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Abstract--An ester of 4-hydroxyaminoquinoline-l-oxide (4-HAQO), the O,O'- 
diacetyl derivative (diAc-4-HAQO), was previously considered as a possible ultimate 
metabolite of the carcinogen 4-nitroquinoline-l-oxide (4-NQO). In order to verify such 
a hypothesis we have carried out a fluorescent comparative study between the in vitro 
diAc-4-HAQ.O reacted D N A  and the in vivo 4-HAQO and 4-NQO modified DNA.  
Our results show that diAc-4-HAQO could be used as a model of ultimate carcinogen 
of 4-NOo. 

I N T R O D U C T I O N  

THE POTENT carcinogenic action of 4- 
nitroquinoline- 1-oxide (4-NQO) is well known 
since it was first demonstrated by Nakahara et 
al. [1]. Later, it was proposed that 4- 
hydroxyaminoquinoline- 1 -oxide (4-HAQO), 
which is a metabolite of 4-NQO, might be the 
proximate carcinogen [2] and that the re- 
ductive pathway which yields 4-HAQO see- 
reed to be essential for the carcinogenic me- 
chanism of 4-NQO [3, 4]. More recently, 
Tada  and Tada [5] have shown that an 
unique enzymatic system could be responsible 
for the activation of 4-HAQO. 

By analogy with other carcinogens, such as 
acetyl-aminofiuorene [6], it was considered 
that esters of 4-HAQO could appear as ul- 
timate metabolites in the carcinogenic ac- 
tivity. Indeed, Enomoto et al. [7] reported 
that the O,O' -d iace t y l  derivative of 4-HAQO 
(diAc-4-HAQO) reacted covalently and non- 
enzymatically with DNA at neutrality. The 
diAc-4-HAQO-reacted DNA exhibits parti- 
cular fluorescent properties and preliminary 
work was carried out by Enomoto et al. [7] in 
order to compare these fluorescent properties 
with those reported by Tada  et al. [8] and 
Matsushima et al. [9] for the reacted nucleic 
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acid formed in vivo by exposure of ascite cells 
to 4-HAQO. The work of Enomoto et al. [7] 
is the only publication to date which concerns 
the in vitro binding of the diacetyl derivative 
with DNA and unfortunately, no spectra are 
shown in this work. It is therefore impossible 
to appreciate the degree of accuracy of such a 
comparison. 

In this paper we carry out a comparative 
fluorescence study between the in vivo- and in 
vitro-reacted DNA, with either 4-NQO and 4- 
H A Q O  or diAc-4-HAQO respectively. In the 
in vivo experiments the complexes between car- 
cinogen and DNA were formed by exposure 
of Zajdela ascite tumor cells to 4-HAQO and 
4-NQO. The in vitro diAc-4-HAQO reacted 
DNA was obtained by using the ascite cell 
DNA. 

In the two cases, the determination of 
quinoline binding DNA was carried out by 
using 4-HA[2-3H]QO and diAc-4-HA[2- 
3H]QO. 

M A TER IA LS  A N D  M E T H O D S  

Chemicals 

4-NQO was kindly provided by Professors 
Sato and Kawazoe. 

4-HAQO was obtained from 4-NQO by the 
method of Enomoto et al. [7]. 

DiAc-4-HAQO was prepared from 4-HAQO 
according to the method of Kawazoe and 
Araki [ 10]. 
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4-N [2-3H]QO was obtained from Amersham 
Ltd. [specific radioactivity 941 mCi/mmole). 

4 -HA[2-3H]QO obtained as previously 
described [7] presented a specific radioactivity 
of 18.42 mCi/mmole. 

DiAc-4-HA[2-3H]QO obtained from the 
method of Kawazoe and Araki [10] exhibits a 
specific radioactivity of 9630 counts/min/nmole. 

S. Gali~gue, B. Bailleul and M.-H. Loucheux-LeJ~bvre 

Fluorescence Intensity 
~ Arbitrary Units 

Preparation of in vivo-reacted DNA 

The method of preparation was previously 
described by Ikegami et al. [ 11 ]. 
Approximately 106 ascite tumor cells (H.Z. 
line) were injected i.p. into 3-month-old male 
Wistar rats of about 300g. Seven days after 
transplantation, either 4 -NQO or 4 - H A Q O  
was i.p. injected. 

For 4-NQO, a 0 .018M solution was used. 
It was obtained from 4-NQO dissolved in a 
small amount of dimethylsulfoxide followed by 
appropriate dilution with physiological saline 
solution. For 4 - H A Q O  the 0 .03M solution 
was obtained by direct dissolution of the 
carcinogen in physiological saline solution. In 
the two cases 0.5ml/rat  of the carcinogen 
solution was injected. The rats were killed by 
decapitation either 1 or 2 hr later. The ascitic 
fluid was drained and the cells were harvested 
by centrifugation t5 min at 1500rev/min). 
Cells were washed in a 0.25 M/0.88 M sucrose 
gradient containing 10°), PBS in order to 
remove contaminating red blood cells. Then 
DNA was extracted using the Marmur 's  me- 
thod [ 12]. 

Preparation of in vitro-reacted DNA 

The DNA was obtained from ascite cells of 
untreated rats using the method of extraction 
of Marmur  [12]. DNA in a 2 x 1 0 - 3 M  so- 
dium citrate buffer p H 7  was reacted with 
diAc-4-HAQO dissolved in E tOH in ordcr to 
obtain a final buf fer /EtOH ratio: 80/20 by 
volume. The initial reaction mixture is char- 
acterized by R, the ratio of molar concen- 
tration of diAc-4-HAQO/concent! 'ation of 
DNA expressed in mole P/1. Many samples of 
modified DNA's were prepared corresponding 
to different values of R. The reaction is 
carried out at 37°C, in the' darkness, for 
45 min. After reaction, the modified DNA was 
purified by extensive diethyl ether extractions. 
The remaining non-covalently bound qui- 
noline residues were removed by extensive 
precipitations and washing with ethanol. The 
lack of non-covalently bound quinoline was 
checked by counting aliquots of 200 #1 of the 
supernatant ethanolic fractions. 
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Fig. 1. Fluorescence spectra o f  Do:v\~I isolated .from (A) 4- 
.VQO and (B) 4-HAQO-exposed ascite tumor cells, in 2 
x 1 0 - 3 M  citrate bufJ}r, pH7.  The concenlralion o f  D.,VA 

was l m g / m l  and the excitation wavelength 350mm. The 
,/igure shows the corrected readings at different 
erposu~e limes. Curve l : l = 2 h r ;  curve 2 : t =  l h r ;  curve 3: no 
carcinogen exposure (rej~rence D N A ) .  The band at 400 nm is 

corresponding to a Raman vibration o f  water. 
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Fluorescence studies 

T h e  fluorescence spectra were recorded 
with a differential  spectrof luor imeter  (model 
F I C A  55 000). T h e  appara tus  is totally cor- 
rected,  that  is, in exci tat ion (the f luctuations 
and the ageing of  the lamp are au tomat ica l ly  
compensa ted)  and in emission. T h e  spectra 
were recorded  using the unreac ted  D N A  as 
reference. Fluorescence spectra were measured  
in 2 x 10-  3 M citrate buffer pH  7. 
Concen t ra t ion  of  D N A  was 1 mg/ml  for the in 
vivo reacted DNA. 

T h e  fluorescence curves were recorded in 
a rb i t ra ry  units; therefore the quant i ta t ive  de- 
terminat ions were impossible; more  especially 
the q u a n t u m  yield of  the bound  carcinogen 
could not  be calculated.  Nevertheless, a com- 
parison between the intensities of  different 
fluorescence spectra could be carr ied out  
when these spectra were recorded with exact ly 
the same exper imenta l  conditions and with 
identical  settings on the spectrofluorimeter .  

RESULTS 
Fluorescence studies 

In vivo-reacted D?CA. D N A  isolated from 4- 
N Q O -  and 4 - H A Q O - e x p o s e d  cells is fluores- 
cent. T h e  spectra  ob ta ined  with an excitat ion 
wavelength  at 3 5 0 n m  (Fig. 1) exhibit  a 
fluorescence emission band  with a main  ma- 
x imum at 4 6 5 n m  ei ther  for 4 - N Q O -  or 4- 
H A Q O - m o d i f i e d  DNA. In  the case of  4- 
H A Q O - m o d i f i e d  DNA,  the spect rum is sli- 
ghtly s t ructured and three secondary  max ima  
at 475, 487 and 4 9 5 n m  are observed. It  
appears  that  the fluorescence intensity and 
consequent ly  the amoun t  of  bound  fluorescent 
compound  depends on the t ime of  carcinogen 
exposure,  essentially in the case of  4 - N Q O .  As 
observed in Fig. 1, the spect rum is more  
intense after 2 hr than  after 1 hr of  exposure. 
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Eig.2. Fluorescence spectra of the diAc-4-HAQO-reacted 
DNA. The DNA was isolated from untreated ascite tumor cells. 
The spectra were recorded with 0.3 mg/ml DNA solutions in 2 
x 1 O- 3 M citrate buffer, pH 7. The excitation wavelength was 
350 nm. The figure shows the corrected instrument readings for 
different values of R, ratio of molar concentration of diAc-4- 
HAQO/concentration of D?¢A expressed in mole P/l, in the 
initial reaction mixture. Curve l:R=0.5; curve 2:R=0.2; 
curve 3 : R = 0 (,reference DNA).  The band at 400 nm has 

the same meaning as that in Fig. 1. 

observed between the two spectra ob ta ined  
after 1 or 2 h r  of  exposure of  cells is not 
significant. 

In vi tro-reacted D N A .  T h e  fluorescence spe- 
ctra obta ined  with an excitat ion at 3 5 0 n m  
are shown in Fig. 2. T w o  spectra correspond-  
ing to two different values of  R ( R = 0 . 5 ;  R 
= 0 . 2 )  are shown. These  spectra are slightly 
s t ructured and exhibit  a principal  m a x i m u m  
at 4 6 5 n m  and three secondary  max ima  at 

For  4 - H A Q O - m o d i f i e d  DNA,  the d i f f e r ence  475, 485 and 495nm.  

Table 1. Determination o f  the quinoline binding to D N A  in in vivo experiments using 4-HA[2- 
3H] Q O. Half a ml of  the solution o f  carcinogen in physiological saline solution was injected i.p. to 
rats bearing a Zajdela ascite tumor. The exposure time was 1 and 2 hr and two rats were used for  

each experiment 

Quinoline binding to 
Time after carcino- DNA specific activity DNA, expressed as mole- 

gen injection counts/min/mg cule of carcinogen per 
(hr) DNA nucleotide 

4-HA[2-3H]QO 1 3333 
0.03 M 1 2920 

5,4x 10 -5 
4,7 x 10 .3 

4-HA[2-3H]QO 2 2714 4,6 x 10- 3 
0.006 M 1 600 1 x 10-5 
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Determination of quinoline binding to DNA 

In vivo-reacted DNA.  T h e  extent  of  b inding 
of  isotope to D N A  at 1 and  2 hr  after injection 
of  4 - H A [ 2 - a H ] Q O  is given in T a b l e  1. 
Moreover ,  we show tha t  by using different 
amoun t s  of  4 H A Q O  (30 m M  and 6 raM) ,  the 
percen tage  of  quinol ine b ind ing  to D N A  is 
p ropor t iona l  to the injected quan t i ty  of  carci-  
nogen.  As observed in T a b l e  1, the specific 
act ivi ty of  D N A  obta ined  with the more  
concent ra ted  solution of  4 - H A Q O - - e i t h e r  for 
1 or 2 h r  of  expos u re - - co r r e s ponds  to appro-  
x imate ly  1 molecule  of  quinol ine der iva t ive  
per  20,000 nucleotides of  DNA.  This  result is 
in good a g r e e m e n t  with those previously ob- 
ta ined by I k e g a m i  et al. [11] and  T a d a  and 
T a d a  [13]. 

In  vitro-reacted DNA.  M a n y  samples  corres- 
pond ing  to different extents of  carc inogen 
binding to D N A  were charac te r ized  (from 0.2 
to 1.0 quinol ine ring per  100 nucleotides).  T h e  
details concerning these de te rmina t ions  will be 
given elsewhere. 

DISCUSSION 

Since the fluorescent proper t ies  of  reacted  
D N A  were essentially due to the quinoline 
ring one can c la im tha t  the quinol ine moie ty  
is covalent ly  bound  to D N A  either in vitro 

with d i A c - 4 - H A Q O  or in vivo f rom 4 - N Q O  
and 4 - H A Q O .  As expected,  the percen tage  of 
bound  rings is h igher  in the in vitro than  in 
the in vivo reactions.  

For  both  in vivo and in vitro reacted D N A  
the fluorescence spectra  exhibi t  a pr incipal  
m a x i m u m  at the same wavelength  i.e., 
465 n m  and,  in the two cases, three addi t ional  
m a x i m a  at 475, abou t  485 and  4 9 5 n m  are 
observed.  Such character is t ical ly  similar 
fluorescence spectra  suppor t  the proposal  that  
d i A c - 4 - H A Q O  constitutes a valid model  for 
the u l t imate  carc inogen in investigating 
chemical  carcinogenesis  by 4 - N Q O .  

This  result, however ,  does not allow us to 
state that  the react ion  was exact ly the same in 
the two cases, i.e., tha t  the adducts  are identi-  
cal. Fur the r  work is in progress in our labo- 
ra tory  to charac te r ize  these adducts.  
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