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Reactivity of the O,0’-Diacetyl

Derivative of the Carcinogen
4-Hydroxyaminoquinoline-1-Oxide with DNA.
Comparison with in Vivo-Reacted DNA*
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Abstract—An ester of 4-hydroxyaminoguinoline-1-oxide (4-HAQQO), the 0,0'-
diacetyl derivative \diAc-4-HAQOY), was previously considered as a possible ultimate
metabolite of the carcinogen 4-nitroquinoline-1-oxide (4-NQO). In order to verify such
a hypothesis we have carried out a fluorescent comparative study between the in vitro
diAc-4-HAQO reacted DNA and the in vivo 4-HAQO and 4-NQO modified DNA.
Our results show that didc-4-HAQO could be used as a model of ultimate carcinogen

of 4-NQO.

INTRODUCTION

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-HAQQO),
which is a metabolite of 4-NQQO, might be the
proximate carcinogen [2] and that the re-
ductive pathway which yields 4-HAQO see-
med 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-aminofluorene [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 0,0'-diacetyl 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 e 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-
HAQO or diAc-4-HAQO Trespectively. 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 wn 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-°H]QO and diAc-4-HA[2-
*H]QO.

MATERIALS AND METHODS

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-*H]QO was obtained from Amersham
Ltd. (specific radioactivity 941 mCi/mmole).

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

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

Preparation of in vivo-reacted DNA

The method of preparation was previously
described by  Tkegami e al. [11].
Approximately 10° 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-HAQO
was 1.p. Injected.

For 4-NQO, a 0.018 M 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-HAQO 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 2hr later. The ascitic
fluid was drained and the cells were harvested
by centrifugation (3min at 1500rev/min).
Cells were washed in a 0.23 M/0.88 M sucrose
gradient containing 109, .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 2x107*M so-
dium citrate buffer pH7 was reacted with
diAc-4-HAQO dissolved in EtOH in order to
obtain a final buffer/EtOH ratio: 80/20 by
volume. The inidal reaction mixture is char-
acterized by R, the ratio of molar concen-
tration

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 ul of the
supernatant cthanolic fractions.

of diAc-4-HAQO/concentration of
DNA expressed in mole P/l. Many samples of
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Fig. 1. Fluorescence spectra of DNA isolated from (A) 4-
NQO and (B) 4-HAQO-exposed ascite tumor cells, in 2
x 1073M citrate buffer, pH7. The concentration of DNA
was 1 mg/ml and the excitation wavelength 350 mm. The
corrected  readings  at  different
exposure limes. Cwrve 1:1=2hr; curve 2:t=1hr; curve 3: no
carcinogen exposure (reference DNA). The band at 400nm is
corresponding to a Raman vibration of waler.
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Fluorescence studies

The fluorescence spectra were recorded
with a differential spectrofluorimeter (model
FICA 55 000). The apparatus is totally cor-
rected, that is, in excitation (the fluctuations
and the ageing of the lamp are automatically
compensated) and in emission. The spectra
were recorded using the unreacted DNA as
reference. Fluorescence spectra were measured
in 2x107* M citrate buffer pH7.
Concentration of DNA was ! mg/ml for the in
vivo reacted DNA.

The fluorescence curves were recorded in
arbitrary units; therefore the quantitative de-
terminations were impossible; more especially
the quantum yield of the bound carcinogen
could not be calculated. Nevertheless, a com-
parison between the intensities of different
fluorescence spectra could be carried out
when these spectra were recorded with exactly
the same experimental conditions and with
identical settings on the spectrofluorimeter.

RESULTS

Fluorescence studies

In vivo-reacted DNA. DNA isolated from 4-
NQO- and 4-HAQO-exposed cells is fluores-
cent. The spectra obtained with an excitation
wavelength at 350nm (Fig. 1) exhibit a
fluorescence emission band with a main ma-
ximum at 465nm either for 4-NQO- or 4-
HAQO-modified DNA. In the case of 4-
HAQO-modified DNA, the spectrum is sli-
ghtly structured and three secondary maxima
at 475, 487 and 495nm are observed. It
appears that the fluorescence intensity and
consequently the amount of bound fluorescent
compound depends on the time of carcinogen
exposure, essentially in the case of 4-NQO. As
observed in Fig. 1, the spectrum is more
intense after 2hr than after 1 hr of exposure.
For 4-HAQO-modified DNA, the difference

Table 1.

Fluorescence intensity
Arbitrary Units

200 350 500 550

Fig.2. Fluorescence spectra of the didc-4-HAQO-reacted
DNA. The DNA was isolated from untreated ascite tumor cells.
The specira were recorded with 0.3 mg/ml DNA solutions in 2
x 1073 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 DNA expressed in mole P/, in the
initial reaction mixture. Curve 1:R=0.3; curve 2:R=0.2;
curve 3:R=0 {(reference DNA). The band at 400nm has
the same meaning as that in Fig. 1.

observed between the two spectra obtained
after 1 or 2hr of exposure of cells is not
significant.

In vitro-reacted DNA. The fluorescence spe-
ctra obtained with an excitation at 350 nm
are shown in Fig. 2. Two spectra correspond-
ing to two different values of R (R=0.5; R
=0.2) are shown. These spectra are slightly
structured and exhibit a principal maximum
at 465nm and three secondary maxima at
475, 485 and 495 nm.

Determination of the quinoline binding to DNA in in vivo experiments using 4-HA[2-

*H]QO. Half a ml of the solution of carcinogen in physiological saline solution was injected 1.p. to
rats bearing a Zajdela ascite tumor. The exposure time was 1 and 2hr and two rats were used for
each experiment

Time after carcino-

DNA specific activity

Quinoline binding to
DNA, expressed as mole-

gen injection counts/min/mg cule of carcinogen per
(hr) DNA nucleotide
4-HA[2-*H]QO 3333 5,4 x l()"f
0.03 M 2920 4,7x107°
4-HA[2-*H]QO 2 2714 4,6x107°
0.006 M 1 600 1x10~3
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Determination of quinoline binding to DNA

In vivo-reacted DNA. The extent of binding
of isotope to DNA at | and 2 hr after injection
of 4-HA[2-°H]QO is given in Table 1.
Moreover, we show that by using different
amounts of 4 HAQO (30 mM and 6 mM), the
percentage of quinoline binding to DNA is
proportional to the injected quantity of carci-
nogen. As observed in Table 1, the specific
activity of DNA obtained with the more
concentrated solution of 4-HAQO-—either for
1 or 2hr of exposure—corresponds to appro-
ximately 1 molecule of quinoline derivative
per 20,000 nucleotides of DNA. This result is
in good agreement with those previously ob-
tained by Ikegami ¢t al. [11] and Tada and
Tada [13].

In vitro-reacted DNA. Many samples corres-
ponding to different extents of carcinogen
binding to DNA were characterized (from 0.2
to 1.0 quinoline ring per 100 nucleotides). The
details concerning these determinations will be
given elsewhere.

DISCUSSION

Since the fluorescent properties of reacted
DNA were essentially due to the quinoline
ring one can claim that the quinoline moiety
i1s covalently bound to DNA either in witro

S. Galiegue, B. Bailleul and M .-H. Loucheux-Lefebore

with diAc-4-HAQO or m vive from 4-NQO
and 4-HAQO. As expected, the percentage of
bound rings is higher in the @ vitro than in
the in vivo reactions.

For both i vive and in wvitro reacted DNA
the fluorescence spectra exhibit a principal
maximum at the same wavelength i.e.,
465 nm and, in the two cases, three additional
maxima at 475, about 485 and 495nm are
observed. Such characteristically  similar
fluorescence spectra support the proposal that
diAc-4-HAQQO constitutes a valid model for
the ultimate carcinogen iIn investigating
chemical carcinogenesis by 4-NQO.

This result, however, does not allow us to
state that the reaction was exactly the same in
the two cases, i.e., that the adducts are identi-
cal. Further work is in progress in our labo-
ratory to characterize these adducts.
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