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Abstract 

Sensitive and specific radioimmunoassays (RIAs) have been developed and validated for the determination of 
stavudine, a nucleoside analog possessing anti-human immunodeficiency virus (HIV) activity, in human plasma and 
urine. The hemisuccinate of stavudine was conjugated with histamine and radioiodinated to yield the radiotracer. 
Antisera were produced by injecting the immunogen, stavudine-hemisuccinate-bovine thyroglobulin, into rabbits. The 
antisera exhibited high specificity for stavudine as the structurally related analogs and other anti-HIV agents did not 
interfere in the assays. The methods could reliably quantitate stavudine in plasma from 2.5-100 ng ml - i and in urine 
from 5.0-1000 ng m l -  1 (after 2.5-fold dilution) with good accuracy and precision. The lower limits of quantitation 
were 2.5 ng m l -  ] in human plasma and 5.0 ng ml - ~ in urine (after 2.5-fold dilution). The RIA methods were applied 
to the analysis of stavudine in plasma and urine obtained from HIV-infected patients receiving the drug in clinical 
trials. 

Keywords: Antiretroviral agent; Clinical trials; Drug analysis; Pharmacokinetic studies; Radioimmunoassay; 
Stavudine 

1. Introduction 

Stavudine, 2',3'-didehydro-3'-deoxythymidine, 
d4T, (Zerit ®, Bristol-Myers Squibb, Princeton, 
N J) is a new nucleoside analog that has been 
approved for the treatment of adults with ad- 

* Corresponding author. Bristol-Myers Squibb Pharmaceu- 
tical Research Institute, PO Box 4000, Princeton, NJ 08543- 
4000, USA. Tel.: (+  1)609 252 5124; Fax: (+  1)609 252 3028. 

vanced human immunodeficiency virus (HIV) in- 
fection [1]. In its clinical development, a dose as 
low as 0.033-0.67 mg kg- I  given three times 
daily (0.1-2.0 mg kg - i  day-])  was evaluated in 
HIV-infected adults [2]. The safety, efficacy, and 
pharmacokinetics of stavudine were also evalu- 
ated in pediatric patients with H1V infection [3]. 
In these trials, low stavudine concentrations and 
limited biological sample volumes for assay were 
anticipated. The HPLC/UV assay methods for 
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Fig. 1. Scheme for the synthesis of the immunogen and the radioligand in the stavudine RIA. 

stavudine [4], which required a 0.5 ml sample, 
had a lower limit of quantitation (LLQ) of 25 
ng m1-1 in plasma and 100 ng ml-1 in urine 
and were, therefore, considered inadequate for 
providing meaningful pharmacokinetic profiles 
at low doses in adult and pediatric patients, 
Consequently, development of sensitive, specific, 
and reproducible radioimmunoassays (RIAs) 
for stavudine in human plasma and urine was 
pursued in order to assess the pharmacokinetics 
of stavudine in adults and children with HIV 
infection. 

2. Experimental 

2.1. Materials 

Stavudine was a product of Bristol-Myers 
Squibb Pharmaceutical Research Institute 
(Princeton, N J). All other compounds used in 
this study were readily obtained from commer- 
cial sources. 

2.2. Preparation of the immunogen 

Stavudine (224 mg, 1 mmol), succinic anhydride 
(400 mg, 4 mmol), and triethylamine (270 ~tl, 2 
mmol) were allowed to react in 10 ml of dry 
dimethylformamide, DMF, for 2 h at 60°C under 
nitrogen. The solvent was evaporated under re- 
duced pressure. The residue was dissolved in the 
mobile phase consisting of chloroform- 
methanol-acetic acid in water (50:10:0.25, v/v/v) 
and subjected to chromatography on silica gel to 
yield 255 mg (79% yield) of I (Fig. 1) as a white 
solid. A 10 mg (0.031 mmol) sample of I was 
dissolved in 0.25 ml of dry DMF and cooled on 
ice. N-hydroxysuccinimide (12 mg, 0.11 mmol) 
and 1-ethyl-3-(3-dimethylaminopropyl) carbodi- 
imide (20 mg, 0.11 mmol) were added and stirred 
for 3 h under nitrogen. The resulting solution was 
added dropwise to an ice-cold solution of thy- 
roglobulin (20 mg, 0.3/tmol) dissolved in 10 ml of 
0.1 M sodium bicarbonate buffer, pH 8.3. The 
solution was stirred overnight, then dialyzed ex- 
tensively over 36 h against three changes of buffer 
(50 mM phosphate buffer, pH 7.4, containing 150 
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mM NaC1) to yield the immunogen (II, Fig. 1). 
The extent of conjugation of stavudine to thy- 
roglobulin was estimated from UV spectral stud- 
ies to be 50:1. 

2.3. Preparation of  the radiotracer 

N-hydroxysuccinimide (40 mg, 0.35 mmol) and 
1-ethyl-3-(3-dimethylaminopropyl) carbodiimide 
(67 mg, 0.35 mmol) were added to an ice-cold 
solution of I (50 mg, 0.15 mmol, in 1 ml of dry 
DMF) and the reaction mixture stirred under 
nitrogen for 3 h. After this time, a solution of 
histamine (39 mg, 0.35 mmol) and triethylamine 
(20 /tl) dissolved in 0.5 ml of dry DMF was 
added. After overnight stirring at room tempera- 
ture, the solvent was evaporated under reduced 
pressure. The residue was subjected to chromatog- 
raphy on silica gel, eluting with a stepwise gradi- 
ent of chloroform-methanol-acetic acid in water, 
starting at 40:10:0.5, v/v/v, and ending at 
30:10:0.5, v/v/v. The resulting white solid was 
dissolved in acetone, filtered to remove any insol- 
uble material (silica gel), and the filtrate evapo- 
rated under reduced pressure to afford 40 mg 
(62% yield) of III (Fig. 1) as a white solid. A 
solution of III (50/zg, 0.15 mmol) in 0.2 M citrate 
buffer (10 /~1, pH 5.0) was treated at ambient 
temperature with Na125I (5 /zl, 5 mCi). The ra- 
dioiodination was initiated by the addition of a 
citrate buffer solution (0.25 M, pH 5.0) of chlo- 
ramine-T (20 /11, 0.14 /zmol). After 30 s, the 
reaction was quenched by addition of a citrated 
buffer solution (0.2 M, pH 5.0) of sodium 
metabisulfite (20 /tl, 0.32 /~mol). The reaction 
solution was diluted with 100/~1 of mobile phase 
and the radiotracer (IV, Fig. 1) was isolated by 
HPLC (Zorbax Rx C8, 4.6 mm x 250 mm; 50 
mM potassium phosphate pH 7.4-methanol, 
68:32; 1 ml min 1; radiotelemetric detection). The 
radiochemical yield was 53%. 

2.4. Production of antisera 

New Zealand white rabbits were purchased by, 
and housed at, the Laboratory Animal Center, 
Bristol-Myers Squibb Pharmaceutical Research 
Institute, Princeton, NJ. The rabbits were initially 

injected by the subcutaneous route with the im- 
munogen solution that was emulsified with an 
equal volume of Freund's complete adjuvant in 
doses ranging from 50-200/lg per injection. Two 
to three booster injections of the same doses with 
an equal volume of Freund's incomplete adjuvent 
were given every 4 weeks. The rabbits were bled in 
10-14 day intervals after each booster injection. 
The antisera were selected on the basis of maxi- 
mum binding, titer, sensitivity, and specificity. 

2.5. Preparation of the separant 

The separant for the plasma RIA was prepared 
immediately before use by adding 1 ml of 0.45/zm 
membrane-filtered goat anti-rabbit gamma globu- 
lin (GARG) to 80 ml of polyethylene glycol 8000 
(PEG) and 0.1% sodium azide. Pansorbin ® cell 
suspension was used as a separant in the urine 
RIA. 

2.6. Preparation of assay solutions 

Stavudine stock solution (1 mg ml l), 
stavudine calibration standards (2.5-1000 and 5-  
1000 ng ml 1 for plasma and urine assays respec- 
tively) and rabbit antisera (1.25% v/v) were 
prepared in, or diluted with, 0.05 M potassium 
phosphate buffer, pH 6.8, containing EDTA (1 
mg ml-l) ,  sodium azide (1 mg ml-1), sodium 
chloride (9 mg ml l), and bovine serum albumin 
(BSA) fraction V (2 mg ml-1). The calibration 
standards were aliquoted into vials, capped, and 
stored at - 7 0 ° C  until use. The radiotracer was 
diluted (to 3/~Ci ml-1) with 0.2 M citrate-phos- 
phate buffer, pH 5.2, containing EDTA (1 mg 
ml-l) ,  sodium azide (1 mg ml-l) ,  BSA (2 mg 
ml-1), and 8-anilino-l-naphthalene sulfonic acid 
(0.16 mg ml l). The diluted radiotracer solution 
was stable for at least 6 weeks at 4°C. 

2. 7. Plasma RIA procedure 

The experimental design consisted of two total 
count (TC) tubes, two non-specific binding (NSB) 
tubes, two zero-binding tubes (Bo), two tubes for 
each concentration of plasma standard (0, 2.5, 5, 
10, 25, 50 and 100 ng ml-  1), three tubes for each 
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concentration of plasma quality control sample 
(5, 50 and 80 ng ml - l ) ,  and one tube of test 
plasma sample. 10 pl portions of the appropriate 
samples were added to each of the tubes, followed 
by the addition of either 10 pl of blank plasma (to 
buffer standards) or 10 p l of buffer (to test and 
quality control samples). An additional 75 /~1 of 
blank plasma was added to all except the TC 
tubes. Then, 100 /~1 of antibody solution was 
added to all but the TC and NSB tubes. The tubes 
were covered with plastic wrap, vortexed for 30 s, 
and incubated overnight at 4°C. The next day, 
200 pl of ~25I-histamine-stavudine conjugate was 
added. After incubation for 4 h at 4°C, 1 ml of 
cold freshly prepared P E G - G A R G  separant was 
added to all except the TC tubes. The tubes were 
vortexed for 30 s and incubated for 10 min at 4°C. 
The samples were centrifuged at 3000 rev min-1 
for 15 min at 4°C to separate bound from free 
antigen. The liquid was drained for at least 10 
min and the tubes containing the pellets were 
counted in a gamma counter for 5 min in the 125I 
window. 

2.8. Urine R I A  procedure 

The experimental design consisted of two TC 
tubes, two NSB tubes, two zero-binding tubes, 
two tubes for each concentration of urine stan- 
dard (0, 5, 10, 25, 50, 100, 250, 500 and 1000 ng 
ml-~), three tubes for each concentration of 
plasma quality control sample (75, 200 and 500 ng 
m l -  i), and one tube of urine test sample. Appro- 
priate volumes of the samples (10 pl of test and 
quality control samples or 25 pl of the buffer 
standard) were added to each of the tubes fol- 
lowed by the addition of either 10 pl of blank 
urine (to buffer standards) or 25 pl of buffer (to 
test and quality control samples). Pansorbin ® cell 
suspension (50/tl) and additional blank urine (90 
p l to test and quality control samples and 100 p l 
to buffer standards) were added to all except the 
TC tubes. The mixture was incubated for 10 min 
at room temperature and then 200 pl of 125I-his- 
tamine-stavudine conjugate to all tubes and 100 
pl of antibody solution to all but the TC and 
NSB tubes were added. After incubation for 16 h 
at 4°C, 2.5 ml of buffer containing 1 mg ml i 

BSA was added to all except the TC tubes. The 
samples were centrifuged at 3200 rev rain-1 for 
15 min at 4°C to separate the bound from free 
antigen. The liquid was drained and the tubes 
containing the pellets were counted in a gamma 
counter for 2 min in the 125I window. 

2.9. Data analysis 

A detailed description of the procedures and 
laboratory data management systems used to col- 
lect and process data for the study has been 
previously reported [5]. Standard curves were con- 
structed using a four-parameter logistic model [6] 
as shown below: 

B o - NSB 
counts = NSB + 

where "counts" is the number of radioactive 
counts for 5 (plasma) or 2 (urine) min, C is the 
concentration, Bo is an estimate of maximum 
binding, NSB is an estimate of nonspecific bind- 
ing, EDs0 is an estimate of concentration at 50% 
binding, and b is the slope coefficient. Residuals 
from the standard curve were calculated and 
printed for testing potential outliers. Outliers were 
evaluated using the test described by Dixon and 
Massey [7] at the p = 0.01 significance level. If an 
outlier was detected, the standard was flagged as 
"statistical rejection" and the curve was recalcu- 
lated without the aberrant value. 

3. Results 

3.1. Standard curve characteristics 

In order to assess the consistency of the rela- 
tionship between the response and the concentra- 
tion of stavudine, the ratios of percent bound to 
unbound (%B/Bo) for the seven standards from 
three runs per matrix are listed in Table 1. The 
variations (measured as % relative standard devia- 
tion, RSD) were less than 4% and 7% for the 
plasma and urine assays respectively. The concen- 
tration-response curve was well described by the 
four-parameter logistic model (Fig. 2) in the two 
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Table 1 
Binding statistics for standards in stavudine RIA in human plasma and urine ~ 

Run # % B/Bo for standards at plasma concentrations (ng ml-I) of 

2.5 3 5 10 25 50 100 

1 80.0 73.3 69.1 54.4 42.1 33.0 25.8 
79.3 75.2 68.6 56.1 40.5 32.1 25.2 

2 78.3 73.2 69.1 55.3 40.0 32.8 24.6 
78.3 74.6 67.5 56.9 41.1 31.1 23.6 

3 77.7 76.7 68.5 56.0 39.9 32.3 23.8 
78.5 76.3 68.6 55.3 40.9 32.0 23.7 

Mean 78.7 74.9 68.6 55.7 40.8 32.2 24.5 
SD 0.83 1.47 0.59 0.86 0.81 0.67 0.91 
RSD (%) 1.0 2.0 0.9 1.5 2.0 2.1 3.7 

Run # % B/Bo for standards at urine concentrations (ng ml L) of 

5 10 25 50 100 250 500 1000 

1 84.1 75.5 62.2 50.2 38.9 24.9 19.0 15.6 
84.4 76.6 61.5 49.4 38.3 26.6 19.6 15.3 

2 84.2 76.5 63.4 52.1 40.1 28.1 22.4 17.4 
85.1 75.6 64.7 51.4 40.1 27.9 22.2 16.7 

3 83.2 71.9 61.2 49.0 37.2 25.3 20.1 15.9 
83.1 73.5 60.2 48.5 36.5 24.3 20.1 15.9 

Mean 84.0 74.9 62.2 50.1 38.5 26.2 20.6 16.1 
SD 0.78 1.87 1.63 1.40 1.47 1.59 1.40 0.79 
RSD (%) 0.9 2.5 2.6 2.8 3.8 6.1 6.8 4.9 

*~B = estimate of binding in the presence of a given concentration of stavudine standard; Bo = estimate of maximum binding. 

matrices with r 2 values exceeding 0.996. The stan- 

dard curve parameters  are summarized in Table  2. 

For  the plasma assay, the variat ions were 5.1% 

RSD for the slope coefficient (b) and  17.2% RSD 
for the estimate of concent ra t ion  at 50% binding  

(EDso); the corresponding values for the urine 
assay were 0.6% RSD and  8.7% RSD for b and 

EDs0 respectively. 

3.2. Specificity 

The specificity of  the R I A  was studied by exam- 

ining the cross-reactivity of s tavudine an t ibody  
with a variety of  structurally related compounds .  

Cross-reactivity, expressed as the percentage ratio 

of s tavudine EDso to cross-reactant  EDso, is sum- 
marized in Table  3. None  of  the compounds  

showed any significant cross-reactivity to the anti-  

body. In addit ion,  no interference with the quant i -  

ta t ion of  s tavudine was observed when b lank  

plasma or urine specimens from different sources 

were used. 

3.3. L L Q  

To assess the LLQ of the assay methods,  

p lasma samples from 10 different individuals  were 
spiked with s tavudine (2.5 and 5.0 ng m l - 1 )  and  
urine samples from six individuals  were spiked 
with s tavudine (12.5, 25 and 50 ng m l -  l). Tak ing  
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Fig. 2. Standard curves of the stavudine RIA in human plasma 
(e) and urine (+ ) .  

into account the dilution factor of 2.5 in the urine 
RIA, these concentrations corresponded to 5, 10 
and 25 ng ml-J respectively. The criteria for the 
selection of the LLQ were that precision, as deter- 
mined by %RSD, and accuracy, as determined by 
% deviation from nominal values, be no greater 
than 20%. Based on the precision values (8% RSD 
for plasma and 13% RSD for urine) and the 
accuracy values ( < 2% deviation for both plasma 
and urine samples), the LLQ of the plasma and 
urine RIA methods was estimated at 2.5 and 5 ng 
ml-  ~ respectively. 

Table 3 
Cross-reactivity of potential metabolites, potential coadminis- 
tered drugs, and endogenous nucleosides in stavudine RIA in 
human plasma and urine 

Compound % Cross-reactivity (Stavudine EDso / 
cross-reactant EDso) × 100 

Adenine < 0.01 
Adenosine < 0.01 
Dideoxyadenosine < 0.01 
Dideoxycytidine < 0.01 
Dideoxyguanosine < 0.01 
Dideoxyinosine < 0.01 
5-Fluorouracil a < 0.01 
5-Fluorocytosine ~ < 0.01 
Guanine" < 0.01 
Guanosine < 0.01 
~-Thymidine < 0.01 
Thymine a < 0.01 
Zidovudine < 0.12 

~Not tested for cross-reactivity in urine RIA. 

3.4. Precision and accuracy 

To assess the precision of the assay, quality 
control samples at three concentrations of 
stavudine in plasma (5.0, 50 and 80 ng ml -  ~) and 
urine (75, 200 and 500 ng ml -  1), representing the 
entire range of the standard curve, were studied. 
The samples were assayed in six replicates in three 

Table 2 
Standard curve parameters for stavudine RIA in human plasma and urine 

Matrix Run # NSB (counts) ~ Bo (counts) a EDso (ng ml -I)  b 

Plasma 1 5729 42 729 7.43 0.704 
2 5347 39 300 10.5 0.752 
3 5271 40 415 9.31 0.779 

Mean 5449 40 815 9.09 0.745 
SD 245 1749 1.56 0.038 
RSD (%) 4.5 4.3 17.2 5.1 

Urine 1 5744 57 202 39.8 0.772 
2 6027 52 321 42.9 0.773 
3 6467 56 352 36.0 0.780 

Mean 6079 55 292 39.6 0.775 
SD 364 2608 3.5 0.004 
RSD (%) 6.0 4.7 8.7 0.6 

aRadioactive counts per 5 (plasma) or 2 (urine) min. 
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Table 4 
Precision and accuracy of stavudine RIA in human plasma and urine 

171 

Matrix Sample type Concentration ng ml-~) n Precision (%RSD) 

Nominal Mean observed (SD) 

Accuracy (%Dev.) 

Plasma Unblinded 

Blinded 

Urine Unblinded 

Blinded 

5.00 5.08 (0.36) 18 7.1 
50.0 50.1 (3.29) 18 6.6 
80.0 83,2 (4.91) 18 4.9 

4.82 4.75 (0.11) 4 2.2 
9.64 9.53 (0.19) 4 2.0 

24.1 23.4 (0.56) 4 2.4 
48.2 45.8 (0.60) 4 1.3 
77.1 74.6 (1.87) 4 2.5 
80.0 80.9 (1.13) 4 1.4 

482 468 (3.27) 4 0.7 

75.0 78.0 (5.47) 18 7.0 
200 203 (10.1) 18 5.0 
500 487 (23.8) 18 4.9 

15.0 14.9 (0.04) 4 0.3 
51.6 53.0 (0.90) 4 1.7 

150 158 (0.63) 4 0.4 
310 322 (7.73) 4 2.4 
413 408 (3.26) 4 0.8 

5162 a 5052 (55.6) 4 1.1 

t.6 
0.3 
4.0 

- 1.6 
-1.1 
-2 .8  
-5 .0  
-3 .2  

1.2 
-2 .9  

4.0 
1.3 

-2 .6  

-0 .3  
2.8 
5.4 
4.0 

-1.3 
-2.1 

aAssayed after 20-fold dilution. 

analytical runs. As shown in Table 4, there were 
no inter-run differences in the mean concentra- 
tions in the two matrices with both precision (% 
RSD) and accuracy (% deviation) values being 
under 8%. To assess assay accuracy, 28 blinded- 
plasma and urine samples spiked with stavudine 
were analyzed in a single run. There were four 
replicates of each of the seven concentrations. 
Table 4 shows that the precision and accuracy 
values at each concentration were less than 3% 
RSD and less than 6% deviation from the nomi- 
nal value respectively. 

3.5. Specimen stability 

To evaluate the stability of stavudine in the 
plasma samples, three quality control samples at 
each of the three concentrations (5, 50 and 80 ng 
ml-  1) were assayed after storage at room temper- 
ature, at 4°C, and at -20°C.  The results of this 

comparison are presented in Table 5. Stavudine 
was stable for at least 4 days at room temperature 
and at 4°C and for at least 1 year at -20°C.  In 
addition, plasma and urine samples were found to 
be stable when subjected to two and three freeze- 
thaw cycles respectively. 

3.6. Cross comparison of RIA and HPLC 
analytical procedures 

Plasma and urine samples from three patients 
participating in a stavudine clinical trial were 
analyzed for stavudine by both the current RIA and 
a previously published HPLC procedure [4]. As 
shown in Figs. 3 and 4, the remarkable overlap of 
the mean plasma stavudine concentration-time 
profiles and urinary recovery in the three patients 
following three times daily oral administration of 
0.67 mg kg ~ indicates a strong concurrence be- 
tween the data generated by the two assay methods. 
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Table 5 
Stability of stavudine in human plasma 

Temperature (duration) Concentration (ng ml-~) 

Nominal Mean observed (SD) 

n Precision (%RSD) Accuracy (% Dev.) 

Room temperature (4 days) 

4°C (4 days) 

-20°C (4 days) 

-20°C (365 days) 

5.0 4.95 (0.02) 
50.0 56.6 (2.32) 
80.0 84.4 (3.54) 

5.0 4.94 (0.05) 
50.0 53.5 (0.43) 
80.0 83.9 (1.59) 

5.0 4.54 (0.02) 
50.0 56.5 (1.52) 
80.0 85. I (0.34) 

9.7 8.95 (0.68) 
97.0 90.7 (7.40) 
19410 ~ 17 361 (1299) 

3 0.4 - 1.6 
3 4.1 13.2 
3 4.2 5.4 

3 1.0 - 1.6 
3 0.8 7.0 
3 1.9 4.8 

3 0.5 -9.4 
3 2.7 13.0 
3 0.4 6.4 

27 7.6 -7.7 
27 8.2 -6.5 
27 7.5 - 10.6 

aAssayed after 1000-fold dilution. 

4. Discussion 

Stavudine is a potent ant i-HIV agent [8] which 
has been approved for the treatment of  HIV 
infection [1]. The RIA methods described in this 
paper are a successful approach to monitoring 
plasma and urine levels of  stavudine in clinical 
pharmacokinetic studies, especially following low 
doses. In addition, the plasma analysis is per- 
formed directly on the sample without prior ex- 
traction, allowing the use of  a small sample 
volume (10 /~1). The hemisuccinate of  stavudine 
was readily linked to thyroglobulin to yield an 
immunogen that elicited the production of  highly 
specific and sensitive antibody with very high titre 
in rabbits. The reaction yield of  the immunogen 
was low (2%) due to the fact that stavudine 
hemisuccinate (I), used in the overnight conjuga- 
tion reaction at pH 8.3, was probably unstable at 
high pH. The antibody showed no cross-reactivity 
to endogenous nucleosides. Coadministration of  
stavudine to patients concurrently receiving other 
anti-HIV agents was anticipated in early clinical 
trials. Dideoxyadenosine, dideoxcytidine, dideoxy- 
inosine, and zidovudine had no significant effect 
on assay performance. Specifically, zidovudine 
and its glucuronide metabolite did not interfere 

with the assays at concentrations as high as 2.5 
and 10/~ g ml - J respectively. Thus, the assays are 
specific for stavudine. 

While both the plasma and urine RIA methods 
utilized the same basic reagents (antibody and 
radiolabel), due to matrix effects, there were dif- 
ferences in the methodologies. The plasma assay 
utilized a sequential incubation (antibody first) in 
order to improve the sensitivity of  the assay. The 
urine assay utilized a more standard equilibrium- 
type incubation and a different separant, Pan- 
sorbin ® cell suspension rather than P E G - G A R G  
separant, in order to reduce the intersubject vari- 
ability observed in the human urine matrix. Al- 
though both assay methods were precise and 
accurate, the differences in the methodology re- 
sulted in different EDso values and variabilities in 
the slope coefficient (b) and the concentration at 
50% binding (EDso). 

The standard curve ranges were 2.5-100 ng 
m l -  1 and 5.0-1000 ng ml 1 in plasma and urine 
respectively; the r 2 values exceeded 0.996. The 
sensitivity of  the assay proved to be very good 
with the LLQ being 2.5 ng ml 1 of  plasma and 5 
ng ml - l  (diluted 2.5-fold)  of  urine. Stavudine 
was stable in plasma for at least 4 days at room 
temperature and at 4°C and for at least l year 
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when stored at -20°C.  Stability was also ob- 
served when the plasma and urine samples were 
subjected to 2-3 freeze-thaw cycles. The appli- 
cation of the RIA for the determination of 
stavudine in clinical samples following oral dos- 
ing was successfully demonstrated. As shown in 
Figs. 3 and 4, the data generated by RIA and 
HPLC are in excellent agreement. The half-life 
of stavudine in adult patients with HIV infec- 
tion is approximately 1 h [9]. The plasma RIA 
assay was successful in profiling plasma concen- 
trations of stavudine for approximately 4.5 half- 
lives. 

60 

• 50 

o 
"13 

o~ 
40 

>- 
n" 
UJ 
> 
0 30 
(3 
LU 
n" 

>" 20 n- 
< 
Z 
n- 
~) 10 

I I  R,A 

I I  HPLC 

1 0 0 0  

SINGLE D O S E  

Z 

0 
I , -  
,< 
n." 
k-- 
z 100 
uJ 
o 
z 
0 
o 

._1 10 
n 

1 0 0 0  

Z 1 0 0  
ILl 
0 
Z 
0 
0 
,< 

< 
._,.I 10 
O,,. 0 

i , i i , i , i 

1 2 3 4 5 

TIME [hl  

S T E A D Y  S T A T E  

It,,, 1 

1 
T 

l , I I i . I , i , 

1 2 3 4 5 

T I M E  [h I 

Fig. 3. Mean (SEM) plasma concentrations of stavudine in 
patients (n = 3) following oral administration of 0.67 mg kg-  
dose. The plasma samples were analyzed by RIA (e) and 
HPLC (©) assay methods. 

m 

SINGLE DOSE STEADY STATE 

Fig. 4. Mean (SEM) urinary recovery of stavudine in patients 
(n = 3) over 8 h following oral administration of 0.67 mg kg - 
dose. The urine samples were analyzed by RIA and HPLC 
assay methods. 

In conclusion, simple, specific, sensitive, pre- 
cise, and accurate RIAs for the quantitation of 
stavudine in human plasma and urine have been 
developed. The LLQs were 2.5 ng of stavudine 
per milliliter of plasma and 5.0 ng of stavudine 
per milliliter of urine (diluted 2.5 fold). The as- 
says are suitable for the evaluation of the phar- 
macokinetics of stavudine in humans. 
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