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Abstract

Calphostin C is a potent inhibitor of protein kinase C and can induce Ca®"-dependent apoptosis in human ALL cells.
Further development of calphostin C will require detailed pharmacodynamic studies in preclinical animal models. Therefore,
we established a sensitive and accurate high-performance liquid chromatography (HPLC)-based quantitative detection
method for the measurement of calphostin C levels in plasma. Extraction of calphostin C from plasma was performed by
precipitation of plasma protein using acetonitrile and an aliquot of extracted supernatant was injected onto a Hewlett-Packard
HPLC system constituting a 250X4 mm LiChrospher 100, RP-18 (5 um) in conjunction with a 4X4 mm LiChrospher 100,
RP-18 guard column (5 wm). The eluted compounds were detected by diode array detection set at a wavelength of 479 nm.
Acetonitrile—water containing 0.1% trifluoroacetic acid and 0.1% triethylamine (70:30, v/v) was used as the mobile phase.
The average extraction recovery from plasma was 97.3%. Good linearity (r>0.999) was observed throughout the
concentration range of 0.05—-40 uM for calphostin C in 50 l of plasma. Intra- and inter-assay variabilities were less than
6% in plasma. The lowest detection limit of calphostin C in 50 wl plasma was 0.02 wM at a signal-to-noise ratio of ~3. The
availability of this assay will now permit detailed pharmacodynamic and pharmacokinetic studies of calphostin C in vivo.
O 1999 Elsevier Science BV. All rights reserved.
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1. Introduction

Recurrence of leukemia continues to be a major
obstacle to a successful outcome of multiagent
chemotherapy in the treatment of acute lympho-
blastic leukemia (ALL) patients especialy those who
have relapsed despite intensive multiagent chemo-
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therapy [1-6]. Consequently, the identification and
development of new potent anti-ALL drugs have
focal points for trandational leukemia research.
Calphostin C, a naturally occurring perylene-
quinone antibiotic (structure see Fig. 1A), has been
shown to have a pleiotropic biological profile [6—
14]. A number of studies have demonstrated that this
natural product can inhibit protein kinase C (PKC)
[7,8,15-17] and induce apoptotic cell death [18—22].
We have demonstrated that calphostin C can induce
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Fig. 1. (A) Chemical structure of calphostin C (M,=790.6). Representative chromatograms from blank plasma (B.1) and a plasma sample
spiked with calphostin C (B.2).
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dose-dependent apoptosis in human ALL cell lines
[23]. In biochemica studies, calphostin C was found
to induce rapid calcium mobilization from intracellu-
lar stores of ALL cell lines and its cytotoxicity
against ALL cell lines was well correlated with the
magnitude of this calcium signal [23]. Caphostin C
was also capable of inducing calcium mobilization
and apoptosis in freshly obtained primary leukemic
cells from children with ALL regardless of their
immunophenotype or NCI risk classification and it is
equally potent against leukemic cells from children
in bone marrow relapse [23]. Further development of
calphostin C will require detailed pharmacodynamic
studies in preclinical anima models. To our knowl-
edge, there are no quantitative high-performance
liquid chromatography (HPLC)-based analytical
methods for detecting calphostin C in biological
fluids. Therefore, we set out to establish a sensitive
and accurate detection method for calphostin C.
Here, we first describe a HPLC-based quantitative
detection method which will permit the measurement
of calphostin C levels in plasma for pharmacokinetic
studies.

2. Experimental
2.1. Chemicals and drugs

All the reagents used in this study were HPLC
grade. Deionized distilled water was used throughout
the work (US Filter, US Filter Corporation, Cowell,
MA, USA). Methanol, acetonitrile, triethylamine
(TEA), and trifluoroacetic acid (TFA) were obtained
from Fisher (Fair Lawn, NJ, USA). Calphostin C
(C,4H350,,, molecular mass, M, 790.6, purity 99%
by thin-layer chromatography, catalog No. EI-198)
was purchased from Biomol Research Labs.
(Plymouth Meeting, PA, USA). Micro-osmotic pump
(0.5 wl/h, seven days) was purchased from Alza
(Palo Alto, CA, USA).

2.2, Sandard solutions

Stock solutions of calphostin C were prepared in
dimethyl sulfoxide (DMSO) at a concentration of
1.26 mM. The stock solutions were then diluted with
methanol—water (50:50, v/v) to yield appropriate

working solutions for the preparation of standards to
caibrate. All solutions were stored at —20°C until
use.

2.3, Apparatus and chromatographic conditions

The HPLC system (Palo Alto, CA, USA) con-
sisted of a Hewlett-Packard (HP) series 1100 in
conjunction with a quaternary pump, an autosampler,
an auto electronic degasser, an automatic thermo-
static column compartment, diode array detector and
a computer with a Chemstation software program for
analysis of the data. A 2504 mm LiChrospher 100,
RP-18 (5 wm anaytica column and a 4X4 mm
Lichrospher 100, RP-18 (5 wm) guard column were
provided by Hewlett-Packard. Acetonitrile—water
containing 0.1% TFA and 0.1% TEA (70:30, v/v)
was used as the mobile phase. The mobile phase was
degassed automatically by the electronic degasser
system. The column was equilibrated and eluted
under isocratic conditions utilizing a flow-rate of 1.0
ml/min at ambient temperature. The detection wave-
length was set at 479 nm. Peak width, response-time
and dlit were set a >0.03 min, 0.05 s and 8 nm,
respectively.

2.4. Extraction procedures

For determination of calphostin C levels in plas-
ma, 100 wl of acetonitrile was added to 50 wl of
plasma containing calphostin C, and the mixture was
vortexed for 30 s. Following centrifugation in a
microcentrifuge at 7000 g for 10 min, the superna-
tant (~125 wl) was transferred into HPLC injection
vials. A 100-pl aiquot of this solution was injected
for HPLC analysis.

2.5. Extraction recovery

Replicate (n=5) plasma samples (50 pl per sam-
ple) were spiked with known amounts of calphostin
C to yield fina concentrations of 1.5 and 15 uM of
calphostin C. Using the extraction procedures and
analytical methods described above, the calphostin C
concentrations were determined and the extraction
recovery (ER) was calculated using the formula:
%ER={Peak areg[calphostin C] / Peak
area[cal phOStl n C] unextracted}>>< 100.

extracted



160 C.-L. Chen et al. / J. Chromatogr. B 724 (1999) 157-162

2.6. Calibration curve

A cdlibration curve was generated to confirm the
linear relationship between the absolute peak area
and the concentration of calphostin C in the tested
samples. Calphostin C was added to plasma to yield
fina concentrations of 0.05, 0.1, 0.2, 0.5, 1, 2, 10, 20
and 40 pM. Fifty pl of these spiked plasma samples
with known amounts of calphostin C was extracted
as described above, and the calibration curves were
generated by plotting the absolute peak area against
the tested drug concentrations. Linear regression
analysis of the calibration curve was performed by
using the CA-Cricket graph 11l computer program,
version 1.0 [24].

The standard samples of calphostin C (0.15, 1.5
and 15 uM) were used as calibrators. The calphostin
C contents of these standards were calculated by
interpolating the peak area with the calibration curve.

2.7. Intra-assay and inter-assay accuracy and
precision

To evaluate the intra-assay accuracy and precision,
calphostin C was added to drug-free plasma (n=>5) at
concentrations of 0.15, 1.5 and 15 wM. The standard
samples were prepared and analyzed within a single
day. The concentrations were calculated using the
calibration curve described above. The ratio of the
caculated concentration over the known concen-
tration spiked was calculated to evaluate the intra-
assay accuracy of the method, and the coefficient of
variation (CV. was used as an index of the intra-
assay precision. The inter-assay accuracy and preci-
sion were determined similarly using five indepen-
dent experiments. The inter-assay accuracy was
calculated as the ratio of the calculated concentration
over the known concentration and the inter-assay
precision was estimated by determining the CV. from
five independent experiments.

2.8 Animals

Female CD-1 mice (22—-24 g) purchased from
Charles River Labs. (Wilmington, MA, USA) were
housed in a controlled environment (12-h light/12-h
dark photoperiod, 22+1°C, 60*+10% relative

humidity), which is fully accredited by the USDA
(United States Department of Agriculture, USA).
Mice were alowed free access to pelleted food and
tap water throughout the experiments. Animal
studies were approved by the Hughes Institute
Animal Care and Use Committee and all animal care
procedures conformed to the Principles of Labora-
tory Anima Care (NIH publication No. 85-23,
revised 1985, USA). These mice were used to obtain
plasma.

2.9. In vitro quantification test of calphostin C
released from a micro-osmotic pump

To test whether the micro-osmotic pump (0.5
wl/h, seven days) can consistently release calphostin
C, we filled the micro-osmotic pump with 100 wl
calphostin C (total 0.3 mg, dissolved in DMSO—
PBS—2% Tween 80) according to the manufactor’s
specification, and then this micro-osmotic pump was
placed into a 10-ml test tube prefilled with 7 ml of
phosphate-buffered saline at 37°C. At 24 h intervals,
the micro-osmotic pump filled with calphostin C was
transferred to a new test tube filled with 7 ml of
PBS. The concentration of calphostin C released
from the micro-osmotic pump into PBS was de-
termined by the HPLC-based quantitative method
described.

3. Results and discussion
3.1. Chromatographic separations

Several combinations of acetonitrile, methanol and
water (with 0.1% TFA and 0.1% TEA) were evalu-
ated as possible mobile phases. It was determined
that the mobile combination described herein is the
most suitable for detecting calphostin C. It seems
that TEA is an universal modifier for many com-
pounds [25-29], it is also an important modifier for
the system described hereby. Under the described
chromatographic conditions, the retention times for
calphostin C was 8.2 min. At the retention time,
calphostin C was eluted without an interference peak
from the blank plasma (Figs. 1B.1 and B.2).
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Table 1
Extraction recovery of calphostin C from plasma (n=5)
Added Peak area Peak area Extraction
(wM) (mAU 9 extracted recovery
(mAU 9 (%)

15 43.2+0.7 41.6+0.2 96.5+0.5
15 428.2+15 420.1+1.2 98.1+0.3
Overall 97.3+0.9

3.2, Extraction recovery

Extraction of calphostin C from plasma using
chloroform failed due to high variation in the peak
area. Extraction of calphostin C from plasma by
using TCA to precipitate plasma protein also failed
due to low extraction recovery of calphostin C from
plasma. However, using two volumes of acetonitrile
to precipitate plasma protein and supernatant directly
following centrifugation for HPLC analysis have
been found to be satisfactory. Under the above
described extraction procedures, extraction recovery
was average 97.3+0.9% (Table 1).

3.3 Sensitivity of the HPLC method

The calibration curve for calphostin C demon-
strated a good linear relationship between concen-
trations and absolute peak area. The calibration curve
obtained from extraction of plasma containing
known amounts of calphostin C was linear over the
concentration ranges tested (0.05-40 pM) in 50 wl
plasma. The calibration curve was found to be linear
and could be described by the regression equations:
y=0.0366x+0.0411 (r>0.999), in which y was the

agent recovered in wM and x was absolute peak area.
The lowest limit of detection of calphostin C was
0.02 .M in 50 .l plasma at a signal-to-noise ratio of
~3. This method was sensitive enough for future
pharmacokinetic studies in animals.

3.4. Precision and accuracy of the HPLC method

The results obtained indicate that intra- and inter-
assay CV.sin plasma were less than 6%. The overall
intra- and inter-assay accuracies of this method were
97.65.8% and 98.8+4.1%, respectively (Table 2).
These results suggest that the procedures described
above are satisfactory with respect to both accuracy
and precision.

3.5. Determination of calphostin C released from
the in vitro micro-osmotic pump

In order to maintain effective plasma concen-
trations of =2 wM in vivo, drug delivery via a
micro-osmotic pump was evauated. The results
depicted in Fig. 2 demonstrated that a controlled
release of calphostin C can be achieved with this
micro-osmotic pump. Therefore, this micro-osmotic
pump may be useful for delivering calphostin C in
preclinical animal models such as the SCID mouse
model of human ALL [30,31].

In summary, we have developed a highly sensitive
and accurate analytical HPLC method for quantita-
tive detection of the potent anti-leukemic agent
calphostin C in plasma. The availahility of this assay
will now permit detailed pharmacodynamic and
pharmacokinetic studies of calphostin C in vivo.

Table 2
Intra-assay and inter-assay accuracy and precision of the determination of calphostin C in plasma

Added (wM) Found Accuracy (%) CV? (%)
Intra-assay (n=5) 0.15 0.156+0.003 104.3+2.1 20

15 1.417+0.023 94.5+1.6 17

15 14.12+0.775 94.2+5.2 55
Inter-assay (n=5) 0.15 0.156+0.002 104.0£1.2 12

15 1.43+0.04 95.5+2.8 29

15 14.67+0.29 97.8+2.0 2.0

#CV.=Coefficient of variation. The data are presented as mean= SD.
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Fig. 2. Controlled release of calphostin C from a micro-osmotic
pump.
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