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AN HPLC METHOD FOR THE QUANTITATIVE DETERMINATION 
OF 1,4-DIHYDROXY-5,8 BIS [ [ 2- [ (2-HYDROXYETHYL) 
. AMINO] ETHYL] AMINO] 9.10 - ANTHRACENEDIONE 

(DHAQ, LEDERLE LABS CL232 315, NCS 301739) I N  SERUM 

Fred Ostroy and Richard  A. Gams 
Comprehensive Cancer  C e n t e r  

U n i v e r s i t y  of Alabama in Birmingham 
Birmingham, Alabama 35294 

ABSTRACT 

An HPLC method u s i n g  reverse phase chromatography i s  p r e s e n t e d  
f o r  t h e  q u a n t i t a t i v e  d e t e r m i n a t i o n  of 1,4-Dihydroxy-5,8 Bis [ [2 - [  (2- 
Hydroxyethyl)  amino] e t h y l ]  amino] 9.10 - a n t h r a c e n e d i o n e  i n  serum 
and u r i n e  a t  l e v e l s  which a r e  expec ted  t o  b e  found i n  c l i n i c a l  
t r i a l s  of t h i s  d r u g .  

INTRODUCTION 

I n  r e c e n t  y e a r s  t h e r e  h a s  been c o n s i d e r a b l e  i n t e re s t  f o c u s e d  

on t h e  A n t h r a c y c l i n e  a n t i b i o t i c s  as p o t e n t i a l l y  i m p o r t a n t  a n t i -  

tumor a g e n t s .  I n  p a r t i c u l a r ,  D o x i r u b i c i n  and Daunorubic in  have 

proven t o  be  c l i n i c a l l y  u s e f u l  in a wide r a n g e  of  human tumors (1). 

However, t h e  cumula t ive  dose dependent  c a r d i o t o x i c i t y  of t h e s e  

d r u g s  have been l i m i t i n g  f a c t o r s  in t h e i r  u s e f u l n e s s  ( 2 ,  3 ) .  Two 

Anthracenedione d e r i v a t i v e s  1,4-Dihydroxy 5 , 8  Bis [[Z-[(Z-Hydrox- 

y e t h y l )  amino] e t h y l ]  amino] 9 , lO Anthracenedlone  (DHAQ, CL232 315, 

NCS 301739) and t h e  anhydroxy form 1,4-Bis [ [2-[(2-Hydroxyethyl) 

amino] e t h y l ]  amino] 9 , l O  a n t h r a c e n e d i o n e  (HAQ, NCS 287513) have 
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638 OSTROY AND GAMS 

r e c e n t l y  been r e p o r t e d  t o  be act ive a g a i n s t  several tumor sys tems 

( 4 ,  5, 6) and DHAQ i s  c u r r e n t l y  b e i n g  used in Phase I c l i n i c a l  

t r ia ls .  U n f o r t u n a t e l y ,  t h e r e  is a t  p r e s e n t  no p u b l i s h e d  method 

f o r  t h e  q u a n t i t a t i v e  d e t e r m i n a t i o n  of t h e s e  d r u g s  a t  t h e  levels 

a n t i c i p a t e d  i n  c l in i ca l  samples .  

f o r  t h e  a n a l y s i s  of DHAQ. 

This paper  r e p o r t s  a n  HPLC method 

CHROMATOGRAPHIC CONDITIONS 

Chromatography was performed u s i n g  a uBondapak C18 column 

(3.9 mm I.D. x 30 cm) f i t t e d  w i t h  a 3.9 nun x 4 cm guard column 

of C 1 8  c o r a s i l  (Waters A s s o c i a t e s ) .  A model 6000A pump was used 

f o r  s o l v e n t  d e l i v e r y ,  sampling w a s  performed a u t o m a t i c a l l y  w i t h  

a WISP 710A a u t o i n j e c t o r  and d e t e c t i o n  was performed a t  546 nm 

u s i n g  a model 440 W / v i s a b l e  s p e c t r o m e t e r  (Waters  A s s o c i a t e s ) .  

Peak area i n t e g r a t i o n  w a s  accomplished w i t h  a Shimadzo i n t e g r a t o r  

(Courtesy of  Waters A s s o c i a t e s ) .  The mobile  phase c o n s i s t s  of 

4.4 M ammonium formate  (pH 4 . 3 ) :  a c e t o n i t r i 1 e : H  0 in a r a t i o  2:l:l. 

The ammonium formate  s o l u t i o n  w a s  p repared  by e i t h e r  of t h e  following 

methods: a )  100 grams of d e s s i c a t e d  ammonium Eonnate and 25 ml of 

881: formic  a c i d  ( F i s h e r  S c i e n t i f i c )  were mixed and d i l u t e d  t o  500 m l  

w i t h  d i s t i l l e d  d e i o n i z e d  Water; o r  b )  96 ml of formic a c i d  was 

t i t r a t e d  w i t h  ammonia t o  pH 4.3 and a d j u s t e d  t o  500 m l  w i t h  H 0 .  

A l l  s o l v e n t s  were vacuum f i l t e r e d  through a .45 u f i l t e r  (Milipore) 

2 

2 

and degassed by s o n i c a t i o n  f o r  30 minutes  p r i o r  t o  use .  

SAMPLE PREPARATION 

For each ml of  plasma o r  serum 2 m l  of a SOhKiOn of C H C l  
3: 

CH OH:6N H C 1  i n  a r a t i o n  of 3 .8:1.9:0.3 is added and mixed v i g o r o u s l y .  
3 
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QUANTITY DETERMINATION OF DHAQ 639 

A f t e r  c e n t r i f u g a t i o n  f o r  5 minutes  a t  1000 x g t h e  upper  phase  is 

c a r e f u l l y  removed d i s c a r d i n g  t h e  lower phase  and p r o t e i n  i n t e r f a c e .  

The aqueous phase  i s  then made b a s i c  by t h e  a d d i t i o n  of 200 p l  of 

50% ammonium hydroxide.  Two m l  of C H C l  is  then  added and a f t e r  

v i g o r o u s  mixing and c e n t r i f u g a t i o n  f o r  5 minutes  a t  1000 x g 

t h e  upper  phase and remaining p r o t e i n  i n t e r f a c e  is  removed and 

d i s c a r d e d .  The lower o r g a n i c  phase i s  t h e n  taken  t o  d r y n e s s  under  

3 

a stream of  a i r  and r e d i s s o l v e d  i n  100 ul of t h e  chromatographic  

s o l v e n t .  A l l  g l a s s w a r e  is s i l a n i z e d  p r i o r  t o  u s e  w i t h  s u r f a s i l  

( P i e r c e  Chemical Company) i n  o r d e r  t o  p r e v e n t  drug  b i n d i n g  t o  t h e  

g l a s s  s u r f a c e s .  

RESULTS AND DISCUSSION 

DHAQ i s  a b l u e  compound having  several a b s o r p t i o n  maxima, t h e  

major bands be ing  l o c a t e d  a t  6 6 2 ,  611 and 246 nm w i t h  molar e x t i n c t i o n  

c o e f f i c i e n t s  i n  t h e  chromatographic  s o l v e n t  of  2 4 ,  19,  and 40 x 10 

r e s p e c t i v e l y  ( F i g u r e  1 ) .  Though i t  would b e  expec ted  that  maximum 

s e n s i t i v i t y  could  b e  achieved by moni tor ing  W a b s o r p t i o n  a t  246 

nm t h e  p r e s e n c e  of  o t h e r  UV a b s o r b i n g  material e x t r a c t e d  from t h e  

3 

serum e l u t i n g  i n  t h e  r e g i o n  of  t h e  drug  n e g a t e s  any advantage  due 

t o  t h e  i n c r e a s e d  molar a b s o r b t i v i t y .  T h i s  problem is  o b v i a t e d  by 

measuring a b s o r p t i o n  i n  t h e  v i s a b l e  r e g i o n .  T h e r e f o r e ,  t h e  e l u e n t  

i s  monitored a t  546 nm which is t h e  h i g h e s t  f i l t e r  a v a i l a b l e  f o r  

o u r  system. A t y p i c a l  chromatographic  r u n  on t h e  d r u g  is shown i n  

F i g u r e  2A. A s  c a n  be  s e e n  t h e r e  are several a d d i t i o n a l  compounds 

p r e s e n t  which a l s o  a b s o r b  a t  546 run though they  amount t o  less 

than  one p e r c e n t  of t h e  t o t a l  a b s o r b i n g  material  i n  f r e s h l y  p r e p a r e d  
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640 OSTROY AND GAMS 
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F i g u r e  1 - The spec t rum o f  5 wg/ml of DHAQ in chromatographic  
s o l v e n t .  
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F i g u r e  2 - The r e s u l t s  of chromatographic  s e p a r a t i o n  of  A) f r e s h l y  
prepared  DHAQ B) DHAQ ( 4 0  pg/ml) a l lowed t o  s t a n d  one 
month C) DHAQ ( 4 0  ug/ml) a l lowed t o  s t a n d  seven  months. 
Each chromatogram w a s  o b t a i n e d  by a p p l y i n g  250 ng of  
t o t a l  material  t o  t h e  column. 
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QUANTITY DETERMINATION OF D U Q  641 

s o l u t i o n .  However, t h e  compound i s  not  s t a b l e  f o r  extended pe r iods  

i n  d i l u t e  s o l u t i o n  (Figure 2B and C ) .  

Severa l  so lven t  systems were t r i e d  in an e f f o r t  t o  determine 

the  optimal s e p a r a t i o n  cond i t ions  wi th  C 1 8  reverse phase columns. 

E lu t ion  of the  drug could be achieved wi th  iso-butanol bu t  n e i t h e r  

a c e t o n i t r i l e l w a t e r  nor methanollwater i n  any propor t ion  w a s  capable  

of e l u t i n g  the  drug from e i t h e r  C18 o r  CN uBondapak (Waters 

Assoc ia tes )  columns. The a d d i t i o n  of an an ion ic  s p e c i e s  could 

lower the  K ' ,  bu t  both phosphate and acetate produced peaks wi th  

marked t a i l i n g  even i n  molar q u a n t i t i e s .  Formate i o n  proved t o  

be t h e  most e f f e c t i v e  in both reducing peak t a i l i n g  and K'. 

I n  order  t o  a s su re  a reasonable  column l i f e  i t  is necessary 

t o  remove the  drug from i ts  b i o l o g i c a l  ma t r ix  p r i o r  t o  chromatography 

I t  was found t h a t  t he  drug b inds  non-spec i f ica l ly  t o  p r o t e i n s  and 

t h a t  p r e c i p i t a t i o n  methods such a s  TCA o r  PCA lead t o  very  poor 

r ecove r i e s .  This problem w a s  a l l i e v a t e d  somewhat by us ing  an 

acid:methanol:chloroform mix t o  dena ture  the  p r o t e i n  which c o l l e c t s  

a t  t he  i n t e r f a c e  between the  organic  and aqueous l a y e r s .  Advantage 

could then b e  taken of the d i f f e r e n c e  i n  p a r t i t i o n  c o e f f i c i e n t s  

between the  f r e e  base and its s a l t  by us ing  an a d d i t i o n a l  chlor- 

oform e x t r a c t i o n  from the  aqueous phase made b a s i c  wi th  ammonium 

hydroxide. 

90 and l O O Z  are r o u t i n e l y  obta ined  when e x t r a c t i n g  from water, 

approximately 80-100% from u r i n e  and between 60 and 80% from 

serum. 

r e l a t e d  t o  p r o t e i n  conten t .  Because of the  v a r i a b i l i t y  of 

With t h i s  method of e x t r a c t i o n  e f f i c i e n c i e s  between 

The lowered e f f i c i e n c y  of serum and u r i n e  e x t r a c t i o n  is  
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6 4 2  OSTROY AND GAMS 

e x t r a c t i o n ,  c r e s y l  v i o l e t  (Eastman) is r o u t i n e l y  added as a n  i n t e r n a l  

s t a n d a r d  p r i o r  t o  sample extraction.’ A t y p i c a l  chromatogram 

o b t a i n e d  from an e x t r a c t  of serum c o n t a i n i n g  250 ng of DHAQ and 

300 ng of c r e s y l  v i o l e t  is shown i n  F i g u r e  3. A p l o t  of  t h e  

r a t i o  of area under  t h e  drug  peak t o  a r e a  under  t h e  i n t e r n a l  

s t a n d a r d  peak f o r  serum and u r i n e  s p i k e d  w i t h  v a r i o u s  d r u g  

c o n c e n t r a t i o n s  o v e r  t h e  r a n g e  expec ted  t o  b e  found i n  

c l i n i c a l  t r i a l s  of t h i s  drug  is shown in F i g u r e  4 .  The 

r e s u l t s  o b t a i n e d  t h u s  f a r  i n d i c a t e  t h a t  t h e  a s s a y  is 

r e p r o d u c i b l e  w i t h i n  10%. 

In  summary t h e  e x t r a c t i o n  and chromatographic  p r o c e d u r e  

p r e s e n t e d  i n  t h i s  r e p o r t  is c a p a b l e  of d e t e c t i n g  and q u a n t i t a t i n g  

0.01 

0.008 

- 
0.006 

(D 

In 
Y 

$ 0.004 

0.002 u TIME (I DIV-2Omin) 

F i g u r e  3 - A t y p i c a l  chromatogram o b t a i n e d  by s p i k i n g  1 m l  o f  human 
serum w i t h  250 ng o f  DHAQ and 300 ng of c r e s y l  v i o l e t .  
Sample p r e p a r a t i o n  is d e s c r i b e d  i n  t h e  t e x t .  
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QUANTITY DETZRMINATION OF DHAQ 
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F i g u r e  4 - A p l o t  o f  t h e  r a t i o s  ( a )  of t h e  area under  t h e  c u r v e  
of  DHAQ t o  c r e s y l  v i o l e t  ( i n t e r n a l  s t a n d a r d )  as a 
f u n c t i o n  of i n c r e a s i n g  drug  c o n c e n t r a t i o n  i n  human 
serum (0)  and u r i n e  (0). O r d i n a t e  is amount of DHAQ a p p l i e d  
t o  column. R e s u l t s  shown are t h e  a v e r a g e  o f  d u p l i c a i e  
d e t e r m i n a t i o n s .  

approximate ly  10 ng of t h e  a n t h r a c e n e d i o n e  DHAQ (CL232 315, L e d e r l e  

L a b o r a t o r i e s )  when a p p l i e d  t o  a C18 r e v e r s e  phase column. Prel im- 

i n a r y  r e s u l t s  of p a t i e n t s  e n t e r e d  i n t o  Phase  I c l i n i c a l  t r ials 

i n d i c a t e  t h a t  t h i s  is t h e  r a n g e  of s e n s i t i v i t y  r e q u i r e d .  
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