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ABSTRACT

The concentration of 1-/3-D-arabinofuranosylcytosine 5'-tri-

phosphate was determined in leukemic cells from 5 patients with
acute nonlymphoblastic leukemia during treatment with 1-0-D-

arabinofuranosylcytosine (50 mg/sq m every 12 h). The drug
was administered both s.c. and i.v. (bolus injection) to all patients.
After various periods of time, venous blood samples were col
lected and leukemic cells were isolated by density gradient
centrifugation. The intracellular concentration of 1-0-o-arabino-
furanosylcytosine 5'-triphosphate was assayed by high-perform

ance liquid chromatography. The peak concentration of 1-0-D-
arabinofuranosylcytosine 5'-triphosphate was significantly

higher after s.c. injection than after i.v. injection (P < 0.05). The
area under the concentration versus time curve was twice as
large after s.c. injection as it was after i.v. injection (P < 0.01).
The results are consistent with clinical findings indicating that
the therapeutic effect of 1-0-o-arabinofuranosylcytosine is better

when it is administered s.c. than when given as i.v. bolus
injections.

INTRODUCTION

ara-C3 is one of the most important antileukemic drugs. When

given alone, it produces complete remission in about 45% of
patients with acute nonlymphoblastic leukemia (3); when admin
istered in combination with an anthracycline it gives remission
rates of more than 80% (2).

ara-C itself has no cytotoxic effect; it has to be phosphorylated

to be active. This phosphorylation takes place intracellularly in
the presence of a series of kinases. It is believed that ara-CTP

exerts its cytotoxic effects by inhibition of DNA polymerase in
competition with dCTP and/or by incorporation into DNA (4).

In earlier studies of the plasma pharmacokinetics of ara-C after
s.c. injection, radioactively labeled drug was used and ara-C was
not separated from its major inactive metabolite, 1-/3-D-arabino-
furanosyluracil (1). Recently, Slevin ef al. (12) used a radioim-
munoassay for the determination of ara-C and compared the

plasma pharmacokinetics after i.v. and s.c. injection. The peak
plasma concentration of ara-C was much higher after i.v. injec

tion, but within 1 h after the injection, the concentration was
higher after s.c. injection. The plasma AUC was similar after s.c.
and i.v. administration. Recently, in a randomized study of the
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effects of ara-C administered s.c. or i.v. (bolus injection) for

maintenance of remission in acute nonlymphoblastic leukemia,
Rai ef al. (11) found that the duration of remission was signifi
cantly longer when ara-C was administered s.c.

Plunkett ef al. (9) have shown that there is a strong correlation
between the concentration of ara-CTP in the leukemic cells and
the clinical effects of ara-C in patients with acute leukemia treated
with high doses of ara-C. Therefore, we have compared the
intracellular pharmacokinetics of ara-CTP after s.c. and i.v. bolus
injections of ara-C in patients with acute leukemia.

MATERIALS AND METHODS

Patients. Two males and 2 females (60 to 77 years old) with acute
myeloblastic leukemia and a 78-year-old female with chronic myeloge-

nous leukemia in blast crisis were treated with Cytosar, 50 mg/sq m
every 12 h. Each patient was treated both s.c. and i.v. (bolus injection)
and thus served as his or her own control. Two patients received ara-C

first i.v. and then s.c. and the other 3 were treated wee versa. All patients
received other anticancer drugs, but not simultaneously with the phar-
macokinetic studies on ara-C.

Blood Collection and Sample Preparation. Peripheral venous blood
was collected from a Venflon catheter (used for blood sampling only)
before the injection and at 15 and 30 min and at 1, 2, 4, and 6 h after
the injection. Additional samples were collected from some patients. Five
to 20 ml of blood (depending on the number of WBC) were collected in
heparinized tubes, and the tubes were immediately put on ice. Leukemic
cells were isolated by centrifugation on Lymphoprep (Nyegaard and Co.,
Oslo, Norway) as described previously (7). After isolation and washing,
the cells were resuspended Â¡nice-cold, phosphate-buffered (pH 7.4)

saline (approximately the same volume as that of the cell pellet). The
nucleotides were immediately extracted by the addition of ice-cold 0.8 M

perchloric acid (same volume as that of the cell suspension) and the
samples were left for 5 min. After centrifugation, the supernatant was
collected and neutralized by the addition of 1.2 M KOH-0.5 M NH4H2PO4

(same volume as that of the perchloric acid). The extraction was repeated
once. The pooled supematants were then centrifuged to remove precip
itated KCIOÂ«and stored at -20 Â°Cuntil assayed. The pellets were also
stored at -20Â°C, and the protein content was later determined by the

assay of Lowry ef al., using bovine serum albumin as standard (6).
ara-CTP assay. The ara-CTP concentrations were determined by

high-performance liquid chromatography, essentially as described by
Plunkett et al. (10). In brief, 50- to 2.00-Ml aliquots of the nucleotide
extracts were injected into a Hewlett-Packard 1084B liquid Chromato
graph (Hewlett-Packard Co., Palo Alto, CA) equipped with a Partisil-10
SAX anion-exchange column (4.6 mm x 25 cm; Whatman Laboratory
Products Inc., Clifton, NJ). ara-CTP was quantitated by measuring its

absorbance at 280 nm, using a Beckman 160 UV detector (Beckman
Instruments Inc., Berkeley, CA). As mobile phase, NH<H2PO4was used
at 2 concentrations in a gradient .system (0.005 M, pH 2.8; 0.75 M, pH
3.7). During the initial 16 min, an teocratic flow (3.0 ml/min) was used
with 32% of the stronger buffer, and thereafter, a linear gradient from 32
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to 100% of the stronger buffer was run for 13 min. The concentrations
of ara-CTP were determined by comparing the peak heights of the

samples with those of standard mixtures. The ADC was calculated by
the trapezoid method.

Statistical Methods. The significance of the differences in intracellular
ara-CTP concentration following s.c. and i.v. injections was evaluated by
Student's f test for paired observations.

RESULTS

ara-CTP was detectable in leukemic cells for up to 10 h after

both s.c. and i.v. injection, the detection limit being about 15
pmol/mg cell protein. The half-life of Â¡ntracellularara-CTP could
be measured with acceptable accuracy (i2 > 0.90 for the elimi

nation curve) in all patients after s.c. injection and in 4 of 5
patients after i.v. injection.

Typical curves showing the intracellular concentration of ara-
CTP after s.c. and i.v. injections of ara-C are shown in Chart 1.

The peak concentration was higher after s.c. injection. This was
seen in all 5 patients (P < 0.05) (Table 1). However, the peak
concentration of ara-CTP was reached later after s.c. than after

i.v. injection (means, 90 and 40 min, respectively). As seen in
Table 2, the AUC was also larger (P < 0.01) after s.c. injection,
the mean difference being 107%. However, the half-lives of
intracellular ara-CTP after s.c. and i.v. injection did not differ

significantly (Table 3).

5 10
TlME(hr)

Chart 1. Concentrations of ara-CTP in the leukemic cells after treatment of
Patient V. M. with ara-C administered s.c. and i.v.

Table 1
Comparisonof peak concentrations of ara-CTPin the leukemic cells after i.v. and

s.c. administration of ara-C

Peakconcentration (pmol/mg cell pro
tein)

PatientK.

E.
V.M.
A. T.
1.0.F.K.i.V.497

497
405
537
318S.C.657

1004
575
592
572%

difference32

102
42
10
80

Table 2
Comparisonof intracellular ara-CTPlevels after i.v. and s.c. administrationof

ara-C

AUC(pmol x h/mg cell protein)

PatientK.

E.V.M.A.

T.I.
0.F.K.Meani.V.753194411307635281024P<0.01s.c.152036232370146012662048%

difference1029410991140107

Table 3
Half-livesand correlation coefficients for intracellular ara-CTPin the leukemic

cells
Half-life(min) Correlationcoefficient

PatientK.

E.V.
M.A.
T.LO,Means.c.4896966576i.V.4997774066s.c.-0.99-0.99-0.99-0.99i.V.-0.99-0.95-0.99-0.99

Mean 451 680 53
P < 0.05

DISCUSSION

Earlier plasma pharmacokinetic studies on ara-C have shown
differences between s.c. and i.v. bolus injections. The somewhat
longer retention of ara-C in plasma after s.c. injection gives some

indication that s.c. injection might be a more efficient way of
administration as compared to i.v. bolus.

The present results, which show the concentration of the
active metabolite of the drug in the target cells, fully explain the
improved therapeutic results after s.c. injection of ara-C. Not
only was the AUC for ara-CTP larger, but the peak concentration

was also higher after s.c. injection.
The intracellular phosphorylation of ara-C is believed to be rate

limiting for the formation of ara-CTP. In fact, the deoxycytidine
kinase can be saturated at concentrations of ara-C that can be
reached after i.v. injection of ara-C in the doses used in this
study (5). From the plasma pharmacokinetic studies on ara-C, it
is apparent that the very high concentrations reached during the
first 15 minutes after an i.v. injection make an important contri
bution to the AUC for ara-C in plasma. It is possible that the

leukemic cells do not have the capacity to phosphorylate such a
large amount of ara-C and, thus, most of it is deaminated in the

liver and excreted in the urine. On the other hand, after s.c.
administration, ara-C remains in plasma for several h. Since
diffusion of ara-C across the cell membrane is a very rapid

process, the intracellular kinases are thereby provided with sub
strate for a longer time than when the drug is given by i.v.
injection.

The present data indicate that the relationship between the
plasma pharmacokinetics of ara-C and the pharmacokinetics of

its active metabolite in the leukemic cells might not be a simple
one. Previously, we have found that the plasma concentrations
of anthracyclines cannot be used to predict the drug concentra
tions in the leukemic cells (8). Therefore, when studying antican-
cer drugs we believe that it is an advantage to study the
pharmacokinetics in the target cells, when possible. This is of
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particular importance when studying drugs which must be me
tabolized intracellulariy before they exert their cytotoxic effects.
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