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1-OXIDE AND METABOLITES

Howard Lund, Dan J. Speelman, Alison Culling,
James S, Kittredge and Thomas Albrecht
Departments of Microbiology, Pharmacology and Toxicology,
and the Marine Biomedical Institute, University of Texas
Medical Branch, Galveston, Texas 77550
ABSTRACT

High pressure liquid chromatographic (HPLC) methods for
separation of the carcinogen 4-nitroquinoline l-oxide (NQO) from
its reduced metabolites, 4~hydroxyaminoquinoline l-oxide (HAQO)
and 4-aminoquinoline l-oxide (AQO), are described. Simultaneous
fluorescence and U,V, absorbance analysis, using a gradient system
with reversed phase HPLC, gave good resolution of the metabolites,

INTRODUCTION

4-nitroquinoline l-oxide (NQO) is a carcinogen that has been
widely used in both in vivo and in vitro systems (4). 4-
hydroxyaminoquinoline l-oxide (HAQO), which is produced by
reduction of NQO in mammalian cells (1l4) appears to be a more
potent carcinogen than NQO on an equimolar basis (3,6,11).
Reduction of HAQO yields 4-aminoquinoline l-oxide (AQO), which has
not demonstrated substantial carcinogenic activity (4).

Both NQO and HAQO have been reported to act directly on DNA

in vitro (7,9). However, recent data indicate that the

carcinogenic effects of NQO may be due, to a large extent, to HAQO
299
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formed by the enzymatic reduction of NQO (13,14). In our studies,
which use NQO or HAQO to inactivate the infectivity of

cytomegalovirus (CMV) (1,2) or herpes simplex virus (HSV) (12), we

have followed the reduction of NQO to HAQO and AQO in lysates of CMV-

or HSV—- infected cells, HPLC analysis of NQU-treated cell lysates
has been an effective method for following the metabolism of NQO to
HAQO and AQO.

MATERIALS AND METHODS

Chemicals

NQO and HAQO were supplied by the NCI Carcinogenesis Research
Program through IIT Research Institute, Chicago, Illinois. AQO was
the generous gift of Dr, Yutaka Kawazoe of the Faculty of
Pharmaceutical Sciences, Nagoya City University, Nagoya, Japan.
Solvents were from Burdick and Jackson (Muskegon, Michigan).
Chromatography

For TLC, Brinkmann Instruments (Westbury, New York) 20 cm x 20
cm, 0.25 mm thick Silica G plates without fluorescence indicator
were used. Whatman (Clifton, New Jersey) 7.6 cm x 7.6 cm, 0.20 mm
thick KC18 plates were used for reverse phase TLC. HPLC was
performed on a Waters Associates, Inc. (Milford, Mass.) model
GPC/LC-204 instrument equipped with a model 660 Solvent Programmer,
two model M6000A pumps and a model U6K injector system., HPLC
separation of the ethanol extracts of NQO-treated cell lysates was

accomplished on a 3.9 mm x 30 cm uBondapak C reverse phase column

18

(Waters Assoc.). A model SF-770 variable wave—length

spectrophotometric detector and a model FS-970 fluorescence
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detector (Schoeffel Inst. Corp., Westwood, New Jersey) were
connected in series to the outlet of the column, The signals from
the detectors were recorded on a Houston Instruments (Austin,
Texas) model A5211-1 two pen recorder, U,V, absorbance was
monitored at 360 nm. The excitation wavelength of the fluorescence
detector was set at 360 nm and a KV-470 emission filter was used.
In the HPLC system, a 15 min linear gradient at 1.5 ml per minute
was produced from 10 or 20% methanol in water to 90 or 100%
methanol.

Fractions of the HPLC eluant were collected at 1 min intervals
and analyzed on an Aminco-Bowman spectrophotofluorometer equipped
with a 416-992 xenon lamp, a R136 photomultiplier tube and a 1620-
809 X~Y recorder. The fractions were scanned in 1 x 4 cm fused
quartz cells at sensitivity 39, slit arrangement 3 and meter
multiplier readings of 0.03 to 0.001,

Sample Preparation

Details of cell culture, virus propagation, carcinogen
treatment and virus inactivation have been previously published (1).
NQO, when used to treat virus stocks, was dissolved immediately
prior to use in dimethylsulfoxide and diluted in maintenance medium
(1). HAQO was dissolved in 0.50N HC1l, After dilution of the HAQO
solution in maintenance medium (1:20), the pH was adjusted to 7,2 by
the addition of 7.5% sodium bicarbonate (NaHCO3). When used as
standards for TLC or HPLC, the carcinogens were dissolved in the

indicated organic solvent immediately prior to use,
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For TLC, NQO-treated virus stocks were lightly sonicated, added
to an equal volume of the first TLC solvent, and 5 Ul volumes were
repeatedly spotted on the TLC plates. Fluorescence of the
carcinogens was observed with a model B-100A longwave U.,V. lamp
(Ultra-vViolet Products, Inc., San Gabriel, Calif.).

Samples from NQO-treated, virus—infected cell lysates were
prepared for HPLC by heating in boiling water for 1 min and
sedimenting the precipitated protein at 240 x G for 10 min, Z¥Xthanol
(95%) was added to the supernatant to reach a 657 ethanol
concentration. The specimen was then maintained on ice for 15 min
and clarified by centrifugation as before.

RESULTS

In our previous data with virus inactivation by NQO, no
convincing photodynamic component was evident in virus survival
curves (1,12). NQO, however, has been shown to be photodynamically
activated and such a component would be anticipated based on the
structure of NQO (7,8). Reduction of NQO to HAQO and AQO had been
observed in rat cells (13,14) and, therefore, might be expected in
human cells, HAQO, in contrast to NQO, is not photodynamically
activated (4) and has been shown to inactivate both transforming DNA
(10,15) and bacteriophage T4 (5). Thus, it appeared that HAQO,
rather than NQO, might be responsible for the observed inactivation
of virus infectivity. NQO-treated lysates of virus—infected cells
were, therefore, examined for the presence of HAQO.

TLC separation of NQO, HAQO and AQO was first performed by the

method of Sugimura et al, (13) using silica gel plates and a solvent
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system of sec—butanol:ethyl acetate:water (1:1:1), Comigration of
samples with known standards was observed, suggesting that detectable
amounts of HAQO and AQDO were formed in the lysates of virus—infected
cells, However, variability of the Rf values of both standards and
samples, as observed by Sugimura et al. (13), was noted, Silica gel
plates developed first with methanol and then with ethyl acetate gave
somewhat more consistent results, Reverse phase TLC with
acetonitrile:water (75:25) as the solvent was used to confirm results
with the above systems. Unfortunately, during TLC procedures,
degradation of HAQO was noted (13) and recovery of standards and
samples was poor.

HPLC separation of NQO, HAQO and AQU standards (Fig. 1) was
developed to permit reproducible separation and recovery of these
chemicals from cell lysates. HPLC separation of extracts of NQO-
treated virus—infected cells demonstrated significant amounts of HAQO
and AQ0 (Fig. 2), The fluorescent and U,V, peaks observed during the
chromatography of the NQO-treated lysates of virus—infected cells
corresponded to the retention times of the NQO, HAQO and AQO
standards. Addition of standards to NQO treated lysates of virus-—
infected cells resulted in the expected increase in the size of
the corresponding peak on the chromatogram.

The use of HPLC separation allowed for ready
spectrofluorometric examination of the eluate, The maximum
excitation of the HAQO containing fractions was at 360 nm and

maximum emission was at 478 nm (Fig. 3). These values and the
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shape of the emission and excitation scanning curves are in good

agreement with the published values for HAQO (4,13,14) and data

obtained using a HAQO standard on the same equipment,
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Figure 1. HPLC analysis of NQO, HAQO and AQO standards, A
reverse phase column was developed with a 10 to 907 methanol

gradient (seses) in water. Fluorescence (
excitation at 360 nm and emission at 470 om.
(--~-) was measured at 360 nm,

) was measured with
U.V. absorbance



18: 49 24 January 2011

Downl oaded At:

LC ANALYSIS OF 4-NITROQUINOLINE 1-OXIDE 305

.

- HAQO
- AQO

[}

o]

z
¥
!
)
1
\
!
!
1

)
)

ULTRAVIOLET ABSORBANCE {---)

o &

8 g

& 2
E)J 100

@ =z

w 805:

o 60 2

3 <

e 40 F

w

20s

o=

w

(@]

o

w

a

1 1 ) 1 i 1

W |
0 2 4 6 810121416
TIME (MIN)

Figure 2., HPLC analysis of an ethanol extract of a NQO-treated
(50 yg/ml) cytomegalovirus (strain AD-169) stock. A reverse
phase column was developed with a 20 to 100% methanol gradient
(ess+) in water, Fluorescence ( )} was measured with
excitation at 360 nm and emission at 470 nm, U,V. absorbance
(—--) was measured at 360 nm. The retention times of NQO, HAQO,
and AQO standards are indicated ( ).
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Figure 3. The fluorescence excitation (

WAVELENGTH (nm)

) and emission

spectra (se++) of the fraction from Fig. 2 with the retention
time of HAQO. For the excitation spectra, the emission was

measured at 478 nm,
at 360 nm,

For the emission spectra, the excitation was

DISCUSSION

HPLC provided several advantages for examination of the

metabolism of NQO in lysates of virus—infected cells, The

separation of NQO, HAQO and AQO was readily achieved., The

fluorometric assay of the HPLC eluate was highly sensitive. The

retention times, peak areas and elution profiles of these

compounds were reproducible., Preparation for HPLC did not appear

to cause degradation of the standards as was noted with TLC.
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HPLC also allowed for the simple recovery of the separated
compounds for further analysis by spectrofluorometry, and thus
obviated the problems encountered in the recovery of compounds
from TLC plates,

The HPLC separation of these compounds for analysis and
quantification should facilitate the study of these carcinogenic
compounds in established models of carcinogenesis and
cocarcinogenesis.
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