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DETERMINATION OF ADRIAMYCIN AND ACLACINOMYCIN A IN 
PLASMA BY HIGH PRESSURE LIQUID CHROMATOGRAPHY AND 

SPECTROPHOTOFLUOROMETRY 

J, H .  Peters and J. F .  Murray, Jr. 
Life Sciences Division 
SRI International 

333 Ravenswood Avenue 
Menlo Park, CA 94025 

ABSTRACT 

Procedures for the determination of adriamycin and aclacino- 
mycin A in plasma using high pressure liquid chromatography for 
resolution and fluorescence for detection are described. Separ- 
ations of these anthracyclines from some of their metabolites-- 
adriamycinol and 4"'-hydroxy aclacinomycin A isomers--are also 
illustrated. 

INTRODUCTION 

Adriamycin (ADR)  is representative of a number of Streptomy- 

ces-produced anthracycline antibiotics that are effective anti- 

cancer agents (1,2). 

(I& ) procedures have been developed to study the pharmacokinetics 

of anthracyclines. ADR was resolved from its major mammalian meta- 

bolite, adriamycinol (WOL), by a gradient elution technique on 

diphenyl- and cyanoamino polar bonded supports (3,4,5) and it has 

been employed as an internal standard in a procedure that resolved 

daunomycin and daunomycinol on silica microspheres (6). Others ( 7 )  

concluded that silica was the most efficient support for the analy- 

_. 

Several high pressure liquid chromatographic 
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46 PETERS AND MURRAY 

sis of pharmaceutical preparations of ADR that contained adriamy- 
cinone and other impurities. 

Because ADR exhibits bone marrow suppression and cumulative 

dose-dependent cardiotoxicity ( 8 , 9 ) ,  other anthracycline derivatives 

have been developed and are undergoing preliminary clinical trials. 

These include aclacinomycin A (ACLA) and some of its isomers (10). 

In the present communication, we describe two procedures 

that combine efficient silica columns and sensitive fluorescence 

monitoring to determine ADR, AMNOL, and ACLA. In addition, the 

method presented for ACLA is shown to be applicable to the separa- 

tion of ACLA and its two 4"'-hydroxy isomers. 

EXPERIMENTAL 

Reference samples (5 mg) of ADR and AMNOL were obtained from 

Drs. W. W. Lee and T. H. Smith of the Bioorganic Chemistry Depart- 
ment, SRI International. Dr. T. Oki (Sanraku-Ocean Co., Ltd., 
Tokyo, Japan) provided analytical samples of MIA and its 4"'-hydroxy 

isomers, MA-14441 (terminal sugar, L-rhodinose) and MA-144-Ml (ter- 

minal sugar, L-amicetose), respectively. 

parent compounds are shown in Figure 1. 

Structural formula of the 

Chloroform, methanol, and ethyl acetate were "distilled in glass" 

reagents (Burdick and Jackson, Muskegon, MI), dimethyl sulfoxide was 

of spectroquality (Matheson, Coleman, and Bell, Nonvood, OH), and 

water was glass-distilled after deionization. Ammonium hydroxide 

(28% w/v), ethylene glycol, and all other materials were reagent 

grade chemicals. 

Chromatography 

Separations were performed at ambient temperature (22OC) on a 

prepacked, 5-pm LiChrosorb SI 60 column (3.2 x 250 mm, Altex Scien- 

tific Co., Berkeley, CA) using a mobile phase of chloroform-methanol- 

ammonium hydroxide-water (855:130:10:5) for ADR and AMNOL and one 
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OH 0 OH I 

ADRl AMYClN 

Structures of adriamycin 

ACLACINOMYCIN A 
LSJ-25 

FIGURE 1 

(ADR) and aclacinomycin A (ACLA). The 
asterisk in the formula of ACLA indicates the 4 "'-position 

consisting of chloroform-dimethyl sulfoxide-ethylene glycol (975:20: 5) 

for NLA, MA-144-M1, and MA-144-N1. In both cases, the mobile phase 

flow rate was 1.1 ml/min and injections of aliquots (100 pl) onto 

the columns were made using a Model 70-10 loop injector (Rheodyne, 

Berkeley, C A ) .  

Fluorescence of the effluents from the columns was measured as 

it flowed through a 2OO-pl quartz cell (Markson Science, Inc., Delmar, 

CA) in a modified Aminco-Bowman spectrophotofluorometer that we have 

previously described (11). 

fluorescence at 580 nm (excitation, 475 nm); ACLA, by its fluores- 
cence at 520 nm (excitation, 460 nm). 

ACLA, MA-144-Ml, and MA-144-N1 was performed at 254 nm using an Al- 
tex Model 153 detector equipped with an 8-pl flowcell. 

ADR and AMNOL were detected by their 

Ultraviolet monitoring of 

Extractions 

ADR and AMNOL were extracted from 0.40 ml of rabbit plasma 

(buffered by 0.10 ml of 1 M phosphate buffer, pH 8.0) by addition 
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48 PETERS AND MURRAY 

of 2.0 m l  of chloroform-methanol ( 9 : l )  followed by g e n t l e  mechanical 

shaking f o r  20 min. 

t h e  aqueous layer was d iscarded  and 1.6 m l  of t h e  o r g a n i c  phase was 

evaporated t o  dryness  a t  20°C under a s t ream of h igh  p u r i t y  N,. 

r e s i d u e  was d i s s o l v e d  i n  150 p 1  of t h e  mobile phase and a 100-p1 

p o r t i o n  was chromatographed. MLA was e x t r a c t e d  under s i m i l a r  

condi t ions  except t h a t  t h e  plasma was b u f f e r e d  by a d d i t i o n  of 0.10 

m l  of 1 M phosphate, pH 7.0 and t h e  e x t r a c t i o n  was performed wi th  

e t h y l  a c e t a t e .  

A f t e r  c e n t r i f u g a t i o n  t o  s e p a r a t e  t h e  phases, 

The 

RESULTS AND DISCUSSION 

Figure  2A shows a t y p i c a l  f luorescence  e l u t i o n  p r o f i l e  of ex- 

t r a c t s  of plasma from a female New Zealand w h i t e  r a b b i t  b e f o r e  com- 

mencing and a f t e r  c e s s a t i o n  of a 2-hr in t ravenous  i n f u s i o n  of 20 

mg ADR.HCL/kg. ADR and AMNOL were completely reso lved  from each 

o ther ,  e x h i b i t i n g  r e t e n t i o n  t imes  of 2 .8  and 6.2 min, and plasma 

concent ra t ions  of 243 and 97 ng/ml, r e s p e c t i v e l y .  ADR was not  

f u l l y  resolved from s e v e r a l  smal le r  peaks t h a t  appeared i n  t reat-  

ment plasma but  e x t r a c t i o n s  of ADR s t a n d a r d s  from c o n t r o l  plasma 

d id  not  e x h i b i t  t h e s e  s m a l l e r  I& peaks. Perhaps t h e  u s e  of a 

smal le r  flow c e l l  would have achieved b e t t e r  r e s o l u t i o n .  Such 

a f low c e l l  (ZO-pl)  i s  now a v a i l a b l e  from P r e c i s i o n  C e l l ,  Inc. 

( H i c k s v i l l e ,  NY) and is designed f o r  use i n  a s tandard  fluorom- 

e ter  cel l  ho lder  (12.5 X 12.5 mm). Comparison of t h e  p r e t r e a t -  

ment and t rea tment  plasmas c l e a r l y  i n d i c a t e d  t h a t  plasma a l o n e  

d id  not  c o n t r i b u t e  f luorescence .  

F i g u r e  3 shows t h e  f l u o r e s c e n c e  response of ADR ( s o l i d  c i r -  

c l e s )  ex t rac ted  from r a b b i t  plasma over  a c o n c e n t r a t i o n  range of 

0.00187 t o  0.937 pg ADR/ml (0.002 t o  1.0 pg ADR-HCl /ml )  of plasma. 

Clear ly ,  an e x c e l l e n t  l i n e a r  r e g r e s s i o n  ( r  = 0.9999, P < 0.001) 

was obtained.  I n  a s e p a r a t e  experiment, w e  determined t h e  recov- 

e r y  of ADR from r a b b i t  plasma by comparing t h e  f luorescence  re- 
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FIGURE 2 

A. E l u t i o n  p r o f i l e  of ADR and AMNOL e x t r a c t e d  from r a b b i t  plasma 
a f t e r  ADR t rea tment  ( l e f t )  and of an e x t r a c t  of  pre t rea tment  
plasma ( r i g h t  ) . 

B. E l u t i o n  p r o f i l e  of ACLA e x t r a c t e d  from r a b b i t  plasma. 

C. E l u t i o n  p r o f i l e  of ACLA, MA-144-Ml, and MA-144-N1 i n j e c t e d  
o n t o  t h e  column. 

sponse of e x t r a c t e d  samples w i t h  t h a t  ob ta ined  by d i r e c t  i n j e c -  

t i o n s  of ADR-HC1. The r e s u l t s  showed a q u a n t i t a t i v e  recovery  

over a range from 0.00937 t o  0.937 pg ADR/ml (0 ,010 t o  1.0 pg 

ADR.HCl/ml) of plasma. 

volume changes, t h e  mean recovery f t h e  s t a n d a r d  e r r o r  of  ADR was 

116 * 0.2%. The recovery range was exceedingly narrow and repro-  

d u c i b i l i t y  of a l i m i t e d  number of i n d i v i d u a l  tests was w i t h i n  f 4%. 

F luorescence  n o i s e  was equiva len t  t o  approximately 1 ng of ADR/ml 

of plasma and t h e  lower l i m i t  of p r a c t i c a l  s e n s i t i v i t y  w a s  2 t o  4 

ng ADR/ml. 

Without apply ing  a c o r r e c t i o n  f o r  phase 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
3
5
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



50 PETERS AND MURRAY 

10 

1 .o 

w 
z 
2 Y 
2 0.10 
Y 

P 

3 
c 

0.01 

0.001 

------7 

0.001 0.01 0.10 1.0 

LSJ-27 
ADR or ACLA - rglml of plasma 

FIGURE 3 

Fluorescence response of ADR ( * )  and ACLA (0) as  a function of 
plasma concentration. Peak heights were used f o r  quant i ta t ion.  

Figure 2B shows the fluorescence e lu t ion  p r o f i l e  of ex t r ac t s  of 

control rabbit  plasma tha t  contained 1.0 kg ACLA/ml .  The retent ion 

time of ACLA was 2 .6  min a t  a flow r a t e  of 1.1 ml/min. 

plasma alone contributed more interference than that  found i n  the 

procedure used fo r  ADR. The increased interference was probably due 

t o  a greater  extraction of endogenous material  by ethyl  acetate ,  

which was used t o  increase the  extract ion eff ic iency f o r  =LA. 

In t h i s  case, 

Figure 3 a l so  shows the  fluorescence response of KIA (open 

c i r c l e s )  extracted from rabbit  plasma over a concentration range of 

0.05 t o  1.0 pg ACIA/rnl of plasma. Clearly, an excellent l i n e a r  re- 

gression ( r  = 0.9993, P < 0.001) was obtained. Also,  w e  determined 

the recovery of FCLA from rabbit  plasma by comparing the  fluorescence 
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response of e x t r a c t e d  samples with t h a t  ob ta ined  by d i r e c t  i n j e c t i o n s  

of ACLA onto  t h e  column. The r e s u l t s  showed t h a t  t h e  mean recovery  

f t h e  s tandard  error was 78.6 f 2.9% over  a range from 0.05 t o  1 .0  pg 

ACLA/ml of plasma. R e p r o d u c i b i l i t y  of a l i m i t e d  number of d u p l i c a t e  

t es t s  was w i t h i n  rt 2% of t h e i r  mean. F luorescence  n o i s e  w a s  equiva-  

l e n t  t o  approximately 1 0  ng ACLA/ml of plasma and t h e  lower l i m i t  

of p r a c t i c a l  s e n s i t i v i t y  was 10 t o  20 ng ACLA/ml. 

Recent ly ,  Oki (12)  showed t h a t  ACLA i s  reduced m e t a b o l i c a l l y  

i n  v i t r o  by mammalian t i s s u e  homogenates t o  t h e  4"' hydroxy isomers  

of ACLA. To determine t h e  a p p l i c a b i l i t y  o f  our  LC system t o  separ -  

a te  t h e s e  reduced isomers of ACLA, w e  chromatographed small amounts 

of t h e  isomers i n  t h e  presence and absence of ACLA. The e l u t e d  com- 

pounds were d e t e c t e d  a t  254 nm and t h e  r e t e n t i o n  times f o r  ACLA, 

MA-144-M1, and MA-144-N1, were 3.1, 8.5, and 10.1 min, r e s p e c t i v e l y ,  

a t  a flow r a t e  of 1.0 ml/min. F i g u r e  2C shows the r e s o l u t i o n  of 

t h e  two isomers from each o t h e r  and from ACLA. 

-- 

Because f l u o r e s c e n c e  provides  a g r e a t e r  p o t e n t i a l  f o r  s e n s i t i v e  

d e t e c t i o n  than  u l t r a v i o l e t  absorp t ion ,  w e  determined t h e  f l u o r e s c e n c e  

c h a r a c t e r i s t i c s  of t h e  4"' -hydroxy d e r i v a t i v e s  of ACLA i n  t h e  mobile 

phase used f o r  ACLA. The a c t i v a t i o n  and f l u o r e s c e n c e  maxima and 

f l u o r e s c e n c e  i n t e n s i t y  r e l a t i v e  t o  ACLA were 470 nm, 545 nm, and 

100% and 470 nm, 540 nm, and 127$, f o r  MA-144-M1 and MA-144-N1, re- 

s p e c t i v e l y .  

isomers could be q u a n t i t a t e d  by f l u o r e s c e n c e  a f t e r  LC. N o  s t u d i e s  

on t h e  e x t r a c t i o n  of t h e  4"' -hydroxy isomers from plasma were per -  

formed, however. 

These r e s u l t s  sugges t  t h a t  ACLA and t h e  4"' -hydroxy 
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