
99 

&sea&r Scientific Publishing Company, A&terdz& -Printed in The Nethe&xnds 

cHR0MB10.913 

DETERMINATION OF CYTARARINE AND URACIL ARABINOSIDE IN 
HUMAN PLASMA AND CEREBROSPINAL FLUKD BY HIGH- 
PERFORMANCE LIQUID CHROMATOGRAPHY 

HENNING BREITHAUPT* 

Medizinische Klinik der Justas Liebig-UniwrsitEt, KIinikstmsse 36.6300 Giessen (G-F-R.) 

and 

J~RGENS~HICK 
_- 

Institut jiir Anatomie und Zellbiologie der Philipps-Uniuersitlit, 3550 Marburg (G-F-R.) 

(First received December 29th, 1980; revised manuscript received March 26th, 1981) 

SUMMARY 

A high-performance liquid chromatographic method for the determination of the antineo- 
plastic agent cytarabine band its main metabolite uraciI arabinoside in human plasma and 
cerebrospinal fluid is described_ Complete separation from endogenous constituents was 
achieved by -is&atic reversed-phase chromatography using phosphate buffer (0.05 iU, 
pH 7.0) as the eluent. The limit of de’%ction was 50 ng/ml. Day-to-day coeffkients of varia- 
tion were below 10%. The applicability of this rapid, simple and specific method for pbanna- 
*kinetic studi,es and monitoring of therapy wss demonstrated. 

INTRODUCTION 

The pyrimidine aualogue cytarabine (cytosine arabinoside; lj3-D-arabino- 
furanosylcytosine; am-C) is an antimetabolite that selectively inhibits DNA syn- 
thesis and is therapeutically effective in- the -treatment of acute myeloblastic 
leukaemia and other haematological malignaricies [l-5] . . 

Ar&C is rapidly ‘deaminated in humans to UraciI arabinoside (am-U), a non- 
toxic ‘cotipound [6, ‘7]_ Owing-to considerable- individual -variations in the 
phSrmacokiqetics of ara-C [S-11], the measurement of its concentration in 
plasma and cerebrospinal fluid is impoktant for-optimal dose scheduling [12] _ 
Recently; extremely high doses of ara-C were-successfully used for the treat- 
-~:_ _-- -._ 
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ment of acute. leukaemia, refractory to conventional chemotherapy [ 13-151. 
However, high doses of am-C produce the risk of dangerously acute toxicity_ 
Therefore, we monitored plasma levels of am-C and its metabolite am-U during 
and after infusions of conventional and high doses of am-C using a rapid and 
sensitive high-performance liquid chromatographic (HPLC) method developed 
in our laboratory. 

Several methods involving microbiological [16-211, radioenzymatic [ 221, 
radioimmunological assays [23-251 and some bioassay techniques [26,27] 
have been employed for the analysis of the pharmacokinetics of ara-C. Some of 
these techniques are very sensitive (20 ng/ml)_ However, the analysis times are 
too long for clinical routine and the assays are subject to interferences from 
endogenous substances_ An ultraviolet spectroscopic method for the determina- 
tion of am-C and am-U in plasma lacks the sensitivity necessary for monitoring 
therapeutic concentrations in man [28]. The application of gas chromato- 
graphy coupled with chemical ionization mass spectrometry [29] or the use of 
gas-liquid chromatography with a nitrogensensitive flame ionization detector 
and a coupled mass spectrometer 1303 requires timeconsuming steps of extrac- 
tion and derivatization- Determination by paper chromatography [E&31-33] 
or thin-layer chromatography [34] involves radioactive tracer technology (tri- 
tiated am-C), which requires specialized handling and special permission for use 
in human studies. 

HPLC has particular advantages for the analysis of am-C and am-U in that 
compounds may be analysed without initial derivatization. Wan et al. [8] em- 
phasized the usefulness of HPLC but provided few details of the methodology 
of their assay. Kreis et al. [35] gave insufficient data about the scope and sensi- 
tivity of their HPLC assay. Bury and Keary [SS] used cation-exchange chro- 
matography for the determination of am-C in human plasma, with a limit of 
sensitivity of 20 ng/ml. However, despite deproteinization of plasma samples 
with trichloroacetic acid the peak from endogenous plasma constituents was 
broad, allowing the measurement of am-C as the tailing peak only. Ara-U could 
not be determined by this method. 

This paper describes a rapid and simple reversed-phase HPLC assay for am-C 
and am-U suitable for drug monitoring and pharmacokinetic studies in human 
plasma and cerebrospinal fluid. 

EXPERIMENTAL 

Ara-C, am-U, am-C-5’-monophosphate, am-C-5’-triphosphate and tetrahydro- 
uridine were kindly supplied by Mack (lllertissen, G.F.R.). Tests for interfering 
peaks were performed with allopurinol, oxipurinol, uric acid (Henning, Berlin, 
G.F.R.), xanthine, hypoxanthine (Merck, Darmstadt, G.F.R.), cytidine (Sigma, 
St. Louis, MO, U.S.A.), methotrexate, leucovorin (Cyanamid, Munich, G-F-R_), 
6_mercaptopurine, 6_thioguanine, 6-thiouric acid (Burroughs Wellcome, 
London, Great Britain) and doxorubicin (Farmitalia, Freiburg, G.F.R.). All 
other substances and solvents were of analytical-reagent grade and were used 
vithout further purification. 
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Chromatography 
The chromatographic studies were performed with a high-pressure liquid 

chromatograph equipped with a Gynkotek Model 600,!200 HPLC pump (Gyn- 
kotek, Munich, G.F.R.), a modified AS1 45 automatic sample injector (Kon- 
iron, E&ring, G-F-R.), an Uvikon 720 LC variable-wavelength ultraviolet detec- 
tor (Kontron), an SP 4100 computing integrator (Spectra-Physics, Darmstadt, 
G-F-R.) and a BD9 twochannel electronic recorder (K.ipp and Zonen, Kron- 
berg/Ts., G.F.R.). 

Chromatography was performed in the reversed-phase mode using as eluent 
a phosphate buffer (0.05 M, pH 7-O), which was prepared by mixing 1 1 of 
0.05 M disodium phosphate (8.99 g of Na2HP04 - 2H,O per lithe of distilled 
water) with 704 ml of 0.05 M potassium phosphate (6.87 g of anhydrous 
JS.H2P04 per litre of distilled water)_ 

The chromatographic column was a stainless-steel tube (30 cm X 4 mm I.D.) 
filled with Spherisorb ODS, 5 I.trn (Latek, Heidelberg, G.F.R.). The column was 
packed by forcing a slurry of 4.2 g of the stationary phase material suspended 
in 25 ml of carbon tetrachloride into the tube under a pressure of 400 bar by 
means of a Type MS 80/8 high-pressure membrane pump (Orlita, Giessen, 
G-F-R.)_ In general, the efficiency of the column was about 10,000 theoretical 
plates for the ara-C peak_ The column was discarded when the number of 
theoretical plates for ara-C fell to less than 1000. 

The chromatograph was operated at a flow-rate of 1.6 ml/min and a pressure 
of 210 bar at room temperature_ The eluent was monitored at 270 run, the ab- 
sorption maximum of am-C in 0.05 M phosphate buffer at pH 7.0. The detec- 
tor was set at 0.04 a_uf.s. The areas under the peaks of interest were computed 
by the integrator_ 

Assay procedure 
Samples of 1 ml of blood were collected in tubes containing 75 units of 

heparin (15 ~1 of Thrombophob; Nordmark, Hamburg, G.F.R.) and tetrahydro- 
uridine (final concentration 10’ M), a blood deaminase inhibitor. After centri- 
fugation at 8000 g for 5 min (Microfuge 5412; Eppendorf, Hamburg, G.F.R.), 
plasma samples of lo-50 ~1 were immediately chromatographed or stored 
frozen at -16°C. 

Samples of 1 ml of cerebrospinal fluid were collected in tubes containing 
tetrahydrouridine (final concerrtration 10’ M). 

As aliquots of plasma or cerebrospinal fluid were injected into the chromato- 
graphic system without further clean-up, the method of external standardiza- 
tion was used for quantitation. Every sample was analysed in duplicate, and a 
third analysis was performed if the peak areas of the compounds did not agree 
to within f 5%. The calibration graphs (peak area against concentration) were 
straight lines for each compound up to 120 pg/ml. Therefore, calibration sam- 
ples containing 1 -pg of each substance per millilitre of plasma were analysed 
every ten chromatographic runs for external standardization_ 
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Protein binding 
FG~ the determination of protein binding, araC and ara-U were measured 

in plasma and in the plasma ultrafiltrate of spiked samples of plasma Ultrafil- 
tration was performed using a Model MM 302 ultrafiltration systes (Amicon, 
Diiren, G.F.R_) and Type PM 10 Diaflo membranes_ In the controls there was 
no adsorption of either substance to this membrane. 

RFSULTS AND DISCUSSION 

Phwna extraction 
Attempts to extract -&a-C and ara-U from aqueous solutions at different pHs 

with organic solvents (diethyl ether, dichloromethane, isooctane, n-butanol, 
isopropanol) gave poor recoveries even if the aqueous solutions were saturated 
with ammonium sulphate. The resolution of ara-C and ara-U from interfering 
plasma peaks was not improved by a preceding purification step, e.g., protein 
precipitation by trichloroacetic acid or ethanol. Protein removal by ultxafiltra- 
tion using membranes which exclude substances with molecular weight >lO,OOO 
did not improve the separation_ Therefore, plasma samples were used directly 
for FzIPLC without prior clean-up. 

Chromatography 
The effect of pE_L of 0.05 M phosphate buffer on the resolution of ara-C and 

are-U from plasma peaks-was investigated. Optimal resolution was obtained at 
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Fig. 1. High-performance liquid chromatograms of araC (0) and am-U (0). Traces A-C; 
chromatugrams of-am< and ara-U dissolved in O-05 Mphosphate buffer (pH 7.0). Amounts 
chromatograpted: (A) 5, (B) 1 and(C) 0.2 Irg of each compound per millilitre. Tmces D and 
E; ehromatograms of plasma from a leukaemic patient, (D) before and (E) during infusion of 
ara-C. Traces F and G: chmmatograms of cerebrospinal fluid from the same patient, (F) be- 
fore and (G) at the end of intravenous infusion of araG. Trace H: chromatogram of drug- 
f&e urine, diluted 1: 20 in distilled water. Stationary phase: Spherisorb ODS, 5 pm (30 cm 
x 0.4 cm LD_)_ MobiIe phase: 0.05 M phosphate buffer (pH 7.0). Sample volume: 20 rl. 
FXow-rate: 1.6 ml/m& Back-pressure: 210 bar. Room temperature. Detection at 270 nm. 
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pH 7.0. The use of pH 7 phosphate buffers at different molarities was investi- 
gated and-it was found that the resolution was highest at values above 0.03 M. 
Of the several available reversed-phase materials, Spherisorb ODS, 5 pm, was 
the best stationary phase with respect to efficiency, permeability and stability. 
Therefore, chromatography was performed on a Spherisorb cohunn (30 cm X 
O-4 cm ID.) with phosphate buffer (0.05 M, pH 7.0) as eluent. As shown in 
Fig. 1, the peaks of interest were sharp, symmetrical and well defined with 
respect to the baseline. Components of plasma (Fig. 1D and E) and cerebrospi- 
nal fluid (Fig. 1F and G) did not interfere in regions where am-C and am-U 
eluted, However, in urine samples the determination of both compounds was 
disturbed by endogenous components (Fig. 1H). 

No interfering peaks were found in plasma samples to which were added 
drugs that are usually coadministered for the treatment of acute Ieukaemia, 
e.g., methotrexate, 6-mercaptopurine, 6-thiogusnine (6-thiouric acid), doxo- 
rubicin and allopurinol (oxipurinol, xanthine, hypoxanthine). Cytidine, t&a- 
hydrouridine and the intracelhrlarly occurring araC metabolites am-C-5’- 
monophosphate and araC5’Ariphosphate were eluted together with com- 
ponents of plasma. Twenty-five drug-free blood samples ob’tained from healthy 
volunteers were processed and there was no evidence that normal components 
of plasma interfered with the determination of ara-C and ara-U. 

Identification 
Retention times were used for the identification of ara-C and ara-U. The 

variation of retention time was less than 5%, as demonstrated with spiked 
samples of plasma. 

Quan titation 
Unknown substances were evaluated by measuring their peak areas relative 

to that of the external standard_ For am-C and ara-U a linear relationship be- 
tween peak area and concentration was obtained for the range 0.05-120 pg/ml. 
The correlation coefficient of each regression was better than 0.99. 

Precision 
Within-run precision was established in a drug-free plasma pool. Ara-C and 

am-U were added at seventeen different concentrations within the range 0.05- 
120 Mg/ml_ For each concentration the within-run precision of ten consecutive 
runs was determined with a coefficient of variation of less than 5% The day-to- 
day precisions as determined on ten consecutive days for frozen samples of 
plasma at levels of 0.2 and 1.0 pg/ml were found to be 9.3 and 7.0%, respec- 
tively. 

Accumcy 
The recoveries from blood and plasma were 93-104% by comparison with 

the peak areas obtained by direct injection of the pure compounds. 
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Sensitivity 
The sensitivity of the assay allowed the quantitation of 50 ng/ml of ara-C 

and ara-U in a l-ml blood sample with a precision of better than 5%. 

Speed of analysis 
The analysis is performed within 15 min: 5 min for centrifugation of blood 

and LO min for chromatography. 
, 

. Stability of standards 
Ar& and ara-U were found to be stable in human bIood and plasma in the 

presence of tetrahydrouridine (10’ M) and heparin during a 4-h incubation at 
37%. The same was true on s&rage for 8 h in 0.05 M phosphate buffer (pH 
7.0) at room temperature- Frozen samples of plasma (0.2 and 1 pg/mI) were 
stable for at least 10 months_ 

Stability of the column 
Bsseline separations of am-C and am-U from plasma were obtained for up to 

200 injections of 20+1 samples of plasma_ 

Protein binding 
Plasma protein binding of am-C was found to be 14.8 f 4.7% (mean f: S.E.) 

for the concentration range 0.1-100 pg/ml_ This value is close to that reported 
by Van Prooijen et al. 1371, who obtained 13.3 + 2.2% by uItrafiItration aud 
uItracentrifugation_ Protein binding of am-U was 5.1 f 4.9% (mean + SE.). 

Applicability 
The HPLC method described was used for the determination 0fara-C and 

ara-U in plasma of Ieukaemic patients who were receiving conventional or high 
doses of am-C_ A representative plot of plasma concentration versus time for a 
patient foI.Iowing a 6-h infusion of 120 mg of ara_C (70 mg/m2) is shown in 
Fig. 2A. PIasma pharmacokinetics of am-C and am-U for a patient who was 
treated with infusions of high doses of am-C (2.6 g/m’ - 2 h) are shown in 
Fig. 2B. 

At the end of infusions the concentration of ara_C in cerebrospinal fluid was 
found to be lo-15% of simuhaneous plasma concentrations_ 

The method described in this paper is rapid, sensitive and specific. In com- 
parison with the method of Bury and Keary 1361 our procedure requires no 
clean-up procedures before chromatography_ By using reversed-phase chroma- 
tography instead of cation-exchange chromatography, baseline separations of 
ara_C and am-U from plasma constituents are obtained_ The analysis is very 
rapid and results are obtained witbin 15 min. The assay can be run using as 
little as 100 PI of plasma, making it appropriate for chnical use even with pae- 
diatric patients. 

The method is sufficiently sensitive to monitor am-C and its metabolite at 
the low concentrations usuahy found in blood when conventional doses of 
ara-C are appIied to patients. PIasma levels of am-C can be monitored during 
intravenous infusion so that a proper infusion rate can be used for establish- 
ment of cytotoxic concentrations of ara_C for leukaemic cells. In addition, 
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Fig. 2_ Time course of plasma concentrations of am-C (0) and ara-U (0) during and after in- 
fusions of araC. A, Continuous 6-h infusion of 120 mg of ara-C (70 mg/m2), which was pre- 
ceded by an initial loading dose of 40 mg of ara-C (bolus injection)_ B, Continuous 2-h infu- 
sion of a high dose of araC (2.6 g/m’)_ Each point represents the mean value of three infu- 
sions performed at 12-h intervaia 

rapid monitoring of am-C in blood and cerebrospinal fluid is a valuable means 
for avoiding toxic concentrations during the infusion of high doses of am-C. 

Our assay has been in routine use for more than 1 year. It is simpler than the 
other methods available for the analysis of am-C in clinical samples and can be 
applied to research, pharmacokinetic studies and monitoring of therapy. 
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