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2’,3’-Dideoxycytidine (ddCyd) is the most active of a series of 2’,3’- 
dideoxynucleosides against the infectivity and cytopathic effect of the etiologic 
agent of acquired immune deficiency syndrome (AIDS), the HIV retrovirus 
[ 1-3 1. Very recently, in the first phase 1 study, ddCyd has confirmed in vivo 
its potential applicability in HIV infections [4], but its half-life (tllz) was 
calculated to be 1.2 h with most of the drug eliminated by renal clearance. 
Similar data were also found in mice and monkeys [ 51 where a more accurate 
pharmacokinetic study has provided evidence for a biphasic elimination curve 
with the a-phase tljz of only 11 min. This rapid elimination and the fact that 
at high concentrations ddCyd has toxic effects [ 41 make the monitoring of this 
drug a necessity when clinical trials are performed. In this paper we present a 
reversed-phase high-performance liquid chromatographic (HPLC ) method 
that permits the determination of ddCyd and its possible deamination product 
in only 20 min. Human plasma or whole blood samples can be used indiffer- 
ently since the method also permits the simultaneous separation of the nu- 
cleotides most commonly present in blood samples. 
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EXPERIMENTAL 

Materials 
Nucleotide standards of the highest grade available were purchased from 

Sigma (St. Louis, MO, U.S.A.). 2’,3’ -Dideoxycytidine was obtained from Fluka 
(Buchs, Switzerland) and 2’ ,3’ -dideoxyuridine was from Aldrich (Milan, 
Italy ) . 

Analytical-grade KH2P04 was obtained from Merck (Darmstadt, F.R.G.), 
HPLC-grade methanol was from Fluka, and double-distilled water was pre- 
pared in the laboratory. CentriconTM 30 and CF 50A Amicon membranes were 
purchased from Amicon (Danvers, MA, U.S.A.) and 0.22 pm-filters were from 
Millipore (Bedford, MA, U.S.A. ). 

Extractions 
Perchloric acid (PCA) extracts and alkaline extracts were obtained follow- 

ing the methods previously described [ 61. Samples of human plasma were also 
ultrafiltered by using the Amicon Centricon 30 microconcentrators by centrif- 
ugation at 2000 g in a refrigerated Beckman GPR centrifuge for 30 min. In this 
case a 50-~1 aliquot of the ultrafiltrate was used for HPLC analysis. 

Chromatographic apparatus and conditions 
The HPLC system used was from Varian (Palo Alto, CA, U.S.A. ) and con- 

sisted of two Model 2010 pumps, a Model 2020 solvent programmer and a Model 
2050 variable-wavelength detector. Integration of peak areas was obtained by 
means of an HP 3390A electronic integrator (Hewlett-Packard, Avondale, PA, 
U.S.A.). A 5pm Supelcosil LC-18 column (250 mmx 4.6 mm I.D., Supelco, 
Bellefonte, PA, U.S.A. ) protected by a guard column (Pelliguard LC-18, 20 
mmx4.6 mm I.D., pellicular packing material, 40-pm particles) was used 
throughout these studies. The mobile phase used for the separation of ddCyd 
and the other nucleotides commonly present in blood samples consisted of two 
eluents: a 0.1 M KH2P04 solution (pH 6.0) (buffer A) and a 0.1 M KH2P04 
solution (pH 6.0) containing 10% (v/v) of methanol (buffer B). All buffer 
solutions, as well as standards and sample solutions, were filtered through a 
0.22-pm membrane filter (Millipore). 

The elution conditions used to obtain the chromatograms were: 1 min 100% 
buffer A, 4 min up to 10% buffer B, 4 min up to 40% buffer B, 3 min up to 100% 
buffer B and hold for 6 min. The gradient was then returned to 100% buffer A 
in 1 min and the initial conditions restored in 5 min. The flow-rate was 1.3 ml/ 
min and the detection wavelength was 272 nm. The analyses were performed 
at room temperature. 

Quantitative measurements were carried out by injection of standard solu- 
tions of known concentration. The molar absorption value used for standard 
calibration of ddCyd at 272 nm was 9.1. 
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Kinetics of ddCyd influx into erythrocytes 
Assays of ddCyd influx into erythrocytes was performed at 20°C in 1.5-ml 

polypropylene microcentrifuge tubes, using ‘oil-stop’ methodology essentially 
as described by Zimmerman et al. [ 71, except that unlabelled ddCyd was used 
and determined by HPLC after PCA extraction of the red blood cell pellet. 

RESULTS 

HPLC analysis 
Fig. 1A shows the separation of the most important compounds present in a 

PCA extract of human blood (ATP, ADP, AMP, NADP+ and NAD+ ) to- 
gether with ddCyd. ddCyd is completely separated from interfering com- 
pounds, and the gradient used does not cause a significant baseline drift. It 
should be pointed out that no ddCyd deamination occurred in plasma, even 
after incubation for 30 min at 37°C (not shown), in agreement with other 
results [ 51. 

Extraction 
Different extraction procedures were tried to find a method that is simple 

and rapid and provides quantitative recovery of ddCyd. Both the PCA extrac- 
tion procedure and the alkaline extraction provide recoveries ranging from 85 
to 88% for human blood samples. Significantly lower recovery was observed if 
the blood samples were not diluted as we have previously suggested, because 
of non-specific entrapment of the drug and other blood nucleotides in the pro- 
tein precipitate and in the precipitate after neutralization. 

We have found plasma ultrafiltration to be a suitable alternative procedure 
to the PCA and alkaline extractions: 0.5 ml of plasma can be used and recov- 
eries are usually complete (Fig. 1B and C). The only serious drawback of this 
method is that it measures only the plasma ddCyd concentration and not the 
blood ddCyd concentration. In fact, as shown below, equilibrium is reached 
between the intra- and extracellular ddCyd in vitro after ca. 30 min, but in vivo 
this time seems to be too long to be useful because as stated above, the a-tl,2 

of ddCyd elimination is in the order of 11 min. 

Kinetics of ddCyd influx into erythrocytes 
Preliminary experiments on the determination of ddCyd in plasma obtained 

from blood samples to which the drug was added showed that the concentra- 
tions found were always higher than expected on the basis of a rapid equilib- 
rium between plasma and erythrocytes (not shown). To understand better this 
unusual property of a nucleotide, we performed kinetic studies of ddCyd influx 
into erythrocytes (not shown). Equilibrium is reached after 30 min at room 
temperature. 
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Fig. 1. Reversed-phase HPLC determination on a 5-pm Supelcosil LC-18 column (250 mm x 4.6 
mm 1.0) of ddCyd added to a normal human blood sample and to human plasma. (A) ddCyd ( 120 
nmol) was added to 1 ml of human blood, which was then extracted by the PCA procedure as 
described in Experimental. (B) Ultrafiltrate of human plasma. (C) Ultrafiltrate of human plasma 
to which 50 nmol/ml ddCyd and 2’,3’-dideoxyuridine were added. The chromatographic condi- 
tions were as described in Experimentak the detection wavelength was 272 nm. In each case 50 ,ul 
of extract or ultrafiltrate were used for the HPLC analysis. Peaks: 1= ATP; Z=ADP; 
3 = hypoxanthine (when present, the retention time is Bmin); 4= AMP; 5 = NADP+; 6 = NAD+ 
7 = ddCyd; 8 = 2’ ,3’ -dideoxyuridine, 

Reproducibility, stability and sensitivity 
Reproducibility was tested by preparing four separate extracts from the same 

blood sample. A coefficient of variation of 1% was found for ddCyd when the 
plasma ultrafiltration procedure was used and 2% for the PCA and alkaline 
extracts. ddCyd in blood is stable for several hours, both at room temperature 
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CONCLUSION 

The method described in this paper, based on PCA or alkaline extractions 
and reversed-phase HPLC, allows the simultaneous and accurate determina- 
tion of ddCyd and 2’ ,3’ dideoxyuridine in human blood samples. The short 
analysis time and the absence of interferences make it useful for the study of 
the pharmacokinetics of this virustatic drug and for the monitoring of patients 
under treatment. Finally, the method can be used to determine ddCyd in plasma 
ultrafiltrates and also in other biological fluids. 
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