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Abstract

The potential of a cyano HPLC column for the analysis of three immunosuppressants is investigated. Tacrolimus, sirolimus and cyclosporin
A, were used to probe differences in the retention and efficiency of a cyano column compared to the more widelyasemh@. The cyano
column showed comparable retention for all three compounds, whereagtb@@nn showed stronger retention, especially for cyclosporin
A. Furthermore, the efficiencies at 50 were up to 12 times higher on the cyano column. As aresult, a baseline separation was achieved in less
than three minutes with the cyano column, using an isocratic mobile phase of 52/48 (v/v) acetonitrile/water at 0.45 mL/min. The analysis of
immunosuppressant drugs in human whole blood was performed with the cyano column using a selected reaction monitoring (SRM) method
for each analyte with negative ion mode electrospray ionization on a triple quadrupole mass spectrometer. Detection limits were 0.05 ng/mL
for sirolimus, 0.1 ng/mL for cyclosporin A and 0.2 ng/mL for tacrolimus. Calibration curves were linear over three orders of magnitude. Good
agreement was obtained with the actual levels of immunosuppressant drugs in patient samples with an average error of less than 10%.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction roneous results, however, as a result of cross-reactivity with
inactive metabolites of the parent drug. High-performance
The success of organ transplantation is highly dependentliquid chromatography (HPLC) has been advocated as a
on the dose of immunosuppressant drugs administered tohighly selective method for the analysis of immunosuppres-
the patient. In turn, proper dosing requires rapid and reli- sants, particularly when combined with mass spectrometric
able quantification of the immunosuppressants present in thedetection (LC—-MS]1-4,6,7] This does not, however, mean
patient’'s blood. The primary reasons for this are a narrow that LC-MS analyses are not without pitfa]-11]. Most
therapeutic range, variations in intra- and inter-individual notably, there exists a common perception that the use of
pharmacokinetics and the lack of a reliable correlation be- mass spectrometric detection, and in particular, tandem mass
tween dose and drug exposlite3]. Consequently, the dose  spectrometry guarantees the specificity of a particular anal-
of immunosuppressants needs to be tailored to the individualysis. As a result, the separation step in many bioanalytical
patient, necessitating therapeutic drug monitoring. assays is compromised, particularly in laboratories that are
Therapeutic drug monitoring has been traditionally per- in need of high sample throughput. This practice can often
formed with immunoassays, primarily due to their ease of use lead to errors in quantification due to ion suppression or en-
and speed of analydi$,5]. Imnmunoassays often produce er- hancement, and can have profound consequences in hospital
laboratories that routinely analyze patient samples. Clearly,
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Fig. 1. Structures of cyclosporin A, sirolimus, tacrolimus and ascomycin. MeBmt (4R-[(E)-2-butenpdiitethyl+-threonine).
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of all analytes from each other, and from interfering matrix i.d.) with 3pm particle size (Waters). Separations were per-
components. formed isocratically using acetonitrile/water mobile phases
The purpose of this study is to examine the HPLC sep- at a flow rate of 0.45mL/min and an injection volume of
aration of three immunosuppressant drugs in detail. In par- 20 L, unless otherwise specified. The column compartment
ticular, a change in column selectivity, through the use of a of the Agilent 1100, in conjunction with the mobile phase
cyano HPLC column rather than the more commonly used pre-heater, was used to maintain the column temperature at
Cg or Cyg columns, is evaluated for the baseline separation 50°C. Mobile phases contained 0.1% acetic acid (negative
and rapid analysis of tacrolimus, sirolimus and cyclosporin ion mode) or 0.1% formic acid (positive ion mode) to enhance
A. Their structures are shown iRig. 1. These immuno-  electrospray respon$&6,17] The overall chromatographic
suppressants can be administered separately or in combirun time was approximately 4 min, including 1 min for the
nation to an organ-transplant patient. The potential exists injection.
for a synergistic immunosuppressive effect when sirolimus
is used in combination with tacrolimus or cyclosporin A
[7,12,13] This stresses the need for methodology that can
assay all three drugs simultaneously. Previously, Keevil et
al. [14] and Khoschsorur et aJ15] have employed cyano
columns for the analysis of cyclosporin A, however, no de-
tailed investigation into the retention and efficiency of cyano
columns was made. Finally, after optimization of the mass
spectrometric parameters is presented, the applicability of
a cyano column for the analysis of whole blood samples
containing tacrolimus, sirolimus and/or cyclosporin A is
examined.

2.3. Mass spectrometry

Experiments were performed on an MDS Sciex (Concord,
Ontario, Canada) API 4000 triple quadrupole mass spec-
trometer with electrospray ionization. Experiments were con-
ducted using a selected reaction monitoring (SRM) method
for each analyte in either positive or negative ion mode;
however, most experiments presented used the negative ion
mode. Data was acquired with Analyst 1.3.1 software (MDS
Sciex). The mass spectrometer was operated at a spray volt-
age of —4200V and a declustering potential of 80V. The
Turbo-V heat injectors were heated to 380 Nitrogen was
used as the collision gas with a CAD gas setting of 12
(arbitrary units) and at a collision-offset voltage -6fi0 V.

The SRM transitions for each analyte in positive ion mode
were: cyclosporin A 1225/1114", sirolimus 937 /409" and
tacrolimus 827/616". The SRM transitions for each ana-
lyte in negative ion mode were: cyclosporin A 1231089,
sirolimus 913/591~ and tacrolimus 803/561~. All SRM
transitions used a 150 ms dwell time, a 5ms pause, low res-
olution for Q1 and high resolution for Q3. Product ion scans
were acquired fronmvVz 200 up to the precursor ion mass in

2 s using unit resolution on Q1 and Q3.

2. Experimental
2.1. Materials

Tacrolimus, sirolimus and cyclosporin A were purchased
with a minimum purity of 98% from LC Laboratories
(Woburn, MA, USA). Ascomycin was used as the inter-
nal standard for this work and was purchased with 95%
purity from Alexis Biochemicals (Lausen, Switzerland).
Uracil (98% purity, Sigma—Aldrich, Oakville, ON, Canada)
was the void time marker for the HPLC columns used in
this study. Formic acid (96% ACS Reagent) was obtained
from Sigma—Aldrich and glacial acetic acid from Caledon 2.4. Sample preparation
(Georgetown, ON, Canada). Acetonitrile (HPLC grade, Cale-
don), methanol (HPLC grade, Caledon) and Milli-Q organic A 1mg/mL stock solution of each immunosuppressant
free water (Millipore, Bedford, MA, USA) were used as was prepared in methanol and dilutions were made as needed.
HPLC solvents and for all solutions. Pre-analyzed blood Standards for calibration curves were prepared in human
samples from patients who were administered immunosup-whole blood containing 50 ng/mL ascomycin as internal stan-
pressant drugs were obtained from the Queen Elizabethdard. Sample cleanup consisted of protein precipitation of
Il Health Sciences Centre (Halifax, NS, Canada). Samples 100uL of blood with 300uL of acetonitrile. Samples were
were identified with a coded number and were completely then vortexed and centrifuged at 1400@ for 10 min. One

anonymous. hundred microlitres of the supernatant were evaporated using
a Pierce Reacti-Therm Heating Module (Pierce, Rockford,
2.2. Liquid chromatography IL, USA) and were reconstituted in 1@ of mobile phase.

The linear range of calibration curves was assessed from 1000
High-performance liquid chromatography (HPLC) was to 1ng/mL. Calibration curves used for quantification were
performed using an Agilent 1100 (Palo Alto, CA, USA) bi- prepared over smaller ranges, e.g., tacrolimus and sirolimus
nary liquid chromatography system. HPLC separations were used standards at0, 1, 3,6, 9, 12, 15, 20, 25, 35, and 50 ng/mL
carried out on either an Atlanfi¥ Cig column (150 mm and cyclosporin A used standards at 0, 50, 150, 300, 450, 600,
x 2.0mm i.d.) with 3um particle size (Waters, Milford, 750, 1000, 1750, and 2500 ng/mL. Analyses were performed
MA, USA) or a YMC™ CN column (150 mmx 2.0 mm in triplicate.
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2.5. lon suppression/enhancement 3. Results and discussion

The possibility for ion suppression/enhancement with 3.1. Retention on CN compared tgsC
our methodology was measured using a method described
in the literature[8,18,19] Briefly, a 5ng/mL solution of Most liquid chromatography—mass spectrometry
tacrolimus, sirolimus and cyclosporin A was infused post- (LC-MS) methods for the analysis of tacrolimus, sirolimus
column through an UpChurch zero dead volume tee (Up- and/or cyclosporin A in blood employ ag®r Cig silica
Church Scientific, Oak Harbor, WA, USA) using a Cole stationary phasg.,2,4,6,7,23,24]These methods are highly
Parmer 74900 Series syringe pump (Anjou, QC, Canada).robust and have found wide range applicability in hospital
Blank protein-precipitated blood samples were then injected labs around the world. However, there are a couple of
(20L) onto the analytical column. Effluent from the HPLC  disadvantages inherent with the use @ €olumns for the
column combined with the infused analytes and entered analysis of these drugs. Firstly, column temperatures of at
the electrospray source. The resulting “chromatogram” was least 60°C have to be employed withig or Cg stationary
monitored for any deviations from baseline, which would in- phases in order to avoid excessive band broadening of chro-
dicate ion suppression (negative deviation) or enhancementmatographic peaks. This band broadening stems from the
(positive deviation). partial separation of the conformers of individual immuno-
suppressants on HPLC stationary phaeg5-27] Such
high column temperatures lead to a significant reduction in
the lifetime of silica-based columns due to the instability of
silica at elevated temperaturf&8]. One way to circumvent
this problem would be to use ultra-stable zirconia phases,
which have been routinely used at temperatures as high
as 150°C [28]. Secondly, @g stationary phases strongly
retain tacrolimus, sirolimus and cyclosporin A necessitating
gradient elution. However, the time necessary for column

2.6. Data analysis

Data analysis was performed using Microsoft Excel 2000
software (Microsoft Corporation, Seattle, WA, USA). The
Regressiofiunction in theData Analysis Tool Palvas used
to obtain coefficients for the linear regressions performed in
this work. Calibration curves were prepared by plotting the
ratio of the area of the analyte peak to the area of the inter- re-equilibration (usually 10 column volumes of mobile

nal standard peak against the concentration of the analytephase) can add to the sample turnaround time and negatively

The .effect of organic modifier on retention was studied by impact on sample throughput. These observations prompted
plotting the logarithm of the retention factor against the frac- us to search for an improved LC—MS method for tacrolimus

tion of organic modifier in the mobile phase, according tothe ;. 0imus and cyclosporin A through a change in column

equation: selectivity. Thus, we studied a cyano (CN) stationary phase
f for the separation of these drugs. It should be stressed
logk = log <¥) =X+ 5o (1) here that we chose columns of identical particle size and
fo dimensions from the same manufacturer so as to render
any comparison between CN andgGtationary phases as
objective as possible.

Fig. 2 shows the effect of organic modifier on the reten-
tion of tacrolimus, sirolimus and cyclosporin A on a CN and
Cigcolumn. Linear regression analysis was performed based
onEq. (1) Significant linear relationships were obtained for
all three immunosuppressants at the 95% confidence level (

_ 1 [® =5, r2 > 0.98). Clearly, all immunosuppressants are more
Firstmoment= a1 /o tCdr ) strongly retained on the g column than on the CN column.
FurthermoreFig. 2 clearly shows that the retention of the
whereA is the area of the peak (zeroth momentjme and C1g column is substantially different for cyclosporin A than
Cthe concentration at any tint§21]. In usingEg. (2) it was for either tacrolimus or sirolimus. A separation with baseline
assumed that the detector response at tirm@quivalent to resolution of all three drugs would require gradient elution so

wherek is the retention factot; the retention timet, the
void time of the columnX and S the constants and the
fraction of organic modifier in the mobile phaf20]. Re-
tention times for severely tailing peaks were determined
by calculating the peak’s first moment using the following
formula:

C. Peak efficiencies were calculated with the equation: that cyclosporin A is not excessively retained on the column.
However, the CN column does not show radically different

41.7(t /wo.1)? retention for cyclosporin A compared to either tacrolimus

- "A/B+125 ) or sirolimus. Therefore, it is possible to resolve the three

immunosuppressant drugs without the use of gradient elu-
whereN is the efficiencyt, retention timewg 1 the width tion as is shown ifrig. 3. This demonstrates one advantage
at 10% height andVB the asymmetry factor for the peak of the CN column over the £g column for the analysis of
[22]. Use of this equation takes into account asymmetry in tacrolimus, sirolimus and cyclosporin A. Ascomycin, the in-
the peak. ternal standard used for quantification, elutes on the shoulder
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2.001 Table 1
Chromatographic efficiency of immunosuppressant drugs and progesterone
1,501 - on a Ggand CN column
Chromatographic Chromatographic
Sir efficiency (Gs) efficiency (CN)
1.004 CsA Tac
Sir Progesterone 7500 6100
~ Tac Tacrolimus 800 3300
8’ 0.50+ c Sirolimus 700 2100
— ® Cyclosporin A 200 2500
0.00- Experimental conditions: Cyano column, 50/50 (v/v) acetonitrile/water,
20p.L injection, 0.45 mL/min, and 50C. For Gg column, 80/20 (v/v) ace-
tonitrile/water, 2QuL injection, 0.45 mL/min, and 50C. Mobile phases gave
-0.50 1 comparable retention on both columns. Efficiencies are expressed as plates
CN per column.
-1.00 T T T T T ,
0.3 0.4 0.5 ‘31-)6 0.7 0.8 0.9 munosuppressant drugs is unprecedented. An interesting ex-

tension to our methodology, however, would be the use of
Fig. 2. Retention on the G and CN column as a function of the fraction ~ ©N-line solid phase extraction for enhanced sample cleanup
of organic modifier in the mobile phase. Experimental conditions: acetoni- and completely automated analyfis32].

trile/water mobile phases, 20 injection, 0.45 mL/min, and 50C.

3.2. Chromatographic efficiency of CN compared @ C

of the tacrolimus peak as shown by the arroWig. 3. Base-
column

line separation of ascomycin from tacrolimus could not be
achieved since their structures are almost identical.

The effect of temperature on retention was studied for the Taple L .ShO.WS the chromatographlc efficiency of
tacrolimus, sirolimus and cyclosporin A on thgg&nd CN

CN aqd Gs colymns by means of van't Hoff plot§91. T'he columns at 50C. Clearly, the CN column outperforms the
retention of all immunosuppressants decreased with increas-

. - Ci1g column for all three immunosuppressants by at least a
ing temperature on both columns. Furthermore, no S'gmf'cantfactor of three. In the case of cyclosporin A, the cyano col-

selectivity changes were observed as a function of tempera- . - . . )
. - . umn achieves an efficiency approximately 12 times higher
ture on either column. This is usually the case in reversed- T
L than the Gg column. The lower efficiencies on thggXxol-
phase liquid chromatograptig9]. . .
. . . I umn are not due to column degradation as evidenced by the
Fig. 3demonstrates the separation of tacrolimus, sirolimus .. .
. . . efficiency for progesterone, a small molecule frequently used
and cyclosporin A in less than three minutes. There are two -
S . . to probe column efficiency. Rather, as has been proposed by
reasons for the short separation time. Firstly, the organic mod- S ) .
o . L a number of authors, the poor efficiency is due to the partial
ifier and temperature for the separation were optimized to . . ;
. . Lo o . separation of immunosuppressant conformers that results in
obtain baseline separation in a minimum amount of time. .
: . : ; broad peak§l,25-27] The CN column is thought not to be
Secondly, the drop in mobile phase viscosity at elevated tem- 2L
. . able to separate the individual conformers to the same extent
perature was exploited to increase the flow rate of the sep- . . .
. . : . L asthe Ggcolumn, which results in narrower peaks and higher
aration as much as possij&0], while still maintaining an S .
operating pressure below 200 bar. Althouah hiah-throuahout efficiencies[1,27]. It could be argued that at a higher tem-
P gp ) gh hig 9np perature (e.g., 70C) the Gg column would provide equal

methods exist in the literaturd1,32], to the best of our -
o : . . or perhaps better efficiency than the CN column. However,
knowledge, such a rapid, high-resolution separation of im- _ . : S . -
this would result in a significant decrease in column lifetime,

Cyclosporin A particularly in the case of the;gcolumn used in this study,

which should not be used routinely at temperatures higher
® 20000 than 50°C.
E Sirolimus
(o] Tacrolimus .
o 3.3. Mass spectrometry of immunosuppressant drugs
§ 10000~ Ascomycin ~a
The analysis ofimmunosuppressant drugs with mass spec-
0- , - - . [ trometry is most often performed with positive ion mode
05 10 15 20 25 electrospray ionization (ESI) although atmospheric pres-
Time (min) sure chemical ionization (APCI)7] and matrix-assisted

. . . o _ . laser/desorption ionization methods (MALOB3,34] exist
Fig. 3. Separation of tacrolimus, sirolimus and cyclosporin A. Experimen- in the literature. Our preliminary experiments with positive

tal conditions: CN column, 52/48 (v/v) acetonitrile/water,id0injection, . d lect ionizati led that all i
0.45 mL/min (172 bar system backpressure), and&@hromatogram was Ion mode eleclrospray lonization reveale al all Immuno-

reconstructed from the individual SRM traces. Tacrolimus and sirolimus at SUppressants are primarily ionized by sodium attachment
10 ng/mL and cyclosporin A at 75 ng/mL. even when conditions are employed to promote ammoniated
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molecules. Unfortunately, sodiated molecules proved to be were obtained for all three drugs in negative ion mode.
difficult to fragment, thus requiring unusually high colli- Chlorinated molecules were also observed, albeit to a much
sion energies (collision offset voltage greater than 70V) to lesser extent. We obtained a structurally diagnostic fragment
generate structurally diagnostic fragment ions for selectedion at m/z 1089 for cyclosporin A, which is in agreement
reaction monitoring. Furthermore, the production of a struc- with Hogge et al[35]. Although the product ion spectra of
turally diagnostic fragment ion was accompanied with the sirolimus and tacrolimus show more than one product ion,
generation of several lower intensity fragment ions. This is there are fewer product ions in negative ion mode than in
not the ideal scenario for sensitive selected reaction mon-positive ion mode. Thus, improved sensitivity can be ex-
itoring as the intensity of the precursor ion is distributed pected in negative ion mode for all three immunosuppressant
over a wide range of different product ions, thus sacrificing drugs.
sensitivity. Using the work of Jegorov et al. as a gui@é], we pro-
Previously, Hogge et dI35] employed negative ion mode  pose thatthe fragmentionmatz1089 in the production spec-
electrospray ionization for the analysis of cyclosporin A. trum of cyclosporin A results from cleavage of the side chain
They discovered that in negative ion mode, a single struc- of MeBmt (4R-[(E)-2-butenyl)]-4N-dimethyli.-threonine)
turally diagnostic product ion is formed upon collision in- shown inFig. 1 Furthermore, the sirolimus fragment ion at
duced dissociation, which is the ideal situation for selected m/z 591 could result from cleavage at position 34 and 27
reaction monitoring. For this reason, we explored the poten- (Fig. 1), and similarly, the tacrolimus (and ascomycin) frag-
tial of negative ion electrospray ionization for the simulta- mention aim/z561 could result from cleavage at position 26
neous analysis of tacrolimus, sirolimus and cyclosporin A. and 23[37].
Fig. 4 compares product ion spectra for each drug studied Table 2compares the detection limits (calculated as three
in positive and negative ion mode. Deprotonated moleculestimes the standard deviation of the blank) obtained in positive

Cyclosporin A
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1089
100 100 1225
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4 e 1114
2 2
£ £
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0 T T T T ! T % 0
200 400 600 800 1000 1200 200 400 600 800 1000 1200
m/z m/z
Sirolimus
Negative lon Positive lon
937
100 591 100
2 913 2 409
[} [}
c c
[] Q
- L3
£ =
N I I i
% 560l " 700 ' 900 °
300 500 700 900
m/z m/z
Tacrolimus
Negative lon Positive lon
100 561 100 827
> >
2 2
K] 803 @ 616
c c
2 2
£ £
B BN
ok II 1| 1y 0 A .Ll.l i, |
T T T T T T T T T T
200 400 600 800 200 400 600 800
m/z m/z

Fig. 4. Product ion spectra of cyclosporin A, sirolimus and tacrolimus in negative and positive ion mode.
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Table 2
Detection limits obtained for three immunosuppressant drugs using positive
and negative ion mode ESI-MS

Detection limit (ng/mL)

Positive ion mode Negative ion mode

Tacrolimus 1 @
Sirolimus 2 005
Cyclosporin A 5 01

Experimental conditions: CN column, 52/48 (v/v) acetonitrile/watef.R0
injection, 0.45mL/min, and 50C. SRM transitions for positive ion
mode: cyclosporin A 12251114", sirolimus 937 /409" and tacrolimus
827"/616". SRM transitions for negative ion mode: cyclosporin A
12017/1089, sirolimus 913 /591~ and tacrolimus 803/561 .

ion mode with those obtained in negative ion mode. Clearly,

293

8000 Tacrolimus

2
S 6000
38
c 4000
-]
2000 Sirolimus
Cyclosporin A
T T T T T T 1
0 1 2 3
Time (min)

Fig. 5. Measurement of ion suppression/enhancement during separation of
immunosuppressant drugs. Shaded area indicates region in chromatogram
where immunosuppressant drugs elute. Experimental conditions: CN col-
umn, 52/48 (v/v) acetonitrile/water, 20 injection of matrix components,
0.45mL/min, and 50C. A 5ng/mL solution of tacrolimus, sirolimus and

there is a considerable advantage in using negative ion modeyclosporin A was post-column infused atB/min into the mass spectrom-

electrospray ionization. Improvements in detection limits
range from a factor of five for tacrolimus up to a factor of fifty

for cyclosporin A. The linear range of calibration curves in
negative ion mode was from 0.6 to 1000 ng/mL for tacrolimus
(n=10,r?>0.999), 0.15 to 500 ng/mL for sirolimus € 10,

r?2 > 0.999) and 0.3 to 1000 ng/mL for cyclosporin A £

10, r2 > 0.999). The limit of quantification was set at three
times the detection limit. Retention times for the immuno-

eter, while blank matrix was injected onto the CN column.

separation speed without the harmful effects of ion suppres-
sion/enhancement. However, it is important to realize that al-
though no ion suppression/enhancement was observed for the
five samples used in this test, ion suppression/enhancement
may occur with another sample. Thus we feel that adequately
resolving all analytes from matrix components and achiev-

suppressants varied by 2.6 % relative standard deviation oning baseline separation helps minimize the possibility of ion

a day-to-day basis.

lon suppression/enhancement is a major concern with

mass spectrometric methods, particularly when working with

suppression/enhancement in future analyses.
Blood samples from organ-transplant patients that were
administered tacrolimus, sirolimus and/or cyclosporin A

analytes present at ng/mL levels in biological samples. For were used in a blind test of the methodology described in

this reason, the susceptibility of our methodology to ion

this work. The results were compared to those obtained using

suppression/enhancement was evaluated using the procedura validated APCI-MS method that employed gGtation-

described in th&ection 2Although five different blood sam-
ples were examinegig. 5shows the results from one sample
for the sake of simplicity. Equivalent results were obtained
with the other sampleskig. 5 shows that ion suppres-

ary phase at 70C [7]. Table 3lists the results of the com-
parison. At-test was used to compare the concentrations of
immunosuppressant drugs determined by each method. The
two methods are in general agreement at the 95% confidence

sion/enhancement is not an issue with our methodology, atlevel for all immunosuppressants in all samples, except for

least for the five whole-blood samples examined in this work.
All matrix components elute well before ascomycin, which

sirolimus in sample 1 and tacrolimus in sample 2. Unfortu-
nately, we cannot say our method is statistically equivalent

is the first peak in the chromatogram. It could be argued that ato the reference method, as a much larger number of samples
higher percentage of organic modifier can be used to improvewould have to be analyzed.

Table 3
Results obtained for the quantification of immunosuppressant drugs in patient samples
Tacrolimus Sirolimus Cyclosporin A
Sample 1
Present method (ng/mL) 420.2 6.5+ 0.3 -
Accepted value (ng/mL) 4.6 8.0 -
Percentage difference -9 -19 -
Sample 2
Present method (ng/mL) 7004 8.9+ 0.4 160+ 10
Accepted value (ng/mL) 9.1 9.4 150
Percentage difference -13 -5 6
Sample 3
Present method (ng/mL) - 1 780+ 40
Accepted value (ng/mL) - 15 720
Percentage difference - 7 8

Experimental conditions: CN column, 52/48 (v/v) acetonitrile/watenR0njection, 0.45 mL/min, and 50C. A blank cell means that the patient was not

administered that particular drug.
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4. Conclusions

We have demonstrated the potential of a CN stationary [1°!
phase for the analysis of immunosuppressant drugs. The[14]
favourable retention characteristics as well as the higher ef-
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[12] P.M. Kimball, R.H. Kerman, B.D. Kahan, Transplantation 51 (1991)
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J. Longoria, R.F. Roberts, C.C. Marboe, B.C. Stouch, V.A. Starnes,
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tacrolimus, sirolimus and cyclosporin A in less than three
h- [16] B.A. Mansoori, D.A. Volmer, R.K. Boyd, Rapid Commun. Mass

minutes. To the best of our knowledge, such a rapid, hig
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precedented in the literature. When combined with negative
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suppressant analysis in whole blood is obtained. Future work
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