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Separations of the diastereoisomers of three nucleoside 5’-phosphotriester derivatives of Ara-C (tBuSATE,
hydroxy tBuSATE and bishydroxy tBuSATE phenylphosphotriester derivatives; pronucleotides) were per-
formed by HPLC using derivatized cellulose and amylose chiral stationary phases. An optimal baseline
separation (Rs>1.5) was readily obtained with an amylose based chiral column (AD-H) used in nor-
mal phase mode. This stereospecific HPLC method has been associated to a solid phase extraction step
using a C18 cartridge and an internal standard for the quantification of one nucleoside 5’-phosphotriester
derivative in cell extracts. After optimization, this method was validated in terms of specificity, recovery,
linearity, precision and accuracy and detection limit. It was applied to the determination of the apparent
rate constants of disappearance and half-lives of each diastereoisomer. This enabled us to conclude that
the enzymatic activity involved in the first step of the decomposition pathway of the hydroxyl tBuSATE

phenylphosphotriester of Ara-C is stereoselective and is related to the nature of the pyrimidic base.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Ara-C (1-B-p-Arabinofuranosylcytosine) or cytarabine is a well-
known nucleoside analogue used as a chemotherapeutic agent for
the treatment of acute lymphoblastic and myelogenous leukaemia
[1]. In an attempt to improve the therapeutic potential of this
nucleoside analogue, especially to overcome cellular resistance
mechanisms observed during long term chemotherapy with Ara-
C, various mononucleoside prodrugs (pronucleotides) have been
described during the last decade [2-6]. In this area, we previously
reported the potential of a 5-mononucleoside phosphotriesters
derivative of Ara-C bearing two S-acyl-2-thioethyl (SATE) groups
as biolabile phosphate protection (Fig. 1) [7]. In cell culture experi-
ments, such bioconstruct allows the efficient intracellular delivery
of the parent 5'-mononucleotide through an esterase-mediated
activation [3,5] (Fig. 2). In a continuation of this work mixed phos-
photriesters derivatives of Ara-C bearing a SATE group and an aryl
residue have been developed (Fig. 1).

Owing to the presence of an asymmetric phosphorus atom,
these pronucleotides exist as a mixture of two diastereoisomers.
As observed in other nucleotide series, configuration at the phos-
phorus centre may have a significant impact on the in vitro antiviral
activity [8-10], enzymatic recognition as well as the pharmacoki-
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netic profile [11-15]. Consequently, the development of a rapid and
reliable analytical method for the monitoring of diastereoisomeric
pronucleotides is needed, especially in biological media.

Although non-chiral liquid chromatographic method using C8
or C18 phases and a polar organic eluent can be used for the reso-
lution of diastereoisomers, methods described in the literature for
phosphotriesters and phosphoramidates containing an asymmetric
phosphorus centre [9,13,14,16-19] lead to poor separation. Separa-
tion of diastereoisomers can be achieved by chiral HPLC. Therefore,
several chiral separation methods of mixed phosphotriesters or
phosphoramidate diesters diastereoisomers have been proposed
[11,15,18-25]. Most frequently used stationary phases are of a
polysaccharide type whose separation efficiency has been particu-
larly demonstrated for normal phase mode methods[15,19-21,25].
Use of these phases in normal and in reversed phase mode was then
selected for development of an analytical method for the monitor-
ing of both diastereoisomers of pronucleotides 1-3 (Fig. 1).

Analysis of these pronucleotides in cell extracts requires a
preliminary sample cleanup in order to remove macromolecular
compounds such as proteins and to obtain a non-aqueous sam-
ple. Among different techniques available, solid phase extraction
(SPE) appears to be the most effective in terms of time, solvent
consumption and selectivity, as illustrated by the extent of its
use. The choice of SPE stationary phase to use is directly linked
to the ionisation state (capacity) of the target compound and to
the nature of the sample. As a result methods available in the
literature for the extraction of anionic nucleotides (5’-mono or 5'-
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Fig. 1. Structure of Bis(tBuSATE)-AraCMP and of the studied mixed pronucleotides
of Ara-C 1-3.
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triphosphate nucleosides) in biological media use anion exchange
solid phases [26-28], whereas those for the extraction of non-
ionized nucleotides essentially use a reversed phase extraction
protocol with C18 SPE phases [15,29,30,31,32]. Because of the neu-
tral nature of the target compounds in a wide pH range (between
4.28 and 12.96, pK,: see Section 2.5.1.) and their hydrophobic char-
acter, SPE reversed phase methodologies were evaluated here.

According to a previous study relative to the pharmacodynamic
activity of analogue phenylphosphotriester derivatives of AZT [33]
and to their stability in cellular extracts, monohydroxylated deriva-
tive 2 (Fig. 1) was the lead compound in this series. We report herein
a study of the direct separation of the diasteroisomers of phos-
photriester 2 in cell extracts by HPLC using a polysaccharide CSP
(Chiralpak AD-H) in normal phase mode, after a clean-up step using
solid phase extraction in reversed phase mode (C18 phase).In a first
step, an optimization of the HPLC procedure using polysaccharides
CSP (Chiralcel OD-H and 0], Chiralpak AD-H, AS and IA) in normal
phase mode or in reversed phase mode (Chiralcel OJ-R) for com-
pounds 1-3 was investigated. In a second step, the global protocol
was finally validated for compound 2, by the study of specificity,
linearity, precision, accuracy and recovery, and by determination
of the limits of detection and quantification in the optimal analysis
conditions. This stereoselective analysis method was applied to the
kinetic study of the decomposition of both diastereoisomers in cell
extracts.

2. Experimental
2.1. Reagents and chemicals

The mixed phosphotriester derivatives of Ara-C1-3 (Fig. 1) were
obtained as diastereoisomeric mixtures by extension of a published
procedure [32]. The diastereoisomeric ratios were determined by
31P NMR; they are (56/44) for 1 and (54/46) for 2 and 3, respectively.
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Fig. 2. General decomposition mechanism of phosphotriester derivatives bearing one SATE group and an aryl residue to the corresponding 5'-mononucleotide.
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Antipyrin purchased from Sigma-Aldrich (Saint Quentin Fallavier,
France) and caffeine from Acros (Halluin, France) were evaluated
as internal standards. Methanol, ethanol, 1-propanol, 2-propanol,
ethyl acetate, dichloromethane, methyl tertio-butyl ether and n-
hexane were HPLC grade and obtained from VWR (Strasbourg,
France). Acetonitrile, dimethyl sulfoxide (DMSO), glacial acetic acid
and triethylamine were purchased from Acros Organics (Halluin,
France). Sodium hydroxide 5M, chlorhydric acid 1N, potassium
chloride, TRIS and octane sulfonic acid were obtained from VWR
(Strasbourg, France). Deionized (DI) water was obtained from Milli-
Q system (Millipore, Saint Quentin en Yvelines). Strata Phenyl, C8
and C18 cartridges (containing 100 mg of stationary phase) and
Strata X cartridges (containing 30 mg of stationary phase) were pur-
chased from Phenomenex (Le Pecq, France). The Vac-Elut vacuum
manifold was obtained from Varian Sample Preparation Products
(Les Ulis, France).

2.2. Preparation of stock and standard solutions

For the optimization of the chromatographic separation, com-
pounds 1-3 were dissolved in ethanol to a concentration of about
0.125 mmol L-1. For biological study, stock solutions containing
2mmol L~! of 2 (mixture of two diastereoisomers) and 2 mmol L~
of antipyrin, used as an internal standard, were prepared by dis-
solving appropriate amounts in 90/10 (v/v) deionised water/DMSO
mixtures. They were stored in the dark at 277 K. Pronucleotide 2
standard solutions, which were used for spiking blank cell extracts,
were prepared with 90/10 (v/v) deionised water/DMSO mixtures
from stock solution to yield final concentrations of 0.012, 0.2, 0.4,
0.6,0.8, 1.0 and 1.2 mmol L.

2.3. Preparation of spiked cell extracts samples

Lymphoblastoid cell line (CEM-SS) cell extracts were kindly pre-
pared by Dr. A. LANSIAUX according to published procedures [31].
Cells were grown at 310K in an humidified atmosphere containing
5% CO, in RPMI 1640 medium, supplemented with 10% heat-
inactivated fetal bovine serum, L-glutamine (2 mmolL~1), sodium
bicarbonate (1.5gL~1), penicillin (100U mL-') and streptomycin
(20 wg mL~1)(Gibco BRL, France). After centrifugation (104 g, 4 min,
277K), the cell pellet (about 5 x 107 cells) was resuspended in 2 mL
of Tris-HCl buffer, (10mmolL~!, KCl 140 mmolL-!,pH 7.4) and
then sonicated. After lysate centrifugation (10° g, 1h, 277K), the
supernatant was filtered on Millex GV (millipore 0.22 pm). The pro-
tein concentration was calculated by the method of bicinchoninic
acid (BCA) (Interchim, Monlugon, France) using bovine serum albu-
min as a reference standard. Aliquots of homogeneizated cell
extracts were stored at 93 K until use.

Accurately measured standards solutions of 2 (0.012, 0.2, 0.4,
0.6,0.8,1.0and 1.2 mmol L-1, 10 pL each) were each added to 1 mL
volumetric tubes followed by the addition of 20 L of 0.2 mmol L~
internal standard solution and 170 pLof cell extracts (0.42 pg pL~1)
just before use. Final concentrations in spiked cell extracts were 6,
10, 20, 30, 40, 50, 60 wmol L~ for 2, respectively and 20 wmol L~!
for antipyrin, the final DMSO percentage being 1.5% in all solutions.

2.4. Chromatographic system

Measurements were carried out using a Waters 600E gradient
metering pump model equipped with a Waters 996 photodiode
array spectrophotometer. Chromatographic data were collected
and processed on a computer running Millennium 2010. The col-
umn eluate was monitored at 277 nm. The sample loop was 20 p.L
(Rheodyne 7125 injector).

2.4.1. HPLC optimization

The following columns were tested: (i) a reversed-phase cellu-
lose chiral stationary phases Chiralcel OJ-R (tris-methylbenzoate;
150mm x4.6mm i.d.; 5wm; Daicel Chemical Industries,
Baker, France) was used. Mobile phase elution was made
isocratically using reversed phase mode (water and an
organic modifier, methanol or acetonitrile). The flow was
0.5mLmin~'. (ii) A normal phase methodology was performed
with two silica-based celluloses Chiralcel OD-H (tris-3,5-
dimethylphenylcarbamate; 250mmx4.6mm id.; 5wum),
and Chiralcel O] (tris-methylbenzoate; 250 mm x 4.6 mm
i.d; 10pum), or two amyloses Chiralpak AD-H (tris-3,5-
dimethylphenylcarbamate; 250 mm x 4.6 mm i.d.; 5pum), and a
Chiralpak AS (tris-(S)-1-phenylethylcarbamate; 250 mm x 4.6 mm
i.d.; 10 wm) (Daicel Chemical Industries, Baker France). Mobile
phase elution was made isocratically using n-hexane and a mod-
ifier (ethanol, 1-propanol or 2-propanol) at various percentages.
The flow was 1 mLmin~!. In this separation mode the peak of the
solvent front was considered to be equal to the dead time (ty) and
was about 3.20 min for the Chiralcel OD-H and for Chiralpak AD-H
and about 3.30 min for the Chiralcel OJ and Chiralpak AS. In all cases
retention times were mean values of two replicate determinations.
(iii) An isocratic normal phase methodology was performed on
an amylose Chiralpak IA (tris-3,5-dimethylphenylcarbamate;
250mm x 4.6 mm i.d.; 5wm), using n-hexane or methyl tertio-
butyl ether and a modifier (ethanol, 2-propanol, ethyl acetate or
dichloromethane) at various percentages and a 1mLmin~! flow
rate. The separations were carried out at 293 K. Compounds were
chromatographed by dissolving them in ethanol to a concentration
of about 0.125 mmol L1,

2.4.2. Cellular extracts analysis

Chiral chromatography was carried out on a Chiralpak
AD-H (tris-3,5-dimethylphenylcarbamate; 250 mm x 4.6 mm i.d.;
10 wm) (Daicel Chemical Industries, Baker France), with a
LiChrospher® 100 Diol 5wm guard column (Merck, Nogent-sur-
Marne, France). The mobile phase consisting of hexane/ethanol
- 75/25 (v/v) was filtered through membrane (0.45pm) and
degassed with a Waters in-line degasser apparatus. Use of a
LiChrospher® 100 Diol guard column coupled with the Chiralpak
AD-H CSPled to an increase in the column back pressure. As aresult,
to preserve the CSP, a 0.8 mLmin~! flow rate was finally selected
for the analysis method. The separation was carried out at 293 K.

2.5. Sample preparation

2.5.1. SPE optimization

According to the pKj, values of pronucleotides 2 estimated from
the ACD/Labs software (ACD, Toronto, Canada): 3.28 and 13.26 for
the aglycon part (N protonation on the cytosine) and the primary
hydroxyl function, respectively), the molecular neutral form is pre-
dominant for pH between 4.28 and 12.96, whereas the cationic
form is predominant under pH 2.28. As a result, in the course
of developing a solid phase extraction procedure for clean-up of
cell extracts, Strata C8, C18, phenyl and Strata X cartridges, effec-
tive for the extraction of neutral compounds, were investigated.
Initial clean-up procedures were the following: (i) for Strata C8,
C18 and phenyl cartridges: conditioning - 2 mL methanol, 2 mL
acetate buffer 20 mM (pH 6.6); sample loading — 100 p.L of cellu-
lar extract (0.42 pg wL1) at 60 wmolL~! of 2 and 20 wmol L1 of
internal standard; washing - 1.5 mL acetate buffer 20 mM (pH 6.6),
0.5 mL H;,O; elution - 2 mL methanol; (ii) for Strata X: condition-
ing - 2mL dichloromethane, 2 mL acetonitrile, 2 mL H,O; sample
loading - 100 p.L of cellular extract (0.42 pg wL~1) at 60 wmol L1
of 2 and 20 wmolL~! of internal standard; washing - 2mL H,O0;
elution - 2mL acetonitrile/dichloromethane (50/50, v/v). After
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evaporation to dryness under nitrogen at 318K, the residue was
dissolved in 100 wL of ethanol and analysed. On Strata C18 and
phenyl cartridges, the nature and the volume of the washing solu-
tion (phosphate buffer (pH 6.6), acetate buffer (pH 6.6) or H,O of
1-2mL) and the volume of the elution step (1-2.5 mL; methanol)
on the cleanup and recovery, were examined.

2.5.2. Optimized cellular extracts protocol

Strata C18 cartridges were attached to the vacuum manifold and
conditioned with 2 mL of methanol followed by 2 mL of deionised
water. Care was taken to ensure that the cartridges did not run dry.
100 L of blank or of spiked cell extracts were transferred onto
the cartridges and a moderate vacuum was applied. After com-
plete aspiration of the sample through the cartridge it was washed
with 1mL of deionised water and then dried under full vacuum
for 15 min. Then, the pronucleotide 2 and antipyrin were eluted
with 1.5mL of methanol. The corresponding eluate was evapo-
rated to dryness under nitrogen at 318 K. The residue was dissolved
in 100 pL of ethanol; 20 pL of this solution was injected on the
chromatographic system.

2.6. Validation of the method

2.6.1. Specificity

The specificity of the method was investigated by observing
any interference encountered from the endogeneous cellular com-
ponents. The assay was checked by analyzing three independent
blank cell extracts. The chromatograms of these blank extracts were
compared with chromatograms obtained by analyzing cell extracts
spiked with 2 and the internal standard antipyrin.

2.6.2. Recovery

The recoveries of diastereoisomers of 2 and antipyrin from
cell extracts were assessed by using spiked samples at 6, 30
and 60 wmolL-! of 2 (mixture of both diastereoisomers) and
20 wmol L~ of antipyrin (n=3). The absolute recoveries were
determined by comparison of the extracted analyte peak area with
unextracted analyte peak area (standard evaporated, diluted in the
corresponding amount of ethanol and directly injected in the HPLC
system).

2.6.3. Linearity

Three independent series of spiked cell extracts, containing
20 wmol L1 of antipyrin and the following concentrations of first
(P1) and second (P;) eluted diastereoisomers of 2 (Cp1, Cp2) in
wmol L1, respectively, were extracted and analysed in duplicate
according to the previously described methods: (2.76, 3.24), (4.60,
5.40), (9.20, 10.80), (13.80, 16.20), (18.40, 21.60), (23.00, 27.00),
(27.60, 32.40). Calibration curves were plotted as the ratio of the
peak area of the respective compounds to the peak area of the inter-
nal standard versus the concentration. A linear regression using an
ANOVA method was used to assess linearity.

2.6.4. Precision and accuracy

Seven replicates of cell extracts spiked with 20 umolL~! of
antipyrin and with 2 (diastereoisomers mixture) at the concentra-
tion level of 6 umol L~ (limit of quantification), 30 and 60 p.mol L~
were extracted and analysed to determine the intra-day precision
(repeatability) defined by the relative standard deviation (% RSD)
and accuracy defined by the relative error (% error). Inter-day pre-
cision (intermediate precision) and accuracy were determined by
assaying the same three cell extracts (6, 30 and 60 wumolL~1) in
triplicate over a period of 3 days.

2.6.5. Limits of detection (LOD) and quantification (LOQ)

The limits of detection and quantification were determined as 3
and 10 times baseline noise, respectively, from the analysis of the
mixture of both diastereoisomers of 2, spiked in cell extracts.

2.7. Kinetic study

The kinetic decomposition of both diastereoisomers of pronu-
cleotide 2 (initial concentration 50 wmol L~1) was studied at 310K
in total cell extracts from lymphocytes (CEM-SS cells) containing
1.5% of DMSO and 20 wmol L~! of antipyrin as internal standard. A
series of 200 L of identical assay were incubated between 0 and
2947 min, according to the above developed method [34,35]. Hun-
dred microliter of crude aliquots of incubates obtained between 0
and 2947 min were then analysed by HPLC after a SPE pre-cleaning
step.

3. Results and discussion

3.1. Optimization of the chromatographic conditions and solid
phase extraction method

3.1.1. Chromatographic method

Separations of the diastereoisomers of several compounds con-
taining a phosphorus asymmetric centre by HPLC have been
reported, especially on polysaccharide chiral stationary phases
used in normal phase [17] or reversed phase mode [18,19]. The
separation of the diastereoisomers of 1-3 was investigated using
coated polysaccharide chiral stationary phases including cellu-
lose (Chiralcel OD-H, OJ, and OJ-R) and amylose (Chiralpak AS
and AD-H) in normal phase mode and reversed phase mode. For
comparison and to extend the range of mobile phase that can be
used, an immobilized amylose chiral stationary phase Chiralpak
IA (same chiral selector as Chiralpak AD-H) was also evaluated.
In all cases, the influence of the mobile phase composition was
investigated. Comparison of the phase nature (coated or immo-
bilized) and operating mode (normal or reversed), indicated that
the best baseline separation and the lowest retention times were
markedly obtained with coated cellulose and amylose stationary
phases used in normal phase mode. Indeed, on Chiralpak IA, with
the same mobile phases as those used on AD-H (hexane/ethanol or
hexane/2-propanol mixtures) lower resolutions for a similar reten-
tion times were observed as peaks are tailing. Use of n-hexane or
methyl terbutyl ether with 10% to 60% of a modifier (ethanol, 2-
propanol, ethyl acetate or dichloromethane) was unsuccessful (lack
of resolution even for long retention times). With Chiralcel OJ-R,
whatever the proportion of methanol or acetonitrile used in a mix-
ture with deionised water, no separation was obtained in less than
40 min. Among coated cellulose and amylose stationary phases
used in normal phase mode, Chiralpak OD-H and Chiralcel AS did
not lead to any baseline resolution whatever the mobile phase
composition. Table 1 summarizes chromatographic data obtained
with Chiralpak AD-H and Chiralcel O] using different mobile phases.
On both columns, the increase in the percentage of organic mod-
ifier (ethanol: eluents A and C for example) in the mobile phase,
leads to a decrease in the measured parameters k and Rs for all
compounds. This expected phenomenon results from the higher
polarity of the mobile phase, improving the solubility of the solutes
in the mobile phase and decreasing hydrogen bonding between
the solute and the stationary phase. Replacement of ethanol (elu-
ent A or C) by 1-propanol (eluent F) or 2-propanol (eluent G or
H) does not lead to an increase in the resolution. Thus, for both
cellulose and amylose stationary phases ethanol appears to be the
best organic modifier. Higher retention and resolution per unit time
observed on Chiralpak AD-H probably result from the involvement
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Table 1
Chromatographic parameters: retention time (t), retention factors (k) and resolution
(Rs) of compounds 1-3 on Chiralpak AD-H and Chiralcel O].

Compound csp Eluent ko Rs
1 AD-H A 11.89 1.20
C 2.20 <0.5
F 8.68 0.60
G 12.56 <0.5
H 1.77 <0.5
0] A 4.70 <0.5
C 0.93 0.00
F 6.80 0.00
G 5.73 <0.5
H 0.86 0.00
2 AD-H A 44.37 5.16
C 6.87 3.99
D 431 3.25
F 7.31 0.00
H 4.31 0.00
0] A 17.87 2.73
B 5.20 1.71
C 2.54 1.39
E 0.88 0.75
3 AD-H A 76.24 5.12
C 9.41 3.93
D 4.21 2.75
H 5.97 0.00
0] A 25.50 1.40
C 3.11 0.71
G 2.49 0.00

A: hex/EtOH - 90/10; B: hex/EtOH - 85/15; C: hex/EtOH - 80/20; D: hex/EtOH -
75/25; E: hex/EtOH - 70/30; F: hex/1-prop - 90/10; G: hex/2-prop - 90/10; H: hex/2-
prop - 80/20.

of a greater number of chiral interactions. So, the amylose station-
ary phase was selected for the further separation of compounds
1-3 diastereoisomers. In conclusion, despite the number of exper-
imental conditions evaluated, baseline separation of compound 1
was not achieved (maximal resolution: 1.20 in about 42 min on
Chiralpak AD-H; Hexane/ethanol — 90/10). For compounds 2 and 3,
the best results in terms of resolution per unit time were obtained
on a Chiralpak AD-H using hexane/ethanol - 75/25 at 1 mLmin~!
and 293 K: retention time of the second eluted diastereoisomer was
17.51 and 17.19 min and Rs was 3.25 and 2.75 for 2 and 3, respec-
tively. Chromatograms obtained in these optimal conditions are
shown in Fig. 3.

Exact composition of the diastereoisomers mixture was deter-
mined by internal normalization. It contains 46.4% of first eluted
diastereoisomer and 53.6% of second eluted diastereoisomer for
2 and 3, which is in accordance with 3P NMR data (unpublished
data).

The development of a separation method allowing the analysis
of diastereoisomeric pronucleotides in biological media, especially
in cell extracts, was then performed with pronucleotide 2. In order
to improve the precision of the method, use of an internal stan-
dard with similar chromatographic behaviour (on Strata Phenyl,
(8, C18, X and on Chiralpak AD-H) and UV characteristics to 2 was
necessary. Antipyrin and caffeine were evaluated according to their
hydrophobic character and ionisation capacity estimated from the
ACD Labs software (In P equal to —0.5 and 1.2 for antipyrin and caf-
feine, respectively; ionisation capacity: pK, <1, neutral compounds
in the experimental conditions) and UV properties (maximum
absorption wavelength equal to 272 and 275nm for antipyrin
and caffeine, respectively). Chromatographic parameters of pronu-
cleotide 2, antipyrin and caffeine, using hexane/ethanol - 75/25 at
0.8 mLmin~! at 298 K on Chiralpak AD-H coupled to a guard column
were determined. Whereas caffeine is eluted after the second elut-
ing diastereoisomer of 2 (P3) (tcaffeine =51.35Min; RScaffeine—p, =
12.40), antipyrin is eluted before the first eluting diastereoisomer
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Fig. 3. Chromatograms obtained for the separations on Chiralcel AD-H for (a) com-
pound 1; Hexane/ethanol - 90/10, (b) compound 2; hexane/ethanol - 75/25, (c)
compound 3; hexane/ethanol - 75/25, at 0.125mmolL-! in ethanol; flow-rate
1mLmin~!,293K and A =277 nm.

of 2 (P1) (tantipyrin =9-52 Min; RSantipyrin—p, = 4.85). Antipyrin was
then chosen as an internal standard.

3.1.2. Solid phase extraction method

In a first step, the effectiveness of Strata C8, C18, phenyl and
Strata X cartridges for the clean-up of cell extracts was studied
using the general procedure described in the Section 2.4. Better
recoveries obtained with Strata C18 and phenyl (71% and 61%,
respectively) compared to Strata C8 and Strata X cartridges (32%
and 30%, respectively) led us to follow the optimisation using these
first two. In a second step, the influence of the washing and elu-
tion solutions on the cleanup and recovery was examined. Previous
reported SPE procedure [15] using acetate buffer leads unfortu-
nately to impurity peaks between 3.3 and 10 min interfering with
antipyrin. The same result was obtained with phosphate buffer,
whereas water allows total sample cleanup. Influence of the water
volume to be used during the washing step was then evaluated on
C18 cartridges in the range 1-2 mL (0.5 mL steps). Increase in the
water volume from 1 to 2 mL leads to a decrease in the recovery
from 80% to 72%. A 1 mL volume of water was then chosen, as sam-
ple cleanup was efficient. The volume of methanol to be used during
elution step was then varied in the range 1-2.5 mL (0.5 mL steps).
An optimal recovery of 86% was obtained with a 1.5 mL of methanol.
Finally, the optimal procedure, leading to the best extraction recov-
eries of both diastereoisomers and the internal standard (minimum
recoveries obtained at the three concentration levels studied for
the first and second eluted diastereoisomers: 84.67% and 82.05%;
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Fig. 4. Chromatogram obtained for the separation of (a) blank cell extracts and (b)
spiked cell extracts containing antipyrin (20 wmol L~1, used as an internal standard)
and both diastereoisomers of 2 (60 wmol L-!). Chromatographic conditions were:
Chiralpak AD-H with a LiChrospher® 100 Diol guard column at A =277 nm, eluant
hexane/ethanol - 75/25, 293 K, flow rate 0.8 mLmin~"'.

for the internal standard: 85.55%), includes a 1 mL water washing
step followed by a 1.5 mL elution step with methanol using C18 car-
tridges. Fig. 4 shows the chromatograms of blank cell extracts and
spiked cell extracts containing antipyrin and both diastereoisomers
of 2 obtained in optimal conditions.

3.2. Assessment of performance characteristics

3.2.1. Linearity

The linearity of the analyte response was assessed in the range
2.76-27.6 and 3.24-32.4 pumol L~! for the first and second eluting
diastereoisomers, respectively. An analysis of variance (ANOVA)
showed a linear relationship between the peak area ratio of each
diastereoisomer to the internal standard (int.st.) (A/Ajntst.) and
the analyte nominal concentration in the standards (spiked cell
extracts) (C, pumol L~1). The regression equation was:

A
i~ -0.0010+ 0.0009 + (0.0357 + 0.0008)Cp,
Aint.st.
A
P2 _ _0.0718 +£0.0173 +(0.0357 + 0.0008)Cp,
Aint.st.

With confidence interval calculated at o =0.05, 2 =0.9927 and
0.9920 for first and second eluting diastereoisomers, respectively;

Table 2

30 4

Pronucleotide concentration (umol L-1)

0 500 1000 1500 2000 2500 3000 3500
t (min)

Fig. 5. Kinetic data of each diastereoisomer decomposition in cell extracts: first
eluting diastereoisomer (4) and second eluting diastereoisomer (A).

the subscripts P; and P, denote the first and second eluting
diastereoisomers, respectively. The y-intercepts were not signifi-
cantly different from zero and the regression lines had an identical
slope at the level « =0.05.

3.2.2. Precision and accuracy

A summary of the precision and accuracy results is given in
Table 2. In the range 6-60 umolL~! (diastereoisomers mixture)
of pronucleotide 2, the data indicate that intra-day precision and
accuracy (n=7)as expressed by % RSD and % error were in the range
0.84-2.34% and 2.0-6.5%, respectively for both diastereoisomers. At
these concentrations, the inter-day precision and accuracy (n=9)
were in the range 1.47-5.98% and 3.1-6.8%, respectively. These val-
ues fulfil the recommendations for bioanalytical method validation
[34].

3.2.3. Limit of detection and quantification

The limits of detection for the first and second eluting
diastereoisomers of 2 were 0.83 and 0.97 wmol L, respectively.
The limits of quantification, which corresponds to the first point in
the calibration graph, were 2.76 and 3.24 pmol L~ for the first and
second eluting diastereoisomers, respectively.

3.3. Degradation kinetics of the pronucleotide in cell extracts

The diastereoisomeric mixture of 2 (50 wmolL~1) was incu-
bated in triplicate in total CEM-SS cell extracts to mimic the
behaviour of the pronucleotide inside the cells. According to
previously reported studies in the mononucleotide SATE arylphos-

The precision (%RSD) and accuracy (%error) for pronucleotide 2 in cell extracts based on n=7 (intra-day) and n=9 (inter-day).

Diastereoisomer Added concentration Intra-day Inter-day

(nmolL-1)
RSD (%) Found concentration Error (%) RSD (%) Found concentration Error (%)
(wmol L1) (wmol L—1)

Py 2.76 2.34 2.94 +6.5 5.98 2.94 +6.8
13.8 1.21 13.22 —42 3.84 14.41 +4.4
27.6 1.05 27.04 -2.0 1.95 26.74 =31

P, 3.24 2.17 3.07 -5.3 432 3.44 +6.2
16.2 1.19 16.83 +3.9 3.26 15.31 -5.5
324 0.84 30.97 —4.4 1.47 31.14 -39
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photriester series of AZT [35-38], pronucleotide 2 should be
bioconverted into its corresponding phenylphosphodiester deriva-
tive through an esterase-mediated activation mechanism (Fig. 2).
The kinetic profile of both diastereoisomers of 2 was studied
(Fig. 5) using the method developed above. Kinetic data were
treated according the Michaélis-Menten model [39]. In this study
the decomposition of each diastereoisomer can be considered to
be independent. The apparent rate constant of disappearance, k,
and the half-life, t;,, can be determined according to the second
first-order kinetic model [32]. The convenience of the model used
is attested by the linearity of InC versus t (2 >0.977). Significant
difference in the decomposition kinetics of each diastereoisomer
was observed. The first eluting diastereoisomer (Pq) is hydrolysed
faster than the second (P;) (kp, = 4.49 x 10~*min~' and ti2p, =

26h; kp, = 3.34 x 10~4min~! and ti/2p, =34h). These results
indicate that the enzymatic system (i.e. esterases) involved in
the decomposition pathway of such pronucleotides seems to be
able to discriminate between each diastereoisomer as previously
observed for other pronucleotides series [11-15]. In order to verify
the enzymatic nature involved in the decomposition mechanism,
similar incubation experiment were performed after a 333K
heating pre-treatment of the total CEM-SS. The results show a
greater stability of 2 with 99.7% recovery after 10 days.

4. Conclusion

In a first step, separation of diastereoisomers of three mixed
phosphotriester derivatives was investigated in HPLC using cellu-
lose and amylose chiral stationary phases. Use of Chiralpak AD-H
CSP and mixtures of n-hexane/ethanol led to the best results, allow-
ing baseline separation of both pronucleotides ((2) and (3)) in less
than 20 min with resolution up to 2.75. In a second step, a rapid and
specificisocratic chiral HPLC method including a solid phase extrac-
tion clean-up step was developed for the study of the behaviour of
pronucleotide 2 in biological media. This method is significantly dif-
ferent from the previously developed method for the study of the
same analogue of AZT (unsuccessful separation of the diastereoiso-
mers using the same HPLC methodology, i.e. Cellulose OD-H PSC
and hexane/2-propanol - 70/30 (v/v) mobile phase; insufficient
sample cleanup using the same SPE protocol, i.e. acetate buffer
as washing solution). Moreover, recoveries obtained for this Ara-
C pronucleotide are greater than for its AZT analogue (about 85%
versus 75%). The method shows good specificity, linearity, preci-
sion, accuracy and limit of quantification. This method has been
applied to the degradation kinetic study of a diastereoisomeric mix-
ture of a SATE phenylphosphotriester prodrug of Ara-Cincubated in
cellular extracts preparation. Differences between the decomposi-
tion kinetics of each diastereoisomer illustrate the stereoselectivity
of the decomposition process mediated by an esterase activity.
Moreover, a major difference between the kinetics of decompo-
sition of this Ara-C pronucleotide and its AZT analogue (for the
most rapidly hydrolyzed isomer kinetic constants were 4.49 x 10~4
and 3.27 x 10~3 min~!, respectively) illustrates the influence of the
pyrimidic base. As a result, although numerous data are available
in the literature concerning the hydrolysis of AZT pronucleotides,
no direct parallel with the comportment of Ara-C pronucleotides
can be performed, making compound specific studies necessary.
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