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Abstract: A simple high performance liquid chromatography method for the determi-
nation of cyclosporin A in human whole blood was developed. Human blood samples
were deproteinated with a zinc sulfate saturated acetonitrile—water (1:1) solution, and
centrifuged. The supernatant was transferred to clean tubes, evaporated, and reconsti-
tuted for an HPLC analysis. Cyclosporin D was used as an internal standard. Chrom-
atography was carried out using XTerra® C;g 150 x 4.6mm 5 wm column (Waters,
Watford, UK) maintained at 80°C, with a mobile phase consisting of acetonitrile—
water—t-butyl methyl ether—phosphoric acid (55:40:5:1, v/v/v/v). The flow rate of
the mobile phase was adjusted to 1 mL/min. The detection wavelength was set at
210nm. Under these conditions, cyclosporin A and cyclosporin D were cleanly
separated with no interfering endogenous peaks present. The calibration curve for
cyclosporin A in human blood was linear over the concentration range examined
(50 ~ 3000ng/mL), with a correlation coefficient greater than 0.999. The lower
limit of quantification (LOQ) approached 50 ng/mL. The intra- and inter-day vari-
ations were in the ranges of 0.48 ~ 13.33% for precision and 98.30 ~ 103.74% for
accuracy, respectively. The applicability of this method was demonstrated in a pharma-
cokinetic study of cyclosporin A in human volunteers.
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INTRODUCTION

The introduction of Cyclosporin A (CsA, Fig. 1) into clinical use in the
1980’s resulted in a significantly improved survival rate of transplant
patients,''! and CsA still remains the cornerstone of many drug regimens
in the area of transplantation. CsA is a cyclic oligopeptide consisting of
11 amino acids. Seven of the amino acids of CsA are N-methylated, and
the four remaining protonated nitrogen atoms form intermolecular
hydrogen bonds with carbonyl groups, contributing substantially to the
rigidity of the cyclosporin skeleton.'”” As a result, CsA is remarkably hydro-
phobic and relatively insoluble in water. In line with this characteristic, the
oral bioavailability of CsA is low (30%), varying between individuals
(5 ~ 50%),”” and greatly influenced by various factors such as the amount
of bile juice secreted and the amount of fat in food, etc,'”) making the pre-
diction of the extent of absorption of CsA in patients difficult. In addition,
the therapeutic index of CsA is narrow." The major toxicity of CsA in trans-
plant recipients is nephrotoxicity, which is characterized by dose dependent
and transient reduction in renal blood flow and glomerular filtration rate.!”’
These characteristics require that an optimum dosage regimen be established
(i.e., maintenance of efficient and constant blood concentration of CsA). As a
result, therapeutic drug monitoring (TDM) of CsA in the blood has become
an indispensable adjunct for the effective treatment of transplant patients
with CsA.[!

Various clinical laboratory methods for analysis of CsA have been
developed. High performance liquid chromatography (HPLC), immunoassay
based methods, and HPLC mass spectrometry (LC/MS) represent the most
frequently used methods. Immunoassay based methods are generally simple
compared to HPLC methods, but they may overestimate CsA levels due to
the cross-reactivity of the antibody in the assay kit with CsA metabolites in
the blood."”"® LC/MS methods have several advantages over other methods
with respect to sensitivity and specificity. However, extensive multi-step
extraction procedures and the time consuming chromatographic separation,
as well as the high cost of various equipment,'®~"" limit the wide application
of these methods in routine TDM and bioavailability tests in clinical labora-
tories. Moreover, potential interference by other molecules in the blood,
which have the same ratio of mass/electric charge, continues to be a major
problem in the analysis of CsA.

Although HPLC methods are considered by many scientists as the gold
standard for the analysis of CsA, some drawbacks such as time consuming
and tedious extraction procedures and insufficient chromatographical separ-
ation due to matrix interferences have not been completely solved!'?~'!,
Recently, HPLC methods with simplified sample preparation have been
reported.[16’17] However, robustness of these methods seems to be controver-
sial, due to insufficient separation of CsA'® or instability of CsA during the
deproteination with hydrochloric acid.!'” In the present study, therefore, an
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HPLC method, which involves a simple sample preparation procedure and a
clean chromatographic separation of CsA, was developed for its routine appli-
cation to TDM and bioavailability tests.

EXPERIMENTAL
Chemicals and Reagents

CsA and cyclosporin D (CsD, Fig. 1) with a purity of over 98% were provided
from CKD Pharm. Co. (Seoul, Korea). Acetonitrile and methanol were
obtained from Fisher, Korea and zinc sulfate from Sigma, Germany. All
other chemicals were reagent or HPLC grade.

Instrumentation and Chromatographic Conditions

The HPLC system consisted of a 321 pump, 506 C interface (all from Gilson
Inc., Middleton, WI), 2487 UV /VIS detector (Waters, Milford, MA), column
oven (CTS-30, Young-Lin Instrument Co., Seoul, Korea) and the Unipoint
program (Gilson Inc., Middleton, WI) for data processing. Samples were
injected via a Gilson 234 autosampler equipped with a 100 nL loop.
XTerra® C,g silica column (250mm x 4.6mm i.d., 5um particle size,
Waters, Milford, MA) was used for the chromatographic separation. The
column temperature was maintained at 80°C. The mobile phase was
composed of acetonitrile—water—t-butyl methyl ether—phosphoric acid
(55:40:5:1, v/v/v/v) and delivered at a flow-rate of 1mL/min. The
detection wavelength was 210 nm.

Extraction of CsA from Standard Samples

A stock solution of CsA with a concentration of 1 mg/mL in methanol was
prepared by a 50 fold dilution of a 50 mg/mL methanolic solution of CsA
with methanol. A methanolic solution of CsD, an internal standard (IS), at a
concentration of 50 pg/mL was also prepared by a 200 fold dilution of
10 mg/mL methanolic solution of CsD with methanol. The stock solution
of CsA was appropriately diluted with methanol to give standard solutions
of CsA in the concentration range of 0.5~30 pg/mL.

A 100 pL aliquot of each standard solution was spiked into 1.0 mL of
blank human blood in a 5 mL polypropylene tube to yield a final concentration
of 50, 100, 500, 1000, 1500, or 3000ng/mL for CsA, and the resulting
sample vortexed for 10min. A 20 L aliquot of the internal standard
solution (50 wg/mL) was then added to each polypropylene tube, followed
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by vortexing for another 10 min. A zinc sulfate-saturated acetonitrile:water
(1:1) solution (1.5mL) was added to each tube, and the tube was vortexed
for 7min and then allowed to stand for 10min to achieve deproteination.
The mixture was then centrifuged at 3000rpm for 5Smin. An aliquot
(1.5mL) of the supernatant was transferred to a clean tube and completely
evaporated to dryness under vacuum, using a Speed Vac concentrator
(Spin-vac, Hanil, Seoul, Korea). The residue was then reconstituted using
250 uL of the mobile phase, and a 60 uL aliquot was injected for HPLC
analysis.

Validation of the Method

Standard calibration curves were constructed by spiking drug free blood
(1.0mL) with 100 uL of CsA stock solutions of various concentrations
to yield final blood concentrations of 50, 100, 500, 1000, 1500, and
3000ng/mL. The linear regression of the ratio of the peak areas of CsA
and the internal standard versus the concentration was weighted by 1/X
(reciprocal of the concentration), and the correlation coefficients were calcu-
lated. The lower limit of quantification (LOQ) was established when the
accuracy was within the 100 + 20% range.

Inter-day variation was determined by analyzing a whole set of the
standard samples (i.e., 50~3000 ng/mL) each day for five consecutive days.
The intra-day variation was determined by analyzing five sets of standard
samples (i.e., 50~3000ng/mL) each day. Intra and inter-day assay
precision was expressed by the coefficient of variation (CV, %) of the
obtained data. The accuracy (%) of the method was estimated by comparing
the observed concentrations with the nominal concentrations for nine sets of
standard samples.

Application

The assay method was applied to a bioavailability study for a CsA product,
Sandimmune Neoral® (100 mg soft gelatin capsules, Novartis, Switzerland).
Seven healthy male volunteers participated in the study. The volunteers
were screened by physical examinations along with a series of laboratory
tests. Two capsules of the formulation (i.e., 200 mg as CsA) were administered
with 200mL of water in a randomized sequence, under fasting conditions.
Subjects were hospitalized (Kangnam Hospital, Seoul, Korea) at 9:00 p.m. 1
day before this study, and fasted 12 hours before and 4 hours after each
drug administration. Eleven blood samples were taken from the antecubital
vein before administration, and at 0.33, 0.66, 1.0, 1.5, 2.0, 2.5, 3.0, 4.0, 8.0,
and 12.0h after the administration. The samples were stored frozen at
—20°C until analyzed.
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RESULTS AND DISCUSSION

The concentration of CsA should ideally be determined from whole blood
samples, not from plasma samples, because more than 75% of the CsA is
bound to erythrocytes.''®! During the past two decades, a number of HPLC
methods have been extensively studied for use in an assay of CsA in blood
samples.'">~ "> In most cases, a short ultraviolet wavelength (e.g., 210 nm)
was used for the detection of CsA in those methods, because CsA lacks chro-
mophores. At this wavelength, however, many endogenous molecules also
absorb ultraviolet light, thus interfering with the assay of CsA. In addition,
the extraction of specific compounds from whole blood samples is generally
complicated, compared to plasma samples, due to the potential coextraction
of endogenous compounds from blood cells. Therefore, vigorous removal of
potentially interfering endogenous compounds is required in such methods.
Organic solvents such as n-hexane and diethyl ether are often used for this
purpose. In our preliminary studies, however, we found that the recovery of
CsA using such methods is highly dependent on the personal technique of
the analyst and extraction conditions, such as shaking time and temperature.
The selectivity and the reproducibility of the assay were found to be insuffi-
cient as well.

Direct column injection methods after a simple deproteination of blood
sample have recently been reported.!'®!”! Sample preparation time could be
greatly reduced if these methods could be used. However, the fastidious
setting of the analysis conditions is required for the separation of CsA by
the method of Amini and Ahmadiani.'® Wide application of their method
appears to be limited by several factors. For example, the HPLC column
should be only Shimpack CLC, other columns were not applicable, separation
was completely lost when a guard column was used in these conditions, the
composition of the mobile phase should be vigorously modulated, and
storage conditions for the blood samples should be strictly kept.!'!
Therefore, the recovery and the selectivity of their method were not sufficient
in our preliminary examination, consistent with its limited application in
routine TDM and bioavailability tests.

Khoschsorur et al.!'” reported a two step deproteination method, in which
acidic (usually hydrochloric acid) and basic solutions are serially added to
blood samples for deproteination, followed by extraction with volatile
solvents (e.g., diethyl ether). The selectivity of this analysis was found to be
fairly good, but the robustness of the method appears to be controversial,
due to the potential degradation of CsA under the acidic conditions
used.!'!

A zinc sulfate solution has been widely used for deproteination of plasma
or urine samples containing xenobiotics.”°~**' In LC/MASS and HPLC
analyses of CsA in blood samples, the zinc sulfate solution or solvent
mixed zinc sulfate solution has been employed as well.”**~%°! The use of
zinc sulfate solution, however, should be followed by solvent extraction,
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which often needs the employment of specific apparatus such as an on-line
extraction apparatus for the LC/MASS analysis.

The method developed in the present study is characterized by no extrac-
tion of CsA after the deproteination of blood samples with the zinc sulfate
solution. It needs only one step deproteination with the zinc sulfate
saturated acetonitrile:water (1:1), evaporation of the supernatant, reconstitu-
tion of the residue with the mobile phase, and simple injection of aliquots
to HPLC system.

Figure 2 shows typical chromatograms for a blank blood (A), a standard
blood sample spiked with CsA and CsD (B), and a blood sample taken from a
human subject (C) 2.5 h after an oral administration of two capsules of San-
dimmune Neoral® (200mg as CsA). The retention times for CsA and the
internal standard (CsD) were ca. 16.8 and 21.0 min, respectively, and the chro-
matographic separation of CsA and CsD from other blood components was
fairly good.

The calibration curves were linear over the concentration range examined
(i.e., 50 to 3000 ng/mL). A good relationship with a highly significant corre-
lation (r* > 0.999) was consistently observed for every run. The slope,
intercept and correlation coefficient of the calibration curves were
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Figure 2. Typical HPLC chromatograms, (A) blank blood; (B) CsA blood standard
of 500ng/mL; (C) a volunteer sample 2.5 h after the administration of 200 mg CsA.
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8.72 x 107% +2.99 x 1077 (mL/ng), 5.21 x 107? + 2.54 x 10™* (peak-
area ratio units), and 0.999 + 0.001 (mean + SD), respectively. The
intercept value was not statistically different from zero, indicating that the
assay parameter is directly proportional to the CsA concentration in
whole blood.

Results of the validation of the present method are shown in Table 1.
Precision and accuracy were estimated for blood CsA concentrations of
50~3000ng/mL. The accuracy was over 97% for all concentrations, and
the coefficients of variance (i.e., precision) were less than 8.12 and 13.33%
for the concentration range for inter-day and intra-day assays. The LOQ of
the present method, therefore, appears to be lower than the lowest concen-
tration examined (i.e., 50 ng/mL). Considering the fact that most clinicians
accept 50 to 150ng/mL as a target trough level of CsA concentration to
minimize allograft rejection and adverse effects,”® the present method
seems to be sufficiently sensitive for the routine TDM of CsA.

The applicability of the present method to human pharmacokinetic
studies was demonstrated, as shown in Fig. 3, in which CsA in blood
samples could be readily quantified within a time frame of 20 min (the first
sampling time, 140.8 + 54.8ng/mL) to 12h (the last sampling time,
120.2 4+ 58.3ng/mL) after the oral administration of Sandimmune Neoral®
(200 mg as CsA).

CONCLUSION

A simple and reproducible HPLC method for determining CsA in human
blood was developed. The method is characterized by only one step deprotei-
nation with the zinc sulfate-saturated acetonitrile:water (1:1), evaporation of
the supernatant, reconstitution of the residue with the mobile phase, and
injection of aliquots to the HPLC system. The simplicity of the sample

Table 1. Precision and accuracy of the LC analysis of CsA in
human blood

Precision (CV, %)

Concentration Accuracy Intra-day Inter-day

(ng/mL) (%, n=9) (n=175) (n=175)
50 97.13 8.12 13.33
100 97.57 7.72 11.20
500 98.71 5.09 1.34
1000 103.74 3.44 2.04
1500 98.30 3.54 245

3000 99.94 0.67 0.48
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Figure 3. Whole-blood concentration-time profiles of CsA after an oral adminis-
tration of 200 mg of Sandimmune Neoral®, to seven healthy volunteers. Each data
point represents individual concentration-time profiles.

preparation makes this method suitable for the rapid and routine analysis of
CsA. The intra- and inter-day precision and accuracy results were within
acceptable limits. The sensitivity is considered to be sufficient for the TDM
of transplant patients and concentrations of CsA as low as 50 ng/mL could
be accurately determined. Given the results of the validation and bioavailabil-
ity study, it is reasonable to assume that the assay will also be suitable for use
in pharmacokinetic studies involving humans.
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