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An HPLC method using electrochemical detection (ED) has been
validated for the determination of ADR-529 in plasma and urine
using ICRF-192 as an internal standard (IS). Prior to storage and
quantitation, both plasma and urine samples require acid stabiliza-
tion. Acidified plasma samples were prepared for HPLC using a two
column solid-phase extraction (SPE). An aliquot of buffered plasma
(i.e., pH 6-7) was first deproteinated and desalted on a C-18 SPE
column. The analytes were then eluted onto a C-8 SPE column
where retention and selective cleanup were achieved in the cation-
exchange mode via silanol interactions. Acidified urine samples
were diluted in acetonitrile prior to injection. The HPLC system for
plasma and urine samples employed two narrow-bore silica columns
used in the weak cation-exchange mode and separated by a switch-
ing valve. To prohibit late-eluting peaks from passivating the glassy
carbon working electrode, a heart-cut containing ADR-529 and the
IS was vented from the first silica column to the second using an
automated switching valve. Amperometric detection at an oxidation
potential of +1050 mV vs a Ag/AgNO, reference electrode was
used. Linearity was validated between 5 and 500 ng/ml in plasma
and between 2 and 100 pg/ml in urine. Imprecision and percentage
bias were typically <10% for both plasma and urine controls
throughout their respective dynamic ranges. The absolute recover-
ies for ADR-529 and the IS from plasma were >95%. This method is
being successfully applied to the pharmacokinetic/dynamic evalua-
tion of ADR-529 in animals and humans.

KEY WORDS: column switching; high-performance liquid chroma-
tography; electrochemical detection; cardioprotectant (ADR-529);
sensitive; validation; pharmacokinetics.

INTRODUCTION

ADR-529 (Fig. 1) [ICRF-187; (§5)-(+)-bis-4,4"-(1-
methyl-1,2-ethandiyl)2,6-piperazinedione] is undergoing de-
velopment as a protective agent against anthracycline-
induced cardiomyopathy. Several animal models have dem-
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onstrated reduced incidence and severity toward
anthracycline-dependent heart lesions when pretreated with
ADR-529 (1,2). Quantitation of this drug in biomatrices is
necessary to support early Phase I pharmacokinetics/
dynamics and preclinical ADME work. The following phys-
icochemical properties were addressed prior to developing a
sensitive and reproducible method. In water, ADR-529 de-
grades in a pH-dependent fashion to three hydrolytic prod-
ucts (3,4). At 25°C and at a constant ionic strength of 0.5,
ADR-529 half-lives at pH 2.0 and 7.8 are 266 and 22.1 hr,
respectively (3). The relatively high polarity complicates its
extraction from plasma and subsequent separation by re-
verse-phase HPLC (RP-HPLC). In addition to these charac-
teristics, it also possesses poor chromophoric properties
(i.e., no UV maxima >210 nm), which severely limits the
selective use of spectrophotometric detection.

Previous bioanalytical methods for this enantiomer or
its racemic mixture have employed GLC (5), RP-HPLC with
ultraviolet (UV) detection (6-9), and fluorescence detection
after derivatization (3). Except for the HPLC-fluorescence
method (3), the existing methodology lacks the required sen-
sitivity for a thorough kinetic evaluation (5-9), lacks the abil-
ity to automate sample injection due to late-eluting peaks
(6,9), and demonstrates a poor extraction efficiency (5-7).
Simple ultrafiltration (7-9) has also been used for biological
fluids because of the drug’s low protein binding. These meth-
ods are limited in their quantitative ability to levels >0.1
pg/ml, primarily because of the nonselective ultrafiltration
procedure. This prohibits the use of an autosampler (9) and
results in a low throughput. Ultrafiltration methodologies are
also affected by the variability in the free fraction of the drug
in cancer patients.

Sadee et al. (5) extracted ADR-529 from plasma by pro-
tein precipitation followed by liquid/liquid extraction, de-
rivatizing the resulting extract with diazomethane and sepa-
ration by gas-liquid chromatography (GLC) using either
flame ionization (5-50 pg/ml) or mass spectrometry (0.2-2.0
pg/ml) detection. Absolute recovery from plasma was 70%.
Earhart et al. (6) used liquid/liquid extraction after protein
precipitation. Quantitation was achieved using RP-HPLC
with UV detection at 208 nm. A dynamic range of 0.5-50
pg/ml, an LOQ of 0.05 pg/ml, and an extraction efficiency of
58% from serum were reported. Although analyte retentions
times were within 12 min, late eluters required staggered
injections, permitting only two injections per hour. To im-
prove recovery and sensitivity in plasma, Sisco (3) devel-
oped an extraction on a C-18 SPE column with subsequent
derivatization using a proprietary fluorescent tag. The de-
rivatized extract was quantitated by RP-HPLC with fluores-
cence detection. Linearity over 0.01-50 pg/ml was reported.
Although this method demonstrated much improved sensi-
tivity over existing procedures (5-9), acceptable precision
estimates were reported only down to 50 ng/ml. Their
method also lacked an internal standard to allow for suffi-
cient control.

We have implemented the following to maximize sensi-
tivity and ruggedness of this new procedure: (i) use of an
amperometric detector to improve selectivity; (ii) use of a
two-column SPE for selective extraction of ADR-529 and
ICRF-192, the IS, from plasma; (iii)) employment of ion-
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Fig. 1. Molecular structures for ADR-529 and ICRF-192.

exchange HPLC to enhance selectivity of the chromato-
graphic windows and permit the use of acetonitrile as an
injection solvent, thus improving analyte stability in the pre-
pared sample; and (iv) use of an HPLC column switching
configuration to accommodate automated sample injection
and prevent passivation of the working electrode from the
biofluid matrix. We present here a sensitive quantitation pro-
cedure and its validation and quality control performance for
support of Phase I clinical pharmacology.

MATERIALS AND METHODS

Materials

ADR-529 (Fig. 1) reference standard with a purity of
99.5% was synthesized at Monsanto Co. (Dayton, OH) and
recrystallized in-house. The IS, ICRF-192 (Fig. 1), was
kindly provided by Dr. A. M. Creighton of the Imperial Can-
cer Research Fund (ICRF) Laboratories, Lincoln’s Inn
Fields, London, England.

Acetonitrile, hexane, and methanol were HPLC grade
and purchased from either EM Science (Cincinnati, OH) or
Baxter Burdick and Jackson (Muskegon, MI). Dibasic po-
tassium phosphate, phosphoric acid (85%, v/v), and trifluo-
roacetic acid were procured from EM Science (Cincinnati,
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OH) and J. T. Baker (Phillipsburg, NJ). Deionized water
was obtained in-house from a Milli-RO and Milli-Q purifica-
tion system (Millipore Corporation, Milford, MA). All other
chemicals were analytical reagent grade and used without
further purification. Bond Elut C-18 and C-8 solid-phase ex-
traction (SPE) columns (500 mg of sorbent/2.8 mL column)
and Bond Elut ‘‘piggyback’ column adapters were pur-
chased from Analytichem International (Harbor City, CA).
Two 12-port vacuum manifolds used for sample processing
were obtained from Baxter Burdick and Jackson (Muskegon,
MI). Blank human plasma used to prepare spiked standards
and controls was purchased from the American Red Cross
(Columbus, OH) and screened for the potential interferences
in the assay.

Analytical Instrumentation and Conditions

The HPLC system (Fig. 2) consisted of two Spectroflow
400 pumps and a Spectroflow 783 absorbance detector (Ap-
plied Biosystems, Ramsey, NJ), an ISS-100 autosampler
(Perkin-Elmer, Norwalk, CT), a Waters Automated Valve
Station (WAVS) module (Millipore Corporation, Milford,
MA), and an EG&G Model 400 electrochemical detector
(EG&G Princeton Applied Research, Princeton, NJ). The
analog signal from the detector was digitized by a Nelson
941 A/D Interface and acquired and processed by
ACCESS*CHROM data acquisition software (PE Nelson,
Cupertino, CA) on a MicroVAX 2000 (Digital, Maynard,
MA).

The chromatographic separation was performed on two-
5-pm narrow-bore Ultrasphere silica columns (column 1, 15
cm X 2-mm ID; column 2, 25 cm X 2-mm ID; Beckman,
Fullerton, CA) which were separated by the WAVS switch-
ing valve. A precolumn filter equipped with a frit of 2-pm
porosity (Upchurch Scientific, Inc., Oak Harbor, WA) and a
silica NewGuard precolumn (15 X 3.2 mm; Brownlee, Santa
Clara, CA) were connected in series prior to the first ana-
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Fig. 2. Configuration of the HPLC with an exploded view of the column switching valve.
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lytical column. The mobile phase for both plasma and urine
methods was acetonitrile/water/phosphoric acid (90/10/20,
v/v/imM). Both pumps were supplied by this mobile phase
stored in an airtight reservoir (Omnifit, Ltd., Rainin Instru-
ments Co., Woburn, MA) and continuously sparged with
helium (i.e., <10 psi). The flow rate for each pump was 0.3
ml/min with a typical back pressure of ca. 70 bar when both
analytical columns were in series. Column effluent was mon-
itored amperometrically at a glassy carbon working elec-
trode, operating at an oxidation potential of + 1050 mV vs a
Ag/AgNO, reference electrode. The reference electrode fill-
ing solution was changed from aqueous 3 M KCl/saturated
AgCl to 1 M AgNO; in acetonitrile (10).

Column Switching Routine. Chromatography of plasma
and urine samples was isocratically achieved using a column
switching configuration (Fig. 2). With the WAVS switching
valve in position A, the sample was injected onto the first
silica column (15 cm X 2-mm ID), which was vented to
waste. Three minutes after injection, the WAVS switching
valve rotated to position B, which vented the eluent from the
first to the second silica column (25 cm X 2-mm ID) for 6
min. This heart-cut contained ADR-529 and the IS without
most of the plasma constituents. At 9 min, the WAVS
switching valve returned to position A; the late eluters from
the first column were vented to waste, while the analytes
from the second column were vented to the electrochemical
detector. The microprocessor-controlled UV detector sup-
plied timed contact closures to the WAVS switching valve.

Preparation of Stock and Matrix Standards and
Quality Controls

Plasma Standards and Quality Controls. An ADR-529
stock standard was prepared at 125 pg/ml in acetonitrile and
was serially diluted with the same to provide spiking solu-
tions (working standards) for preparation of plasma stan-
dards. The acetonitrile working standards were stored in
leakproof high-density polyethylene bottles (Nalge Co.,
Rochester, NY) at 4°C until use. Aliquots of these working
standards (20.0 pl) were spiked fresh daily into blank acidi-
fied plasma (1 ml) to provide plasma standards in the range
of 5-500 ng/ml. Blank acidified plasma, pH 2, was prepared
by adding 50 ul of diluted phosphoric acid (42.5%) per ml of
plasma.

Pooled quality control samples were prepared at 7.21,
72.1, and 721 ng/ml. These QC samples were aliquoted into
polyallomer vials (Perfector Scientific, Atascadero, CA) and
stored at —20°C until assayed. For the plasma assay, an
ICRF-192 standard (5 pg/ml in acetonitrile) was spiked (20.0
rL) into 1 ml of acidified plasma to a concentration of 105
ng/ml.

Urine Standards and Quality Control Samples. Acidi-
fied urine standards and controls were prepared as pooled
samples. From a stock acidified urine standard (100 pg/ml),
standards ranging from 2 to 100 pg/ml and controls at 3 and
80 p.g/ml were transferred to polyallomer vials and stored at
—20°C until assayed. Blank acidified urine, pH 2, was pre-
pared by adding 50 pl of diluted phosphoric acid (42.5%) per
ml of urine. For the urine assay, an ICRF-192 standard (100
pg/ml in acetonitrile) was spiked (20.0 pl) into 0.1 ml of
acidified urine to a concentration of 21 pg/ml.
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Sample Workup Procedure

Plasma Samples. To respective 15-ml polypropylene
tubes (Becton Dickinson and Co., Lincoln Park, NJ), the
following aliquots were added: 20.0 pl of the IS working
standard, 20.0 pl of the ADR-529 working standard (for
plasma standards), 1.0 ml of acidified plasma (i.e., blank,
control, or study sample), and 1.0 ml of 0.5 M K,HPO, (pH
7). This mixture was loaded onto the C-18 SPE column,
which was preconditioned with 2 column vol each of meth-
anol and water. The buffered plasma was aspirated through
the SPE column (5 in. Hg), then rinsed with 2 X 2.5 ml water
(5-10 in. Hg), dried for 5 min (15 in. Hg), rinsed with 1 ml of
hexane (15 in. Hg), and dried for an additional 5 min (15 in.
Hg). On the second 12-port vacuum manifold, C-8 SPE col-
umns were preconditioned with 2 ml of 2% TFA in acetoni-
trile followed by 1 and 2 column vol of methanol and aceto-
nitrile, respectively. Using a ‘‘piggyback’’ configuration, the
C-18 SPE column was then fitted on top of the C-8 column
via a column adapter. The drug and IS were eluted by gravity
flow for 1-2 min from the C-18 to the C-8 SPE column with
2 ml of acetonitrile and then under mild vacuum (<5 in. Hg)
to ensure complete elution. After discarding the C-18 SPE
column, the C-8 column was rinsed with an additional 2 ml of
acetonitrile (<5 in. Hg). The analytes were eluted with 2 ml
of 2% TFA in acetonitrile (<5 in. Hg), evaporated to dryness
under vacuum at 40°C (Buchler Vortex-Evaporator, Buchler
Instruments, Inc., Fort Lee, NJ), and then reconstituted
with 400 pl of acetonitrile. Depending on the sample con-
centration, 20 or 100 pl was injected into the HPLC system.

Plasma samples containing ADR-529 levels above the
standard curve range were first diluted volumetrically with
acidified water. The acidified water diluent was prepared by
adding 10 pl of 42.5% phosphoric acid per ml of water. Fi-
nally, a 0.5-ml aliquot of the diluted sample was further di-
luted with 0.5 ml of blank acidified plasma for extraction by
the procedure described above.

Urine Samples. To respective 15-ml polypropylene
tubes the following aliquots were added: 20.0 pl of the IS,
100 pl of the urine standard, control, or study sample, and 10
ml of acetonitrile. The tube was capped and inverted to mix.
Depending on the sample concentration, 20 or 100 pl was
injected onto the HPLC system. Urine samples with ADR-
529 levels above the dynamic range were first diluted volu-
metrically with acidified water and then prepared as de-
scribed above.

Calculations

Peak height ratios (PHRs) were calculated for ADR-529/
ICRF-192. Parameters of a linear model were obtained by
employing an unweighted least-squares regression of PHR
versus analyte concentration in the biomatrix calibrators. To
accommodate the large dynamic range in plasma, a split-
curve approach was used for improving accuracy at the low
levels relative to a single-curve approach. A single curve was
employed for the urine standards. The PHRs for the un-
known and QCs were converted to concentration using the
regression parameters. Relative weight responses (RWR’s)
were also calculated for each standard in order to validate
linear regression. All plasma and urine concentrations are
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expressed in terms of mass per milliliter of uracidified ma-
trix.

Absolute Recovery from Plasma

Plasma Assay. For ADR-529, absolute recovery was
determined by spiking human plasma at three concentrations
in replicates of six. The spiked samples were extracted as
described previously but ICRF-192 was added just prior to
injection. The peak height ratios (PHRs) derived from the
extracted samples were compared to unextracted solution
standards. Similarly, for ICRF-192, absolute recovery was
determined at 100 ng/ml, with ADR-529 added just prior to
injection.

Specificity

Solutions of doxorubicin, epirubicin, idarubicin, meth-
otrexate, and cyclophosphamide were prepared in acetoni-
trile. At least 5 ng on column was injected to assess any
coelution with analytes of interest.

Stability

ADR-529 working standards prepared in acetonitrile
and stored in leakproof high-density polyethylene bottles at
4°C for 12 weeks were assessed for stability. ADR-529 acid-
ified dog plasma controls stored in polypropylene tubes at
—20°C for 1 year were used to assess stability in plasma
matrix.
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RESULTS AND DISCUSSION

Chromatography

The ion-exchange separation for ADR-529 and ICRF-
192 on silica is shown in chromatograms (Fig. 3). Using the
described mobile phase and HPLC parameters, typical re-
tention times for ICRF-192 and ADR-529 were 14 and 19
min, respectively. Typical run time for plasma and urine
samples was 22 min. The rigorous plasma extraction proce-
dure provided chromatographic windows free from endoge-
nous matrix interferences. The adoption of a heart-cut col-
umn switching technique prevented electrode passivation by
venting the late eluters to waste. Because of the added rug-
gedness afforded by column switching, it was also used for
urine samples.

Recent reports (11-14) have described the use of silica
as a cation exchange support for the separation of basic com-
pounds from biological fluids. For strongly basic amines
(i.e., pK, >7), Flanagan et al. (11-13) successfully employed
bare silica using nonaqueous mobile phases composed of
methanol, with ammonium perchlorate and sodium hydrox-
ide as ionic and pH modifiers, respectively. Retention and
peak shape were controlled by adjustment of pH and ionic
strength. These investigators have reported that addition up
to 10% water appeared to have little effect on analyte capac-
ity factors. For weaker amines, methanolic mobile phases
were acidified with either perchloric acid or camphorsulfonic
acid, which would protonate the amine group to create a
stronger interaction with the acidic silanol sites. Acetoni-
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Fig. 3. (a) System suitability test mixture: ICRF-192 and ADR-529 (each at 250 ng/ml in acetonitrile). (b) Human plasma blank.
(¢c) Low human plasma standard: ICRF-192 (103 ng/ml) and ADR-529 (5.22 ng/ml). (d) Dog plasma sample 12 hr post 10 mg/kg
i.v. infusion (ADR-529 quantified at 6.27 ng/ml). (¢) Human urine blank. (f) Low human urine standard: ICRF-192 (21.2 pg/ml)

and ADR-529 (2.04 p.g/ml).
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Fig. 4. ADR-529 and ICRF-192 peak height counts versus applied
oxidation potential.

trile-based mobile phases with ionic modifiers were success-
fully used on strong cation-exchange (13) and bare silica (14)
packings.

The pK, of ADR-529’s most basic nitrogen is 2.5 (3),
which suggests that the compound is a weak base. Initial
attempts to ion-exchange on silica with methanolic mobile
phases resulted in low capacity factors. Acetonitrile-based
mobile phases exhibited higher capacity factors and more
control over the separation. Both camphorsulfonic acid and
phosphoric acid were used successfully as pH and ionic
modifiers. Phosphoric acid was selected because of im-
proved resolution between the drug and the IS. Contrary to
results reported for stronger amines (11,13), water content
up to 10% in the mobile phase progressively reduced the
capacity factors for these weaker amines. Therefore, the
combination of water and phosphoric acid was used to con-
trol analyte peak shape and retention.

Traditional chromatography on silica with nonaqueous
mobile phases, without ionic modifiers has now been re-
placed by more rugged RP-HPLC systems for biomatrices.
Contamination of the mobile phase by water has been shown
to result in poor analyte peak shape and variable retention
times for normal phase systems (15). Ion-exchange chroma-
tography on silica appears to be immune from these classical
normal phase problems (11-14). In our laboratory, nearly a
thousand extracts have been injected without any evidence
of column deterioration. No special column conditioning or
cleaning has been necessary.
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Modification of the column switching times also allows
the detection of the two monoacid, monoamide hydrolysis
products of ADR-529 (3,4) with this HPLC system. Reten-
tion times of approximately 35 and 36 min were observed for
the minor and major hydrolysis products (each with a single
open ring), respectively. This procedure is also capable of
assaying the hydrolysis products in urine.

During the assay development, it was necessary to re-
place the metal needles attached to the vacuum manifold lid
with polypropylene tips to avoid a large late eluting peak
seen in most chromatograms. This late eluter was probably
due to the corrosive activity of the 2% TFA in acetonitrile
used for elution of the analytes from the C-8 SPE columns.

Electrochemical Detection

Electrochemical detection with nonaqueous or high-
organic strength mobile phases has been documented
(12,13,16,17). These systems have been used successfully to
detect basic compounds (e.g., tertiary amines) requiring high
oxidation potentials (i.e., >0.9 V vs Ag/AgCl). For ADR-529
and the IS, the tertiary piperazine nitrogen apparently un-
dergoes oxidation at high anodic potentials. The responses,
as peak height, for ADR-529 and the IS vs applied potential
are plotted in Fig. 4. The selected potential of + 1050 mV vs
the Ag/AgNO, reference electrode was a compromise be-
tween desired analyte sensitivity (signal) and background
noise. The detector was operated at 100 nA full scale, with a
typical offset of 70 nA. Although the electrochemical detec-
tor was operated at a relatively high potential, it was sub-
stantially more selective than UV detection at 208-210 nm
for biological samples containing ADR-529.

Linearity

The intraday mean (=SD) RWR estimates for the low
curve ranged from 0.883 (+0.046) to 0.937 (+0.042), while
those for the high curve ranged between 0.880 (+0.015) and
0.959 (+0.029). The percentage RSD associated with the in-
traday RWRs for the low and high plasma and the urine
curves ranged between 1.4 and 8.6 and between 2.0 and
2.5%, respectively, and hence suggests linearity in the sys-
tem. Linearity estimator, the coefficient of determination,
for the low and high plasma curve ranged between 0.9974
and 0.9999 and between 0.9955 and 0.9999, respectively.
Random distribution of the actual data about the fitted re-
gression line further supported the adequacy of a linear

Table Ia. Reproducibiiity and Precision Estimates from Six Low and High Standard Curves in Plasma

Standard concentration (ng/ml)

Low curve High curve
Label 5.22 7.32 10.4 20.9 41.8 20.9 41.8 62.7 104 261 522
Mean 5.18 7.41 10.5 20.5 41.9 20.9 43.2 62.9 99.4 264 520
% bias -0.8 +1.2 +1.0 -1.9 +0.2 0.0 +3.3 +0.3 -4.4 +1.1 -04
SD 0.38 0.34 0.37 0.73 0.34 3.94 2.86 3.10 2.90 18.1 8.04
% RSD 7.34 4.58 3.49 3.54 0.82 18.8 6.62 4.94 2.92 6.87 1.55
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Table Ib. Reproducibility and Precision Estimates from Three Stan-
dard Curves in Urine

Standard concentration (p.g/ml)

Label 2,04 510 10.2 204 408 612 102
Mean 1.98 5.10 10.3 206 40.8 60.6 102

%bias —-29 00 +10 +1.0 0.0 -1.0 0.0
SD 0.24 0.12 0.21 0.51 0.75 1.10 0.58

% RSD 124 23 2.0 2.5 1.8 1.8 0.6

model. The reproducibility and precision estimates obtained
from the backcalculated standard values for the low and high
plasma (n = 6) and the urine (n = 3) curves are reported in
Tables Ia and b, respectively. Further, the slope of the re-
gression line for the low and the high plasma curve showed
a percentage RSD of <7.

Plasma Assay. For the split-curve approach, the low
(L.C) and high (HC) standard curve dynamic ranges were
540 and 20-500 ng/ml, respectively. The consistency of
RWRs over the entire dynamic range supported the use of
the linear regression algorithm. However, the use of a single
curve for the 100-fold dynamic range produced unacceptable
bias (i.e., >=20%) for the low standards. Acceptable accu-
racy and precision for the back-calculated standard values
were obtained by employing a split curve approach (Table
Ia). The mean estimate of percentage bias did not exceed 5%
in magnitude for the LC or HC. The coefficient of variation
did not exceed 8% on the LC. The % RSD for the mean slope
estimate for the LC and the HC did not exceed 7%. The
coefficients of determination for the regression were always
greater than 0.99.

Urine Assay. The dynamic range for the standard curve
in urine was 2-100 pg/ml. The RWRs were consistent over
the entire concentration range (range, 0.815 to 1.08). Accept-
able accuracy (<*3% bias) and precision (<13% RSD) were
obtained for the back-calculated standard values at the
LLOQ (Table Ib). The linearity in the urine matrix was ad-
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equately demonstrated by the high r* (>0.999) and a per-
centage RSD of <12% in the slope of the regression curve.

Accuracy and Precision

Pooled quality control samples prepared in plasma and
urine were used for assessing accuracy, and within (intra-
day) and between (interday) precision. Samples stored at
—20°C were assayed in replicates on separate days.

Plasma. As shown in Table Ila, the within- and be-
tween-run imprecision estimates for ADR-529, from repli-
cates of six, were <9% RSD from all QC samples ranging
between 7 and 700 ng/ml. Accuracy, expressed as percent-
age bias, was <= 10% for the low (7.21 ng/ml) and <=*8% for
all other controls. The extraction performed equally well for
both 0.5- and 1.0-ml plasma aliquots, with no loss in preci-
sion or accuracy.

Urine Assay. The intra- and interday imprecisions were
generally <10% RSD (Table IIb) and the experimentally
found analyte levels were within +12% of the label claim.

Sensitivity

Instrumental Limit of Detection (ILOD). A series of
ADR-529 solution standards injected into the HPLC system
showed that a mass of analyte producing a s/n ratio of 3 in
the absence of biomatrix was 0.1 ng on column, which cor-
responds to a concentration of 0.4 ng/ml.

Lower Limit of Quantification (LLOQ). For the plasma
assay, the defined LLOQ was 5 ng/ml when 25% of the vol-
ume was injected. At this level, the s/n ratio was >20, the
accuracy and imprecision estimates were <10%, and the
RWRs were consistent throughout the dynamic range. In-
creasing the injection volume twofold and redefining the low
standard curve range, an LL1.LOQ of 1-2 ng/ml is possible.

For urine, the LLOQ was 2 pg/ml. Performance of the
low standards generally equaled the above criteria used for
plasma.

Table IIa. Within- and Between-Run Estimates of Accuracy and Precision for ADR-529 in Plasma from Quality Controls

Accuracy Precision
Label concn.
of control sample Mean found % RSD Pooled % RSD
{ng/ml) Day n (ng/ml) % bias SD (intraday) (interday)
7.21 1 6 7.54 +4.6 0.13 1.8
2 6 6.96 —-3.5 0.07 1.1
3 6 6.79 -5.8 0.22 33
4 59 7.91 +9.7 0.71 8.9
5 6 7.13 —-1.1 0.09 1.3 6.87
72.1 1 54 70.5 -2.2 6.1 8.6
2 6 70.2 —-2.6 1.5 2.2
3 6 77.8 +7.9 5.5 7.0
5 6 71.7 -0.6 5.5 7.9 7.68
721% 3 6 766 +6.2 31.2 4.1
5 6 720 —-0.1 46.4 6.4
6 6 760 +5.4 38.2 5.0 5.64

2 One replicate omitted due to contamination of the sample.
& Only 0.5-ml aliquots of the 721 ng/ml control assayed.
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Table ITb. Within- and Between-Run Estimates of Accuracy and Precision for ADR-529 in Urine from Quality Controls

Accuracy Precision
Label concn.
of control sample Mean found % RSD Pooled % RSD
(pg/ml) Day n (pg/ml) % bias SD (intraday) (interday)
3.06 1 3 3.44 +12.4 0.16 4.6
2 3 2.82 -7.8 0.025 0.89
3 3 3.31 +8.2 0.12 3.5 9.4
81.6 1 3 87.1 +6.7 2.11 2.4
2 3 81.4 -0.2 0.53 0.65
3 3 84.3 +3.3 3.78 4.5 3.9

Absolute Recovery from Plasma

The absolute recoveries for ADR-529 in the range of
5-500 ng/ml were >95%, with an imprecision of <4% RSD.
The internal standard demonstrated a similar extraction ef-
ficiency at 100 ng/ml.

The two-column SPE procedure is based on multimodal
retention mechanisms which selectively isolate the drug and
IS from plasma (18,19). A reverse-phase retention mecha-
nism seems to dominate on the first C-18 SPE column, as
acetonitrile quantitatively elutes both analytes. However,
acetonitrile apparently behaves only as a weak eluent toward
retention on the second C-8 column. Addition of TFA prob-
ably protonates the cation-exchange sites (i.e., Si0™ —
SiOH) and thus assists in eluting basic analytes. The primary
interaction is suspected to be between the analytes’ proton-
ated basic nitrogens and the SPE column’s acidic silanol
sites. This ion-exchange process is minimal on the first SPE
column because of endogenous plasma amines saturating the
available silanol sites. Once the sample is desalted and de-
proteinated on the first column, the ionic interaction be-
tween the analytes and the silanol sites dominate on the
second column. Multimodal retention properties have been
successfully used for the selective isolation of other organic

amines and xenobiotics from biological fluids (20-23). A va-
riety of SPE column types has been exploited for their sil-
anol interaction including octadecyl (20), cyano (21), and
bare silica (22,23). Throughout our method development ef-
forts, the C-2, C-8, C-18, and phenyl Bond Elut SPE col-
umns were evaluated for their weak ion-exchange retention
of ADR-529 and the IS. The C-8 column was selected be-
cause of its lot to lot consistency.

Specificity

Doxorubicin, epirubicin, idarubicin, methotrexate, and
cyclophosphamide, which are likely to be administered con-
comitantly with ADR-529, were injected into the HPLC sys-
tem and either were not detected by the electrochemical
detector or eluted outside of the analytes’ chromatographic
windows and hence did not interfere with the quantification
of ADR-529.

Stability

Acetonitrile Solutions. No degradation was observed
for ADR-529 acetonitrile working standards (i.e., 0.25-25
pg/ml) when stored in leakproof polyethylene bottles at 4°C
for 12 weeks.
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Fig. 5. A representative plot of plasma ADR 529 concentration vs time profile
following i.v. administration of a 10 mg/kg dose to dog.
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Although not rigorously monitored, degradation of
ADR-529 and ICRF-192 stocks (i.e., 125 and 100 pg/ml, re-
spectively) in acetonitrile was observed after storage at 4°C.
Therefore, the stock standard was serially diluted to the
working standards within a day of its preparation.

Plasma. Acidified controls of ADR-529 prepared in dog
plasma at 21.6, 104, and 542 ng/ml exhibited no quantifiable
degradation over 1 year when stored at —20°C.

Method Application

Figure 5 shows the kinetic profile of ADR-529 in dog
plasma following a single iv dose of 10 mg/kg. Drug concen-

trations declined in a biphasic manner with an apparent ter-
minal half-life of 1.3 hr.

CONCLUSIONS

A specific and sensitive HPLC-ED methodology has
been developed and validated for quantitation of ADR-529 in
biological fluids. The use of multimodal solid-phase extrac-
tion, ion-exchange HPLC, and amperometric detection pro-
vides a selective system to quantify ADR-529 over a dy-
namic range of 5-500 ng/ml and 2-100 pg/ml in plasma and
urine, respectively. The rigorous two column solid-phase ex-
traction from plasma affords excellent accuracy and preci-
sion and assures consistent and clean chromatographic win-
dows. Imprecision as a result of such an extensive extraction
was controlled further by the addition of an IS.

This methodology is currently being employed for
studying clinical pharmacology and pharmacokinetics of
ADR-529 in cancer patients, in whom it is being given as a
cardioprotectant.
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