16nlM ' 'C-S~d;i~i I ;ind witliout addition of nucleic acids. For other 
conditions see Experimental 

Productb 1ncuh:ilion time, niin 

0 15 30 60 120 

I 

I1 

0.2 
i 0.01 

0 

111 0 

IV 0 

V 0 

VI 0 

VII 99.8 
i 2.5 

37.5 
2 1.8 

6.1 
i 0.5 

10.0 
i 1.2 

1.4 
i 0.1 

9.5 
i 0.7 

26.3 
i 1.0 

9.2 
f 0.9 

3-8.7 
2 0.9 

9.8 
i 0.9 

10.9 
i 1.1 

1.3 
i 0.1 

13.1 
2 0.8 

30.3 
* 1.8 

5.9 
i 0.4 

16.4 
2 0.n 

11.7 
i 0.7 

20.0 
i 0.7 

1.2 
i 0.11 

16.9 
i 1.0 

30.2 
2 1.3 

3.6 
i 0.2 

16.5 
i 0.8 

6.6 
i 0.4 

19.1 
2 0.7 

0.6 
i 0.04 

17.0 
i 0.9 

36.5 
i 0.9 

3.7 
i 0.2 

Mean and standard deviation: total radioactivity was 1 025.53. 1 037.06, 999.88, 1 001.48 and 1 017.41 Bq 
for 0, 15, 30, 60 and 120 min. respectively. Compounds scp:ir;itcd by TLC (dirthyl ether-petroleum ether 
3 : 1) after extraction by eihyl acetate (see Experimental). 
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The i n  vivo biiidiiig of ' ' C - S ~ d i ~ ~ i  I ~ i i ~ t i i b ~ l i t ~ s  to iiuclcic acids of rat livers was 
detected p r c v i ~ u s l y ' ~  ;ind a prcdoliiiliiiiit i1itcriiction with the rat livcr RNAs was found. 
The results obtained i n  the in  vilro cxpcriiiiciils p r c v i ~ u s l y ' ~  and in  this paper are in 
good corrclation with the i n  vivo studies, iis i n  ill1 the CilscS thc prcfcrcncial binding of 
Sudan I mctabolitcs to the RNA W~IS  fouiid. Bcciiuse of thc iniportiint role of RNAs in 
the tralSli1tio11 of 12Jc gciictic I ~ I C S S ~ I ~ C ' ~ ,  ill1 Cvidc1ic.c hiis bccii prcsciitcd thiit chaiiges in 
the structure of these iiuclcic acids (caused ~ I I S O  by the biiidiiig of carcinogcns) are 
associatcd with altcriitiois i n  the iiictabolilcs rcguliitioii, ~ c l l ~ l i i r  diffcrciitiation and 
neoplastic trii~isfoniiiitioli, and of cell growthi5~'' . Thus, the cffcclivc modification of 
RNAs by activatcd Sudiili I (besides the DNA) could illso bc inipliciitcd into the 
ncoplastic processes due to this carcitiogcn. It Wits dcscribcd ciirlicri4 thiit modification 
of tRNA by activated Sudiiii I incrciiscs thc acceptor iictivity of tRNA lor  L-methionine. 
This niodificiitioli 1iiily bc iIiiportiiIit i n  tlic ~ i i d ~ l i ~ t i ~ i i  of I'urtlicr processes of protein 
synthesis (i1icreilscd protciii foriiiiitioii) o r  i n  chii~igiiig tlic rcguliitory processes (leading 
e.g. to thc synthesis of  iIbcrriliit proteins with niodificd biologiciil fu~ictions) '~.  HOW- 
ever, furthcr extensive studies must bc ciirricd out to resolve tlicsc questions. 

Microsoiiinl proteins arc the iiiiijor tiirgcts for ttic binding of itctivittcd Sudiili I, as the 
binding to thcsc mncronioleculcs is higher t h i l i i  to RNA or DNA whcii tlicse nucleic 
acids are prcscnt i n  the rciiction oiixturc. Thcsc proteins iirc, however, the most readily 
availablc mscroniolcculcs for niodificiitioti i n  the cell, beciiusc of tlicir locations. 
Hcnce, 111 icroso1iiil I prole ins (si ~ i i i  1i1 rl y iis other pro lei 11s) which il re prcscnt i 11 the 
niciiibraiic of cIidoplilsniic rcliculuiii (cytocliroiiic P-4.50) or iii thc cytopl;ism (other 
protciils) cnii protcct iiuclcic iicids against the liiodificiition. The study of chiinges i n  the 
physiological funclions of iiiicrosoiiiiil ciizyiiics resulting froiii their niodificiition with 
~ i i ~ t i ~ b ~ l i t ~ s  of Sudilli I will bc pcrforiiicd in  order to giiiii rcsults which could enlight 
the problem (i) how thc niodiliciitioii of 11ii~ro~o111iiI prolciiis CiiIi iiltcr thc cellular 
proccsscs and (ii) whctl~cr i t  could be i~iipliciitcd i n  ~ 1 1 ~ 1 i i i ~ i 1 1  ciirciiiogciicsis. 

We wish to express oiir grcrtitrtde to the late I'rofessor D. .Ycliriiiilil ciircl to D r  E.  Frei nrid Profasor 

M. U' ias l r r  from !lie Iristitrite of T o x i c o l o ~ ~  c r d  (. 'Iierno~li~rirpy of / l ie (,'erm~iii Ciriicer l(esenrcic Cuitr i im iii 

Heidelberg (F.R.G.) for the possibility to perform some exprimerrts its lrburirtories crrid for tire Irelpfiil scieiiti- 
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