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REVERSE PHASE HPLC DETERMINATION OF AZQ 
I N  BIOLOGICAL FLUIDS 

James A. K e l l e y  and Edward D. S i u  Chong 

N a t i o n a l  Cancer  I n s t i t u t e ,  N a t i o n a l  I n s t i t u t e s  o f  H e a l t h  
Bethesda,  M a r y l a n d  20205 

L a b o r a t o r y  o f  M e d i c i n a l  C h e m i s t r y  and Bio1og.y 

ABSTRACT 

A s e n s i t i v e  and s p e c i f i c  r e v e r s e  phase HPLC method e m p l o y i n g  
a s i m p l e  sample p r e p a r a t i o n  p r o c e d u r e  and u t i l i z i n g  an  i n t e r n a l  
s t a n d a r d  was d e v e l o p e d  t o  measure t h e  new a n t i t u m o r  agen t  AZQ i n  
b i o l o g i c a l  f l u i d s .  A s i n g l e  c h l o r o f o r m  e x t r a c t i o n  gave d r u g  r e -  
c o v e r i e s  o f  g r e a t e r  t h a n  88% f r o m  plasma, u r i n e  and CSF i n  t h e  
r a n g e  o f  e x p e c t e d  p h y s i o l o g i c a l  c o n c e n t r a t i o n s  (20-800 ng /m l ) .  
I s o c r a t i c  r e v e r s e  phase HPLC w i t h  UV d e t e c t i o n  a t  340 nm r e s u l t e d  
i n  a l i m i t  o f  q u a n t i t a t i o n  o f  5 ng/ml a l t h o u g h  s m a l l e r  amounts o f  
t h e  d r u g  c o u l d  b e  d e t e c t e d .  T h i s  assay  was s u c c e s s f u l l y  a p p l i e d  
t o  d e t e r m i n e  t h e  s i n g l e  dose plasma p h a r m a c o k i n e t i c s  o f  AZQ i n  
r a t s .  The p o t e n t i a l  o f  t h i s  method f o r  d e t e r m i n i n g  AZQ d i s p o s i -  
t i o n  and p h a r m a c o k i n e t i c s  i n  human s u b j e c t s  was d e m o n s t r a t e d  by  
a n a l y s i s  o f  p a t i e n t  CSF. 

INTRODUCTION 

AZQ ( F i g u r e  1 )  i s  a p o t e n t i a l  new a n t i t u m o r  d r u g  t h a t  i s  

c u r r e n t l y  u n d e r g o i n g  Phase I and Phase I 1  c l i n i c a l  t r i a l .  T h i s  
a z i  r i d i  n y l  benzoqu i  none i s a r a t i o n a l  l y  s y n t h e s i z e d  compound de-  

s i g n e d  t o  a l l o w  c e n t r a l  ne rvous  system (CNS)  p e n e t r a t i o n  w h i l e  

r e t a i n i n g  a n t i t u m o r  a c t i v i t y  ( 1  ,2). AZQ shows a b r o a d  s p e c t r u m  

o f  a c t i v i t y  a g a i n s t  m u r i n e  model tumor systems, i n c l u d i n g  s i g n i -  

f i c a n t  i n c r e a s e s  i n  l i f e  span i n  i n t r a c e r e b r a l  L1210 and P388 

and c u r e s  i n  i n t r a c e r e b r a l  ependymoblastoma (1,3). 
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1856 KELLEY AND SIU CHONG 

AZQ DADCQ 

F I G U R E  1. S t r u c t u r e  o f  AZQ and t h e  I n t e r n a l  Standard DADCQ. 

A low optimum dose combined w i t h  app rec iab le  animal t o x i c i t y  

i n d i c a t e d  t h a t  human c l i n i c a l  t r i a l s  o f  AZQ would have t o  s t a r t  

a t  doses o f  0.5-1.0 mg/m*. Thus a s e n s i t i v e  and s p e c i f i c  a n a l y t -  

i c a l  method t o  measure AZQ i n  plasma was r e q u i r e d  i n  o rde r  t o  

a l l o w  de te rm ina t ion  o f  pharmacokinet ics.  A l so  o f  i n t e r e s t  was 

t h e  d i s p o s i t i o n  o f  i n t a c t  AZQ i n  o t h e r  b i o l o g i c a l  f l u i d s ,  espec i -  

a l l y  ce reb rosp ina l  f l u i d  (CSF), s ince  t h e  drug  was designed t o  

e n t e r  t h e  CNS. The h igh  p o l a r i t y  and thermal i n s t a b i l i t y  o f  

AZQ even a f t e r  d e r i v a t i z a t i o n  p r o h i b i t e d  s e n s i t i v e  gas phase 

techn iques  such as gas chromatography and combined gas chromato- 

graphy-mass spec t romet ry  f rom be ing  used t o  q u a n t i t a t e  t h i s  

compound ( 4 ) .  However, AZQ possessed a s t rong  UV chrornophore 

(Amax = 340, l o g  E = 4.77) and a nonpo lar  na ture ,  so h igh -  

performance 1 i q u i d  chromatography (HPLC) on a reve rse  phase 

column was a f e a s i b l e  a l t e r n a t i v e .  Indeed, reve rse  phase HPLC 

p rov ided  a conven ien t  method o f  ana lyz ing  f o r m u l a t i o n  m i x t u r e s  

o f  AZQ ( 5 ) .  However, t h e  concen t ra t i ons  o f  t h e  drug  encountered 

here were t h r e e  o rde rs  o f  magnitude g r e a t e r  than those  expec ted  

-- i n  v i v o  and AZQ d i d  n o t  have t o  be i s o l a t e d  from a complex b i o -  

l o g i c a l  ma t r i x .  

MATERIALS 

AZQ (2,5-Diazi r i d i  nyl-3,6-bi  s (carboethoxyami no)-I ,li-benzo- 

quinone, NSC 182986) was ob ta ined  from the  Drug Synthes is  and 

Chemistry Branch, Developmental Therapeut ics  Program, N C I  and 
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AZQ IN BIOLOGICAL FLUIDS 1857 

used as received. The AZQ ( L o t  AJ58.1) was assayed a t  96.5 k 0.8% 

p u r i t y  (4). 2,5-Diamino-3,6-dichloro-l,4-benzoquinone (DADCQ, 

F i g u r e  1 )  was ob ta ined  from D r .  J. S. D r i s c o l l  o f  t h i s  l a b o r a t o r y  

and was r e c r y s t a l l i z e d  from h o t  e t h y l  ace ta te  b e f o r e  use as an 

i n t e r n a l  standard. Both AZQ and DADCQ were weighed on a Cahn 25 

Automat ic E lec t roba lance  (Ventron Ins t ruments  Corp., Paramount, 

CA) be fo re  be ing  d i s s o l v e d  i n  25% Cti3CN/H20 ( v / v )  t o  g i v e  s tan-  

da rd  s o l u t i o n s  1.175 x M and 4.94 x M, r e s p e c t i v e l y .  

The s tandard  s o l u t i o n s  were s t a b l e  f o r  a t  l e a s t  a month i f  they  

were r e f r i g e r a t e d .  Mono- and d i h a s i c  sodium phosphate (J.T. Baker 

Chemical Co., P h i l l i p s b u r g ,  NJ) were used t o  make a pH 6.5 0.1 M 

b u f f e r .  A c e t o n i t r i l e  and ch lo ro fo rm were " d i s t i l l e d  i n  g l a s s "  

(Bu rd i ck  and Jackson, Muskegon, MI )  o r  HPLC grade ( F i s h e r  Scien- 

t i f i c  Co., Fa i r l awn ,  NJ) reagents.  Ch loro form was f u r t h e r  p u r i -  

f i e d  t o  remove t h e  0.5-1% e thano l  s t a b i l i z e r  by passage th rough  

a 15 mm I D  column c o n t a i n i n g  25 g o f  b a s i c  alumina, a c t i v i t y  

grade I (AG-10; Bio-Rad, Richmond, CA).  The c h l o r o f o r m  was used 

immedia te ly  o r  s to red  under n i t r o g e n  and r e f r i g e r a t e d .  Aceto- 

n i t r i l e  and d i s t i l l e d  water  were f i l t e r e d  th rough t h e  a p p r o p r i a t e  

0.45 pm s o l v e n t - r e s i s t a n t  f i l t e r s  ( M i l l i p o r e  Corp., Bedford,  MA), 

b e f o r e  m i x i n g  t o  make t h e  mob i l e  phase. 

METHODS 

Separa t ions  were accompl ished a t  ambient tempera ture  (20°C) 

on e i t h e r  a 10-pm pBondapak C18 column (3.9 mm I D  x 300 mm; 

Waters Associates,  M i l f o r d ,  MA) or a 5-pm Ultrasphere-ODS column 

(4.6 x 250 mm; A l t e x  S c i e n t i f i c  Co., Berke ley ,  C A )  u s i n g  a mob i l e  

phase o f  25% CH3CN/H20 (v / v ) .  The a n a l y t i c a l  column was preceded 

by a Waters guard column t h a t  was repacked d a i l y  w i t h  37-50 pin 

Bondapak C18/Corasi l .  The remainder o f  t h e  h i g h  pressure  l i q u i d  

chromatography system was comprised o f  a Waters Assoc ia tes  Model 

6000A so lven t  d e l i v e r y  system, U6K i n j e c t o r  and Model 440 UV 
absorbance m o n i t o r  w i t h  a 340 nm f i l t e r .  The m o b i l e  phase f l o w  
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1858 KELLEY AND SIU CHONG 

r a t e  was 1.0 m l / m i n  and i n j e c t i o n s  o f  s t a n d a r d s  and  b i o l o g i c a l  

e x t r a c t s  (100 p l  a l i q u o t )  were made u s i n g  a 100 u1  Waters gas 

t i g h t  s y r i n g e .  Peak a r e a s  and h e i g h t s  were s i m u l t a n e o u s l y  d e t e r -  

mined on a SP4100 compu t ing  and  r e c o r d i n g  i n t e g r a t o r  ( S p e c t r a -  

P h y s i c s ,  Santa C l a r a ,  CA).  

S tandards  were  made by a d d i n g  5 p l  o f  DADCQ i n t e r n a l  s t a n -  

d a r d  s o l u t i o n  (51 n g )  t o  1.0 m l  a l i q u o t s  o f  t h e  a p p r o p r i a t e  b i o -  

l o g i c a l  f l u i d  i n  a 1 5  m l  g l a s s  c o n i c a l  c e n t r i f u g e  t u b e  and t h e n  

b y  s p i k i n g  w i t h  t h e  r e q u i r e d  vo lume o f  AZQ s t a n d a r d  s o l u t i o n .  

P o o l e d  r a t  and human plasma, p o o l e d  monkey CSF ( k i n d l y  p r o v i d e d  

by D r .  R.  R i c c a r d i ,  P e d i a t r i c  Oncology Branch,  N C I ) ,  and human 

u r i n e  were used. The s p i k e d  s t a n d a r d s  were g e n t l y  v o r t e x e d  and 

a l l o w e d  t o  s t a n d  f o r  10  rnin i n  an i c e  b a t h  b e f o r e  e x t r a c t i v e  

workup. A f t e r  a d d i t i o n  o f  0.5 m l  0.1 M pH 6.5 phospha te  b u f f e r ,  

t h e  s t a n d a r d s  were e x t r a c t e d  w i t h  1 x 5.0 m l  CHC1-j by  v i g o r o u s  

v o r t e x i n g  f o r  2 min. The r e s u l t i n g  e m u l s i o n s  were c e n t r i f u g e d  a t  

2400 rpm f o r  5 m i n  on a Dynac t a b l e  t o p  c e n t r i f u g e  ( C l a y  Adams, 

Becton D i c k i n s o n  and  Co., P a r s i p p a n y ,  NJ). I f  t h e  e m u l s i o n s  were 

n o t  c o m p l e t e l y  b roken ,  t h e  samples were f r o z e n  i n  a d r y  i c e -  

a c e t o n e  b a t h  and t h e n  s l o w l y  thawed. C e n t r i f u g a t i o n  a g a i n  f o r  

5 m in  a t  2400 rpm was s u f f i c i e n t  t o  b reak  t h e  emu ls ions .  The 

. o r g a n i c  l a y e r  was t r a n s f e r r e d  t o  a 1 0  m l  c a p a c i t y  e v a p o r a t i v e  

c o n c e n t r a t o r  t u b e  (Kontes,  V i n e l a n d ,  NJ) and e v a p o r a t e d  t o  d r y -  

ness a t  room t e m p e r a t u r e  u n d e r  a s t r e a m  o f  p r e p u r i f i e d  n i t r o g e n .  

The r e s i d u e  was suspended i n  0.5 m l  25% CH3CN/H20 by r a p i d  v o r -  

t e x i n g ,  and t h e  sample was f i - l t e r e d  t h r o u g h  a 0.5 urn F l u o r o p o r e  

f i l t e r  u s i n g  a s t a i n l e s s  s t e e l  Swinny h o l d e r  ( M i l l i p o r e  Corp.) 

b e f o r e  chromatography.  One m i  11 i 1 i t e r  b i  01 o g i  c a l  samples were 

e x t r a c t e d  i n  t h e  same manner a f t e r  a d d i t i o n  o f  5 p1  DADCQ i n t e r -  

n a l  s t a n d a r d  s o l u t i o n .  

F o r  s t u d y  o f  AZQ p h a r m a c o k i n e t i c s  i n  r a t  plasma, t h e  d r u g  

was d i s s o l v e d  i n  N,N-d imethy lacetarn ide ( F i s h e r  S c i e n t i f i c  Co., 

F a i r l a w n ,  NJ) a t  a c o n c e n t r a t i o n  o f  20 mg/ml b e f o r e  b e i n g  d i l u t e d  
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AZQ IN BIOLOGICAL FLUIDS 1859 

t o  a f i n a l  c o n c e n t r a t i o n  o f  0.25 mg/ml w i t h  pH 6.5 0.01 M phos- 

phate  b u f f e r .  Male Sprague-Dawley r a t s ,  we igh ing  200-240 g 

(Taconic Farms, Germantown, NY), were anes the t i zed  w i t h  sodium 

p e n t o b a r b i t a l  (35 mg/kg i p ) .  A 1 mg/kg dose o f  AZQ was then  

g i ven  as a s i n g l e  bo lus  i n j e c t i o n  v i a  an exposed femoral v e i n  

u s i n g  a 25 gauge needle a t tached  t o  a 1 m l  sy r inge.  Animals 

were decap i ta ted  a t  v a r y i n g  t imed i n t e r v a l s  a f t e r  AZQ i n j e c t i o n  

and b lood from each animal was c o l l e c t e d  i n  separa te  h e p a r i n i z e d  

g lass  beakers kep t  on ice .  Blood was t r a n s f e r r e d  t o  15 m l  g l a s s  

c e n t r i f u g e  tubes  and plasma ob ta ined  by a 15 min  c e n t r i f u g a t i o n .  

One m i l l i l i t e r  a l i q u o t s  o f  plasma were p i p e t t e d  i n t o  separa te  

15 m l  c e n t r i f u g e  tubes and t h e  samples were e i t h e r  worked up 
immedia te ly  as desc r ibed  above o r  f rozen  i n  d r y  i c e  and s t o r e d  

a t  -20°C f o r  f u t u r e  ana lys i s .  

Recover ies o f  AZQ and DADCQ from plasma, u r i n e  and CSF were 

determined by comparison o f  t h e  abso lu te  HPLC peak area o r  peak 

h e i g h t  o f  e x t r a c t e d  sp iked standards t o  c a l i b r a t i o n  curves  gener-  

a ted  from comparable standards d i r e c t l y  made up i n  25% CH$N/HzO. 

A b lank  o f  each d i f f e r e n t  b i o l o g i c a l  f l u i d  was a l s o  run. The 

peak area o r  peak h e i g h t  r a t i o  o f  AZQ t o  DADCQ i n t e r n a l  s tandard  

was computed f o r  each sp iked s tandard  and p l o t t e d  a g a i n s t  AZQ 

c o n c e n t r a t i o n  f o r  t h e  range 20-880 ng/ml t o  generate a c a l i b r a -  

t i o n  curve  ( F i g u r e  2).  A c a l c u l a t o r  l eas t - squares  program (TI-55, 

Texas Ins t ruments ,  Da l las ,  TX) was used t o  d e f i n e  the  bes t  

s t r a i g h t  l i n e  through each se t  o f  s tandard  p o i n t s  i n  t h e  body 

f l u i d s  examined. I n i t i a l  pharmacok ine t ic  parameters f o r  AZQ 

were c a l c u l a t e d  from the  r a t  plasma c o n c e n t r a t i o n  curve  by t h e  

method o f  r e s i d u a l s  (6) .  The exper imenta l  da ta  p o i n t s  were t h e n  

f i t  t o  t h e  b i e x p o n e n t i a l  f u n c t i o n  r e p r e s e n t i n g  a two-compartment 

open model ( C  = Ae-c(t f Be-Bt) by u s i n g  MLAB, an o n - l i n e  computer 

mode l ing  l a b o r a t o r y  u t i l i z i n g  an i t e r a t i v e ,  n o n - l i n e a r  l e a s t  

squares program. 
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TABLE 1 

KELLEY AND SIU CHONG 

Recovery o f  S p i k e d  AZQ and  DADCQ f r o m  B i o l o g i c a l  F l u i d s  -- 
AZQ D A D C Q ~  

B i o l o g i c a l  F l u i d  Recovery  Range Recovery  

r a t  plasma 97 2 9% 43-855 ng/ml 80 2 6% 
human plasma 88 2 3% 22-880 ng/ml 88 2 3% 
human u r i n e  92 2 4% 21-214 ng/ml 88 f 5% 
monkey CSF 89 ?: 7% 21-428 ngfrnl 88 2 3% 

1. The c o n c e n t r a t i o n  o f  DADCQ was 51 ng/ml i n  a l l  cases. 

F I G U R E  2. 

AZQ(ng/rnl) 

T y p i c a l  C a l i b r a t i o n  Curve f o r  Human P1 asma. 
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AZQ IN BIOLOGICAL FLUIDS 1861 

RESULTS 

Both AZQ and DADCQ c o u l d  be e a s i l y  and e f f i c i e n t l y  e x t r a c t e d  

f rom plasma, u r i n e  and CSF (Tab le  1) .  Recover ies were examined 

f o r  t h e  expected range o f  AZQ concen t ra t i ons  i n  r a t  plasma as 

determined f rom op t ima l  t h e r a p e u t i c  doses o f  14C-AZQ (7). L i n e a r  

and r e p r o d u c i b l e  c a l i b r a t i o n  curves cou ld  be c o n s t r u c t e d  f rom 

e x t r a c t e d  sp i ked  standards f o r  a1 1 b i o l o g i c a l  f l u i d s  examined 

( F i g u r e  2 ) :  

r a t  plasma: y = 0.0996 + 0 .004934~ ( r  = 0.9998) 

human plasma: y = -0.0094 + 0.004820~ (r = 0.9994) 

human u r i n e :  y = -0.0073 + 0.004565~ ( r  = 0.9995) 

monkey CSF: y = -0.0005 + 0 .004344~ (r = 0.9976) 

HPLC a n a l y s i s  o f  e x t r a c t e d  1.0 m l  a l i q u o t s  o f  r a t  plasma 

f rom animals g i ven  a bo lus  i n j e c t i o n  o f  1 mg/kg AZQ r e s u l t e d  i n  

chromatograms s i m i l a r  t o  F i g u r e  3. Because o f  d e t e c t i o n  a t  340 nm 

'"i Rat Plasma Extract 

m 

cn 
m 
Q 

g .002 

0 5 10 15 20 
TIME (Minutes) 

FIGURE 3. Representa t ive  HPLC Ana lys i s  o f  AZQ i n  Rat Plasma. 
Cond i t i ons  are  as desc r ibed  i n  Methods. A male 
Sprague-Dawley r a t  was i n t r a v e n o u s l y  admin i s te red  a 
s i n g l e  1 mg/kg dose o f  AZQ. The animal was s a c r i f i c e d  
60 m in  a f t e r  d rug  i n j e c t i o n  and t h e  plasma analyzed. 
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1862 KELLEY AND SIU CHONG 

i n t e r f e r i n g  a r t i f a c t s  were k e p t  t o  a minimum, and t h e  AZQ and 

DADCQ peaks c o u l d  be r e a d i l y  i n t e g r a t e d .  The l i m i t  o f  q u a n t i t a -  

t i o n  was found  t o  be abou t  10  ng/ml f o r  r a t  plasma and 5 ng/ml 

f o r  human plasma u s i n g  a 1.0 m l  sample s i z e ;  t h e  l i m i t  o f  d e t e c -  

t i o n  was somewhat l e s s .  Rat  plasma b l a n k s  c o n s i s t e n t l y  had a 

ver.y s m a l l  peak w i t h  a l m o s t  t h e  same r e t e n t i o n  t i m e  as  AZQ. T h i s  

accoun ted  f o r  t h e  p o s i t i v e  non -ze ro  i n t e r c e p t  i n  t h e  c a l i b r a t i o n  

cu rve .  No such i n t e r f e r e n c e  was e n c o u n t e r e d  w i t h  human plasma 

and u r i n e  o r  monkey CSF. 

D I S C U S S I O N  

E x t r a c t i o n  w i t h  c h l o r o f o r m  was chosen as  t h e  means o f  i s o -  

l a t i n g  AZQ, a d r u g  des igned  t o  have an adequate l i p o p h i l i c  

c h a r a c t e r  (l), because i t  was e f f i c i e n t ,  s i m p l e  and a p p l i c a b l e  t o  

a l l  t h e  body f l u i d s  under  c o n s i d e r a t i o n .  S i n c e  p lasma l i p i d s  and 

o t h e r  c h l o r o f o r m - s o l u b l e  components c o u l d  be e x p e c t e d  t o  p a r t i -  

t i o n  i n t o  t h e  o r g a n i c  phase, assay s e n s i t i v i t y  and s p e c i f i c i t y  

depended on UV d e t e c t i o n  a t  t h e  pmax o f  AZQ (340 nm) and a d j u s t -  

ment o f  k '  on t h e  o c t a d e c y l s i l a n e  column t o  a c h i e v e  sha rp  peaks 

y e t  adequate s e p a r a t i o n .  I n  a s i t u a t i o n  where l o w  l e v e l s  o f  d r u g  

were expec ted ,  e x t r a c t i o n  w i t h  a v o l a t i l e  o r g a n i c  s o l v e n t  a l l o w e d  
f a c i l e  c o n c e n t r a t i o n  o f  t h e  e x t r a c t .  I n  p r a c t i c e ,  a t w o - f o l d  

c o n c e n t r a t i o n  was found adequa te  t o  a t t a i n  s e n s i t i v i t y  i n  t h e  l o w  

nanogram range. W i t h  i n j e c t i o n  o f  a 100 !.11 a l i q u o t ,  l e s s  t h a n  a 

nanogram of AZQ on-column c o u l d  be d e t e c t e d .  

A common p r o b l e m  i n  t h e  use o f  an o r g a n i c  s o l v e n t  t o  e x t r a c t  

a b i o l o g i c a l  medium i s  t h e  f o r m a t i o n  o f  emu ls ions .  T h i s  was en-  

c o u n t e r e d  i n  a l m o s t  a l l  cases w i t h  p lasma and on a more random 

b a s i s  w i t h  CSF and u r i n e .  However, a p p l i c a t i o n  o f  t h e  f r e e z e -  

thaw t e c h n i q u e  o u t l i n e d  i n  Methods r e s u l t e d  i n  sha rp  phase sepa- 

r a t i o n  f o r  e v e r y  sample. E v a p o r a t i o n  o f  t h i s  c h l o r o f o r m  plasma 

e x t r a c t  and a t t e m p t e d  s o l u t i o n  o f  t h e  r e s i d u e  i n  25% CH3CN/H20 

r e s u l t e d  i n  a suspens ion  where t h e  u n d i s s o l v e d  m a t e r i a l s  were  
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p r o b a b l y  l i p i d s .  T h i s  phenomenon was n o t  so n o t i c e a b l e  w i t h  CSF 

and u r i n e  e x t r a c t s .  F i l t r a t i o n  t h r o u g h  a 0.5 pm F l u o r o p o r e  mem- 

b rane  e l i m i n a t e d  most o f  t h i s  m a t e r i a l .  As an added p r e c a u t i o n  

a g u a r d  column, wh ich  was repacked  d a i l y ,  was used t o  p r o t e c t  

t h e  a n a l y t i c a l  column f r o m  any s t r o n g l y  a d h e r i n g  components such 

as l i p i d s .  

A l t h o u g h  AZQ i s  n o t  i o n i z e d  i n  t h e  range  o f  p h y s i o l o g i c a l l y  

o c c u r r i n g  pH's ,  i t  does undergo  pH-dependent d e c o m p o s i t i o n  (4,5). 

A c c o r d i n g l y ,  a l l  b i o l o g i c a l  f l u i d s  were b u f f e r e d  t o  pH 6.5, t h e  

pH o f  maximum AZQ s t a b i l i t y ,  b e f o r e  e x t r a c t i o n .  

S t u d i e s  u s i n g  14C-AZQ i n  r a t s  and  dogs have s u g g e s t e d  t h a t  

AZQ undergoes e x t e n s i v e  m e t a b o l i s m  ( 7 ) .  I t  s h o u l d  be emphasized 

t h a t  c h l o r o f o r m  e x t r a c t i o n  w i l l  n o t  i s o l a t e  t h e  more p o l a r  meta-  

b o l i t e s ,  n o r  w i l l  t h o s e  l e s s  p o l a r  m e t a b o l i t e s  t h a t  a r e  e x t r a c t e d  

b e  d e t e c t e d  i f  t h e  qu inone  chromophore i s  no  l o n g e r  i n t a c t .  Thus 

t h e  assay i s  q u i t e  s p e c i f i c  f o r  t h e  p a r e n t  d rug ;  and  o n l y  c l o s e l y  

r e l a t e d  con taminan ts ,  d e c o m p o s i t i o n  p r o d u c t s  o r  m e t a b o l i t e s  a r e  

l i k e l y  t o  be d e t e c t e d  i n  a d d i t i o n  t o  AZQ. 

The c h o i c e  o f  an i n t e r n a l  s t a n d a r d  i n  an HPLC assay can b e  

q u i t e  c r i t i c a l .  The i n t e r n a l  s t a n d a r d  s h o u l d  have a chrornato-  

g r a p h i c  b e h a v i o r  t h a t  i s  s i m i l a r  b u t  n o t  i d e n t i c a l  t o  t h e  

compound(s) b e i n g  d e t e r m i n e d  and s h o u l d  be s e n s i t i v e  t o  t h e  

method o f  d e t e c t i o n .  The i n t e r n a l  s t a n d a r d  s h o u l d  a l s o  be chemi-  

c a l l y  s i m i l a r  t o  t h e  a n a l y t e ,  s i n c e  m i n i m i z a t i o n  o f  sample 

h a n d l i n g  e r r o r s  r e q u i r e s  t h a t  i t  be c a r r i e d  t h r o u g h  t h e  i s o l a t i o n  

p rocedure .  I f  t h e  chemica l  s i m i l a r i t y  i s  c l o s e  enough, t h e  

i n t e r n a l  s t a n d a r d  m i g h t  even be used as a c a r r i e r  f o r  v e r y  s m a l l  

amounts o f  t h e  unknown d u r i n g  sample workup. F i n a l l y ,  t h e  i n t e r -  

n a l  s t a n d a r d  s h o u l d  be a compound t h a t  i s  r e a d i l y  a v a i l a b l e ,  

e i t h e r  c o m m e r c i a l l y  o r  t h r o u g h  a s i m p l e  s y n t h e s i s .  DADCQ was 

chosen as t h e  i n t e r n a l  s t a n d a r d  f o r  t h i s  a n a l y s i s  because i t  met  

a l l  o f  t h e  above c r i t e r i a .  T h i s  t e t r a s u b s t i t u t e d  benzoqu inone  

i s  r e t a i n e d  by an o c t a d e c y l s i l a n e  co lumn y e t  e l u t e s  b e f o r e  AZQ, 
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1864 KELLEY A N D  SIU CHONG 

has s t r o n g  absorbance a t  340 nm, i s  ch lo ro fo rm e x t r a c t a b l e  (see 

Table 1 )  and h y d r o l y t i c a l l y  s tab le ,  and i s  r e a d i l y  a v a i l a b l e  

s ince  i t  was an i n t e r m e d i a t e  i n  t h e  i n i t i a l  syn thes i s  o f  AZQ 

Th is  assay was a p p l i e d  t o  determine t h e  s i n g l e  dose p l a s -  

ma pharmacok ine t ics  o f  AZQ i n  r a t s  r e c e i v i n g  an optimum dose 

(1 mg/kg) o f  t h e  drug  ( 7 ) .  A t y p i c a l  chromatogram i s  shown i n  

F igu re  3. Both AZQ and t h e  DADCQ i n t e r n a l  s tandard  are  c l e a r l y  

d e f i n e d  w i t h  no obvious i n t e r f e r e n c e s .  I n  those cases where t h e  

AZQ concen t ra t i on  was expected t o  exceed 1 vg/ml (& immedi- 

a t e l y  a f t e r  d rug  i n j e c t i o n )  and be o u t s i d e  t h e  range o f  t h e  c a l i -  

b r a t i o n  curve, t h e  amount o f  i n t e r n a l  s tandard  added t o  t h e  

sample b e f o r e  workup was doubled. Upon subsequent HPLC ana lys i s ,  

a 50 u1 a l i q u o t  was i n j e c t e d  and the  c a l c u l a t e d  c o n c e n t r a t i o n  

doubled t o  o b t a i n  t h e  t r u e  l e v e l .  F o r  maximum s e n s i t i v i t y  t h e  

method requ i red  a t  l e a s t  1.0 m l  o f  b i o l o g i c a l  f l u i d .  I n  a human 

such a sample s i z e  presented  no problem, bu t  f o r  200-240 g 

r a t s  where the  t o t a l  b lood  volume was on the  o rde r  o f  a few 

m i  11 i 1 i t e r s  , s e r i  a1 sampl i n g  of t h e  t y p e  necessary f o r  pharmaco- 

k i n e t i c s  would seve re l y  p e r t u r b  t h e  system. There fore ,  r a t s  o f  

s i m i l a r  age, sex and weight were s a c r i f i c e d  a t  p r e s c r i b e d  t imes 

a f t e r  i n j e c t i o n  o f  AZQ and o n l y  a s i n g l e  sample was ob ta ined  

from each animal. The da ta  f rom these composi te samples was t h e n  
used t o  d e f i n e  t h e  plasma pharmacokinet ics.  

AZQ e x h i b i t s  b i p h a s i c  behav io r  i n  r a t  plasma ( F i g u r e  4). A 
very r a p i d  r e d i s t r i b u t i o n  phase i s  f o l l o w e d  by  a s lower  y e t  s t i l l  

f a s t  e l i m i n a t i o n  phase w i t h  a h a l f - l i f e  o f  26.5 min. Because t h e  

h a l f - l i f e  o f  t h e  i n i t i a l  phase i s  on t h e  o rde r  o f  3-5 minutes,  

sampl ing was n o t  r a p i d  enough t o  a c c u r a t e l y  d e f i n e  it. Each 

p o i n t  i n  F igu re  4 rep resen ts  m u l t i p l e  an ima ls  and t h e  e r r o r  b a r  

represents  the  range o f  concen t ra t i ons  f o r  these d i f f e r e n t  a n i -  

mals. AZQ plasma concen t ra t i ons  cou ld  be e a s i l y  determined ove r  

f o u r  h a l f - l i v e s .  Indeed, i n  some ins tances  t h e  pa ren t  d rug  c o u l d  

(1,819 
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Rat Plasma 

I I I . 
0 5  15 30 60 90 120 

TIME (Minutes) 

FIGURE 4. Plasma Pharmacokinet ics o f  a S i n g l e  1 mg/kg Dose o f  
AZQ i n  Male Sprague-Dawley Rats. Each p o i n t  rep re -  
sents  t h e  mean AZQ c o n c e n t r a t i o n  i n  3 o r  more animals. 
The b racke ts  about each p o i n t  s i g n i f y  t h e  range o f  
measured AZQ concent ra t ions .  

s t i l l  be de tec ted  a f t e r  4 h r  a t  concen t ra t i ons  o f  l e s s  than  

10 ng/ml. 

CONCLUSION 

The data  presented  above show t h a t  t h i s  HPLC assay i s  s u i t -  

ab le  f o r  measuring AZQ concen t ra t i ons  i n  human p a t i e n t s .  The 

method possesses s u f f i c i e n t  s e n s i t i v i t y  and s p e c i f i c i t y  t o  d e t e r -  

mine s i n g l e  dose AZQ pharmacok ine t ics ,  even a t  t h e  lowest  i n i t i a l  

dose (- 1 mglrn2) employed i n  a Phase I c l i n i c a l  t r i a l .  A p r i -  

mary ques t i on  about t h e  d i s p o s i t i o n  o f  AZQ i s  t h e  a b i l i t y  o f  t h e  

druq t o  e n t e r  t h e  CNS, s i n c e  i t  was s p e c i f i c a l l y  des igned t o  do 
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FIGURE 5. HPLC Ana lys i s  o f  AZQ i n  Human CSF. The sample was 
ob ta ined  by lumbar punc ture  90 min a f t e r  i n t ravenous  
a d m i n i s t r a t i o n  o f  a 1 5  mg/m2 dose o f  AZQ. 

t h i s .  AZQ p e n e t r a t i o n  i n t o  CSF has been demonstrated i n  non- 

human pr imates  ( rhesus  monkeys) by u s i n g  14C-AZQ ( 9 ) .  F i g u r e  5 

p resents  the  f i r s t  evidence t h a t  i n t a c t  AZQ l i k e w i s e  e n t e r s  t h e  

CSF i n  humans. Here one can measure t h e  unchanged drug  d i r e c t l y  

w i t h o u t  r e l y i n g  on r a d i o a c t i v i t y  and t h e  u n c e r t a i n t y  generated by  

metabol ism o r  decomposit ion. De te rm ina t ion  o f  AZQ d i s p o s i t i o n  

and pharmacok ine t ics  i n  human p a t i e n t s  i n  Phase I c l i n i c a l  t r i a l s  

i s  c u r r e n t l y  i n  progress.  
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