Available online at www.sciencedirect.com

S(HENOE@DIRECT‘ JOURNALOF
CHROMATOGRAPHY B

sofEer ¥ S
ELSEVIER Journal of Chromatography B, 796 (2003) 105-112

www.elsevier.com/locate/chromb

Improved high-performance liquid chromatographic method
for the pharmacokinetic studies of a novel iron chelator,
CP502, in rats

Jasmina Novakovic, Angelo Tesoro, Michael Spino, Jake Thiéssen

Leslie Dan Faculty of Pharmacy, University of Toronto, 19 Russell Street, Toronto, Ont., Canada M5S 2S2

Received 21 February 2003; received in revised form 11 August 2003; accepted 11 August 2003

Abstract

An improved reverse-phase high-performance liquid chromatographic method (RP-HPLC) for the determination of a novel
iron chelator CP502 (1,6-dimethyl-3-hydroxy-4-(1H)-pyridinone-2-carbd¥yvethyl)-amide hydrochloride) in rat plasma,
urine and feces was developed and validated. The separation was performed on a polymeric column using a mobile phase
composed of 1 mM ethylenediaminetetra-acetic acid disodium salt (EDTA), acetonitrile, methanol and methylene chloride.
Separation of CP502 from plasma, urine or feces endogenous compounds was achieved by gradient elution. Retention times
of CP502 and its major metabolite (glucuronide) were about 13 and 4 min, respectively. The method was validated in terms
of limit of detection (LOD), limit of quantification (LOQ), selectivity (endogenous from plasma, urine or feces), linearity,
extraction recovery, robustness (column selection, mobile phase composition, detection mode, internal standard (IS) selection,
analyte stability), day-to-day reproducibility and system suitability (repeatability, peak symmetry and resolution). The method
is applicable to bioavailability and pharmacokinetic studies of CP502 in rats.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction shown great promise as orally active iron chelating
agents[1], with deferiprone being the first clinically
The removal of excess body iron would ideally approved molecule. These bidentate chelators bind
occur via an orally administered chelator that is to iron in a 3:1 ratio. The introduction of an amido
functionally non-toxic, efficient and bio-specifically substituent in the 2-position leads to an enhance-
removes iron from selected organs, tissues or cells. ment of pFé" values. Among these compounds,
While the ideal chelator has not yet been found, CP502 (1,6-dimethyl-3-hydroxy-4-(1H)-pyridinone-
3-hydroxypyridin-4-one (HPO) compounds have 2-carboxy-N-methyl)-amide hydrochloride: molec-
ular weight 232.67,Fig. 1) exhibited the highest
~ * Corresponding author. Tels1-416-978-6483; in vitro iron chelation activity (pF&” = 217) [2].
fax: +1-416-978-8511. Critical properties, when identifying a new candi-
E-mail addressjj.thiessen@utoronto.ca (J. Thiessen). date molecule, are bioavailability, metabolic profile
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CHg UK). Isocaffeine (IC) ang-hydroxyethyltheophylline
(HETh) (internal standards) deferoxamine mesylate
(DFO), MOPS (3-N-morpholino]propanesulfonic
acid), and EDTA were purchased from Sigma (St.
Louis, MO, USA). Methylene chloride (CiTly),
acetonitrile (ACN) and methanol (MeOH), all of
CHg3 HPLC grade purity, were obtained from Fisher Sci-
entific (Toronto, Canada). Water was purified using
a Milli-Q system (Millipore, Milford, MA, USA).
Rat plasma was obtained from the Division of Com-
parative Medicine, University of Toronto (Toronto,
Canada). Male Sprague—Dawley rats (body weight
about 250g) were purchased from Charles River
Laboratories (Montreal, Canada). The animal exper-
iments were approved by the University of Toronto
Animal Care Committee and the experimental proce-
dures conformed to the requirements of the Canadian
Council on Animal Care.

HzC——NH

Fig. 1. CP502 chemical structure.

and disposition. To test these traits for CP502, val- 2.2. Stock solutions

idated bioanalytical methods were needed in dif-

ferent biological matrices (e.g. plasma, urine and  Stock solutions of CP502 (1.0 mg/ml (A); 0.1 mg/ml

feces). (B); and 0.01 mg/ml (C)), HETh (0.1 and 0.2 mg/ml)
Previously reported reverse-phase high-performanceand CP363 (0.2 mg/ml) were prepared in purified wa-

liquid chromatographic method (RP-HPLC) methods ter. The IC stock solution (0.1 mg/ml) was prepared in

for analysis of highly hydrophilic HPOs in biolog- a mixture of methanol and water (1:9, v/v).

ical materials were unsatisfactory due to their poor

resolution from interfering endogenous substances 2.3. Calibration solutions for CP502 determination

[3]. Therefore, Skinner et al. suggested RP-HPLC in biological matrices

combined with a baseline subtraction methf@g.

Hider and others proposed an ion-pair HPLC method 2.3.1. Plasma and urine

for CP502 determination in bile and urine using Calibration solutions were prepared by combin-

1-heptanesulfonic acid as an ion-pair reagent, with ing 0.5ml of internal standard (IS) stock solution

the mobile phase adjusted to pH 25). We describe  (HETh), and an appropriate volume of CP502 stock

herein a new selective RP-HPLC method for CP502 solutions (A, B or C), and diluting the resulting so-

determination in plasma, urine and feces using a lution with water, urine (diluted 1:50 with water), or

polymeric column. The applicability of our improved plasma to a final volume of 5.0ml. CP502 concen-

method is also illustrated in preliminary PK studies trations in water, urine (diluted 1:50), and plasma

of CP502 in rats. were from 0.1 to 9@ug/ml, while the IS concentra-

tion was 1Qug/ml. Plasma samples were processed
by ultrafiltration using Amicon Centrifrée (Milli-

2. Experimental pore, Milford, MA, USA; 30,000 molecular mass
cut-off) at 3000g for 20 min. A 100l aliquot was
2.1. Materials and reagents chromatographed.

CP502 and CP363 (3-hydroxy-2-(1-methoxyethyl)- 2.3.2. Feces
1,6-dimethylpyridin-4(1H)-one hydrochloride) were Frozen blank feces (control rats) sample was
provided by Dr. R.C. Hider (King's College, London, lyophilized overnight, weighed and finely pulverized.
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Dried feces (0.5 g) was mixed with 10 ml of an extrac-
tion medium (60 mM MOPS containing 5mM DFO,

pH adjusted to 7.0 with 0.1 M sodium hydroxide).

The extraction was facilitated with a Polytron homog-
enizer (Brinkmann, Germany), followed by shaking
overnight. The sample was centrifuged 20min at
4000rpm (IECCentra-8R, International Equipment
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luted 1:50 with water) or blank plasma to 5.0 ml to ob-
tain plasma and urine samples containing.s0ml of
both compounds. By serial dilution of the spiked sam-
ples with plasma and urine, respectively, a series of
samples containing 0.5, 1.0, 5.0, 10.0 and 2@0ml
CP502 and IS were obtained. The sample prepara-
tion and analysis were performed as described under

Company, USA) and the supernatant was thereafter Sections 2.3.1 and 2.4espectively.

ultracentrifuged 45min at 40,000 rpm (140,000g¢;
Beckman model L5-75 ultracentrifuge, Rotor Ti 75).
Clear supernatant was diluted with water (1:20) and
spiked with CP502 stock solutions to obtain CP502
concentrations from 0.25 to 2@/ml. A 5ul aliquot

of internal standards solution (HETh and CP363,
0.2mg/ml each in water) was added to 20Gliquot

of spiked solution, mixed well and 1Q0 was chro-
matographed.

2.4. Chromatography

A Hewlett-Packard model series 1050 HPLC sys-
tem with an autosampler and diode-array detector,

and a PLRP-S stainless steel column (Polymer Labo-

ratories Ltd., Shropshire, UK; 150 mm4.6 mm i.d.,

2.5.2. Feces

To obtain well-resolved and symmetric chromato-
graphic CP502 peaks it was necessary to remove in-
terfering iron from the feces. Therefore DFO was
added in the extraction medium. The sample prepara-
tion and analysis were performed as described under
Sections 2.3.2 and 2.4espectively. Recovery, tested
for CP502 concentrations of 0.5, 1.5 and gdimli,
was 95.98% (R.S.D. 8.8%).

2.6. Pharmacokinetic study of CP502 in rats
Four days after jugular vein pre-catheterization,

six Sprague—-Dawley rats were placed individu-
ally in metabolic cages. Isotonic CP502 solution

5um) were used in the present study. Gradient-based (0.1538 M = 35.78 mg/ml) was prepared in distilled
chromatography was performed using a quaternary water (Millipore) and diluted with 0.9% sodium chlo-

mobile phase Table ). The total elution time was
30min at a mobile phase flow rate of 0.8 ml/min.
UV detection wavelengths were 280 and 430nm.
All the measurements were performed at ambient
temperature.

2.5. Recovery of CP502
2.5.1. Plasma and urine

A 0.5ml aliquot containing CP502 and IS in wa-
ter (0.5 mg/ml for each) was diluted with urine (di-

Table 1

Gradient chromatography conditions

Time EDTA CHyCl, ACN MeOH
(ImM) (%) (%) (%) (%)

0 98.4 0.3 0.3 1
12 91.4 0.3 0.3 8
17 78.7 0.3 6 15
25 78.7 0.3 6 15
26 98.4 0.3 0.3 1

ride to the final CP502 concentration of 25 mg/ml.
Three rats were given an intravenous (i.v.) dose of iso-
tonic aqueous solution of CP502 (150 mg/kg). Three
additional rats were given a single oral dose of the
same CP502 solution (150 mg/kg) by gavage. Venous
blood samples were withdrawn from the cannulated
jugular vein before the dosing (blank samples) and
at defined time points up to 28 h post-dosing. Urine
and feces samples were collected before the dosing
(blank samples) and up to 72h post-dosing in 24h
intervals.

Heparinized blood was centrifuged to obtain
plasma. A 20Q. aliquot of plasma and 2@l
of HETh stock solution were mixed thoroughly
and ultrafiltration was performed as described un-
der Section 2.3 A 100pl aliquot was chromato-
graphed.

Urine samples were diluted 1:50 with distilled
water. A 200wl aliquot of diluted urine and 2l
of HETh stock solution were mixed thoroughly and
100l was chromatographed. Feces samples were
prepared as described undgzction 2.3.2
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3. Results and discussion The mobile phase composition is critical for the
method selectivity. Metal contamination in the chro-
3.1. Method selectivity and robustness matographic system, resulting in chelate formation

during chromatography, must be minimized. There-

It was previously reported that chromatography of fore EDTA (1 mM) was added to the mobile phase
HPOs on a C18 column resulted in broad, asymmet- in our analysis. The chromatography remained robust
rical and tailing peak$3,4]. Polymeric columns, of-  over varying EDTA concentrations in the mobile phase
fer a number of advantages, including pH stability (0.5-2mM) and to laboratory temperature variations
from 1 to 13, excellent sample recoveries due to lack (254 3°C). To optimize separation of CP502 from
of acidic silanol groups, compatibility with the mo- endogenous plasma compounds a gradient strategy
bile phases containing 0-100% organic solvent, and was used as described Table 1 Chromatograms of
greater surface area than alkyl bonded silicas, were blank plasma, and spiked plasma (containinggim|
found to be more suitable for HPOs chromatogra- of CP502 and 1Q.,g/ml of HETh (IS)) are presented
phy[6]. These advantages were essential in separatingin Fig. 2A and B The same chromatographic condi-
CP502, as a highly polar compound, from endogenous tions were suitable for CP502 analysis in urine. Chro-
materials. To test the robustness in terms of the poly- matograms of blank urine, and spiked urine (contain-
meric column selection, columns from two manufac- ing 5pg/ml of CP502 and 1f.g/ml of HETh (IS))
tures were tested, namely, Hamilton PRP-1 (Hamilton, are given inFig. 3A and B Chromatograms of blank
USA) and PLRP-S column (Polymer Laboratories, feces and feces spiked with 0.26/ml of CP502 are
UK). The columns (150; 4.6 mm i.d.; &m) were com- given inFig. 4A and B Added DFO, to remove fecal
parable in terms of selectivity (CP502 separation from iron, did not interfere with HPOs.
endogenous material). PLRP-S column was superior HETh was chosen as IS for the following reasons:
in terms of theoretical platesV(= 1200) compared it is not an endogenous compound does not possess
to the Hamilton PRP-1 column\( = 900). iron-chelation properties, and the DAD spectra are
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Fig. 2. HPLC chromatograms of blank plasma (A); and plasma spiked wiityrhl of CP502 and 1f.g/ml of IS (B).
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DAD1 A, Sig=280,4 Ref=550,100 (URFEC\133-2001.D)
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Fig. 3. HPLC chromatograms of blank urine (A); and urine spiked with CP502u@15l) and HETh (1Qug/ml) (B).
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Fig. 4. HPLC chromatograms of blank feces (A); and feces spiked with HETh and CP363 (internal standards) and CPaOa).&).
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similar to CP502. Detection was performed at 280 nm 3.3. Linearity, limit of detection (LOD) and limit of
and the chromatographic quantitation remained ro- quantification (LOQ)

bust to small changes of the wavelengt#t2(hm). Due

to complexity of feces (many endogenous diet-based 3.3.1. Plasma and urine

components) and its extraction procedure, there was a A linear dependence of CP502 and IS peak area ra-
risk that HETh peak might overlap with “unknown” tio on CP502 concentration was tested in water, spiked
eluting compounds. Therefore CP363, which exhibits plasma and spiked urine samples (diluted 1:50) from
much longer chromatographic retention, was chosen 0.1 to 80ug/ml. The parameters of linear regression

as a second internal standard for feces analysis. (y = mx+ D), calculated by least squares methods, for
water, plasma and urine samples are showraine 2
3.2. Extraction recoveries of CP502 and HETh An on-column injection of 0.0fg was determined

as the LOQ based on a signal-to-noise rg8gpN) >

Recoveries of both CP502 and HETh were tested 10 and R.S.D. of noise20%. LOD in plasma and
separately in spiked plasma and urine samples (di- urine (non-diluted) based on/8 > 3 was 0.1 and
luted 1:50) at six different concentrations from 0.5 5.0pg/ml.
to 50pg/ml. The recoveries of CP502 in plasma cal-
culated through peak area ratio of the compound in 3.3.2. Feces
plasma and in water were from 73.19t0 97.53% (mean A linear dependence of CP502 and IS peak area
85.33%, R.S.D. 9.19%), while the estimated mean re- ratio on CP502 concentration was tested from 0.25
covery value via slope ratio of the calibration plots to 50ug/ml. The parameters of linear regression,
of the compound in plasma and water, was 84.92%. calculated by least squares methods using HETh,
The recoveries of HETh in plasma calculated through are also presented ifiable 2 An on-column injec-
peak area ratio of the compound in plasma and water tion of 0.01ug was determined as the LOD based
ranged from 74.54 to 99.56% (mean 87.78%, R.S.D. on signal-to-noise ratiqgS/N) > 3 and R.S.D. of
9.43%) while recovery estimated via the slope ratio of noise <20%. LOQ in feces based on/8 > 10
the calibration plots of the compound in plasma and was 0.25.g/ml (5.0ng/ml for feces sample before
water was 90.29%. dilution (1:20)).

The recoveries of CP502 in urine calculated through  Calibration parameters for water, plasma, urine and
peak area ratio of the compound in urine and in water feces samples spiked with CP502 are presented in
were from 73.19 to 95.53% (mean 84.65%, R.S.D. Table 2
9.24%), while recovery calculated via slope ratio of
the calibration plots of the compound in urine and 3.4. Inter-day reproducibility and sample stability
water was 95.57%. The recoveries of HETh in urine
calculated through peak area ratio of the compound in  Inter-day reproducibility and sample stability were
urine and water were from 74.54 to 105.94% (mean determined within a period of five consecutive days
94.72%, R.S.D. 12.25%) while recovery calculated via (from Monday to Friday) in the spiked plasma stored at
slope ratio of the calibration plots of the compound in 4°C and aqueous solution stored at’®5 CP502 con-
urine and water was 94.62%. centrations in the spiked plasma and aqueous solutions

The recovery of CP502 in feces at concentrations were 0.1, 0.2, 0.5, 1, 2, 5, 10, 20, 30, andus@m|
of 0.5, 1.5 and 4.p.g/ml was 95.98% (R.D.S. 8.8%). (n = 10). The stability of the samples was estimated

Table 2

Summarized calibration parameters for water, plasma, urine and feces samples spiked with CP502

Parameter Water Plasma Urine Feces

Range (g/ml) 0.1-80 0.1-80 0.1-80 0.25-50
Slope (M) 0.1259+ 0.0021 0.1392+ 0.0027 0.1302+ 0.0032 0.2308+ 0.0031
Intercept b) 0.05295+ 0.06995 0.07354t 0.08787 0.1402t 0.1063 —0.122+ 0.0635

Pearson correlatiorr?) 0.9974 0.9967 0.9945 0.991
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by testing the slope of the calibration regression line. peak height was 0.52 for CP502 and 0.66 for HETh.
The slope ratio following linear regression of working The resolution of the two peaks was >10. The minimal
solutions in water stored at 2& indicated a decrease  column theoretical plates number for CP502 was 1200.
in CP502 peak area by about 5%. No change in the

linear regression line slope was observed for spiked 3.6. Applicability of the method in rat study

plasma stored at4C. No degradation products were

detected during this period under the aforementioned Chromatograms of rat plasma taken 60 min after
chromatographic conditions. To assess the sample stathe CP502 i.v. (150 mg/kg) are presented-ig. 5A.
bility, two sets of data were compared, namely, the Chromatograms of rat urine collected 24 after the
data obtained on days 1 and 5. The statistical evalu- same CP502 oral dose are presente@igm 5B. An
ation of the inter-day reproducibility was assessed by additional peak at about 4 min was suspected to be
a one-tailed paired-test[7]. The observed values a metabolite of CP502. To test whether this compo-
for the series stored at 25 and@ (2.821 and 0.572, nent might be a glucuronide, the urine samples were
respectively) indicate sample stability at@ (critical enzymatically hydrolyzed (16 h at 3T) with type

t = 1.833 atP = 0.05). IX-A B-glucuronidase (1400 units in 0.1 ml). Chro-
matograms of the urine sample incubated overnight
3.5. System suitability at 37°C with the enzyme, are given iRig. 5C Fur-
thermore, the decrease in the suspected glucuronide
To test the method’s repeatability, a J@0aliquot peak was accompanied by an increase in the CP502

solution of CP502 (p.g/ml) and HETh (1Qug/ml) peak. Similar observations were made when the above
was injected six times during a single day. R.S.D. of analytical procedure was applied to feces samples.
CP502 peak RT and area were 0.34 and 0.89%, while Thereby, our urinary and fecal findings support a
R.S.D. of HETh peak RT and area were 0.02 and role for glucuronidation in the overall disposition of
0.64%. The peak symmetry measured at 5% of the CP502.
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dose, before (B); and after incubation overnight witfglucuronidase (C).
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