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CONTEMPORARY DETECTION OF 4-DEMETH- 
OXYDAUNORUBICIN AND ITS METABOLITES 
13-DIHYDRO-6DEMETHOXYDAUNORUBlClN 
AND 4-DEMETHOXY DAUNORUBICINONE BY 

REVERSE PHASE HIGH-PERFORMANCE 
LlQU ID CHROMATOGRAPHY 

G. Pizzorno, F. Trave, A. Mazzoni, 
0. Russello, and A. Nicolin 

Istituto Nazionale per la Ricerca sul Cancro 
Viale Benedetto X V 

10 16132 Genova, Italy 

ABSTRACT 

The a im o f  t h i s  work was t o  o p t i m i z e  a s imp le  a n a l y t i c a l  method f o r  a com- 
p l e t e  pharmacologica l  and t o x i c o l o g i c a l  f o l l o w  up o f  p a t i e n t s  t r e a t e d  w i t h  a 
new o r a l l y  a c t i v e  daunorub ic in  analog, t h e  4-demethoxydaunorubicin. F o r  t h i s  
reason t h e  chromatographic p r o p e r t i e s  o f  t h e  unchanged drug, i t s  reduced 
metabol i t e  13-dihydro-4-demethoxydaunorubicin and i t s  ag l  i c o n e  ne tabo l  i t e  
4-demethoxydaunorubicinone have been i n v e s t i g a t e d .  E x t r a c t i o n  o f  these com- 
pounds froin b i o l o g i c a l  f l u i d s  has been c a r r i e d  o u t  u s i n g  e t h y l  a c e t a t e  and 
bu thano l .  Separat ion has been achieved i n  a C18 r e v e r s e  phase column by i s o -  
c r a t i c  e l u i t i o n  w i t h  a mob i l  phase c o n s i s t i n g  o f  a c e t o n i t r i l e m e t h a n o l  :phos- 
phate b u f f e r  40:10:50, pH 4.7. Drug and m e t a b o l i t e s  can be q u a n t i t a t e d  a t  
nanogram 1 eve1 by f l uo rescence  d e t e c t i o n .  

The appearance o f  a f u r t h e r  compound, i d e n t i f i e d  as t h e  13-dihydro-4-deme- 
thoxydaunorubicinone, was no ted  when whole b l o o d  i n s t e a d  o f  plasma was 
u t i l i z e d  w h i l e  develop ing t h e  assay. A ldo-cheto reductases o f  r e d  b l o o d  c e l l s  
c o u l d  be  respons ib le  f o r  t he  r e d u c t i o n  o f  t h e  4-demethoxydaunorubicinone i n  
i t s  13 -d ihyd roder i va t i ve .  

INTRODUCTION 

The a n t i t u m o r  a c t i v i t y  o f  an a n t i b i o t i c  agent  was f i r s t  r e p o r t e d  i n  1952 

( 1 ) .  Twelve y e a r s  l a t e r  t h e  c y t o t o x i c  a c t i v i t y  o f  daunorub ic in  (DNR), an 

a n t l i r a c y c l i n  a n t i b i o t i c  i s o l a t e d  f rom c u l t u r e s  o f  Streptomyces Peucet ius.  was 

2 5 5 1  
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2558 PIZZORNO ET AL. 

demonstrdted (2).  To date, anthracycl ines represent the most useful  group o f  

an t ineop las t ic  a n t i b i o t i c s  i n  c l i n i c a l  oncology: DNR and doxorubic in (DXR) are 

widely used i n  the treatment o f  a number o f  s o l i d  tumors and leukemias (3-6) 

A inajor l i m i t a t i o n  t o  the  use o f  anthracycl ines (as  we l l  as o f  any a n t i -  

cancer drug) i s  host t o x i c i t y .  I n  add i t i on  t o  the common acute dose- l im i t ing  

t o x i c i t y ,  such as bone marrow i n h i b i t i o n  and mucos i t i s  , anthracycl ines d is -  

p lay a cumulative (chron ic )  cardiac t o x i c i t y :  f o r  example, a congestive hear t  

f a i l u r e  i s  o f ten  conseguent t o  DXR treatment when the t o t a l  dose administered 

exceeds 500-600 mg/m2 (7,8). Unfortunately,  despi te the  e f f o r t s  t o  under- 

stand the mechanism o f  anthracyclin-mediated cardiac damage, conclusions are 

lacking. During the l a s t  t en  years remarkable e f f o r t s  have been made t o  

develop DIM and DXR analogs w i t h  reduced host t o x i c i t y  and/or enhanced a n t i -  

tumor a c t i v i t y :  f o r  t h i s  reason a number o f  s t ruc tu ra l  and stereochemical 

mod i f i ca t ions  have been c a r r i e d  ou t  i n  the aminosugar and i n  the anthracy- 

nolone group (9-13). The 4-demethoxydaunorubicin (dmDNR, Ida rub ic in ) ,  whose 

chemical s t ruc tu re  i s  shown i n  Figure 1, i s  a DNR analog cu r ren t l y  under 

c l i n i c a l  i nves t i ga t i on  (14-17). 

The knowledge o f  the t i ssue  d i s t r i b u t i o n  and the pharmacokinetic fea tures  

o f  a drug and i t s  metabol i tes (ac t i ve  and/or t o x i c )  i s  an important step t o  

achieve the desired ant i tumor e f f e c t  and t o  reduce the incidence and the 

degree o f  hos t  t o x i c i t y  (18). Previous pub l ica t ions  have reported ana ly t i ca l  

methods t o  quant i ta te  DNR, DXR and some analogs ( i nc lud ing  dmDHR) i n  b i o l o -  

g i ca l  f l u i d s  w i t h  the contemporary de tec t ion  o f  t h e i r  13-dihydro-metabolites 

(19-23). Because the involvment o f  anthracycl ines conversion i n t o  agl icone 

metabol i tes has been suggested as a possible mechanism leading t o  cardiac 

t o x i c i t y  (24.251, we have developed a simple and sens i t i ve  HPLC method fo r  the 

contemporary de tec t ion  o f  dmDNR , i t s  reduced metabo l i te  13-dihydro-4-demetho- 

xydaunorubucin and i t s  agl icone metabol i tes 4-demethoxydaunorubicinone and 13- 

dihydro-4-demethoxydaunorubici none. 
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FIGURE 1. Chemical s t ruc tu re  4-demethoxydaunorubici n. 

MATERIALS AN0 METHODS 

Chemicals 

ddllR, i t s  metabol i tes and DXR (used as i n te rna l  standard) were k i n d l y  

suppl ied by Fann i ta l ia -Car lo  i r b a  (M i lan , I t a l y ) .  Chemicals used i n  the ex- 

t r a c t i o n  procedure were o f  reagent grade and used w i thout  f u r t h e r  p u r i f i c a -  

t i on .  Solvents used i n  the HPLC system were o f  a n a l i t i c a l  grade. 

Instrumentat ion 

A Waters HPLC system consisted o f  a Mod.510 solvent de l i ve ry  system, a 

Mod.UCK sample i n j e c t o r  and a Mod.420 AC spec t ro f luor imeter  de tec tor  was used 

(Waters Assoc., M i l f o r d  MA).  E x c i t a t i o n  and emission wavelengths were 254 and 

530 nm respect ively.  The s ta t ionary  phase was a u-Bondapak C18 reverse-phase 

column, p a r t i c l e  s i ze  10 gm (Waters Assoc., M i l f o r d  MA). The HPLC system was 

in te r faced  t o  a Mod.3390A repor t ing  i n teg ra to r  (Hewlet t  Packard, Avondale PA). 
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Anal y t i c a 1 Procedures 

100 vg/ml s tock s o l u t i o n s  o f  each compound have been prepared i n  methanol 

and s t o r e d  a t  -20°C. Fresh s o l u t i o n s  were prepared eve ry  two weeks. I n  o r d e r  

t o  a v o i d  l o s s  o f  compounds a l l  t h e  g lassware were s i l a n i z e d  w i t h  a 1% aqueous 

s o l u t i o n  of P r u s i l  28 (PCR Inc., G a i n e s v i l l e  FA). S o l u t i o n s  c o n t a i n i n g  t h e  

a n t h r a c y c l i n e s  were p r o t e c t e d  f rom 1 i g h t .  

E x t r a c t i o n  o f  ddNR and i t s  m e t a b o l i t e s  f rom b i o l o g i c a l  f l u i d s  has been 

per formed as f o l l o w :  1.3 vg o f  DXR ( i n t e r n a l  s tandard )  and 1.0 m l  b o r a t e  b u f -  

f e r  o f  pH 8.5 were added t o  1.0 m l  sample (whole blood, plasma o r  u r i n e )  which 

was p r e v i o u s l y  sp iked w i t h  d i f f e r e n t  c o n c e n t r a t i o n s  o f  dmDNR, 13-dihydro-4-de- 

methoxydaunorubicin ( M  I )  and 4-demethoxydaunorubicinone ( i4 11). E x t r a c t i o n  was 

c a r r i e d  o u t  two t imes w i t h  5.U m l  o f  a m i x t u r e  e t h y l  acetate:buthanol  (3 :2)  a t  

room temperature and the  aqueous phase was r e - e x t r a c t e d  w i t h  1.5 m l  o f  e t h y l  

acetate.  The organic  phase was then  evaporated under  vacuum i n  d Vortex 

Evaporator  (Haake-Buchler, Sadle Brook r4J) and p e l l e t s  de re  s t o r e d  a t  -2O'C. 

Before i n j e c t i o n  on to  IiPLC system, p e l l e t s  were r e c o n s t i t u e d  w i t h  200 ~1 o f  

mobi l  phase b u f f e r .  The o v e r a l l  recovery f o r  a l l  compounds ranged from 65% t o  

75%. 

F o r  HPLC ana lys i s ,  t h e  mob i l  phases t e s t e d  c o n s i s t e d  o f  t e r n a r y  m i x t u r e s  

o f  a c e t o n i t r i l e ,  methanol and phosphate b u f f e r  whose r a t i o  o rgan ic  

phase/aqueous phase ranged f rom 45/55 t o  60/40. The pH t e s t e d  f o r  each mobi l  

phase was i n  t h e  range of 2.5 t o  7.0. C a l i b r a t i o n  cu rves  f o r  ddNR , M I and M 

I 1  were performed by i n j e c t i n g  10 t o  100 111 o f  s e r i a l  d i l u i t i o n s  f rom t h e  

s tock  s o l u t i o n s ;  these curves were l i n e a r  i n  t h e  range o f  10 ng/ml t o  50 vg/ml 

w i t h  c o r r e l a t i o n  c o e f f i c i e n t s  always g r e a t e r  t h a n  0.997. 

The q u a n t i t a t i o n  o f  dmOr4R and i t s  m e t a b o l i t e s  was achieved by r e g r e s s i o n  

a n a l y s i s  o f  t h e  peak area r a t i o  drug / i n t e r n a l  standard. 
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4-DEMETHOXYDAUNORUBICIN 2561 

RESULTS AND DISCUSSION 

The goal o f  t h i s  work was t o  o p t i m i z e  an a n a l y t i c a l  method f o r  a complete 

pharmacologica l  and t o x i c o l o g i c a l  f o l l o w  up o f  p a t i e n t s  t r e a t e d  w i t h  t h e  new 

UNK d e r i v a t i v e  4-demethoxydaunorubicin. Because o f  t h e  p o s s i b l e  i n v o l  vment o f  

aglycone m e t a b o l i t e s  i n  t h e  t o x i c  s i d e  e f f e c t s  o f  a n t h r a c y c l i n e s  (24,251, we 

developed an HPLC method f o r  t he  contemporary d e t e c t i o n  o f  dniIi4R , i t s  13- 

d i h y d r o d e r i v a t i v e  and i t s  more l i p o p h y l i c  ag lycone m e t a b o l i t e  i n  b i o l o g i c a l  

f l u i d s .  C r i t i c a l  p o i n t s  t o  o u r  a t t e n t i o n  were a good s e p a r a t i o n  o f  t h e  d rug  

f rom i t s  me tabo l i t es ,  a l o w  r a t i o  a rea /he igh t  (A /H)  o f  each peak, a reasonable 

t ime  o f  a n a l y s i s  ( i n  the  range o f  10 min)  and s e n s i t i v i t y  a t  nanograms l e v e l .  

The c h a r a c t e r i s t i c s  o f  t h e  mob i l  phases t e s t e d  a r e  summarized i n  Tab le  1. 

From a t o  E t h e  e l u e n t  s t r e n g t h  decreases a l o n g  with t h e  i n c r e a s e  o f  t h e  

pe rcen t  o f  aqueous phase. As a consequence, t h e  t o t a l  t i m e  o f  a n a l y s i s  i n c r e a -  

ses f rom G min f o r  t h e  mobi l  phase a t o  more than  18 m in  f o r  t h e  mob i l  phase E .  

The i n f l u e n c e  o f  t h e  d i f f e r e n t  mob i l  phases on  t h e  peak shape ( r a t i o  A/H) 

o f  each compound i s  shown i n  F i g u r e  2. When t h e  aqueous phase was more than  

5056, such as i n  inobi l  phase E ,  t h e  r a t i o  A /H  was always h i g h e r  than  0.4, w i th  

u n s a t i s f a c t o r y  va lues o f  about  0.9 f o r  M 11. I n c r e a s i n g  t h e  e l u e n t  s t r e n g t h  o f  

t h e  mob i l  phase, a p rog ress i ve  decrease o f  t h e  r a t i o  A/H was observed. 

TABLE 1. 

Composit ion o f  t h e  Mob i l  Phases Tested. 

Mob i l  Phase CH3CN ( % )  CH30H ( % )  Phosphate B u f f e r  ( 9 6 )  

40 
40 
35 
30 
30 

20 
10 
15  
20 
15  

40 
50 
50 
50 
55 
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FIGURE 2. Relat ionship between the e luent  strength and the peak Area/Height 
r d t i o .  

The best r e s u l t  i n  terms o f  separation, peak shape and time o f  ana lys is  

was achieved w i t h  mobil phase 6 ,  cons is t ing  o f  a c e t o n i t r i  1e:methanol :phosphate 

b u f f e r  40:10:50. The optimal pH f o r  t h i s  mobil phase resu l ted  4.7 0.1. Under 

these conditions, a t  a costant f l ow  r a t e  o f  2.0 ml/min, a l l  compounds d isp la -  

yed r a t i o s  A/H < 0.5, and re ten t i on  times were 2.2 , 3.2 , 4.2 and 9.2 min f o r  

the i n te rna l  standard ( K ' =  0.7).  M I ( K ' =  1.41, ddNR ( K ' =  2.2) and M I1 ( K ' =  

6.41, respec t ive ly  (Figure 3). L i m i t  o f  s e n s i t i v i t y  o f  t h i s  assay ( r a t i o  peak 

t o  noise > 51 f o r  dnDNR and i t s  two metabol i tes was 20 ng/ml i n  plasma. 
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7 e r a I to 18 t r m i n  

FIGURE 3. A )  Chromatogram o f  e x t r a c t  f rom human plasma s p i k e d  wi th  500 ng/ml 
o f  DXR ( I )  M I (11) dmDNR (111) and M I 1  ( I V ) .  

B )  Chromatogram o f  e x t r a c t  f rom b lank  human plasma. 

3 u r i n g  these s t u d i e s  we no ted  t h a t  t h e  peak o f  M I 1  was unreasonably  smal l  

i n  t h e  chromatograms o f  t h e  l o w  M 11 c o n c e n t r a t i o n s  ( <  100 ng/ml) when t h e  

m e t a b o l i t e  was incubated and e x t r a c t e d  from whole b l o o d  i n s t e a d  o f  plasma. 

Furthermore, i n  t h e  chromatograms o f  b o t h  l ow  and h i g h  c o n c e n t r a t i o n s  o f  M I 1  

appeared a peak a t  5.3 inin ( K ' =  3 . 1 1 , i d e n t i f i e d  by i t s  chromatographic  p roper -  

t i e s  as t h e  13-dihydro-4-denethoxydaunorubicinone. D i f f e r e n t  c o n c e n t r a t i o n s  o f  

M I 1  were t h e r e f o r e  i ncuba ted  f o r  d i f f e r e n t  p e r i o d s  o f  t i m e  wi th  f r e s h  human 

b lood:  t h e  t u r n o v e r  o f  M I 1  i n t o  i t s  1 3 - d i h y d r o d e r i v a t i v e  r e s u l t e d  t o  be 

f u n c t i o n  o f  t ime  and i n v e r s e l y  p r o p o r t i o n a l  t o  M I 1  c o n c e n t r a t i o n .  F o r  example, 

when t h e  M I 1  c o n c e n t r a t i o n  was 100 ng/ml, t h e  convers ion  o f  M I 1  i n  i t s  13- 

d i t y d r o d e r i v a t i v e  was approx ima te l y  5% a t  30 m i n  and more than  80% a f t e r  24 

hours, w h i l e  f o r  t h e  h i g h e r  c o n c e n t r a t i o n  of  10 cg/ml, o n l y  2.5% and 48% of M 
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2564 PIZZORNO ET AL. 

I 1  were conver ted  i n t o  i t s  1 3 - d i h y d r o d e r i v a t i v e  a f t e r  30 m in  and 24 hours 

r e s p e c t i v e l y .  No s i g n i f i c a n t  l o s s  o f  M I 1  were de tec ted  a f t e r  24 hours incuba-  

t i o n  of  t he  compound i n  plasma o r  water :  t h e  amount o f  t h e  13-dihydro-4-deme- 

thoxydaunorubic inone was always < 0.5%, t h a t  i s  t h e  same amount d e t e c t e d  i n  

s tandard s o l u t i o n s  as i m p u r i t y .  The phenomenon o f  M I 1  r e d u c t i o n  i s  l i k e l y  t o  

be a t t r i b u i t e d  t o  a ldo -che to  reductases p resen t  i n  human e r i t h r o c y t e s  ( 2 6 ) .  
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