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Abstract: In order to study the placental transfer of nucleoside reverse transcriptase
inhibitors, a quick and simple reversed phase high performance liquid chromato-
graphy with tandem mass spectrometry method has been developed and validated
using an underivatized silica column for the separation and analysis of DDC and
D4T from rat plasma, amniotic fluid, placental, and fetal homogenate. Extraction
of DDC, D4T, and their internal standard lamivudine (3TC) from the matrices
was processed by protein precipitation using ice cold acetonitrile. Chromato-
graphic separation was achieved on a Waters Spherisorb S3W silica column
(4.6 mm� 100 mm) equipped with a Phenomenex guard column. The mobile
phase consisted of 20% methanol in 22 mM formic acid. The flow rate was
0.4 mL=min, and MRM was used for detection. The calibration curves for each
day of validation showed good linear response over the range from 2 ng=mL to
2000 ng=mL. The absolute recoveries for all the drugs are all higher than 70%,
and the matrix effects are all lower than 20%. All the intra- and inter- day assay
precision and accuracy were better than 10% for all the matrices.
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INTRODUCTION

For children, about 90% of the human immunodeficiency virus (HIV)
infections are due to vertical transmission from the infected mothers
through blood, amniotic fluid, and=or breast milk.[1,2] This perinatal
transmission of HIV occurs as a result of transplacental dissemination
of the virus and intrapartum exposure to infected blood in the genital
tract.[3–5]

With the number of HIV infections increasing, it is essential to deter-
mine the placental transfer of antivirals because of the increased resis-
tance of HIV to zidovudine.[6,7] In addition, the use of multidrug
therapies has become the rule rather than the exception in the treatment
of patients with HIV infections.[8] The use of these drugs is important in
the maintenance of maternal health through pregnancy and in possible
prevention of vertical transmission of HIV.[7] While the use of combi-
nations of antiviral drugs is popular, the impact of such combination
therapies on placental transport is largely unknown.

Our previous studies showed substantial interactions between the
antivirals AZT and acyclovir, AZT and 3TC, and between Zalcitabine
(DDC) and Stavudine (D4T).[9–12] The data from these studies support
a transporter mediated mechanism for placental transport. However, a
series of studies by Unadkat and coworkers has reported the lack of
interaction between several anti-HIV drugs when using the macaque
as an animal model; their findings suggest passive diffusion as the pri-
mary mechanism for placental transport.[13–15] The differences between
these studies may be related to the animal models, experimental design,
or may be specific to the agents studied. More important, the dose used
in our previous studies is several times higher than the dose used in
human beings or the doses used in macaques from other studies. In
order to obtain pharmacokinetic data, which is more directly compar-
able to other studies, we decided to conduct a pharmacokinetic study in
rats with a dose of 5 mg=kg of the DDC=D4T combination. Several
HPLC methods have been developed to determine the concentrations
of DDC and D4T.[16–23] An HPLC-UV method was developed
previously for the simultaneous determination of DDC and D4T in
the pregnant rat model within a linear range from 0.1 mg=mL to
50 mg=mL.[12] However, these methods are either not sensitive enough
or do not include all the necessary matrices we are going to use. Thus,
a sensitive and specific analytical method was needed for this pharma-
cokinetic study. In this study, a rapid and sensitive HPLC tandem MS
method was developed and validated, using reversed phase liquid chro-
matography on an underivatized silica column for the determination of
concentrations in samples taken in a maternal fetal drug transfer study
of DDC and D4T.
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EXPERIMENTAL

Reagents and Chemicals

DDC and D4T were obtained from Sigma (St. Louis, MO, USA). The
internal standard, 3TC, was obtained from GlaxoSmithKline (RTP,
NC, USA). HPLC grade methanol and acetonitrile were purchased
from Fisher Scientific (Fair Lawn, NJ, USA). Reagent grade formic
acid was from Sigma (St. Louis, MO, USA). The deionized water used
was generated from a Continental Deionized Water System (Natick,
MA, USA).

Instrumentation

An Agilent 1100 series HPLC system, consisting of a degasser, binary
pump, autosampler, and thermostatted column compartment, was used
in this study (Agilent, Palo Alto, CA, USA). The mass spectrometer uti-
lized for this work was a Quattro Micro triple quadrupole mass spectro-
meter equipped with a Z-spray ion source (Waters, Manchester, UK).
MS control and spectral processing were carried out using Masslynx soft-
ware, version 4.0 (Waters, Beverly, MA, USA). Chromatographic separa-
tion was achieved on a Waters Spherisorb S3W silica column
(4.6� 100.0 mm, Milford, MA) equipped with a Phenomenex security
guard C-18 guard column (4� 3.0 mm, Torrance, CA).

Liquid Chromatographic and Mass Spectrometric Conditions

The mobile phase consisted of Solvent A (22 mM formic acid) and
Solvent B (methanol) (80:20). The flow rate was set to be 0.4 mL=min,
and the injection volume was 50 mL. The HPLC run time was 13 min
for each run. The LC flow was diverted to waste from 0 to 3 minutes
using a six port switching valve. The mass spectrometer was run in posi-
tive ion ESI mode using multiple reaction monitoring (MRM) to monitor
the mass transitions. Nitrogen gas was used as the desolvation gas and
was set to a flow rate of 500 L=h with a temperature of 375�C. The cone
gas flow was set to 0 L=h. Argon was the collision gas and the collision
cell pressure was 2.4� 10�3 mbar. The precursor to product ion transi-
tions along with the cone voltage and collision energy for each analyte
and the internal standard were as follows: DDC m=z 212!m=z 112,
13 V, 7 eV; D4T m=z 247!m=z 149 (sodium adducts), 15 V, 10 eV;
3TC m=z 230!m=z 112, 13 V, 7 eV. The source temperature and
capillary voltage were set at 130�C and 2.5 kV, respectively.
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Preparation of Standard Solutions

Individual DDC, D4T, and 3TC stock solutions were prepared in deio-
nized water to give a final concentration of 10 mg=mL. Individual stan-
dard solutions of DDC and D4T with concentrations of 10, 50, 100,
500, 1000, 5000, and 10000 ng=mL were prepared by serial dilution with
deionized water. Precision and accuracy standards with concentrations
of 25, 250, and 2500 ng=mL were also prepared in the same manner. A
1 mg=mL 3TC standard solution was prepared with deionized water from
the 10 mg=mL 3TC stock solution. The 10 mg=mL stock solutions were
kept refrigerated and no degradation was observed during the period
of this study. Fresh standard solutions were prepared for each day of
analysis or validation.

Calibration Curves

Blank plasma was purchased from Innovative Research (Novi, MI,
USA). Blank amniotic fluid, placenta, and fetal tissues were collected
from untreated animals. The placental and fetal tissues were homoge-
nized with two volumes of distilled water (v=w). Plasma, placental, and
fetal calibration points were prepared by spiking 100 mL of the biological
matrices with 20 mL of each DDC and D4T standard solution and 10 mL
of the 1 mg=mL 3TC solution. Amniotic fluid calibration points were pre-
pared by spiking 50 mL of the biological matrices with 10 mL of each DDC
and D4T standard solution and 10 mL of the 1 mg=mL 3TC standard solu-
tion. The calibration curves of all the matrices were in the range of
2–2000 ng=mL with individual calibration points of 2, 10, 20, 100, 200,
1000, and 2000 ng=mL.

Precision and Accuracy

This method was validated using four QC points for each calibration
curve. Five replicates of each QC point were analyzed each day to deter-
mine the intra-day accuracy and precision. This process was repeated 3
times in 3 days to determine the inter-day accuracy and precision. The
QC points for all four matrics were 2, 5, 50, and 500 ng=mL.

Sample Preparation

All samples were prepared using protein precipitation. Ice cold aceto-
nitrile (1 mL) was added to the samples (100 mL for plasma, placental,
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and fetal homogenate, 50 mL for amniotic fluid). After being vortexed and
centrifuged at 13,000 rpm for 10 min, the solid was discarded and the
liquid was aspirated and dried under vacuum. Samples were then reconsti-
tuted in distilled water for injection. (100 mL for plasma, placental, and
fetal homogenate, 60 mL for amniotic fluid).

Sample Collection

The use of animals in this study was approved by the University of
Georgia Animal Use and Care Committee. The rats were housed, one
animal per cage, in the University of Georgia College of Pharmacy
animal facility (AALAC accredited). The environment was controlled
(20–22�C, 14 h of light per day) with daily feedings of standard chow
pellets and water ad libitum.

Three timed pregnant Sprauge–Dawley rats (Harlan, Indianapolis,
IN, USA), weighing from 320 to 380 g, were anesthetized intramuscularly
with ketamine:acepromazine:xylazine (50:3.3:3.4, mg=kg) and dosed on
day 19 of gestation. For dosing and blood sampling purposes, a cannula
was surgically implanted in the right jugular vein. For sampling of the
pups (amniotic fluid, placenta, and fetal tissues), a laparotamy was per-
formed. The rats were administered an i.v. bolus dose (5 mg=kg) of
5 mg=mL DDC and D4T dissolved in 0.1 N NaOH in physiological saline
(pH 7.4) via the jugular cannula. Blood samples were collected at 5, 15, 30,
45, 60, 90, 120, 180, 240, 300, and 360 min after dosing into heparinized
tubes and centrifuged at 10,000 rpm for 10 min to enable plasma collec-
tion. Amniotic fluid, placenta, and fetus samples were collected at 5, 15,
30, 45, 60, 90, 120, 180, and 240, 300, and 360 min. Placental and fetal
tissue samples were homogenized in two volumes of deionized water.
All samples were stored at�20�C until analysis. Data was analyzed using
WinNonlin (Version 5.2, Pharsight, Mountain View, CA, USA).

RESULTS AND DISCUSSION

Method Development

Hydrophilic interaction chromatography (HILIC) is characterized by the
presence of a high initial concentration of organic modifier to favor
hydrophilic interaction between the solute and the hydrophilic stationary
phase.[24] Briefly, HILIC based on silica columns is normal phase chroma-
tography utilizing conventional reversed phase (RP) mobile phases. Thus,
the retention times of highly polar compounds are increased as their
hydrophilicity increases. Since both DDC and D4T are highly hydrophilic
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compounds, HILIC is a good choice for retention. However, although
D4T worked well under HILIC conditions (90% to 80% organic); DDC
was permanently retained on the silica column when the percentage of
organic solvent was higher than 30 percent. On the other hand, both
DDC and D4T were well retained on the silica column with a high

Figure 1. Chromatograms obtained from blank plasma (a) and plasma spiked
with DDC (20 ng=mL), D4T (20 ng=mL), and 3TC (100 ng=mL) (b).
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aqueous (10% to 20%) mobile phase. Thus, we chose to use 20% methanol
on the silica column as our chromatographic conditions, which was differ-
ent from both traditional reverse phase conditions and HILIC conditions.

During optimization of MS conditions, we found that the intensity of
D4T plus sodium peak was 10 fold higher than the MþH peak, since D4T

Figure 2. Chromatograms obtained from blank amniotic fluid (a) and plasma
spiked with DDC (20 ng=mL), D4T (20 ng=mL), and 3TC (100 ng=mL) (b).
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is a weak acid; it is rare to use adduct ions for quantitation, since the inten-
sity of many are highly variable. However, our method meets validation
requirements under FDA guideline.[25] Figures 1–4 show the representa-
tive chromatograms of each extracted blank matrix and extracted matrix
spiked with DDC (20 ng=mL), D4T (20 ng=mlL) and 3TC (100 ng=mL).

Figure 3. Chromatograms obtained from blank placental homogenate (a) and
plasma spiked with DDC (20 ng=mL), D4T (20 ng=mL), and 3TC (100 ng=mL) (b).
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Calibration Curves

The calibration curves for each day of validation and analysis showed
good linear response (R2¼ 0.992–0.995) over the range of 2–2000 ng=mL
mL for both drugs in all matrices (see Table 1). Microsoft Excel or JMP

Figure 4. Chromatograms obtained from blank fetal homogenate (a) and plasma
spiked with DDC (20 ng=mL), D4T (20 ng=mL), and 3TC (100 ng=mL) (b).
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statistical software was used to generate linear regression equations for
all calibration curves. A 1=x2 weighting scheme was used for each day
of the validation and analysis for all four matrices.

Precision and Accuracy

Assay precision and accuracy were calculated for each matrix over 3 days.
Precision, as expressed by % R.S.D., and accuracy as expressed by % error
for DDC and D4T in the four biological matrices are shown in Table 2.
Intra-day (n¼ 5) precision and accuracy were calculated from the measure-
ment of five samples at each QC point on three separate days. Inter-day
(n¼ 15) precision and accuracy were calculated from pooled data over 3
days. Four QC points of concentrations 2, 5, 50, and 500 ng=mL were used
for these calculations. Intra-day precision (% R.S.D.) and accuracy (%
error) of DDC ranged from 1 to 7.5% and 0.48 to 9.46%, respectively.
Inter-day precision and accuracy of DDC ranged from 1.32 to 9.6% and
0.06 to 6.2%, respectively. Intra-day precision and accuracy of D4T ranged
from 0.5 to 7.2% and 0.4 to 8.11%, respectively. Inter-day precision and
accuracy of D4T ranged from 1 to 9.2% and 0.48 to 6.69%, respectively.
These results are shown in Table 2 and Table 3.

Recovery and Matrix Effect

Absolute recovery, relative recovery, and matrix effects for DDC, D4T,
and 3TC are summarized in Table 4. Samples spiked with a drug concen-
tration of 100 ng=mL were used for these calculations. Absolute recov-
eries ranged from 70.8% to 86.0%, and relative recoveries ranged from
84.8% to 98.5%. The suppression or the enhancement by the matrix
was lower than 20% for all compounds.

Stability Studies

Stability testing was performed for DDC and D4T at 100 ng=mL concen-
tration level. Spiked matrix samples were subjected to three consecutive

Table 1. Linear regression fits generated from validation data from each matrix,
(n¼ 3, for each matrix)

R2
Maternal
plasma

Amniotic
fluid

Placental
homogenate

Fetal
homogenate

DDC 0.993� 0.002 0.995� 0.003 0.992� 0.001 0.993� 0.001
D4T 0.995� 0.001 0.994� 0.001 0.994� 0.001 0.992� 0.001
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freeze=thaw cycles over the period of 4 days. Three samples were
extracted and analyzed as described above. The remaining spiked matrix
samples were stored at�20�C. Each of the following three consecutive
days, the spiked matrix samples were thawed, and three more were
extracted and analyzed. The freeze=thaw stability tests indicate both
DDC and D4T were stable over three consecutive freeze=thaw cycles
(See Table 5). The stability of extracted matrix samples in the autosam-
pler was also evaluated. At time 0, one sample of each matrix was injected
onto the HPLC column and analyzed. In another 24 h, the same sample
from each matrix was injected again. The peak areas for DDC and D4T
in each injection were compared. The error between each sample was
< 10% for both compounds and there was no obvious changes in peak
areas between each injection (See Table 6).

Table 2. The intra-day (n¼ 5, at each spiked concentration) and inter-day
(n¼ 15, at each spiked concentration) precision (%R.S.D.) and accuracy (% error)
of the LC-MS=MS method used to quantitate DDC in maternal plasma, amniotic
fluid, placental and fetal homogenates

Intra-day (n¼ 5) Inter-day (n¼ 15)

Concentration
DDC added
(ng=mL)

Concentration
DDC found

(ng=mL)
R.S.D.

(%)
Error
(%)

Concentration
DDC found

(ng=mL)
R.S.D.

(%)
Error
(%)

Maternal plasma
2 2.14� 0.08 4 7 2.06� 0.15 7.5 3
5 4.87� 0.05 1 2.6 5.13� 0.12 2.4 2.6
50 51.64� 2.56 5.12 3.28 50.93� 3.43 6.86 1.86
500 509.24� 7.82 1.56 1.85 506.14� 7.92 1.58 1.23
Amniotic fluid
2 2.05� 0.04 2 2.5 2.10� 0.06 3 5
5 5.19� 0.08 1.6 3.8 5.31� 0.16 3.2 6.2
50 52.93� 3.45 6.9 5.86 51.42� 4.21 8.42 2.84
500 514.01� 6.76 1.35 2.8 516.73� 8.02 1.6 3.35
Placental homogenate
2 2.11� 0.02 1 5.5 1.99� 0.19 9.5 0.5
5 5.08� 0.07 1.4 1.6 5.26� 0.48 9.6 5.2
50 49.76� 0.59 1.18 0.48 49.97� 3.91 7.82 0.06
500 479.70� 5.97 1.19 4.06 497.44� 6.59 1.32 0.51
Fetal homogenate
2 1.87� 0.15 7.5 6.5 2.10� 0.12 2.4 5
5 4.79� 0.24 4.8 4.2 5.01� 0.26 5.2 0.2
50 50.04� 1.98 3.96 0.8 49.68� 3.25 6.5 0.64
500 485.27� 9.16 1.83 9.46 496.66� 9.60 1.92 0.67
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Animal Study

To demonstrate the utility of this assay, 3 pregnant rats were dosed with
DDC and D4T at the level of 5 mg=kg. Maternal plasma, amniotic fluid,
placenta, and fetal tissue were collected, extracted, and analyzed as
described above. A calibration curve from each matrix was prepared
on the day of analysis to calculate the concentration of DDC and D4T
present in the real samples. Before analysis, each sample collected
from the dosed pregnant rat was spiked to yield a concentration of
100 ng=mL of the internal standard 3TC. Figure 5 shows the mean
concentration time profile of DDC and D4T in all four biological
matrices of the pregnant rats. WinNonlin (Pharsight, Mountain View,
CA, USA) was used to fit a non-compartment IV bolus model to the
plasma data.

Table 3. The intra-day (n¼ 5, at each spiked concentration) and inter-day
(n¼ 15, at each spiked concentration) precision (%R.S.D.) and accuracy (% error)
of the LC-MS=MS method used to quantitate D4T in maternal plasma, amniotic
fluid, placental and fetal homogenates

Intra-day (n¼ 5) Inter-day (n¼ 15)

Concentration
D4T added
(ng=mL)

Concentration
D4T found

(ng=mL)
R.S.D.

(%)
Error
(%)

Concentration
D4T found

(ng=mL)
R.S.D.

(%)
Error
(%)

Maternal plasma
2 2.15� 0.03 1.5 7.5 2.04� 0.03 1.5 2
5 5.31� 0.08 1.6 6.2 5.06� 0.10 2 1.2
50 52.77� 1.64 3.28 5.54 51.62� 2.59 5.18 3.24
500 519.28� 5.12 1.02 3.86 512.38� 16.27 3.25 2.48
Amniotic fluid
2 2.06� 0.01 0.5 3 2.13� 0.18 9 6.5
5 5.08� 0.04 0.8 1.6 5.10� 0.36 7.2 2
50 51.69� 4.25 8.5 3.38 50.24� 3.55 7.1 0.48
500 508.43� 3.96 0.79 1.69 506.64� 20.47 4.09 1.32
Placental homogenate
2 1.96� 0.16 8 2 1.89� 0.17 8.5 5.5
5 5.02� 0.13 2.6 0.4 4.85� 0.32 6.4 3
50 47.98� 3.47 6.94 2.02 47.69� 2.56 5.12 4.62
500 468.74� 15.28 3.06 6.25 487.66� 18.86 3.77 2.47
Fetal homogenate
2 1.94� 0.04 2 3 1.88� 0.02 1 6
5 4.85� 0.36 7.2 3 4.75� 0.44 8.8 5
50 49.09� 0.87 1.74 1.82 48.45� 4.60 9.2 3.1
500 459.44� 12.68 2.54 8.11 466.56� 25.99 5.2 6.69
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Table 4. The absolute, relative recovery �S.D. (n¼ 3) and matrix effect of
DDC, D4T and 3TC from maternal plasma, amniotic fluid, placental and
fetal homogenates

Drugs and matrices
Absolute

recovery (%)
Relative

recovery (%)
Matrix

effect (%)

100 ng=mL spiked
maternal plasma

3TC 78.6� 2.3 90.9� 2.6 �15.6
DDC 86.0� 3.7 98.5� 4.2 �14.5
D4T 76.8� 1.0 86.5� 1.3 �12.7
Amniotic fluid
3TC 76.9� 1.5 92.1� 4.8 �19.8
DDC 84.6� 4.4 91.7� 3.1 �16.5
D4T 75.8� 3.2 89.3� 0.9 �17.8
Placental homogenate
3TC 70.8� 4.2 82.9� 2.2 �17.1
DDC 72.9� 3.8 85.8� 1.4 �17.7
D4T 70.8� 1.9 84.8� 4.5 �19.8
Fetal homogenate
3TC 79.6� 0.8 93.7� 4.7 �17.5
DDC 78.0� 1.3 87.6� 2.4 �12.3
D4T 77.9� 3.6 86.1 � 2.8 �10.6

Table 5. Results of freeze=thaw stability of DDC and D4T in maternal plasma,
amniotic fluid, placental and fetal homogenates (n¼ 3)

Freeze-thaw
stability (3 cycles)

Observed conc.
�S.D. (ng=mL)

RSD
(%)

Error
(%)

100 ng=mL spiked
maternal plasma

DDC 102.5� 4.3 4.3 2.5
D4T 106.2� 2.8 2.8 6.2
Amniotic fluid
DDC 105.7� 6.1 6.1 5.7
D4T 104.0� 8.4 8.4 4.0
Placental homogenate
DDC 112.6� 6.8 6.8 12.6
D4T 113.2� 4.4 4.4 13.2
Fetal homogenate
DDC 110.8� 8.3 8.3 10.8
D4T 108.9� 9.8 9.8 9.8
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DDC has a half-life of 155 min, a steady state volume of distribution
of 1.38 L=kg, and total clearance of 0.64 L=h=kg based on the maternal
plasma data. D4T has a half-life of 77 min, a steady state volume of dis-
tribution of 1.82 L=kg, and total clearance of 0.88 L=h=kg based on the
maternal plasma data. Animal studies with an IV bolus administra-
tion of a dose of 25 mg=kg of DDC-D4T were also conducted for com-
parison to the DDC-D4T combination low dose. In that study, DDC
has a half-life of 112 min, a steady state volume of distribution of
1.6 L=kg, and total clearance of 1.2 L=h=kg in the maternal plasma;
D4T has a half-life of 113 min, a steady state volume of distribution of
0.6 L=kg, and total clearance of 0.34 L=h=kg in the maternal plasma.
Therefore, the clearance for DDC at the higher dose was about 2 fold
higher than at the lower dose but it was the opposite for D4T, which
showed a 2 fold decrease in clearance at the higher dose. The steady state
volume of distribution for D4T also decreased approximately 2–3 fold at
the higher dose. This preliminary data showed that D4T may be up reg-
ulating transporters for DDC in the kidney; on the other hand, DDC
may inhibit the active tubular secretion of D4T in the kidney. Significant
differences in relative exposures (AUCtissue=AUCmaternal plasma) of the pla-
centa were also noticed for DDC and D4T at the two doses. The relative
exposure of the placenta was significantly lower for DDC at the lower
dose (0.28 with the lower dose vs. 0.6 with the higher dose). However,
the opposite effect was observed for D4T, which had a higher relative
exposure for the placenta at the lower dose (0.46 with the lower dose
vs. 0.29 with the higher dose). No significant difference was noted in

Table 6. Results of autosampler stability of DDC and D4T in maternal plasma,
amniotic fluid, placental and fetal homogenates (n¼ 3)

Autosampler stability (24 h)
Observed conc.
�S.D. (ng=mL)

RSD
(%)

Error
(%)

100 ng=mL spiked
Maternal plasma

DDC 102.1� 3.3 3.3 2.1
D4T 101.2� 2.6 2.6 1.2
Amniotic fluid
DDC 101.4� 4.5 4.5 1.4
D4T 100.9� 5.2 5.2 0.9
Placental homogenate
DDC 105.8� 6.6 6.6 5.8
D4T 109.6� 4.8 4.8 9.6
Fetal homogenate
DDC 106.7� 4.0 4.0 6.7
D4T 103.9� 3.6 3.6 3.9
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the relative exposures of the amniotic fluid for DDC and D4T. The rela-
tive exposures of both DDC and D4T in the fetus were increased with the
increase in dose. The results suggested that with the increase in dose,
there is an increase in the distribution of DDC into the placenta and
fetus. The increase in fetal levels of D4T may due to the saturation of
the efflux transporters from fetus to placenta. This preliminary data
suggests that the interactions between DDC and D4T are not linear
at different doses, which suggests that active transporters may play a
role in placental transfer for both DDC and D4T. The fact that the
transport of nucleosides appears to be non-linear also suggest that the
differences may be related to regulation of the transporters. However,
additional in vivo and in vitro studies will be needed to fully elucidate
this mechanism.

Figure 5. Concentration vs. time profile of DDC and D4T in maternal plasma,
amniotic fluid, placenta, and fetus after 5 mg=kg i.v. bolus dose of DDC and D4T
(n¼ 3).
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CONCLUSION

A sensitive, efficient, and accurate LC MS=MS method was developed
and validated for the simultaneous quantification of DDC and D4T in
rat plasma, amniotic fluid, placental, and fetal tissues. This method
was useful for pharmacokinetic studies to investigate the distribution of
DDC and D4T in the maternal and fetal compartment of rats.

REFERENCES

1. Centers for Disease Control and Prevention. HIV=AIDS surveillance report:
cases of HIV infection and AIDS in the United States, 2004. Atlanta: The
Centers; 2005. Vol. 16. (Available at http://www.cdc.gov/hiv/topics/
surveillance/resources/reports/2004report/default.htm)

2. Hansen, M. Pathophysiology: Foundations of Disease and Clinical Interven-
tion; W.B. Saunders Company: Philadelphia, US, 1998.

3. Duff, P. HIV infection in women. Prim Care Update Ob Gyns. 1996, 3,
45–49.

4. Bryson, Y. Perinatal HIV-1 transmission: recent advances and therapeutic
interventions. AIDS 1996, 10, S33–42.

5. John, G.C.; Kreiss, J. Mother-to-child transmission of HIV. Epidemiol Rev.
1996, 18, 149–157.

6. Recommendations for use of antiretroviral drugs in pregnant HIV-1 infected
women for maternal health and interventions to reduce perinatal HIV-1
transmission in the United States, 1994. (Available at http://aidsinfo.
nih.gov)

7. Pacifici, G.M. Transfer of antivirals across the human placenta. Early
Human Dev. 2005, 81, 647–654.

8. Beach, J.W. Chemotherapeutic agents for human immunodeficiency virus
infection: Mechanism of action, pharmacokinetics, metabolism, and adverse
reactions. Clin. Therapeu. 1998, 20 (1), 2–25.

9. Alnouti, Y.; Lewis, S.R.; White, C.A.; Bartlett, M.G. Simultaneous determi-
nation of zidovudine and lamivudine from rat tissues by liquid chromatogra-
phy=tandem mass spectrometry. Rapid Commun. Mass Spectrom. 2005, 19,
503–508.

10. Alnouti, Y.; White, C.A.; Bartlett, M.G. Simultaneous determination of
zidovudine and lamivudine from rat plasma, amniotic fluid and tissues by
HPLC. Biomed. Chromatogr. 2004, 18, 641–647.

11. Brown, S.D.; Bartlett, M.G.; White, C.A. Pharmacokinetics of intravenous
Acyclovir, Zidovudine, and Acyclovir-Zidovudine in pregnant rats.
Antimicrob. Agents Chemother. 2003, 47 (3), 991–996.

12. Xu, M.; White, C.A.; Bartlett, M.G. Simultaneous determination of zalcita-
bine and stavudine in rat plasma, amniotic fluid, placental and fetal tissues
using high performance liquid chromatography. J. Liq. Chromatogr. &
Rel. Technol. 2008, 31, 482–496.

Simultaneous Determination of Zalcitabine and Stavudine 695

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
2
1
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



13. Pereira, C.M.; Nosbisch, C.; Baughman, W.L.; Unadkat, J.D. Effect of
Zidovudine on Transplacental pharmacokinetics of ddI in the Pigtailed
Macaque (Macaca nemestrina). Antimicrob. Agents Chemother. 1995, 39,
343–345.

14. Odinecs, A.; Nosbisch, C.; Unadkat, J.D. Zidovudine does not affect trans-
placental transfer or systemic clearance of Stavudine (20,30-didehydro-30-
deoxythymidine) in the Pigtailed Macaque (Macaca nemestrina). Antimicrob.
Agents Chemother. 1996, 40, 1569–1571.

15. Tuntland, T.; Nosbisch, C.; Baughman, W.L.; Massarella, J.; Unadkat,
J.D. Mechanism and Rate of placental transfer of Zalcitabine (20,30-
dideoxycytidine) in Macaca nemestrina. Am. J. Obstet. Gynecol. 1996,
174, 856–863.

16. Ding, Y.; Williamson, L.N.; White, C.A.; Bartlett, M.G. Determination of 20,
30-Dideoxycytidine in Maternal plasma, amniotic fluid, placental and fetal
tissues by high-performance liquid chromatography. J. Chromatogr. B
2004, 811, 183–189.

17. Contreras, J.; Gonzalez, H.M.; Menendez, R.; Lopez, M. Development
and validation of a reversed-phase liquid chromatographic method for
analysis of D4T (Stavudine) in rat plasma J. Chromatogr. B 2004, 801 (2),
199–203.

18. Fan, B.; Bartlett, M.G.; Stewart, J.T. Determination of Lamivudine=
Stavudine=Efavirenz in human serum using liquid chromatography=
electrospray tandem mass spectrometry with ionization polarity switching.
Biomed. Chromatogr. 2002, 16 (6), 383–389.

19. Frijus-Plessen, N.; Michaelis, H.C.; Foth, H.; Kahl, G.F. Determination of
30-Azido-30-deoxythymidine, 20,30-dideoxycytidine, 30-fluoro-30-deoxythymi-
dine and 20,30-dideoxyinosine in biological samples by high-performance
liquid chromatography. J. Chromatogr. 1990, 534, 101–107.

20. Bezy, V.; Morin, P.; Couerbe, P.; Leleu, G.; Agrofoglio, L. Simultaneous
analysis of several antiretroviral nucleosides in rat plasma by high perfor-
mance liquid chromatography with UV using acetic acid=hydroxylamine
buffer: test of this new volatile medium-pH for HPLC-ESI-MS=MS.
J. Chromatogr. B 2005, 821 (2), 132–143.

21. Kapoor, N.; Khandavilli, S.; Panchagnula, R. Simultaneous determination of
lamivudine and stavudine in antiretroviral fixed dose combinations by first
derivative spectrophotometry and high performance liquid chromatography.
J. Pharmaceut. Biomed. Anal. 2006, 41 (3), 761–765.

22. Huang, Y.; Zurlinden, E.; Lin, E.; Li, X.; Tokumoto, J.; Golden, J.; Murr,
A.; Engstrom, J.; Conte, J. Liquid chromatographic-tandem mass spectro-
metric assay for the simultaneous determination of didanosine and stavudine
in human plasma, bronchoalveolar lavage fluid, alveolar cells, peripheral
blood mononuclear cells, seminal plasma, cerebrospinal fluid and tonsil
tissue. J. Chromatogr. B 2004, 799 (1), 51–61.

23. Wong, S.L.; Sawchuk, R.J. High-performance liquid chromatographic deter-
mination of 20,30-didehydro-30-deoxythymidine (d4T) in human and rabbit
plasma and urine and its application to pharmacokinetic studies in the rabbit.
Pharm. Res. 1991, 8 (5), 619–623.

696 M. Xu et al.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
2
1
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



24. Naidong, W. Bioanalytical liquid chromatography tandem mass spectrome-
try methods on underivatized silica columns with aqueous=organic mobile
phases. J. Chromatogr. B Analyt. Technol. Biomed. Life Sci. 2003, 796 (2),
209–224.

25. F.D.A. U.S. Department of Health and Human Services, 2001.

Received July 31, 2008
Accepted October 21, 2008
Manuscript 6398

Simultaneous Determination of Zalcitabine and Stavudine 697

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
2
1
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1


