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A RAPID METHOD FOR CYCLOSPORINE A 
DETERMINATION BY HPLC 

A. K.  Shihabi, J .  Scaro, and R.  M. David 
Department of Pathology 

The Bowman Gray School o f  Medicine 
Wake Forest University 

Winston-Salem, North Carolina 2 71 03 

ABSTRACT 

A rapid method is described for the determination of cyclo- 
sporine in whole blood by HPLC. The cyclosporine is extracted 
with an acetonitrile-isopropanol mixture, purified on a C 
minicolumn, and finally injected on a CN column. 
drug is greater than 90%. 

Recovery o/8the 

INTRODUCTION 

Cyclosporine A,  an immunosuppressive agent, has greatly 

improved the survival rate of solid transplants (1,2). However, 

many side effects such as renal failure and hyperbilirubinemia 

necessitate careful monitoring of the therapeutic blood level. 

Two characteristics of cyclosporine make the blood levels 

difficult to monitor. First, two-thirds of cyclosporine A is 

tightly bound to the red blood cells ( 3 ) .  This binding is 
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2642 SHIHABI, SCARO, AND DAVID 

temperature dependent ( 3 ) .  Second, cyclosporine has many 

metabolites which interfere with measurement by RIA. These 

metabolites do not interfere with the HPLC method; however, 

sample purification, with solid phase (4,5) or ether extraction 

(6,7), is required. Ether extraction yields clean chromatograms 

with recoveries of over 9 O X .  In addition t o  being dangerous for 

routine clinical Laboratories, the extraction is time-consuming, 

leading to very high cost per test. Direct solid-phase extrac- 

tion using disposable columns is more suited for serum; however, 

the drug level in serum is only one-third of that in whole blood 

( 3 ) .  

Here, we describe a method for cyclosporine A determination 

in whole blood which is based on pre-extraction of the drug with 

an acetonitrile-isopropanol mixture, solid-phase extraction, and 

fi-nally injection on a Cyano-column. The recovery is over 90%. 

The solvent and the prc-extraction columns are recycled, reducing 

the cost of the test. The method is rapid and suited for routine 

laboratory use. 

MATERIALS AND METHODS 

Instrument 

The HPLC instrument consisted of a Model l l O A  pump (Beckman 

Instruments, Fullerton, CA, U.S.A.) set at 1.3 ml/min. The 

column used for routine work was a DuPont CN 5 pm (150 mm X 4 . 6  

mm i.d.) maintained at 5 5 O C .  The detector was an ultraviolet 
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CYCLOSPORINE A DETERMINATION 2643 

Spect ro  Monitor Model 111 (Laboratory Data Con t ro l ,  R iv ie ra  

Beach, FL,  U.S.A.) set  a t  210 nm and 20 mA. 

Reagents 

1. Cyclosporine A s t o c k  s tandard :  50 mg/L of a c e t o n i t r i l e  

( s t a b l e ) .  

2. Cyclosporine A working s t anda rd  (500 ug/L): d i l u t e  t h e  

above s tandard  100-fold w i t h  a mixture  of 10% a c e t o n i t r i l e  i n  

water  (prepare  f r e s h ) .  

3. Stock i n t e r n a l  s tandard :  cyc lospor ine  D,  50 mg/L of 

a c e t o n i t r i l e  ( s t a b l e ) .  

4 .  Ex t r ac t ion  so lven t :  15 m l  of s t o c k  i n t e r n a l  s t a n d a r d f l  of 

10% isopropanol  i n  a c e t o n i t r i l e  ( s t a b l e ) .  

5. Test mixture:  1.2. m l  of s t o c k  i n t e r n a l  s t anda rd  and 0.6 

m l  of s t o c k  s t anda rd  were mixed wi th  8 m l  of 50% a c e t o n i t r i l e  

( s t a b l e ) .  This  s o l u t i o n  (100 ~ 1 )  i s  i n j e c t e d  on t h e  column t o  

check t h e  column performance b e f o r e  t h e  p a t i e n t s  are  i n j e c t e d .  

6. Pump so lven t :  45% a c e t o n i t r i l e  i n  water. The s o l v e n t  i s  

c o l l e c t e d  and r ecyc led  5-10 times. The s e p a r a t i o n  i s  no t  

a f f e c t e d  by r e c y c l i n g  t h e  so lven t .  From a p r a c t i c a l  p o i n t  of 

view, us ing  t h e  same s o l v e n t  g i v e s  more r ep roduc ib le  r e s u l t s  than  

p repa r ing  a f r e s h  one each t i m e .  

P repa ra t ion  of t h e  E x t r a c t i o n  Columns 

Baker-Bond C18 e x t r a c t i o n  columns, 1 m l  s i z e  ( J . T .  Baker 

Chemical Co., Ph i l ip sburg ,  N J ,  U.S.A.) were washed i n i t i a l l y  w i t h  
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2 m l  of a c e t o n i t r i l e  followed by 2.5 m l  of 70% methanol under 

reduced pressure.  

70% methanol. 

Af t e r  t h i s  s t e p  the  co1umn.s were kept  w e t  wi th  

Procedure 

1. Thoroughly 

e x t r a c t  ion solvent  

sec, incubated f o r  

15 sec .  The tubes 

mixed whole blood (0.5 

were mixed i n  a 1.5 m l  

ml) and 1.0 m l  of t h e  

c e n t r i f u g e  tube f o r  15 

5 min a t  room temperature,  and mixed again f o r  

were cen t r i fuged  a t  10,000 x g f o r  15 sec. 

2. The supernatant was mixed with 1.5 m l  of water and 

appl ied t o  a prepared C e x t r a c t i o n  column. (The flow-rate was 

kept c lose  t o  1 ml/min under reduced pressure. )  When t h e  sample 

had drained from t h e  column, 5 m l  of 70% methanol was app l i ed  t o  

the cohmn. F i n a l l y ,  t h e  column was allowed t o  d r a i n  dry.  

18 

3. Cyclosporines were e l u t e d  from t h e  column wi th  1.3 m l  of 

a c e t o n i t r i l e ,  under g r a v i t y ,  i n t o  an evaporat ion v i a l .  (The 

ex t r ac t ion  column may now be recycled by washing w i t h  2.5 m l  of 

70%. methanol. The column may be recycled 6 t imes.)  

4 .  The a c e t o n i t r i l e  was evaporated a t  75'C under a g e n t l e  

stream of  a i r .  

5. The v i a l s  were r e c o n s t i t u t e d  with 100 p 1  of 50% 

a c e t o n i t r i l e ,  sonicated f o r  15 sec, incubated f o r  5 min a t  room 

temperature,  and then the  e n t i r e  contents  i n j e c t e d  on the  CN 

column (1OO-pL loop).  
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CYCLOSPORINE A DETERMINATION 2645 

RESULTS AND DISCUSSION 

Cyclosporine A binds thighly to red blood cells as well as to 

the C18 packing materials. 

was used in this study to extract cyclosporine A from whole 

blood. However, the extraction solvent cannot be applied 

directly to the column since the drug will elute without binding 

to the C18 column. This problem was overcome by diluting the 

acetonitrile-isopropanol mixture (containing the cyclosporine) 

with water to bring the acetonitrile concentration to 

approximately 40X. Under these conditions, cyclosporine A and 

the internal standard cyclosporine D bind tight1.y to the C 

packing of the minicolumn. Contaminants were then washed from 

the column with 70% methanol. Finally, the cyclosporines were 

eluted with acetonitrile, concentrated by evaporation, and 

irij ec ted on the Cyano-co lumn. 

An acetonitrile-isopropanol mixture 

18 

Blood contains many contaminants which absorb at 210 nm. The 

extraction columns used in this method were effective in sample 

cleanup (Fig. 1). A great number of the peaks in the 

chromatograms were found to arise from the columns themselves. 

Furthermore, different CI8 extraction columns from other 

manufacturers exhibited different peaks (Fig. 2). 

Some of the previous methods used serum (5), or hemolyzed red 

blood cells (6) for cyclosporine determination. However, 

proteins clog the extraction columns reducing the recovery and 

more importantly, make the recovery from one sample to another 
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FIGURE 1: Chromatogram of the  t e s t  mixture, standard and 
pa t ien t .  (A = cyclosporine A, D = cyclosporine D ) .  
The capacity f ac to r s  f o r  cyclosporines A and D a r e  10 
and 12 min, respect ively.  

ra ther  var iable .  The columns f o r  these ex t rac t ions  can only be 

used once. The isopropanol-acetonitrile ext rac t ion  s t ep  i n  our 

method was qu i t e  e f f ec t ive  i n  removing the  proteins  and 

increasing the  recovery of the  extract ion.  The average recovery 

of 500 ug of cyclosporine A added t o  10 d i f f e ren t  samples of 

blood was 96% (range 86-108%). The ex t rac t ion  columns were used 

6-10 times without loss of recovery. We t r i e d  ex t rac t ion  with 

methanol i n  place of the 10% isopropanol i n  the  a c e t o n i t r i l e  
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FIGURE 2: Effect of the extraction column on cyclosporine assay 
(same sample): I = Baker C18 columns, 11 = Brand A 
columns, 111 = Brand B columns 

CPCLOSPORINE L I  NAEHEHITY 

FIGURE 3: Linearity of cyclosporine A assay. 
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2648 SHIHABI, SCARO, AND DAVID 

mixture. The peak heights for a 500 pg standard were about 25% 

higher in the isopropanol-acetonitrile mixture. In addition, 

methanol was not quite an effective deproteinizing agent as 

evidenced by the columns staining red when methanol was used for 

extraction. 

The test is linear between 50-900 pg/L (Fig. 3). We tried to 

use different columns; e.g., butyl, C18, and other CN columns. 

We found the DuPont CN column required the least amount of aceto- 

nitrile, less heating, and gave sharper peaks for cyclosporines A 

and D. 
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