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L I Q U I D  CHROMATOGRAPHIC ANALYSIS OF 4-NITROQUINOLINE 
1 - O X I D E  AND METABOLITES 

Howard Lund, Dan J. Speelman, A l i son  C u l l i n g ,  
James S. K i t t r e d g e  and Thomas Alb rech t  

Departments o f  Microbiology,  Pharmacology and Tox ico logy ,  
and t h e  Marine Biomedical I n s t i t u t e ,  U n i v e r s i t y  of Texas 

Medical Branch, Ga lves ton ,  Texas 77550 

ABSTRACT 

High p r e s s u r e  l i q u i d  chromatographic  (HPLC) methods f o r  
s e p a r a t i o n  o f  t h e  ca rc inogen  4 - n i t r o q u i n o l i n e  1-oxide (NQO) from 
i t s  reduced m e t a b o l i t e s ,  4-hydroxyaminoquinoline 1-oxide (HAQO) 
and 4-aminoquinoline 1-oxide (AQO), a r e  d e s c r i b e d .  Simultaneous 
f l u o r e s c e n c e  and U.V. abso rbance  a n a l y s i s ,  u s i n g  a g r a d i e n t  system 
w i t h  r e v e r s e d  phase HPLC, gave  good r e s o l u t i o n  o f  t h e  m e t a b o l i t e s .  

INTRODUCTION 

4 - n i t r o q u i n o l i n e  1-oxide (NQO) i s  a c a r c i n o g e n  t h a t  h a s  been 

wide ly  used i n  b o t h  i n  v i v o  and i n  v i t r o  systems ( 4 ) .  4- 

hydroxyaminoquinol ine 1-oxide (HAQO), which i s  produced by 

r e d u c t i o n  o f  NQO i n  mammalian c e l l s  (14 )  a p p e a r s  t o  be a more 

p o t e n t  c a r c i n o g e n  t h a n  NQO on an  equ imola r  b a s i s  ( 3 , 6 , 1 1 ) .  

Reduct ion o f  HAQO y i e l d s  4-aminoquinoline 1-oxide ( A Q O ) ,  which h a s  

n o t  demonstrated s u b s t a n t i a l  c a r c i n o g e n i c  a c t i v i t y  ( 4 ) .  

Both NQO and  HAQO have been r e p o r t e d  t o  a c t  d i r e c t l y  on DNA 

i n  v i t r o  ( 7 , 9 ) .  However, r e c e n t  d a t a  i n d i c a t e  t h a t  t h e  

c a r c i n o g e n i c  e f f e c t s  o f  NQO may be due ,  t o  a l a r g e  e x t e n t ,  t o  HAQO 

-- 
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300 LUND ET AL. 

formed by t h e  enzymat i c  r e d u c t i o n  o f  NQO (13 ,14 ) .  In o u r  s t u d i e s ,  

which use  NQO o r  HAQO t o  i n a c t i v a t e  t h e  i n f e c t i v i t y  o f  

cy tomega lov i rus  (CMV) (1 ,2 )  o r  h e r p e s  s i m p l e x  v i r u s  (HSV) ( 1 2 ) ,  w e  

have fo l lowed  t h e  r e d u c t i o n  o f  NQO t o  HAQO and AQO i n  l y s a t e s  o f  CMV- 

o r  HSV- i n f e c t e d  ce l l s .  HPLC a n a l y s i s  o f  NQO-treated c e l l  l y s a t e s  

h a s  been an  e f f e c t i v e  method f o r  f o l l o w i n g  t h e  metabol ism of  NQO t o  

HAQO and AQO. 

MATERIALS AND METHODS 

Chemicals 

NQO and HAQU were s u p p l i e d  by t h e  N C I  C a r c i n o g e n e s i s  Research 

Program th rough  I I T  Resea rch  I n s t i t u t e ,  Chicago,  I l l i n o i s .  AQO w a s  

t h e  generous g i f t  o f  D r .  Yutaka Kawazoe of  t h e  F a c u l t y  of  

Pha rmaceu t i ca l  S c i e n c e s ,  Nagoya C i t y  U n i v e r s i t y ,  Nagoya, J apan .  

S o l v e n t s  were from Burdick and J a c k s o n  (Muskegon, Michigan) .  

Chroma t og r  a ph y 

For TLC, Brinkmann I n s t r u m e n t s  (Westbury,  New York) 20 cm x 20 

c m ,  0.25 mm t h i c k  S i l i c a  G p l a t e s  w i t h o u t  f l u o r e s c e n c e  i n d i c a t o r  

were used.  Whatman ( C l i f t o n ,  N e w  J e r s e y )  7.6 cm x 7.6 cm, 0.20 am 

t h i c k  KC18 p l a t e s  were used f o r  r e v e r s e  phase TLC. 

performed on a Waters A s s o c i a t e s ,  Inc.  ( M i l f o r d ,  Mass.) model 

GPC/LC-204 i n s t r u m e n t  equ ipped  w i t h  a model 660 S o l v e n t  Programmer, 

t w o  model M6000A pumps and a model U6K i n j e c t o r  system. HPLC 

HPLC was 

s e p a r a t i o n  o f  t h e  e t h a n o l  extracts o f  NQO-treated c e l l  l y s a t e s  w a s  

accomplished on a 3.9 am x 30 cm UBondapak C18 r e v e r s e  phase column 

(Wate r s  Assoc.) .  A model SF-770 v a r i a b l e  wave-length 

s p e c t r o p h o t o m e t r i c  d e t e c t o r  and a model FS-970 f l u o r e s c e n c e  
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LC ANALYSIS OF 4-NITROQUINOLINE 1-OXIDE 301 

d e t e c t o r  ( S c h o e f f e l  I n s t .  Corp.,  Westwood, New J e r s e y )  were 

connec ted  i n  se r ies  t o  t h e  o u t l e t  of  t h e  column. The s i g n a l s  from 

t h e  d e t e c t o r s  were r eco rded  on a Houston I n s t r u m e n t s  ( A u s t i n ,  

Texas)  model A5211-1 two pen r e c o r d e r .  U.V. abso rbance  w a s  

monitored a t  360 m. The e x c i t a t i o n  wavelength o f  t h e  f l u o r e s c e n c e  

d e t e c t o r  was s e t  a t  360 nrn and a KV-470 emiss ion  f i l t e r  was used.  

In  t h e  HPLC sys t em,  a 15  min l i n e a r  g r a d i e n t  a t  1.5 m l  pe r  minu te  

was produced from 10 o r  20% methano l  i n  water t o  90 o r  100% 

methanol .  

F r a c t i o n s  o f  t h e  HPLC e l u a n t  were c o l l e c t e d  a t  1 min i n t e r v a l s  

and ana lyzed  on a n  Aminco-Bowman spectrophotof luororneter  equipped 

w i t h  a 416-992 xenon lamp, a R136 p h o t o m u l t i p l i e r  t u b e  and a 1620- 

809 X-Y r e c o r d e r .  The f r a c t i o n s  were scanned i n  1 x 4 cm fused  

q u a r t z  c e l l s  a t  s e n s i t i v i t y  39 ,  s l i t  a r r angemen t  3 and meter 

m u l t i p l i e r  r e a d i n g s  o f  0.03 t o  0.001. 

Sample P r e p a r a t i o n  

Details o f  c e l l  c u l t u r e ,  v i r u s  p r o p a g a t i o n ,  c a r c i n o g e n  

t r e a t m e n t  and v i r u s  i n a c t i v a t i o n  have been p r e v i o u s l y  p u b l i s h e d  (1). 

NQO,  when used t o  t reat  v i r u s  s t o c k s ,  was d i s s o l v e d  immediately 

p r i o r  t o  use i n  d i m e t h y l s u l f o x i d e  and d i l u t e d  i n  ma in tenance  medium 

(1). HAY0 was d i s s o l v e d  i n  0.50N HC1.  A f t e r  d i l u t i o n  o f  t h e  HAYO 

s o l u t i o n  i n  ma in tenance  medium (1:20), t h e  pH was a d j u s t e d  t o  7.2 by 

t h e  a d d i t i o n  o f  7.5% sodium b i c a r b o n a t e  (NaHC03). 

s t a n d a r d s  f o r  TLC o r  HPLC, t h e  c a r c i n o g e n s  were d i s s o l v e d  i n  t h e  

i n d i c a t e d  o r g a n i c  s o l v e n t  immedia t e ly  p r i o r  t o  use.  

When used as  
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302 LUND ET AL. 

For TLC, NQO-treated v i r u s  s t o c k s  were l i g h t l y  s o n i c a t e d ,  added 

t o  an e q u a l  volume o f  t h e  f i r s t  TLC s o l v e n t ,  and 5 P1 volumes were 

r e p e a t e d l y  s p o t t e d  on t h e  TLC p l a t e s .  F l u o r e s c e n c e  o f  t h e  

c a r c i n o g e n s  w a s  observed w i t h  a model B-100A longwave U.V. lamp 

( U l t r a - V i o l e t  P r o d u c t s ,  Inc . ,  San G a b r i e l ,  C a l i f . ) .  

Samples from NQO-treated, v i r u s - i n f e c t e d  c e l l  l y s a t e s  were 

p repa red  f o r  HPLC by h e a t i n g  i n  b o i l i n g  water f o r  1 min and 

sed imen t ing  t h e  p r e c i p i t a t e d  p r o t e i n  a t  240 x I; f o r  10 min. E t h a n o l  

(95%)  w a s  added t o  t h e  s u p e r n a t a n t  t o  r e a c h  a 65% e t h a n o l  

c o n c e n t r a t i o n .  The specimen was t h e n  ma in ta ined  on ice  f o r  1 5  min 

and c l a r i f i e d  by c e n t r i f u g a t i o n  as b e f o r e .  

RESULTS 

I n  o u r  p r e v i o u s  d a t a  w i t h  v i r u s  i n a c t i v a t i o n  by NQO, no 

conv inc ing  photodynamic component was e v i d e n t  i n  v i r u s  s u r v i v a l  

c u r v e s  ( 1 , 1 2 ) .  NQO, however,  has  been shown t o  b e  pho todynamica l ly  

a c t i v a t e d  and s u c h  a component would be a n t i c i p a t e d  based on t h e  

s t r u c t u r e  o f  NQO ( 7 , 8 ) .  Reduc t ion  of NQO t o  HAqO and AQO had been 

observed i n  r a t  ce l l s  (13 ,14 )  and ,  t h e r e f o r e ,  might  b e  expec ted  i n  

human cel ls .  HAQO, i n  c o n t r a s t  to NQO, is n o t  pho todynamica l ly  

a c t i v a t e d  ( 4 )  and has  been shown t o  i n a c t i v a t e  b o t h  t r a n s f o r m i n g  DNA 

(10,15)  and b a c t e r i o p h a g e  T4 (5) .  

r a t h e r  t han  NQO, might  be  r e s p o n s i b l e  f o r  t h e  obse rved  i n a c t i v a t i o n  

of  v i r u s  i n f e c t i v i t y .  NQO-treated l y s a t e s  o f  v i r u s - i n f e c t e d  c e l l s  

were, t h e r e f o r e ,  examined f o r  t h e  p r e s e n c e  of HAQO. 

Thus,  i t  appea red  t h a t  HAQO, 

TLC s e p a r a t i o n  o f  NQO, HAQO and AQO w a s  f i r s t  performed by t h e  

method of Sugimura gal. ( 1 3 )  u s i n g  s i l i c a  g e l  p l a t e s  and a s o l v e n t  
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LC ANALYSIS OF 4-NITROQUINOLINE 1-OXIDE 303 

system o f  sec-butano1:ethyl  a c e t a t r : w a t e r  (1:l:l). 

samples w i t h  known s t a n d a r d s  was obse rved ,  sugges t ing  t h a t  d e t e c t a b l e  

amounts o f  HAQO and AQO were formed i n  t h e  l y s a t e s  o f  v i r u s - i n f e c t e d  

ce l l s .  However, v a r i a b i l i t y  of the Kf v a l u e s  of b o t h  s t a n d a r d s  and 

samples ,  a s  observed by Sugimura e t  a l .  ( 13 ) ,  was noted.  

p l a t e s  developed f i r s t  w i t h  methanol and then w i t h  e t h y l  acetate gave  

somewhat more c o n s i s t e n t  r e s u l t s .  

a c e t o n i t r i 1 e : w a t e r  (75:25)  as  t h e  s o l v e n t  was used t o  conf i rm r e s u l t s  

w i t h  the  above systems. Unfo r tuna te ly ,  d u r i n g  TLC p rocedures ,  

Comigrat ion o f  

S i l i c a  g e l  

Reverse phase TLC w i t h  

d e g r a d a t i o n  of  HAYO was no ted  (13) and r ecove ry  of  s t a n d a r d s  and 

samples was poor.  

HPLC s e p a r a t i o n  of NQO, HAQO and AQO s t a n d a r d s  ( F i g .  1) was 

developed t o  permit  r e p r o d u c i b l e  s e p a r a t i o n  and r ecove ry  of  t h e s e  

chemica l s  from c e l l  l y s a t e s .  HPLC s e p a r a t i o n  o f  e x t r a c t s  of NQO- 

t r e a t e d  v i r u s - i n f e c t e d  c e l l s  demonstrated s i g n i f i c a n t  amounts o f  HAQO 

and AQO (Fig.  2 ) .  The f l u o r e s c e n t  and U.V. peaks observed d u r i n g  t h e  

chromatography of t h e  NQO-treated l y s a t e s  of  v i r u s - i n f e c t e d  ce l l s  

corresponded t o  t h e  r e t e n t i o n  times o f  t h e  NQO,  HAQO and AQO 

s t a n d a r d s .  Add i t ion  of s t a n d a r d s  t o  NQO t r e a t e d  l y s a t e s  of  v i r u s -  

i n f e c t e d  c e l l s  r e s u l t e d  i n  t h e  expected i n c r e a s e  i n  t h e  s i z e  of 

t h e  co r re spond ing  peak on t h e  chromatogram. 

The use of HPLC s e p a r a t i o n  al lowed f o r  ready 

s p e c t r o f l u o r o m e t r i c  examinat ion o f  t h e  e l u a t e .  The maximum 

e x c i t a t i o n  of t h e  HAQO c o n t a i n i n g  f r a c t i o n s  w a s  a t  360 nm and 

m a x i m u m  emiss ion  was a t  478 nm ( F i g .  3). These v a l u e s  and t h e  
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LUND ET AL. 304 

shape  of  t h e  e m i s s i o n  and e x c i t a t i o n  s c a n n i n g  c u r v e s  a r e  i n  good 

agreement  w i t h  t h e  p u b l i s h e d  v a l u e s  f o r  I G Q O  (4 ,13 ,14 )  and d a t a  

o b t a i n e d  us ing  a HAQO s t a n d a r d  on t h e  same equipment.  

T v 

W 
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F i g u r e  1. 
r e v e r s e  phase column was developed w i t h  a 10 t o  90% methanol  
g r a d i e n t  ( . a * . )  i n  water. 
e x c i t a t i o n  a t  360 nm and e m i s s i o n  a t  470 nm. 
(----) was measured a t  360 nm. 

HPLC a n a l y s i s  o f  NQO, HAQO and AQO s t a n d a r d s .  A 

F l u o r e s c e n c e  (-1 w a s  measured w i t h  
U.V. abso rbance  
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F i g u r e  2. 
(50  ,,g/ml) cy tomega lov i rus  ( s t r a i n  AD-169) s t o c k .  
phase column w a s  developed w i t h  a 20 t o  100% methanol  g r a d i e n t  
( - * * . )  i n  water. F luo rescence  (-) w a s  measured w i t h  
e x c i t a t i o n  a t  360 nm and e m i s s i o n  a t  470 NU. U.V. abso rbance  
(----) w a s  measured a t  360 nm. The r e t e n t i o n  times of NQO, HAQO, 
and  AQO s t a n d a r d s  a r e  i n d i c a t e d  ( ). 

HPLC a n a l y s i s  o f  a n  e t h a n o l  e x t r a c t  of a NQO-treated 
A r e v e r s e  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
4
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



306 LUND ET AL. 

i 

1 I I 1 I I I 

200 250 300 350 400 450 500 550 600 650 700 
WAVELENGTH (nrn) 

F i g u r e  3. The f l u o r e s c e n c e  e x c i t a t i o n  (-) and e m i s s i o n  
s p e c t r a  (....) of  t h e  f r a c t i o n  from F ig .  2 w i t h  t h e  r e t e n t i o n  
t i m e  of  HAQO. For t h e  e x c i t a t i o n  s p e c t r a ,  t h e  e m i s s i o n  w a s  
measured a t  478 nm. Por t h e  e m i s s i o n  s p e c t r a ,  t h e  e x c i t a t i o n  w a s  
a t  360 nm. 

DISCUSS ION 

HPLC prov ided  s e v e r a l  a d v a n t a g e s  f o r  examina t ion  o f  t h e  

metabol ism of  NQO i n  l y s a t e s  of v i r u s - i n f e c t e d  ce l l s .  The 

s e p a r a t i o n  of  NQO, HAQO and AQO was r e a d i l y  a c h i e v e d .  The 

f l u o r o m e t r i c  a s s a y  o f  t h e  HPLC e l u a t e  w a s  h i g h l y  s e n s i t i v e .  The 

r e t e n t i o n  times, peak areas and e l u t i o n  p r o f i l e s  o f  these 

compounds were r e p r o d u c i b l e .  P r e p a r a t i o n  f o r  HPLC d i d  n o t  a p p e a r  

t o  cause  d e g r a d a t i o n  o f  t h e  s t a n d a r d s  a s  was no ted  w i t h  TLC. 
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HPLC a l s o  al lowed f o r  t h e  s imple  r e c o v e r y  of t h e  s e p a r a t e d  

compounds f o r  f u r t h e r  a n a l y s i s  by s p e c t r o f l u o r o m e t r y ,  and t h u s  

o b v i a t e d  t h e  problems encoun te red  i n  t h e  r e c o v e r y  of compounds 

from TLC p l a t e s .  

The HPLC s e p a r a t i o n  of  t h e s e  compounds f o r  a n a l y s i s  and 

q u a n t i f i c a t i o n  should f a c i l i t a t e  t h e  s t u d y  of t h e s e  c a r c i n o g e n i c  

compounds i n  e s t a b l i s h e d  models o f  c a r c i n o g e n e s i s  and 

coca rc inogenes i s .  
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