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A RADIOIMMUNOASSAY TO MEASURE CYCLOSPORIN A 
IN PLASMA AND SERUM SAMPLES 

P. Donatsch, E. Abisch, M. Homberger, 
R. Traber, M. Trapp, R. Voges 

Division of Pharmaceutical Research and Development 
Sandoz Ltd., 4002 Base1 (Switzerland) 

ABSTRACT 

A radioimmunoassay for the immunosuppressant drug Cyclo- 
sporin A has been developed which makes possible the 
monitoring of the drug by direct measurements in clinical 
plasma and serum samples. 
The antisera have been produced in rabbits using the hemi- 
succinate derivative of a structural analogue of Cyclo- 
sporin A as a hapten. The assay has both adequate specifi- 
city and sensitivity for Cyclosporin A to be suitable for 
the routine monitoring of therapy. Some degree of cross- 
reactivity has been shown to occur with four metabolites 
which were isolated from urine samples. 

INTRODUCTION 

Cyclosporin A (CyA) is a new fungal cyclic oligopeptide 
of 1203 daltons (1) , which was found to be a powerful 
immunosuppressant in man ( 2 ) .  It is not myelotoxic, but 
in clinical studies some evidence of reversible nephro- 
toxicity has been reported ( 3 ) .  Such side-effects could 
possibly be circumvented if the dose regimen were indi- 
vidually adjusted for each patient by monitoring his 
plasma levels (4). Such a procedure could a l s o  be valu- 
able to optimize the drug's immunosuppression in order 
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Fig. 1 S t r u c t u r a l  Formula of Cyclosporin A and Cyclosporin C 

t o  achieve a maximal g r a f t  s u r v i v a l .  For t h e s e  purposes ,  

a radioimmunoassay f o r  CyA wi thout  any e x t r a c t i o n  s t e p s  

was developed. 

CyA and i t s  s t r u c t u r a l  analogues a r e  no t  immunogenic. I n  
o rde r  t o  produce an t ibod ie s  they must f i r s t  be coupled 

t o  c a r r i e r  p r o t e i n s  t o  form immunogenic p roduc t s .  S ince  

CyA i t s e l f  does no t  possess  a f u n c t i o n a l  group which 

al lows such a l i nkage ,  Cyclosporin C (CyC) , which con- 

t a i n s  t h e  amino a c i d  th reon ine  wi th  an e s t e r i f i a b l e  hy- 

droxy group and i n  a d d i t i o n  is  s t r u c t u r a l l y  s i m i l a r  t o  

CyA (F ig .  1) , was used a s  t h e  hapten  ( 5 ) .  I n  t h i s  paper  

t h e  procedure f o r  t h e  R I A ,  i t s  d e t e c t i o n  l i m i t ,  s p e c i f i -  

c i t y  and r e p r o d u c i b i l i t y  a r e  desc r ibed .  
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RADIOIMMUNOASSAY FOR CYCLOSPORIN A 21 

MATERIAL AND METHODS 

Preparation of the Protein Conjuqate 

CyC-hemisuccinate was synthesized from CyC with succinic 
acid anhydride in a mixture of pyridine and 4-dimethyl- 
aminopyridine according to the procedure described by 
R. Traber ( 5 ) .  

1 mg CyC-hemisuccinate was dissolved in 1 ml 0.1M NaHC03 
containing 10 mg guinea pig IgG. A total of 200 mg N- 
ethyl-N'-(3-dimethylaminopropyl)-carbodiimid dihydro- 
chloride (Merck, Darmstadt) was added in three portions 
to the reaction mixture, which was kept at room tempera- 
ture for 6 hours. The reaction mixture was then dialysed 
against 1 liter double distilled water, lyophilized and 
the crude conjugate stored at - 2 0  C. 0 

Production of Antisera in Rabbits and Estimation of 
the Titer 

Groups of 2-3 New Zealand rabbits were immunized at 
approximately 3 week intervals for 3 to 4 months. 5 mg 
of the conjugate were emulsified in a solution composed 
of 0.5 ml saline, 1 ml Freund's complete adjuvant and 
1 ml 2% Alugel (Serva). Approximately 1 ml of the emul- 
sion was injected intramuscularly into the hind legs of 
each animal. The titer of the antisera, defined as the 
dilution of the antisera, which binds 50% of 0.5 ng 
3H-tracer, was measured fron the second month of immuni- 
sation onwards. The crude antisera were stored at -2OOc 

3H- Tracer 

Tritiated Dihydro-CyA was used as radiolabel. Material with 
a specific activity in the range of 30-58 Ci/nmol was pre- 
pared by catalytic reduction of the olefinic double bond of 
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22 DONATSCH ET AL. 

the P-hydroxy-E,r, unsaturated amino acid of CyA 
(see Fig. 1) with tritium gas in dimethylformamide in 
the presence of 10% palladium on charcoal. The chemical 
and radiochemical purity of the 3H-Dihydro-CyA ( > 98% 
for all batches used in the RIA procedure) as well as 
its identity with the unlabeled reference compound 
were checked by HPLC, TLC and combined 3H NMR/ H NMR 
spectroscopy. About 60% of the tritium was attached 
to the E ,r, carbon atoms and 40% to the terminal 
methyl group. 

1 

Radioinmunoassay 

Preparation of Solutions 

Far the binding experiments of 0.05 m TRIS buffer 
pH = 8.5 (TRIZMA -8.5, Sigma) containing 0.03% Tween @ 
20 (Merck) was used. 

Antiserum Solution: 

The original serum containing the antibody was di- 
luted approx. 1:lOO with TRIS-buffer (50 - 60% bin- 
ding of H-tracer). 3 

3H-Tracer Solution: 

The stock solution of the radiolabel was first di- .. 
luted in absolute ethanol to give a 'H-tracer con- 
centration of approx. 45 ng/ml (activity:~~ pci/rnl). 
This solution was stored at -2OOC for several months. 
Before use, this ethanolic tracer solution was di- 
luted 1:lO with TRIS-buffer, which was supplemented 
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RADIOIMMLTNOASSAY FOR CYCLOSPORIN A 23 

with 10% v/v control  serum ( f o r  example, Validat@ 
General Diagnostics) t o  g ive  a f i n a l  concentration 
of approx. 43,000 dpm/O.l ml. 

Standard Solution and C l in i ca l  Samples: 

0 . 2  ml of a solut ion containing 103 pg/ml CyA i n  
absolute  ethanol (Merck) was added t o  4.8 ml of 

control  serum under vigorous s t i r r i n g .  This so lu t ion  
was d i lu t ed  stepwise with con t ro l  serum t o  give 
standard s tock so lu t ions  of 4000, 2000, 1000, 500, 
250, 1 2 5  and 62.5 ng/ml CyA, which w e r e  s to red  i n  
minimum a l iquo t s  of 50 p 1  a t  - 2 0  C f o r  months. Be- 

f o r e  use, these s tock standards w e r e  d i l u t e d  1:50 
with TRIS-buffer. To analyse c l i n i c a l  samples of 
very high o r  very low CyA concentrat ions,  o the r  

standard so lu t ions  and sample d i l u t i o n s  should be 

prepared i n  an appropriate  way. 

0 

Assay Procedure 

The assay was performed with two d i f f e r e n t  pro- 
cedures ( A  and B)  t o  show t h e  p o s s i b i l i t y  of 
adaptation t o  t h e  needs of t h e  i n v e s t i g a t o r .  

Procedure A: 

The assay was ca r r i ed  out  i n  10 x 65  mm polystyrene 
tubes. Duplicate o r  t r i p l i c a t e  a l i q u o t s  of t h e  s tan-  

dard so lu t ions ,  o r  c l i n i c a l  samples, both contain- 
ing equalamounts of serum o r  plasma (e.g. 2 p1/ 
0.1 ml), w e r e  mixed with buffer ,  a n t i s e r u m  so lu t ion  
and 3H-tracer so lu t ion .  The tubes w e r e  incubated 

a t  2OoC f o r  two hours, and then placed i n  a water 
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T 
NSB 
Bo 
St 
UNK 
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1 2 
0.1 - 
0.1 - 
0.1 - 
- 0.1 
- - 

TABLE 1 

Assay Flow Sheets in ml for procedure A and B 

k Control I I Solution Sample 
Solution 

3 
- 
- 
- 
- 
0.1 

Buffer 

0.7 11.21 
0.3 10.81 

Tracer 
Solution 

0.1 
0.1 
0.1 
0.1 
0.1 

Antisem 
Solution 

0.1 
- 
0.1 
0.1 
0.1 

[ ]  
T = total radioactivity in solution 
NSB = non-specific binding = radioactivity not absorbed by 

charcoal in the absence of the antibody 
UNK = unknowns 
St = standards 
Bo = bound 3H-tracer at zero dose of unlabeled CyA 

= volumes of procedure B 

bath of 4 - 7OC for 15 rnindtes; After this, char- 
coal suspension was added (see separation proce- 
dure). 

Procedure B: 

This assay procedure, which has  been shown to be 
ideal for large numbers of samples, was carried 
out in 13 x 7 5  rnn polystyrene tubes using different 
volumes of the same solutions as in procedure A. The 
tubes were incubated at 7OC over-night (18 - 20 h). 
In Table 1 the assay flow sheets for procedures A 
and B to estimate the binding of standards and clini- 
cal samples, non-specific binding (NSB) , maximum 
binding (Bo) and uutotals'u (T) are summarized. 
Solution 1, 2 and 3 may contain 2, 5 or 10 pl 
serum/O.l ml but the amount of serum in all 3 solu- 
tions must be identical. 
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RADIOIMMUNOASSAY FOR CYCLOSPORIN A 25 

Separation of Free CyA from Antibody-Bound CyA 

The separation of free CyA from antibody-bound CyA for 
procedure A and B was performed identically, using a 
freshly prepared charcoal suspension which contained 1 g 
charcoal (Merck, No. 2186) in 100 ml TRIS-buffer without 
TWEEN 20 but supplemented with 0.5 % control serum. 0.5 
ml of the charcoal suspension, which was kept under 
constant stirring in an ice-water bath, was added to 
the cold incubates and vortexed. The incubates were kept 
at 4OC - 7OC for 10 minutes and were then centrifuged at 
2500 g for 5 minutes at the same temperature. 0.5 ml of 
the clear supernatant of the procedure A incubate, con- 
taining the bound 3H-tracer, 
B incubate, were pipetted into vials with 5 ml scintil- 
lation fluid and then measured in a p-counter.The radio- 
activity of the samples was measured either for 2 minutes 
or until 10 K was counted. 

or 1.0 ml of the procedure 

Calculation of Results 

The relative binding was calculated according to the 
f ol lowing formula : 

(per cent) = dpmB - N S B  
l B O  dpmBo - N S B  

The concentrations of Cyp in clinical samples were calcu- 
lated from standard curves by use of the unweighted logit/ 
log linearisation method (graphically or by computer). 

RESULTS 

Antiserum Titer 

In order to set up standard curves the dilution of anti- 
serum which results in a 50 - 60 % binding of 0.45 ng 
3H-tracer (approx. 43,000 dpm/incubate) was determined. 
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80 

60 

40 
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Mean v a l u e s  2 SD from 5 s t a n d a r d  c u r v e s  c a r r i e d  o u t  
w i t h  a n t i s e r u m  3 ( 0 . 8  p l / i n c u b a t e )  a c c o r d i n g  t o  pro- 
cedure  A m a n d  w i t h  a n t i s e r u m  2 ( 1 . 2  p l / i n c u b a t e )  
accord ing  t o  p r o c e d u r e  B C-. 

This p e r  c e n t  of b i n d i n g  w a s  a c h i e v e d  f o r  a l l  the  a n t i -  
sera tested u n t i l  now by u s i n g  0.5 t o  1 .5  1.11 of a n t i -  
serum per i n c u b a t e .  

Performance and D e t e c t i o n  L i m i t  

S tandard  c u r v e s  w i t h  a n t i s e r a  2 and 3 ,  and d a t a  from a 
typical s t a n d a r d  c u r v e  performed w i t h  a n t i s e r u m  2 are 
i l l u s t r a t e d  i n  F ig .  2 and T a b l e  2. The l o w e s t  c o n c e n t r a t -  
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1 0  - 1 2  

1 3  - 1 5  

1 6  - 1 8  

1 9  - 2 1  

2 2  - 24 

25 - 27 

27 

1 2 5  

250 

5 0 0  

1000 
2000  

4 0 0 0  

TABLE 2 
Example of a Standard Curve Performed According to 
Procedure B with Antiserum 2 

I Tube 1 Sample 

T 1 : :  1 BO 

Standard 
pgC yA/ tube 

~ 

2 7 0 2 6  

1 7 6 0 6  

633  

1 5 6 9 4  

1 4 2 8 3  

1 1 6 4 8  

7 8 5 9  

4 7 6 4  

2 7 2 8  

ipm - N S B  

- 
1 6 9 7 3  

- 

1 5 0 6 1  

1 3 6 5 0  

1 1 0 1 5  

7 2 2 6  

4 1 3 1  

2 0 9 5  

cv 

0 . 9  

1 . 5  

%T 

100 
6 2 . 8  

3 . 6  1 2 .3  

%oxloo 

0 .7  

0 . 6  

0 . 5  

1 . 2  

0 . 9  

3 . 1  

8 8 . 7  

8 0 . 4  

6 4 . 9  

4 2 . 6  

24 .3  

1 2 . 3  

T = total free radioactivitiy 
B o  = maximum binding 
NSB = non-specific binding 
CV = coefficient of variation in % 
B = binding of different CyA concentrations 

ion of CyA which could be distinguished from *‘maximum 
binding values” (Bo) was calculated for antiserum 2 (5 
standard curves on different days) to be at 91.3 % B/Bo 
( 7 ) .  This represents a minimum detectable amount of 118 
pg/assay tube and corresponds to 59 ng/ml ( 2  ~1 serum 
sample aliquot). If necessary, the detection limit of 
the assay could be decreased to 20 ng/ml if 5 or 10 ~1 
serum aliquots were used in the standard solutions con- 
taining multiples of 1 2 5  pg CyA. Clinical samples with 
very highCyA-levels had to be prediluted with control 
serum. 
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Sample Procedure AS n Intraassay Interassay 
mean SD mean 5 SD 
ng/ml CyA ng/ml CyA 

1 B 2 9 113.6  & 10.2  1 2 3 . 7  L 10.1 
2 B 2 9 523.7 5 19.6 586.0 5 59.5 

IS A 3 9 500.0 & 55 510.0 L 65 

DONATSCH ET AL. 

TABLE 3 

Intra- and Interassay Variations 

Precision 

The intra- and interassay variations were assessed by 
including pooled clinical samples with two different 
CyA plasma levels and serum samples, with a given CyA 
concentration (500 ng/ml) as quality controls in rou- 
tine analytic work. The variations obtained from a 
series of testsare summarized in Table 3. The coeffi- 
cients of variation were 3.7 - 11 % and 8.2  - 12.7 % 
from intra-assay and interassay analysis, respectively. 
Tnese values were in the usual range of radioimmunoassays. 

Specificity 

The specificity of the antisera was determined by crossreac- 
tivity studies using Dihydro-CyA which was used in its tritia- 
ted form as the tracer and 4 CyA-metabolites which had been 
isolated from urine samples. Results obtained with anti- 
serum 2 and procedure B are shown in Table 4 .  The cross- 
reactivity was in the same range when antiserum 2 was used. 
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TABLE 4 

Compound 

CYA 

Dihydro-CyA 

100 

100 

Metabolite 1 
Metabolite 8 
Metabolite 17 
Metabolite 21 

13 
2 

6 0  

(1 

-1 - 

-1 100 

100 

15 
3 

55 

(2 

ng CyAIml 

600 

400 

200. 

1 , 1 1 1 1  

2 4 6 8 1 0 1 2  24h 

Fig. 3 
Plasma concentrations of CyA in a patient (P .F . )  after 
35 daily doses of 12.5 mg/kg. 

a C y A  plasma concentrations determined by HPLC 
C y A  plasma concentration determined by R I A  (antiserum 2, 
procedure B )  
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30 DONATSCH ET AL. 

For each metabolite the percent cross-reactivity was 
measured under assay conditions at various metabolite 
concentrations. The cross-reactivity was defined as 
x/y-lOO, where x represents the amount of CyA and 
y the amount of the different metabolites which are 
required to disBlace 30 and 50% of the 3H-tracer. 

Conparison of R I A  with HPLC Measurements 

The plasma concentrations of CyA in a patient were 
measured by a HPLC technique recently published by 
Niederberger et a1 (6),and compared with those ob- 
tained with the R I A  procedure described. The pharma- 
cokinetic profiles determined with these two techni- 
ques are illustrated in Figure 3. 

DISCUSSION 

We have shown that by using CyC-hemisuccinate as the 
hapten, antibodies can be produced in rabbits which cross- 
react with CyA. This, together with similar binding and 
displacement characteristics of the radioligand 3H-Dihy- 
dro-CyA and CyA, made the development of a radioimmuno- 
assay procedure possible. The method is rather simple 
with a small intra- and interassay variation of about 10%. 
The conjugate which was chosen to produce antibodies was 
expected to yield a rather broad specificity. This was 
confirmed by the fact that the antibodies crossreact with 
various metabolites of CyA. Of the four metabolites tested, 
three showed rather low cross-reactivity compared with CyA. 
However, a slightly more polar metabolite than the parent 
drug - metabolite 17 - showed a cross-reactivity of 50 - 
60%. This would explain why plasma concentrations determi- 
ned by the radioimmunoassay are occasionally higher than 
those determined by HPLC, where only the parent drug is 
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RADIOIMMUNOASSAY FOR CYCLOSPORIN A 31 

measured. Further information on the regions in the Cyclo- 
sporin molecule critical for the interaction with the antibody 
can only be given when the structures of these metabolites 
have been elucidated. Even though, the rations between the 
CyA values obtained by these two different techniques ob- 
viously chanqe as a function of time after drug administra- 
tion, the pharmacokinetic profiles determined are neverthe- 
less quite similar. The detection limit of the RIA, which is 
in the range of 20 - 60 ng/ml at present, is certainly ade- 
quate to determine pharmacokinetic profiles or to monitor 
plasma CyA-levels in patients. Preliminary data from diffe- 
rent series of human plasma samples indicate that the peak 
concentrations of CyA are reached 2 - 6 hours after drug ad- 
ministration. 
Although two different assay procedures (A and B) have 
been described, we suggest that each investigator perform 
the assay strictly according to one of the procedures, and 
to keep all conditions constant. It should be stressed 
that the characteristics of the standard curves as demon- 
strated in Fig. 2 are determined by the antiserum used 
and not by the procedure chosen. 
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