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Abstract

It was our objective to develop a rapid, sensitive and specific assay to quantify the immunosuppressive macrolide
40-O-(2-hydroxyethyl)rapamycin (SDZ-RAD) in blood of transplant patients. SDZ-RAD was extracted from blood by
solid—liquid extraction. SDZ-RAD and its internal standard 28,40-diacetyl rapamycin were quantified using HPLC—
electrospray MS. The assay was linear from 0.1 to 100 pg/l (r?=0.99). The mean recovery was 83% for SDZ-RAD and
80.5% for the internal standard. The mean day-to-day precision was 8.0%. Extracted samples were stable at 20°C for at least

48 h and SDZ-RAD blood samples at —80°C for at least six months. [0 1998 Elsevier Science BV. All rights reserved.
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1. Introduction

SDZ-RAD [40-O-(2-hydroxyethyl)-rapamycin,
structure see Fig. 1A) is a semi-synthetic derivative
of the macrolide immunosuppressant sirolimus. It
has been demonstrated that SDZ-RAD is a potent
immunosuppressant in solid organ transplant and
autoimmune disease models and inhibits proliferation
of vascular smooth muscle cells [1,2]. The molecular
mechanism underlying its immunosuppressive activi-
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ty is similar to that of sirolimus [3] and different
from that of the immunosuppressants tacrolimus and
cyclosporine. In vitro in antigen driven human T-cell
proliferation assays, the half-maximal inhibition
concentration (IC,) of SDZ-RAD was in the sub-
nanomolar range and, depending on the assay, two-
to threetimes higher than that of sirolimus [1].
However, in vivo SDZ-RAD was at least as active as
sirolimus [1]. Synergistic immunosuppressive activi-
ty of cyclosporine and SDZ-RAD was demonstrated
in vitro and in animal transplant models in vivo [2].
SDZ-RAD is presently in phase Il of its clinica
development as an immunosuppressant in combina-
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GH, OCHiCH, CH,

Fig. 1. Structures of SDZ-RAD [40-O-(2-hydroxy-ethyl)
rapamycin] and the internal standard 28,40-diacetyl rapamycin.
Numbering of the C-atoms follows the IUPAC guidelines [4].

tion with cyclosporine after solid organ transplanta-
tion.

SDZ-RAD is soluble in acohols, acetonitrile,
ethers, and halogenated hydrocarbons and practically
insoluble in water and aliphatic hydrocarbons. Its
triene group is responsible for an UV absorption
maximum at 276 nm. SDZ-RAD doses effective to
sSuppress an immune response against transplant
organs are similar to those of the macrolide immuno-
suppressants tacrolimus and sirolimus, and blood
concentrations in the low pg/l range can be ex-
pected.

Because of the low concentrations of macrolide
immunosuppressants in blood of transplant patients,
several high-performance liquid chomatography—
mass spectrometry (HPLC-MS) assays have been
developed for the quantification of sirolimus and
tacrolimus in blood [5-8]. HPLC-UV assays have
been described for sirolimus but their lower limits of
guantitation are close to the concentrations expected

in blood of patients 24 h after dosing (trough
concentrations) [9—13]. In comparison to the HPLC—
MS assays, HPLC-UV assays require extensive
extraction procedures and relatively long run times to
separate sirolimus from interferences.

Therefore, it was our objective to develop and
validate a HPLC—MS assay for the quantification of
SDZ-RAD in blood of transplant patients undergoing
pharmacokinetic studies and for therapeutic drug
monitoring during clinical trials.

2. Experimental
2.1. Materials and equipment

SDZ-RAD was the kind gift of Novartis Pharma
AG (Bade, Switzerland) and rapamycin was pur-
chased from Sigma (St. Louis, MO, USA). Stock
solutions were prepared using acetonitrile—sulfuric
acid, pH 3 (75:25, v/v) and stored at —80°C until
use. Sulfuric acid (ACS grade) and HPLC-grade
acetonitrile, methanol and methylene chloride were
purchased from Fisher Scientific (Fair Lawn, NJ,
USA). Formic acid, sodium formate, and zinc sulfate
(@l ACS grade) were purchased from Sigma. Ex-
traction columns (bonded phase C,5, 3 ml) were
from Varian (Harbor City, CA, USA) and 250X4 mm
analytical columns filled with Hypersil (Shandon,
Chadwick, UK) Cg;, 3 wm materia from Keystone
Scientific (Bellefonte, PA, USA). HPLC vials, 100-
wl inserts and PTFE screw caps were obtained from
Hewlett-Packard (Palo Alto, CA, USA).

Samples were analyzed on a Hewlett-Packard
HPLC—electrospray MS system. The series 1100
HPLC system consisted of a G1322A degasser, a
G1312A hinary pump, a G1313A autosampler, and a
G1316A column thermostat. The 59987A electro-
spray interface was equipped with an Iris Hexapole
lon Guide (Anaytica of Branford, Branford, CT,
USA) and connected to a 5989B mass spectrometer.
The HPLC-MS system was controlled and data were
processed using ChemStation software revision
A04.02 for the HPLC system and C.03.00 for the
electrospray interface and mass spectrometer (all
Hewlett-Packard).
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2.2. Blood samples

Blood for development and validation of the assay
was drawn from healthy volunteers. EDTA was used
as anticoagulant. Patients samples were obtained
from stable lung transplant patients. These patients
were enrolled in a SDZ-RAD pharmacokinetic study
at Stanford Medical Center. The study and additional
blood draws for the present study were approved by
the Stanford University ethical committee. All sub-
jects gave their written consent. The study was
carried out following the good clinical practice
(GCP) guidelines. During this study, stable lung
transplant patients, whose immunosuppressive drug
regimens were based on cyclosporine, received sin-
gle SDZ-RAD doses of 0.1 and 0.35 mg/kg/d
separated by a one week wash-out phase.

2.3 Internal standard

The internal standard, 28,40-diacetyl rapamycin
(see Fig. 1B) was synthesized following the pro-
cedure described by Streit et a. [5]. The structure
was verified using HPLC-MS-MS analysis in
combination with collision induced dissociation and
analysis of the fragment pattern [5]. Purity of the
internal standard was established by HPLC-UV and
HPLC-MS analysis.

2.4. Sample preparation

To 1-ml blood samples, 20 pl of 28,40-diacetyl
sirolimus internal standard solution (2.25 mg/l in
acetonitrile—sulfuric acid, pH 3, 75:25, v/v) and 2 ml
methanol—0.2 mol /I ZnSO,, (80:20, v/v) for protein
precipitation were added. Samples were vortexed for
30 s and centrifuged at 1500 g for 3 min. The
supernatant was loaded on C,, extraction cartridges
by drawing the samples through the columns using
—10 mmHg vacuum (1 mmHg=133.322 Pa). The
extraction columns had previously been primed with
3 ml methanol and 3 ml sulfuric acid, pH 3. Samples
were washed with 3 ml sulfuric acid pH 3 and dried
by drawing air through the columns for 5 min.
SDZ-RAD and its internal standard were eluted with
1.5 ml methylene chloride. Methylene chloride was
evaporated under a stream of nitrogen and samples

were recongtituted in 120 wl acetonitrile—0.1% for-
mic acid (75:25, v/v). Samples were transferred into
HPLC vials with conical 100-ul inserts and sealed
with PTFE screw caps.

2.5, HPLC-MS analysis

One hundred pl of the sample was injected into
the HPLC-MS system. SDZ-RAD and its internal
standard were isocratically eluted from the analytical
column. The mobile phase consisted of methanol—
0.1% formic acid supplemented with 1 pmol/l
sodium formate. The flow-rate was 0.4 ml/min and
the column temperature was 45°C. The total run time
was 16 min.

The electrospray source was set to the following
parameters (parameter names as used in the Chem-
Station software): VCap: —5000 V, VEnd: —4500 V,
VCyl: —6000 V, capillary exit voltage: 175 V. The
drying gas was adjusted to a value of 42 (arbitrary
units) and heated to 350°C. The pressure of the
needle spray gas was 80 p.s.i. (1 p.s.i.=6894.76 Pa).
The quadrupole was heated to 120°C. The mass
spectrometer was run in the positive mode and the
multiplier voltage was set to 1750 V and the X-ray
voltage to 10 000 V. The mass spectrometer was run
in the single ion mode. Since sodium adducts gave
the strongest signals, the mass spectrometer was
focused on m/z=980 ([M+Na] * of SDZ-RAD) and
m/z=1020 ([M+Na] " of the internal standard) with
a dwell time of 500 ms per ion. The RTE integrator
option was used for quantification. Concentrations of
SDZ-RAD were corrected using the internal standard
and calculated using an SDZ-RAD calibration curve.

2.6. Method validation

2.6.1. Samples

Quality control (1.5, 15 and 40 p.g/l), calibration
samples (0.1, 0.25, 0.5, 1, 5, 10, 20, 50, 75 and 100
pg/1) and blank samples were prepared in bulk using
freshly drawn blood. To alow distribution of SDZ-
RAD, blood samples were incubated at 37°C in a
water bath for 30 min. Hereafter, 1-ml aliquots were
transferred into 10-ml glass centrifuge tubes and
either immediately analyzed or kept frozen at
—80°C.
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2.6.2. Acceptance criteria

The assay was considered acceptable if precision
(% CV.) at each concentration was less than 15% for
intracday and day-to-day variability. The accuracy
compared with the nominal value had to be within
+15% for both intra- and day-to-day. The calibration
curve had to have a correlation coefficient r of 0.99
or better. The lower limit of quantitation had to be
0.25 g/l or better. The absolute recovery had to
exceed 60%.

2.6.3 Linearity

Six calibration samples of each concentration,
prepared with blood as described above, were mea-
sured. Linearity was assessed using the regression
analysis implemented in the Microcal Origin (version
3.5) software.

2.6.4. Lower limit of quantitation

The lowest concentration that met the following
criteria was accepted as the lower limit of quantita-
tion: 80% of the samples analyzed had to be within
+20% of the nominal value, and precision and
accuracy had to be better than 20%.

2.6.5. Day-to-day and intra-day precision,
accuracy

Intra-day precision and accuracy were evaluated
from the results of the quality control samples
processed the same day (n=9 for each concen-
tration). Day-to-day variability was assessed by
analysis of five sets of quality control samples (one
set=three samples containing 1.5, 15 or 40 pg/l) on
three different days (total: 15 sets of quality con-
trols). Differences between the results of samples
analyzed at different days were assessed using
analysis of variance (GLM procedure, SAS version
6.05).

2.6.6. Recovery

Recoveries were calculated from the quality con-
trol samples (n=6 for each concentration). The mass
spectrometer responses of the extracted samples were
compared with the response after injection of respec-
tive amounts of internal standard or SDZ-RAD
standard solutions (in acetonitrile—sulfuric acid. pH
3, 75:25, v/v). Recoveries of SDZ-RAD at various
concentrations and the internal standard were com-

pared using analysis of variance (GLM procedure,
SAS).

2.6.7. Dilution integrity and partial volume
verification

To establish dilution integrity, five blood samples
containing 40 g/l SDZ-RAD were diluted two-fold
and five-fold using blood from healthy volunteers.
Partial volume verification was conducted by ex-
tracting the partial volumes of 0.2 ml and 0.5 ml of
six blood samples containing 40 wg/l SDZ-RAD.
The deviations of the results from the nominal values
in percent were calculated.

2.6.8. Jecificity and interferences

The lack of matrix interferences was established
by anaysis of blank blood samples (n=12). To
investigate a possible interference with SDZ-RAD
metabolites or cyclosporine and its metabolites
(AM1, AM9, AM1c, AM4N), these were added to
blank blood samples before extraction resulting in a
final concentration of 500 wg/l (n=4). SDZ-RAD
metabolites (three hydroxylated, one demethylated
metabolite) were generated by human liver micro-
somes following the procedure described by Chris-
tians et al. [14] for the in vitro generation of
sirolimus metabolites. Cyclosporine metabolites were
generated and isolated using a previously described
method [15]. Extracted blood samples containing an
SDZ-RAD concentration at the upper limit of quanti-
tation (100 wg/l, n=6) and blank blood samples
were aternately injected to exclude carry-over ef-
fects.

2.6.9. Sahility

To establish benchtop stability, ten sets of quality
control samples were prepared. Five sets were ex-
tracted and immediately analyzed (controls), the
other five sets were stored at 20°C and analyzed 24 h
later. In addition, samples containing 70 pg/l SDZ-
RAD were prepared and analyzed immediately (con-
trols) and after storage for 3 d and 7 d a 20°C
(n=5). The results were compared with those of the
controls by calculating the % deviation. Twenty-four
sets of quality control samples were prepared to test
freeze—thaw stability of SDZ-RAD. Six sets served
as controls and were analyzed immediately. Six sets
of samples were subjected to one freeze—thaw cycle,
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six sets were subjected to two freeze—thaw cycles
and another six samples to three freeze—thaw cycles.
Samples were stored at —80°C and thawed by
leaving them at room temperature for 2 h. During
validation, the stability of the extracted quality
control samples at —20°C was established for one
week. Twelve sets of control samples were prepared.
Six sets were extracted and analyzed immediately
(controls). Six sets were kept at —20°C and analyzed
one week later. Stability of SDZ-RAD and its
internal standard in the autosampler (within-batch
stability) was evaluated for 48 h. Ten sets of quality
control samples were extracted and placed in the
autosampler (+20°C). Five sets of samples were
analyzed at once (controls), the other five sets 48 h
later.

3. Resaults

SDZ-RAD and the internal standard were mainly
detected as the sodium adduct [M+Na]*. The
relative intensities of [M+H]" and [M+K]" were
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less than 5% of the sodium adduct (Fig. 2). This
ratio was independent from whether or not sodium
formate was added to the mobile phase. The relative
intensity of the [M—H] ~ using a mobile phase of pH
8.5 (0.0005% triethylamine) was five-fold less than
that of the [M+Na]". When the capillary exit
voltage was varied between 50 and 300 V in 25V
steps, the [M+Na] © was detected with the highest
sensitivity at 175 V. Only little fragmentation was
detected at this voltage (Fig. 2). SDZ-RAD eluted
from the analytical column with a retention time of
9.85 min and the internal standard with a retention
time of 10.5 min (Fig. 3).

3.1. Linearity, precision and accuracy

In blood, the assay was linear from 0.1 to 100
pg/l SDZ-RAD with y=0.993 (+0.017)x+0.637
(=0.712) [mean (*standard deviation), n=6] with
r?=0.99. The lowest concentration matching the
limit of quantitation (LOQ) acceptance criteria was
0.1 ng/l: 5/6 samples were within =20% of the
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Fig. 2. Mass spectrum (m/z=100 to 1100) of SDZ-RAD. One g SDZ-RAD in 10 pl methanol—formic acid, pH 4 (9:1, v/v) was injected
onto the analytical column. The chromatographic and mass spectrometry conditions were the same as described in Section 2.5.



184 |. Segarra et al. / J. Chromatogr. B 720 (1998) 179-187

n 98N NN 1979 7N tn 980 7N
Abundance Ion 1020,00 (1019.70 to 1020.70)

i
10.46

100000 1

80000 {

60000 1

40000 1

20000 1
-

Time-> 100 200 300 400 500 600 700 800 900 1000 11.00

Abundance
B 100000 Abundance lon 880,00 (379.70 to 980.70} 511-8.0 1053
900001 o 8%
80000 v
70000 o
£00001 v
50000 o
40000 oo
300007 T 100 200 300 400 500 600 700 600 900 1000 11.00
200001 \
100001 991

Time->0 1.00 200 300 400 500 600 700 800 900 1000 11.00

Inn 980 NN 1979 7N ta 98N 7M1
Abundance lon 1020.00 (1019.70 to 1020.70)

11
C 100000} 1047
80000 1
60000 ]
] 982
40000 ]
20000

Time>0 """ 700 200 300 400 500 600 700 800 400 1000 11.00

Fig. 3. Representative ion chromatograms of a blank blood sample (A), a blood sample to which 0.5 png/l SDZ-RAD was added (B) and a
blood sample from a lung transplant patient enrolled in a pharmacokinetic trial 24 h (trough concentration) after a single 0.01 mg/kg
SDZ-RAD dose (C). The x-axes of the ion chromatograms show the time (min). The ion chromatograms of SDZ-RAD (m/z=980, mean
retention time: 9.85 min) and the internal standard 28,40-diacetyl rapamycin (m/z=1020, mean retention time: 10.5 min) are overlaid. The
concentration of the internal standard added to the blood samples was 45 pg/l. The insert in (B) shows an amplification of the SDZ-RAD
ion chromatogram (m/z=980). The SDZ-RAD concentration in (C) is 13.3 ng/l.



|. Segarra et al. / J. Chromatogr. B 720 (1998) 179-187 185

nominal value. The CV. (n=6) was 16.8% and
accuracy+10%. A representative ion chromatogram
of a blood sample containing an SDZ-RAD con-
centration at the LOQ is shown in Fig. 3B. Precision
at the upper LOQ (100 pg/l) was 11.7% and the
mean deviation from the nominal value —0.7%. The
intra-day precision for blood samples containing 1.5
g/l SDZ-RAD was 7.2% (n=9), for 15 g/l 5.5%,
and for 40 pg/l 6.2%. The mean deviation from the
nominal value (accuracy) was +3.7% for 1.5 wg/I
samples, +7.4% for 15 g/l samples and +8% for
40 pg/l samples (n=9). On three different days
(n=5 for each day and concentration) the results
varied by 7.2% for 1.5 ng/l samples, by 10.8% for
15 pg/l samples and by 6.7% for 40 g/l samples
(day-to-day precision). Analysis of variance did not
show any differences among the results obtained on
different days.

3.2, Recovery

The mean (*standard deviation) recovery from
blood was 91.7+6.4% (n=6) for 1.5 wg/l samples,
77.7=8.7% for 15 pg/l samples and 79.5+6.0% for
40 pg/l samples. The recovery of the interna
standard from blood was 80.5+4.7% (n=18). Al-
though analysis of variance showed a statistically
significant difference (p<0.02) with the recoveries
higher for the 1.5 wg/l samples than for the other
SDZ-RAD concentrations and the internal standard
in this batch of samples, this had no practical value
as reflected by the acceptable accuracy in other
batches of samples (vide supra). The mean recovery
of SDZ-RAD, including all concentrations, of 83.0%
was equal to that of the internal standard.

3.3. Dilution integrity and partial volume
verification

The mean deviation from the nominal value of the
two-fold dilution was —3.5+4.0% (mean=standard
deviation, n=5), and that of the five-fold dilution
—6.8+6.5%. The mean deviation from the nominal
value of the 0.2 ml partial volume samples was
—b5.7+5.2% (meanzstandard deviation, n=6), and
that of the 0.5 ml samples —4.6+9.8%.

3.4. Specificity and interferences.

No peaks interfering with SDZ-RAD or the inter-
nal standard were present in blank blood samples
(n=12, Fig. 3A). The SDZ-RAD metabolites were
detected a m/z=996 ([M+Na]" hydroxy-SDZ-
RAD) and at m/z=966 ([M+Na] " desmethyl-SDZ-
RAD), had shorter retention times than SDZ-RAD or
its internal standard and thus, did not interfere with
the quantification of SDZ-RAD (m/z=980) or its
internal standard (m/z=1020). Cyclosporine (m/z=
1224, [M+Na] *) and its metabolites AM1, AMY9,
AM1c (al m/z=1240 [M+Na] ") and AM4N (m/z=
1210, [M+Na] ") did also not interfere. No carry-
over effects were detected when aternately extracts
from blank blood samples and blood samples con-
taining 100 g/l SDZ-RAD and its internal standard
were analyzed.

35 Sability

SDZ-RAD and internal standard stock solutions
(in acetonitrile—sulfuric acid, pH 3, 75:25, v/v)
could not be stored long-term in a refrigerator
(+4°C). After two weeks, the concentrations of a 0.1
mg/l SDZ-RAD stock solution was 15.3%, that of a
1 mg/l SDZ-RAD stock solution 13.5% and that of
the internal standard solution (2.25 mg/l) 15.2%
lower than those of freshly prepared solutions (n=3).
Stock solutions were stable for at least six months
when stored at —80°C.

After storage at room temperature for 24 h, the
mean deviation of 1.5 pg/l blood samples from their
immediately extracted and analyzed controls was
+2.7% (n=6), that of the 15 g/l samples —11.5%
and that of the 40 wg/l samples —11.6%. When
blood samples containing 70 g/l were kept at 20°C,
after two days the mean deviations from the controls
were —0.9% and after seven days+3.3% (n=5).

After one freeze—thaw cycle, the mean deviations
of 1.5 pg/l samples from unfrozen controls were
+6.3% (n=6), —7.8% (two freeze—thaw cycles),
and —4.8% (three freeze—thaw cycles), that of the 15
pg/l samples +3.0% (one freeze-thaw cycle),
—2.4% (two freeze—thaw cycles), and —5.7% (three
freeze—thaw cycles), and that of the 40 g/l samples
—4.0% (one freeze-thaw cycle), —0.6% (two
freeze—thaw cycles), and —14.0% (three freeze—
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thaw cycles). SDZ-RAD blood samples could be
exposed to at least three freeze—thaw cycles. Blood
samples stored at —80°C were stable for at least six
months.

After storage of extracted samples at —20°C for
one week, the mean deviations from immediately
analyzed controls were —1.3% for the 1.5 pg/l,
+10.5% for the 15 pg/l, and —4.1% for the 40 g/l
samples (n=6). Extracted samples in the autosampler
(20°C) were stable for at least 48 h. The mean
deviation of the 1.5 g/l samples from their controls
was —8.6%, that of the 15 wg/l samples —8.7% and
that of the 40 wg/l samples —14.4% (n=6).

As of today, this HPLC—MS assay was used to
quantify SDZ-RAD in more than 2000 blood sam-
ples. A representative ion chromatogram of a blood
sample from a lung transplant patient enrolled in a
SDZ-RAD single dose pharmacokinetic study is
shown in Fig. 3C.

4. Discussion

For measurement of rapamycin in blood, several
HPLC-UV assays have been described [9-12]. We
developed an HPLC-MS rather than an HPLC-UV
assay for the following reasons. the expected con-
centrations in pharmacokinetic studies, especially at
later times after drug administration which are
critical for determination of the termina half-life, are
below the LOQ of HPLC-UV assays. Our SDZ-
RAD HPLC-MS assay met all predefined accept-
ance criteria. Following the recommendations of
most recent consensus documents on therapeutic
drug monitoring of macrolide immunosuppressants
[13,16], blood rather than plasma was chosen as the
matrix for our SDZ-RAD assay. The more specific
detection by a mass spectrometer compared with UV
detection allowed for simpler and less time-consum-
ing sample preparation, and, since separation of
SDZ-RAD (m/z=980) and its internal standard
(m/z=1020) was not required, significantly shorter
run times and a higher sample turn-over. The com-
position of the protein precipitation reagent was
critical for recovery. Reduction of the methanol
contents by as little as 10% resulted in unacceptably
low recoveries <50%. SDZ-RAD and its interna
standard were eluted from the extraction columns

using methylene chloride. Due to the relative in-
stability of SDZ-RAD and its internal standard, fast
evaporation within a few minutes without application
of elevated temperatures was critical. Elution of
SDZ-RAD using the mobile phase avoiding an
evaporation step as described for a sirolimus HPLC—
MS assay [5] resulted in significantly lower re-
coveries of 50% and less. Although addition of
sodium ions had no effect on the relative intensity of
[M+Na] ", 1 wmol/l sodium formate was added to
the mobile phase to keep the sodium concentration
constant. The use of an internal standard was neces-
sary to compensate for losses during extraction, in-
process instability of SDZ-RAD and for decreased
sensitivity of mass spectrometric detection due to
contamination of the electrospray target.

Stability has been a mgjor problem of rapamycin
[17] and, due to structural similarities, could also be
expected to be critical for SDZ-RAD sample hand-
ling and measurement. From our results, it was
concluded that SDZ-RAD blood samples are stable
for more than six months if stored at —80°C and can
be thawed and frozen at least three times. Extracted
samples during analysis were stable for at least 48 h
and extracted samples stored at —20°C for at least
two weeks. SDZ-RAD and the internal standard were
most stable in a solvent containing more than 10%
water with a pH<5. In pure organic solvents, both
compounds had a significantly shorter half-life.
However, for long-term storage, stock solutions had
to be kept at —80°C. SDZ-RAD was more stable in
blood samples, up to one week at +20°C. It can be
hypothesized that in blood samples binding to im-
munophilins stabilized SDZ-RAD. Thus, SDZ-RAD
blood samples do not have to be frozen when
shipped from the clinical sites to analytical lab-
oratories for therapeutic drug monitoring.

More than 80 samples were extracted and ana-
lyzed a day. The HPLC column was stable for more
than 1000 samples. Emergency samples were ana-
lyzed within 1 h and in a concentration-controlled
trial, results were returned the same day. Our method
can easily be automated by using column switching
for sample preparation [18] after the protein precipi-
tation step as described by Vidal et a. [19]. How-
ever, this latter assay [19] does not use an internal
standard, which, for the reasons discussed above, is a
serious disadvantage.
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With a few modifications, our HPLC-MS assay
can be used to also quantify SDZ-RAD metabolites
and, as described for sirolimus [20], concomitantly
quantify cyclosporine and its metabolites in the same
run.
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