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ABSTRACT 

A simple and fast high-performance hqmd chromatographrc assay for the determmation of 3’-azido-3’- 

deoxythymidme (AZT), 2’,3’-dideoxycytrdine (ddC), 3’-fluoro-3’-deoxythyrmdlne (FT) and 2’,3’-dideoxy- 

mosme (dd1) in complex biological matrices is described. The method allows rapid nucleoside determina- 

tton usmg a phenyl column within extra- as well as intracellular media wrthout further sample pretreatment 

and extraction procedures. The lower hmit of detection is ca 0 05 pg/ml for each nucleosrde, and the 

separation can easily be optmuzed for AZT, ddC, FT and dd1 by variation of the methanohc part of the 

mobile phase and the detector wavelengths 

INTRODUCTION 

3’-Azido-3’-deoxythymidine (AZT), 2’,3’-dideoxycytidine (ddC), 3’-fluoro-3’- 
deoxythymidme (FT) and 2’,3’-dideoxyinosine (dd1) are synthetic nucleosides 
that exhibit antiviral activity against the human immunodeficiency virus (HIV) 
[l-3]. To study the elimination kinetics of these nucleoside derivatives in small 
laboratory animals as well as in cellular systems, sensitive and specific analytical 
methods for concentration determination are required. 

For analysis of AZT in serum, an enzyme-linked immunosorbent assay as well 
as a time-resolved fluoroimmunoassay [4] has previously been described. Addi- 
tionally, high-performance liquid chromatographic (HPLC) methods for analysis 
of AZT in plasma, serum, urine and cerebrospinal fluid have been reported [5-91. 
For the determination of ddC concentrations in plasma and in urme, HPLC 
[lo-131 or gas chromatographic-mass spectrometric (GC-MS) [14] methods have 
been established. To our knowledge, no assay for the determination of FT has yet 
been reported. The assay reported by Kalin and Hill [l l] for analysis of ddC has 
also been applied for the measurement of ddl and 2’,3’-dideoxyadenosine (ddA) 
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concentrations in plasma from mice and cats. Except for this assay, most of the 
HPLC methods reported require extensive sample preparation procedures, in- 
cluding liquid-liquid or C1 s solid-phase extractions. 

The aim of our study was to develop a simplified and fast HPLC assay for 
determination of AZT, ddC and FT concentrations in extra- and intracellular 
matrices, as well as in semisynthetic media used in rat liver perfusion systems. 
With this method, we obtained a lower limit of detection of ca. 0.05 pg/ml for 
AZT, ddC, FT and dd1 m extracellular fluids. Except for ddl, all the nucleosides 
studied can also be quantified m intracellular media. 

EXPERIMENTAL 

Reagents and chemicals 
AZT, ddC and dd1 were obtained from Sigma (Deisenhofen, F.R.G.) and FT 

was a gift from Dr. Eckstem, Max-Planck-Institut fur Experimentelle Medizin, 
(Gottingen, F.R.G.) Methanol (LiChrosolv grade) and all other chermcals were 
obtained from Merck (Darmstadt, F.R.G.) at the highest purity available. 

Apparatus and HPLC conditions 
The HPLC system consisted of a Merck/Hitachi L-6200 intelligent pump 

(Merck, Darmstadt, F.R.G.) coupled to a six-port injector (Rheodyne, Cotati, 
CA, U.S.A.), a Phenyl Hypersil NC-04 column, particle size 5 pm, 250 mm x 4 
mm I.D. (Bischoff, Leonberg, F.R.G.), and a Merck/Hitachi 655 A variable- 
wavelength UV monitor (Merck) equipped with a 2.2~~1 flow-cell and operated at 
271 nm (ddC), 250 nm (dd1) or 267 nm (AZT, FT) A Merck/Hitachi D-2000 
chromate-integrator was used for printing the chromatograms and for data cal- 
culation. The mobile phase for separation of either extra- or intracellular media 
was sodium acetate solution (1 4 g/l) with 25% (AZT), 3% (ddC), 10% (FT) and 
15% (dd1) methanol, and was adjusted to pH 6.55. For human plasma samples, 
best separation results could be obtained using a methanol concentration of 20% 
(AZT) and 3% (FT). The flow-rate was 1 .O ml/min and the column temperature 
was ambient 

Sample treatment 
Rat hepatocyte incubation samples. The incubation buffer was MEM Eagle’s 

Medium pH 7.6 (Sigma, Deisenhofen, F.R.G.). At the end of incubation, the cells 
were immediately separated from the medium by centrifugation (15 s; 17 000 g) 
through an oil layer (silicone oil AR 200, Wacker Chemie, Munich, F R.G.). A 
50-~1 aliquot of the cell-free supernatant (extracellular sample) was directly in- 
jected onto the HPLC column. 

The cellular pellet (9 ,ul) was suspended in 100 ~1 of 0.1 n/r phosphate buffer 
(pH 7.4) in methanol (1: 1, v/v). Cell lysis was performed by freezing and thawing 
three times, using liquid mtrogen. The lysate was centrifuged for 5 min at 17 000 g 
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and a 25-~1 aliquot of the supernatant (mtracellular sample) was injected onto the 
HPLC column. 

Rat liverperfusion samples. The semisynthetic perfusion medium (pH 7.4) con- 
sisted of bovine erythrocytes (hematocrit 0.33), 15 mg/ml bovine serum albumin 
and 1 mg/ml glucose in Krebs-Ringer bicarbonate buffer. Samples were prepared 
by centrlfugation at 17 000 g for 5 min, and 50-~1 ahquots of the supernatant were 
injected onto the HPLC column. 

Human plasma samples. A l-ml volume of plasma was diluted with 1 ml of 
saturated ammonium sulphate solution for protein precipitation. After vortex- 
mixing for 30 s, the samples were centrifuged (2 min; 3000 g) and 50-~1 aliquots of 
the supernatant were injected onto the HPLC column. 

Calibration curves, precision and recovery studies 
For calibration, standard solutions spiked with concentrations ranging be- 

tween 0.247 and 2.67 pg/ml (AZT), 0.211 and 1 69 pg/ml (ddC), and 0.49 and 1 96 
pg/ml (FT) were prepared from blank perfusion medium. The coefficient of corre- 
lation and the regression equations were calculated using least-squares linear 
regression analysis by correlating the peak height @V) against the corresponding 
spiked concentrations @g/ml)_ The intra- and inter-day precisions of the assay 
were estimated by measuring spiked standards with 1.068 pg/ml (AZT), 0.844 
pg/ml (ddC) and 0.98 jig/ml (FT) of each nucleoside at day one (n = 10) and on 
the six (AZT), five (ddC) and ten (FT) followmg days. The recovery of drug after 
plasma protein precipitation was determined by comparing aqueous standard 
solutions (AZT, 5.34 pg/ml; ddC, 4.22 pg/ml; FT, 4.90 pg/ml; ddI, 4.72 pg/ml) 
with human plasma samples spiked with the same concentrations. A l-ml volume 
of each standard was diluted with 1 ml of water, and aliquots of 50 ,~l were 
injected. The plasma samples were assayed as described above, and the recovery 
was calculated from the peak-height ratios (plasma sample to standard solution). 
Arithmetic means and standard deviations were calculated from ten samples for 
each drug. 

Application of the method 
The assay was used to determine concentrations of AZT, ddC and FT in intra- 

and extracellular medium of isolated rat hepatocytes after incubation and during 
isolated rat liver perfusions, an experimental model suitable for the evaluation of 
pharmacokinetic parameters. 

RESULTS AND DISCUSSION 

The evaluation of the elimmation kinetics and of the metabolic fate of AZT, 
ddC, FT and ddl requires a sensitive and specific assay that permits analysis 
within complex intracellular matrices. Additionally, in view of a large number of 
samples usually needed for kinetic studies it is desirable to have an assay without 
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time-consuming sample pretreatment. The reported HPLC methods are very sen- 
sitive and specific for determination of AZT or ddC concentrations in human 
samples, but most of them require liquid-liquid or solid-phase extraction pre- 
treatment. In addition, in our experience, HPLC separation on commonly used 
Cl8 analytical columns was not successful for determination of nucleoside con- 
centrations in intracellular media because of interferences. Therefore, we per- 
formed extra- as well as intracellular analysis by using a phenyl column. Under 
these conditions, the separation was free from interferences from sample compo- 
nents for all the investigated nucleosides except dd1, which could be analysed in 
extracellular medium and in human plasma samples. However, when intracellular 
medium was used an interfering peak was still present Although no purification 
step is performed prior to injection, we have observed no decrease in the column 
life m the course of up to several hundred injections. 

Fig 1 shows chromatograms of perfusion medium (I) spiked with 0.54 pg/ml 
AZT (A), 0.42 pg/ml ddC (B) or 0.49 pug/ml FT (C), or without drug (II). No 
interferences with the nucleoside peaks occurred. The lower limit of detection at a 
signal-to-noise ratio of 3:l was ca. 0.05 pg/ml of sample volume. The calibration 
curves were linear over the concentration ranges studied. The least-squares linear 
regression line has a slope of 6286.1 (AZT), 4445.2 (ddC) and 2509.1 (FT) and an 
y-intercept (were y = peak height, pV; x = concentration, pg/ml) of 197.5 
(AZT), 111.6 (ddC) and 66.1 (FT). The coefficient of correlation was r = 0.9996 
(AZT), r = 0.9991 (ddC) and I = 0.9996 (FT). The recovery (mean f SD.; n = 
10) of the plasma protein precipitation procedure was 82.5 f 0 7% (AZT), 102.2 
f 3.9% (ddC), 97.9 f 0.9% (FT) and 98.4 & 6% (ddl). 

II 

Fig 1 Chromatograms of perfuslon mednun (r) spiked with 0 54 pg/ml AZT (A), 0.42 pg/ml ddC (B) or 

0 49 pg/ml FT (C); (II) the correspondmg blank chromatograms 
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INTRA- AND INTER-DAY PRECISIONS FOR AZT, ddC AND FT 

Precision n Spiked Found 

concentration concentration 

@g/ml) (mean f S D.) &g/ml) 

AZ?- 

Intra-day 

Inter-day 

ddC 

Intra-day 

Inter-day 

FT 

Intra-day 

Inter-day 

10 1.068 

6 1.068 

10 0 844 

5 0 844 

10 0 980 0.989 f 0 047 75 

10 0.980 0.950 f 0 027 28 

1 044 i 0 053 5.1 

1 020 + 0 040 3.9 

0 740 * 0 063 49 

0 770 f 0 047 61 

The mean concentrations, standard deviations and coefficients of variation for 
intra- and inter-day precision are listed in Table I. 

This method was used to determine AZT, ddC and FT concentrations in extra- 
and intracellular media during isolated hepatocyte Incubation and isolated rat 
liver perfusion. As an example, Fig. 2 shows an intracellular concentration WYSUS 
time curve obtained in incubations of isolated rat hepatocytes at 21.2 pg/ml ddC. 
Chromatograms (A) before and (B) after 15-min incubation at lower concentra- 
tions of ddC (6.12 pg/ml) are depicted in Fig. 3. The ddC concentration calculat- 
ed from chromatogram B was 0.173 pg/ml. HPLC determination of intracellular 
AZT and FT (chromatograms not shown) yielded similar separation results. 

The lower limit of detection of dd1 in human plasma is cu. 0.025 pg/ml. In 
comparison, Kalin and Hill [l l] observed a limit of detection of 0.2 pg/ml using 
an analytical Cl8 column. 

Incubation time [mm] 

Fig 2. Intracellular ddC concentration YWSUS time curve obtained from Isolated rat hepatocyte incubation 

with 21.2 pg/ml ddC 
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ddC 

‘I 

Fig 3. Chromatograms of mtracellular medium samples wlthdrawn before (left) and 15 mm after (nght) 

starting an mcubatlon with 6 12 pg/ml ddC The ddC concentration value, calculated from this chroma- 

togram, was 0.173 fig/ml 

In Fig. 4, chromatograms of human plasma (I) without and (II) spiked with 
0.081 pg/ml AZT, 0.106 pg/ml ddC, 0.123 pg/ml FT and 0.078 pug/ml dd1 are 
shown. 

Compared with the HPLC assays reported, our method offers the advantage 
of rapid nucleoside determination in complex biological matrices, e.g. m mtracel- 

ddC 

I 

k II 
II 

AZT 
J 

FT 

I 

Fig. 4. Chromatograms of human plasma samples (I) wlthout and (II) spiked with 0 106 @ml ddC 0 127 

pg/rnl FT, 0 081 pg/ml AZT and 0.078 @g/ml ddI 
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lular medium, without further sample pretreatment, and the limit of detection is 
cu. ten-fold lower than reported for ddC in a comparable assay without extrac- 
tion procedures [ 111. The assay is suitable for sensitive measurement of numerous 
nucleosides and can easily be optimized for the determination of AZT, ddC and 
FT by variation of the methanolic component of the mobile phase and the detec- 
tor wavelengths. AZT, ddC, FT and dd1 concentrations in spiked human plasma 
samples can be determined after precipitation of proteins with ammonium sul- 
phate. This method could be applied for the analysis of four different nucleosides, 
and therefore might be suitable for rapid and specific determination of other 
nucleosides. 
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