
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

Extraction of Anthracyclines from Biological Fluids for HPLC Evaluation
Jacques Roberta

a Fondation Bergonié 180, Bordeaux Cédex, France

To cite this Article Robert, Jacques(1980) 'Extraction of Anthracyclines from Biological Fluids for HPLC Evaluation',
Journal of Liquid Chromatography & Related Technologies, 3: 10, 1561 — 1572
To link to this Article: DOI: 10.1080/01483918008062796
URL: http://dx.doi.org/10.1080/01483918008062796

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/01483918008062796
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF LIQUID CHROMATOGRAPHY, 3(10), 1561-1572 (1980) 

EXTRACTION OF ANTHRACYCLINES FROM BIOLOGICAL FLUIDS 
FOR HPLC EVALUATION 

Jacques Robert 
Fondation Bergonie 

180, rue de Saint-Genes 
33076 Bordeaux Cedex, France 

ABSTRACT 

A new technique for the extraction of anthracyclines and 
their metabolites from plasma or serum is described, which gives 
suitab!e extracts for HPLC analysis of these drugs in patients. 
This technique consists in a very rapid chromatographic step on 
the bonded silica contained in small open columns ( C-18 Sep-Paks, 
Waters Associates ) . This extraction gives quantitative recoveries 
of all the anthracyclines and metabolites that have been tested ; 
0.2 to 3 ml of plasma can be processed, with concentrations up to 
5,000 ng/ml. The advantages of this technique over classical 
techniques using an organic extraction with a partition between 
two phases are : speed, simplicity, efficacy, reproducibility and 
similarity of recoveries for various anthracyclines. 

INTRODUCTION 

Anthracyclines are a very powerful group of antitumor anti- 
biotics. Adriamycin and daunorubicin are extensively used for 
treatment of a wide variety of solid tumors and leukemias. Moreover, 
several analogues have been synthesized and are studied, at the present 
time, in phase I and phase I1 clinical trials. Pharmacokinetic studies 
of these drugs can provide a much better knowledge of their 
metabolization in the body and, therefore, of their bioavailability 
to the various tissues, normal or tumoral. Such studies require 
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1562 ROB EXT 

techniques for the measurement of parent drugs and their  metabol i tes 
in biological fluids. These techniques mustbe h i g h l y  sensitive ( in 
the nanomolar range ) , highly specific and reproducible. 

Several techniques have been published recently for the 
HPLC analysis of anthracyclines in plasma or other biological fluids 
( 1-5 ) .  All of t h e m  present similar sensit ivit ies and are a b l e  t o  
detect  less t h a n  10 ng of  drug  in absolute amount.  Among them, the 
technique proposed by Israel e t  a l .  ( 1 ) appears as the most suitable 
and reproducible. Various techniques have also been published for the 
extraction of these compounds from biological fluids ( 1-7 ) . Those 
techniques are a l l  based upon the physical properties of anthracyclines, 
which can be extracted by organic solvents. The anthracyclines partitioil 
between an organic and a n  aqueous phase depending on the pH. All  thesr 
techniques present several drawbacks : 

- the extraction i s  not quantitative and the 
recovery often ranges between 50 and 70 %, even i f  claimed higher ; 

- when the recovery reaches 90 % ,  either a huge 
quantity of organic solvent i s  required for the extraction o f  the 
drug from 1 ml plasma, or only a very l i t t l e  quantity o f  plasma c a n  
be used ( 0 . 1  m l  ) ,  which i s  not enough, in most cases, for clinical 
evaluation of low levels of  drug ; 

- the recovery i s  not  similar for a l l  anthracyclines 
and for the parent drugs vs. their  metabolites. Recovery depends upon 

the parti tion coefficient between the organic and the aqueous phases 
a t  the pH of the extraction ; 

- Recovery i s  dependent upon the amount of  drug 
present in the sample, and this recovery may be reduced when more t h a n  
1pg of d rug  i s  present in 1 ml o f  plasma ( personal observations ) ; 

- most techniques are  time-consuming and require 
usually large quantities of various chemicals ; since there i s  a 
p a r t i t i o n  between an organic and an aqueous phase, several phase 
separations must be performed w i t h  careful and sometimes diff icul t  
removal of the organic layers.  
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ANTHRACYCLINES FROM BLOLOGICAL FLUIDS 1563 

A l l  the techniques a l ready  proposed i n  the  l i t e r a t u r e  do 
n o t  present a l l  the  drawbacks l i s t e d  here, b u t  a l l  of  them present 
a t  l e a s t  one o f  them. We r e p o r t  here on an o r i g i n a l  e x t r a c t i o n  
technique of anthracyc l ines  and t h e i r  metabo l i tes  which t e n t a t i v e l y  
avoids the drawbacks l i s t e d  above. This technique i s  based on t h e  

HPLC behavior o f  these compounds. On a bonded s i l i c a ,  i t  has been 
shown t h a t  anthracycl ines are  e l u t e d  w i t h  so lvents  o f  i nc reas ing  
p o l a r i t y  ( 1 ) .  Therefore, t h e  use of pre-columns f i l l e d  w i t h  a 
bonded s i  1 i ca may rep1 ace the  organic e x t r a c t i o n .  Such pre-col  umns 
are  comnercial ly ava i l ab le  and t h e i r  chromatographic behavior i s  

rough ly  s i m i l a r  t o  t h a t  of t he  HPLC columns con ta in ing  the  same 
s o l i d  phase. 

MATERIALS AND METHODS 

C-18 Sep-Paks were obtained from Waters Associates, M i l f o r d ,  
MA, U . S . A .  ( Ref. No 51910 ) . They c o n s i s t  of a po lye thy lene 
c a r t r i d g e  f i l l e d  w i t h  C-18 bonded s i l i c a ,  and are used as minichroma- 

tographic open columns. Solvents o r  f l u i d s  can be pushed through the  
column w i t h  a glass syr inge ( F ig .  1 ) . For the  e x t r a c t i o n  of 
anthracycl ines from up t o  3 m l  plasma o r  serum, we have used them as 
follows. We have run through the  Sep-Pak : 

I. 3 ml pure methanol 
11. 3 m l  methanol/water 1/1 ( v / v  ) 

111. 10 m l  Na2HP04 0.05 M 
IV. the plasma sample ( 0.2 t o  3 m l  ) 
V. 3 m l  Na$'?nq 0.05 M ( e l u a t e  discarded ) 

VI. 4 m l  chloroform/methanol 2/1 ( v/v ) 

This l a s t  organic e lua te  i s  evaporated t o  dryness i n  a warm water- 

bath under a stream o f  n i t rogen  ; i t  i s  then recons t i t u ted  w i t h  a 
small  volume o f  the  so lvent  used f o r  the  HPLC separa t ion  ( see 
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FIGURE 1 

A C-18 Sep-Pak ( Waters Associates ) 
The reference scale i s  i n  centimeters. 
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ANTHRACYCLINES FROM BIOLOGICAL FLUIDS 1565 

below ) . This volume was 100-2500 ~ r l  according t o  the q u a n t i t y  
of anthracyclines expected t o  be present in the sample. A centri- 
fugation i n  small conical tubes ( 5 m i n ,  5,000 rpm ) eliminates, 
as a precipitate, the lipid material extracted ; an aliquot of 
the clear supernatant ( 5 t o  50 pl ) i s  then injected i n t o  the 
liquid chromatograph. 

The HPLC conditions were very similar t o  those described 

by Israel e t  a l .  ( 1 ) with minor modifications. The HPLC was achieved 
with a Waters Associates liquid chromatograph on a column of micro- 
bondapak-phenyl ( 30 x 0.4 a ) . The solvent was a mixture o f  aceton- 
i t r i l e  and formate buffer ( 32/68, v / v  ) .  The formate buffer was 
prepared with 0 . 1  % ammonia ad jus t ed  t o  pH 4.00 with pure formic acid.  
This solvent was used isocratically a t  a flow rate of 3 ml/min. 
Detection o f  the peaks was accomplished w i t h  a Schoeffel fluorometer 
( model SF-970 ) with an excitation wavelength of 2 5 4  nm and an 
emission cut-off f i l t e r  a t  580 nm. All the chromatograms presented 
here were obtained with the minimal sensitivity of  the fluorometer 
( range 1 U A  ) and the minimal time-constant ( 0.5 sec. ) . The 
fiuarescence signal was recorded with a n  Omniscribe recorder and 

integration of the peaks was obtained w i t h  an I C A P  10 calculator. 

RESULTS A N D  DISCUSSION 

The use of C-18 sep-paks gave a quantitative recovery of  
the anthracyclines present i n  serum o r  plasma. The manipulation o f  

the anthracycl ines ( evaporation, centrifugation, changes o f  
tubing, . . .  ) gave a loss of  about  5-10 % of the drugs ( Fig. 2 ) .  

I f  the same amount  of anthracyclines was added t o  1 m l  o f  a n  
untreated subject and  extracted with Sep-Paks as described in the 
Materials and Methods section, a recovery of 98-102 % was obtained 
when compared t o  the manipulation of the drugs  without extraction. 
We can thus assume t h a t  the yield of the recovery of the a n t h r a -  
cyclines from the C-18 sep-paks i s  100 7 : .  Addition of an internal 
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FIGURE 2 

Recovery a f te r  anthracycl ines extraction o n  Sep-Paks 
The chromatographic conditions are described i n  the tex t .  
Chrornatoqrpm-A_: pure adriamycin and daunorubicin standards 
{'.?d-ni-each 7 were injected ; ChromgfoqramJ : 1000 ng o f  
each standard were added t o  1 ml methanol; th i s  was trans- 
ferred t o  another tube, evaporated t o  dryness, redissolved 
i n  1 m i  o f  formate buffer /acetoni t r i le  mixture and trans- 
ferred t o  a small conical tube ; 20 ul were injected ; 
Chr_G!a_soqrimE : 1000 ng of each standard were added t o  l m l  
b fank  piasma, a Sep-Pak extraction was performed as described 
i n  the tex t ,  20 u l  from 1 ml were injected.  
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ANTHRACYCLINES FROM BIOLOGICAL FLUIDS 1567 

standard t o  the serum prior t o  extraction allows quant i ta t ive 
measurements. 

The 0.05 M Na2HP04 solution has a pH of approximatively 9.0 
I t  was used t o  ensure tha t  a l l  the molecules of anthracyclines were 
under  the same ionized form. Replacement of t h i s  solution by pure 
water gave a loss o f  10-20 % i n  the recovery of the h p .  Pak extract ion.  
An acidic buffer can also be used ins t ead  of the basic solution o f  

Na2HP04. We have used the formate buffer used for  the preparation of 
the HPLC solvent. Similar resu l t s  were obtained with a 100 % 
recovery of the drugs from the Sep-Paks. This buffer can be useful for 
detorubicin extraction since th i s  
alkaline pH. 

a variety of anthracyclines and derivatives ( Fig. 3 ) .  We have 
obtained simi 1 a r  quantitative recoveries for  a d r i  amycinol , adri amy 
cinone, daunorubicin, daunorubicinol , 4'-epi adriamycin, rubidazone 
and detorubicin using for  the last: compound a pH 4.0 buffer for  
wsshing the Sep-Paks and  a mixture of formate buffer /acetoni t r i le  
60140 for  the HPLC. 

anthracycline i s  very unstable a t  

We have evaluated the recoveries from the Sep-Paks of 

We have measured the l inear i ty  of the recovery of the 
d r u g s  in plasma over a wide range of concentrations. Results ob - 
tained for  adriamycin are shown in Fig. 4.  10 t o  5,000 ng were 
added t o  1 ml serum portions of a n  untreated subject and ex t rac-  
ted as described ; aliquots containing 5 t o  20 ng of adriamycin 
were then injected into the chromatograph and  the peak areas o b  - 
tained were multiplied by the dilution factor .  A s t ra ight  l ine  
was obtained between 10 a n d  5,000 ng ; th i s  represents,  together, 
the 1 inear i ty  of the Sep-Pak extraction recovery and the repeta - 
b i l i t y  of the inject ion.  T h i s  l inear i ty  was obtained for  concen- 
t ra t ions of drugs less t h a n  10 ng/ml ,  down t o  2 n g / m l ,  which i s  
the 1 imi t of sensi t i v i  t y  of t h e  fluorescence detection. A precau - 
tion must be taken when such experiments are  performed : the d r u g  
added t o  the plasma must be solubilized in  water t o  a v o i d  the 
need t o  add methanol t o  the plasma : this  would resu l t  in loss of 
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FIGURE 3 
S i m i l a r i t y  of t h e  recover ies  o f  var ious  an thracyc l  ines 

a f t e r  Sep-Pak e x t r a c t i o n  

The chromatographic cond i t i ons  are descr ibed i n  the  t e x t .  
Ch_rgmntoqt-a_T~-A_ a _ r ~ ~ - c  : var ious  an thracyc l  ines were i n j e c t e d  a s  
standards dissorved i n  methanol ( A )  o r  i n  formate bu f fe r /ace to-  
n i t r i l e  68/32 (5) ; <hr-$ntogrgn,g : t h e  same an th racyc l i ne  m i x -  
t u r e  was i n j e c t e d  a f t e r  i t  has been added t o  I m l  serum and 
ex t rac ted  w i t h  a Sep-Pak as descr ibed in t he  t e x t .  No d i f fe rence 
can be seen in t he  r e l a t i v e  p ropor t ions  o f  t he  var ious  anthra- 
cyc l i nes .  I d e n t i f i c a t i o n  o f  t he  peaks : (1) adr iamycinol  ; ( 2 )  
adriamycin ; ( 3 )  4 '  epi-adr iamycin ; ( 4 )  adriamycinone ; ( 5 )  dau- 
no rub ic in .  
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ng of adriamycin added to l m l  serum 

FIGURE 4 

L i n e a r i t y  o f  t h e  Sep-Pak e x t r a c t i o n  e f f i c a c y  

10 t o  5000 ng o f  adr iamyc in  were added t o  1 m l  b l a n k  serum 
p o r t i o n s  ; a Sep-Pak e x t r a c t i o n  was c a r r i e d  o u t  as d e s c r i b e d  
i n  t h e  t e x t  ; t h e  volume o f  r e c o n s t i t u t i o n  ranged between 100ltl 
and 5000ul ; t h e  volume o f  i n j e c t i o n  ranged between 20 111 and 
50 111 ; peak area was m u l t i p l i e d  by t h e  d i l u t i o n  f a c t o r  and 
p l o t t e d  as a f u n c t i o n  o f  c o n c e n t r a t i o n  o f  adr iamyc in  i n  t h e  
serum ( double l o g a r i t h m i c  p l o t t i n g  ) . The l i n e a r i t y  o b t a i n e d  
can be used t o  e v a l u a t e  s imu l taneous ly  : ( i )  t h e  constancy of 
e x t r a c t i o n  y i e l d  ; ( i i )  t h e  r e p e t a b i l i t y  o f  t h e  i n j e c t i o n  
technique ; ( i i i )  t h e  c a l i b r a t i o n  curve  o f  t h e  HPLC techn ique.  
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Examples of chromatograms o b t a i n e d  from e x t r a c t s  
o f  p a t i e n t s ' p l a s m a s  

Chrgmatoqr-am-A : mixture of  pure s t a n d a r d s  i n  methanol ( 20 ng 
each 1-s Chrgmafogrami,B_and-c : a n t h r a c y c l  i nes e x t r a c t e d  from 
t h e  plasma o f  p a t i e n t s  t r e a t e d  wi th  adriamycin ; 4'-epiadriamy- 
cin was added t o  t h e  serum a s  an i n t e r n a l  s t a n d a r d  (5) ; daunc- 
r u b i c i n  was added t o  the serum a s  an i n t e r n a l  s t a n d a r d  ( C ) .  
I d e n t i f i c a t i o n  o f  the peaks as i n  F i g u r e  3 .  
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the drug when e x t r a c t i n g  i t . Another p o s s i b i l i t y  i s  t o  add t h e  

plasma t o  the  drug a f t e r  having d r i e d  i t  i n  a tube by evaporat ion 
o f  t h e  methanol i n  which the  drug i s  u s u a l l y  dissolved. 

The technique we propose here i s  a very r a p i d  one which 
requ i res  about 5 min. manipulat ion,  20 rnin. evapora t ion  and 10 min. 

cen t r i f uga t ion .  Since t h e  HPLC technique we have chosen ( 1 ) i s  
very r a p i d  ( 5 min. ) ,  up t o  25 samples o f  plasma can be e n t i r e l y  
processed w i t h i n  a day. An example o f  t he  chromatograms obtained 
from pa t ien ts  t r e a t e d  w i t h  adr iamycin i s  shown i n  F ig .  5. 
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