Available online at www.sciencedirect.com

SCIENCE@DIHECT° JOURNAL OF
CHROMATOGRAPHY B

I

ELSEVIER Journal of Chromatography B, 809 (2004) 1-7

www.elsevier.com/locate/chromb

Subnanogram on-line column-switching liquid chromatographic—
tandem mass spectrometric quantification method for nelfinavir
and methoxyphenol metabolite M1 in rat plasma

Yousheng Hu&, Patty Fan-Havargj Kenneth K. ChaR*

2 College of Pharmacy, The Ohio State University, Columbus, OH 43210, USA
b Colleges of Pharmacy and Medicine and Public Health, Room 308 OSU CCC, The Ohio State University,
410 West 12th Avenue, Columbus, OH 43210, USA

Received 30 December 2003; received in revised form 13 May 2004; accepted 14 May 2004
Available online 13 July 2004

Abstract

A new on-line, rapid and sensitive column-switch LC/MS/MS method to measure nelfinavir (NFV), an HIV-1 protease inhibitor, and its
major metabolite (M1) in rat plasma was developed. Rat plasma containing the analytes and the internal standard was treated with acetonitrile
and the supernatant was processed through an on-line extraction and an analytical columns, with a column-switch device. ESI-LC/MS with
multiple reaction monitors for appropriate analytes was performed. This assay gave a limit of quantitation (Q@QyafL for the analytes
with 5 min run time. The within-run and between-run precisions wet@ and<10%, respectively. This analytical method was successfully
applied to a study to correlate changes in maternal and placental NFV plasma concentrations in rats following NFV exposure in utero.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction whether a dose- or concentration-dependent relationship
exists.

Nelfinavir (NFV), a potent HIV-1 protease inhibitor, is Nelfinavir forms two major metabolites, -thethoxy-4-
commonly used in combination with two reverse transcrip- hydroxynelfinavir (M1) and hydroxyt-butylamidenelfinavir
tase inhibitors in the therapeutic treatment of HIV-infection (M8), following oral administratior{9]. Nelfinavir is pre-
in pregnant womeril]. The mother-to-child transmission dominantly metabolized to the M1 form in rats (personal
rate has decreased t02% with the use of combination communication with Dr. Ellen T. Wu, Agouron Pharma-

antiretroviral therapy (ART)2,3]. Nelfinavir, as with all ceuticals Inc., La Jolla, CA). Numerous reversed-phase
protease inhibitors, is associated with glucose intolerance,high-performance liquid chromatography (HPLC) methods
insulin resistance, and new onset of diabetes meljt . have been published for the quantitative determination of

Pregnancy is a risk factor for glucose intolerance. Ma- NFV [10-13] These methods have proved to be unsuc-
ternal glucose intolerance of gestational diabetes is asso-cessful in separating NFV from its M1 metabolite by our
ciated with a high incidence of maternal—fetal complica- laboratory. Several liquid chromatography—tandem mass
tions during pregnancy6]. The placentas recovered from spectrometry (LC/MS/MS) methods have been published
gestationally diabetic women show greater prevalence of for simultaneous determination of five or more HIV-1 pro-
hypertrophy and increases in mass, size, weight, surfacetease inhibitors, and the M8 metabolite of Nf%,14,15]
area[7,8]. It remains unknown whether the use of NFV To our knowledge, only one published LC/MS/MS assay
exacerbates the risk for gestational diabetes mellitus, andhas been developed for simultaneous quantification of NFV
and its two metabolites, M1 and ME]. This method
was validated for NFV over the concentration ranges of
* Corresponding author. Telt+1 614 292 5022, 20-3000 ng/mL, and 1-1000 ng/mL for NFV and M1, re-
E-mail address: scott.325@osu.edu (K.K. Chan). spectively. In addition, the sample preparation consisted of
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extraction with a mixture of ethyl acetate and acetonitrile column-switch method with LC/MS/MS to further increase
(ACN), evaporation, and reconstitution with the mobile the sensitivity, as well as reducing sample preparation time
phas€g9]. by eliminating the need for evaporation by nitrogen and sam-
Although the LC/MS/MS methods provide improved ple reconstitution. This method was applied in a study to
sensitivity for NFV as compared to the HPLC method correlate maternal NFV concentrations with glucose levels,
[9,10-15] there is still a need to increase the sensitivity and placental changes following in utero exposure in rats.
for quantitative determination of NFV during pregnancy.
Pregnancy is associated with numerous physiologic changes
that include increases in plasma volume, fat stores, cardiac2. Experimental
output, glomerular filtration, hepatic blood flow, and altered
protein binding[16,17] These physiologic changes may 2.1. Materials
lead to lower levels of NFV during pregnancy. Recently,
a patient with HIV-infection who developed virological Nelfinavir and M1 were kindly provided by Agouron
breakthrough while receiving a NFV-containing regimen Pharmaceuticals Inc. The internal standard reserpine
was reported18]. Nelfinavir plasma levels decreased from was obtained from Sigma (St. Louis, MO). Female and
7.03p.g/mL during nonpregnant state to 2,28/mL at 36 male Sprague—Dawley rats were purchased from Harlan
weeks gestation. The decreases in plasma peak concentrasprague-Dawley Inc. (Indianapolis, IN), HPLC grade ACN,
tions, area under the curve, half-life and clearance suggestmethanol, and acetic acid were obtained from Fisher Sci-
that pregnancy may have affected pharmacokinetic dis- entific (Pittsburgh, PA). Drug free heparinized rat plasma
position of NFV, resulting in virologic breakthrough and used was obtained from Harlan Bioproducts for Science
development of drug resistance in the pati§l8]. In a (Indianapolis, IN).
separate study, 11 of 14 patients had undetectable plasma
levels of NFV at time of deliveryj19]. The HPLC assay 2.2. Animals
used for this study had a lower limit of quantitation for
NFV at 250 ng/mL[11]. All rats were housed in the animal facility in house and
The major aim of this investigation was to develop a sim- cared for in accordance with the Ohio State University
ple and highly sensitive LC/MS/MS method for the detection (OSU) Institutional Animal Care and Use guidelines. A
of NFV and its M1 metabolite in dams at day 20 of gestation total of 22 female Sprague—Dawley rats were randomly as-
following exposure to NFV in utero. The structures of NFV signed to a control, low-dose (100 mg/kg/day), or high-dose
and M1 are shown ifrig. 1. Here we combined an on-line  NFV-treated (400 mg/kg/day) group. Treatment was initi-
ated 1 week prior to mating. Rats were mated overnight
within a 12h period once weekly. Vaginal smears were
conducted with sperm-positive smears denoting day 0 of
pregnancy. Carboxymethylcellulose suspension was admin-
\J_ istered to the control rats in identical volumes per weight
as in the NFV-treated groups. Necropsy was performed on
all females at day 20 of gestation. Maternal blood samples
were collected at the time of necropsy at20.7 h after last
H dosing. The uterus and its contents were immersed in PBS
following exsanguination. The placentas and fetuses were
isolated, weighed and measured using a caliper. Placental
surface area was calculated using the equati¢a/2)(b/2).
Nelfinavir (MW 567.78) Nonfasting glucose concentrations of maternal serum were
analyzed by YSI 2500 Biochemistry Select Analyzer (Yel-
low Spring, OH). The OSU Institutional Animal Care and
Use Committee approved the study protocol.

2.3. Instrumentation

H,CO, A PE Sciex API 300 triple quadrupole mass spectrometer
(Thornhill, Ontario, Canada) coupled to a Shimadzu HPLC
system consisting of a column-switch device (VICI, Valco

Instruments Inc., Houston, TX), two high-pressure solvent

delivery pumps (LC-10AD, Shimadzu, Columbia, MD), a

Shimadzu autosampler (SIL-10A) and a system controller
Fig. 1. Structures of nelfinavir and its M1 metabolite. (SCL-10A). Samples were first loaded into an extraction col-

+
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H

MI (MW 597.77)
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Pump 2 (mobile phase) The internal standard (IS) solution reserpine was prepared
with 50:50 ACN/water at a concentration of 1 mg/mL and
Switch position A 1-8, 2-3, 4-5, 6-7 _the solutl_on was further diluted to_pég/mL fo_r use as work-
Switch position B 1-2, 7-8, 5-6, 3-4 ing solution. A 1QuL of IS working solution was added

to appropriate samples in 1.5 mL microcentrifuge tubes and
the content was mixed gently. Then to each tube was added
300unL cold (—20°C) ACN and the content was mixed by
vortex for 20s. The tubes were centrifuged at 15 909
for 10 min. A 50uL aliquot was injected into the on-line
column-switching system for analysis. Because this is an
on-column method, only the overall recoveries of NFV (4

f A ' and 400 ng/mL), M1 (0.8 and 80 ng/mL), and IS (100 ng/mL)
Pump1(washing solution) . !

were assessed, and they were accomplished by comparing

Fig. 2. Schematics of the on-line column-switch system. the peak areas of analytes obtained from plasma samples to
those of drug spiked into the mobile phase.

Waste

Analytical
Column

Auto injector

detector

Extraction
column

umn (MetaSil Basic % 10 mm, 3Qum C8, Metachem, Tor- -

rance, CA) via an auto injector by pump 1 when the switch 2-5. Stability

was set in the A position. The loading solvent, composed

of 95:5 methanol/water was pumped through pump 1 at the The stability of the analytes and the IS was investigated
rate of 1 mL/min for 1 min to wash out water soluble impuri- &t various concentrations stored in mobile phase and in rat
ties from the extraction column, while pump 2 delivered the Plasma at 4, 23, and 3T. Freshly prepared QC samples,
chromatographic mobile phase (60:40 ACN/0.05% acetic at medium concentration of 40 ng/mL NFV, 8 ng/mL M1,
acid) through the guard column (Betabasic 8 20 mm, and at high concentration of 400 ng/mL NFV, 80 ng/mL
Keystone Scientific, Bellefonte, PA) then to the analytical M1, both with 100 ng/mL of IS were incubated in a water
column (Javelin 20 mm C8, 5um, Keystone Scientific). bath (Model 180 Series, Precision Scientific, Chicago, IL)
After 1 min, the switch was changed to the B position, at 37°C for 24 and 72h. Stability of NFV, M1, and IS in
then pump 2 backflushed the analytes from the extrac- the mobile phase (60:40 ACN/0.05% acetic acid) was also

tion column to the Guard-Analytical (G-A) columns with ~carried out at 4 and 2% for 24 h. Three replicates were
the mobile phase. The column-switch device is shown in Used for each solution at each of the storage conditions. The

Fig. 2 concentrations of the analytes were compared to the mean
Mass spectrometry parameters used were: electrospray?f back-calculated values of the samples that were freshly

ionization with ionspray voltage 0£4500V was selected, ~Prepared. The freeze-thaw stability (at two concentrations

and orifice voltage (OR) was optimized at 15V. Mass and three cycles) of NFV and M1 were evaluated and the

calibration was performed on both the first and the third Mean overall changes wasl0%.

guadrupoles, using a solution of polypropylene Glycol

(PPG) in 3mM ammonium acetate. Three multiple re- 26 gatistical analysis

action monitor (MRM) channels were set at 568.4-330,

609.2-397, and 598.2-360, for monitoring NFV, reserpine,  The maternal glucose and placental data obtained from

and M1, respectively. No MRM cross-talk between NFV' e rats are presented as arithmetic meastandard devi-

and M1 was observed, i.e. NFV did not give a daughter at ation (S.D.). Differences between groups were determined

Mz 360 and M1 did not yield a daughter ionratz 330. by analysis of variance, post hoc testing by the method
of Tukey. The effects of treatment dose on placenta:fetal
2.4. Preparation of standards and controls weight ratio, and placental surface area were tested for

group differences by two different methods. First, the av-

The stock solutions of NFV and M1 were made by dis- erage placenta: fetal weight ratio and placental surface area
solving the appropriate compounds with 50:50 ACN/water were calculated for each mother, and comparisons were
to make a concentration each 1 mg/mL. The stock solutions made using nonparametric Wilcoxon rank sum tests. Next,
were appropriately diluted with ACN/water to various con- a correlated data models, using SAS’ PROC MIXED, were
centrations for use as working standards. Ten microliters applied in order to account for the correlations among pups
each of NFV and M1 working standard solutions with proper from the same mother. Pearson correlation coefficients were
concentrations were spiked into 0.1 mL drug-free rat plasma computed to ascertain the linearity between NFV levels,
to give a range of concentrations from 0.8 to 400 ng/mL data were combined from both groups, and maternal glu-
for NFV, and 0.2 to 80 ng/mL for M1, respectively. Quality cose levels, average placenta:fetal weight ratio, and average
control (QC) samples were prepared at three different con- placenta surface area. R-value of <0.05 was considered
centrations of each analyte using a prepared stock solution.significant.
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3. Discussion and conclusion _ intenstty: 23 cpe

o m/z 568-330 of blank /!
3.1. Method validation ‘

Extracted ion chromatograms from drug-free plasma and =1
from a standard sample spiked with 0.8 ng/mL of NFV,
0.2 ng/mL of M1, and 100 ng/mL of IS are shownFig. 3. ; 72
The retention times of NFV, M1, and IS were 2.6, 2.6, and - A ;' i)
2.4min, respectively. NFV and M1 were co-eluted under (° T ﬁ,& ORMETES ; RINMETTY
the chromatography conditions, but were resolved by their T RoEm s EEm A
respective masses with selected MRM channels.

Linearity was observed for NFV in the concentration
range between 0.8 and 400 ng/mL and for M1 in concentra-
tion range between 0.2 and 80 ng/mL, both with a regres- o

181 Soan
36 Tine

intensity; 134 cpa

sion coefficient of >0.99. The limit of quantitation (LOQ), *% |

defined as a signal to noise ratio of 5, was determined as C: .'I |

0.8 + 0.09 and 04 + 0.04ng/mL for NFV and M1, re- o 7o

spectively, using 0.1 mL rat plasma. The LOQ of NFV is % / !

significantly lower than those recently reported LC/MS/MS ‘—”4“" : - — " mmen
[9,14,15] Chi et al.[15] reported a LOQ of 5ng/mL and  ® &5 s e U WL EL W Wk ¥R R

Crommentuyn et al[14] reported a LOQ of 50 ng/mL for
NFV. The use of the column-switch system in the current
method may contributed the improved LOQ, since removal . _ 137
of column-switch and extraction column generated poor s ,
NFV signals with wider peak and lower peak area tested by 2% m/z 598-360 of blank I |
pure standard solutions. :; | i Il

The within-run and between-run characteristics for NFV st ‘ﬁ“ 1 |
and M1 at three concentrations levels are showTaible 1 ;“: I I I‘I‘
The within-run coefficients of variation (CVs) were 11.8, .l - III\ ;LI '| 1 -
10.3, 9.8% at 0.8, 40, 400ng/mL for NFV, and 12.1, 9.8, ¥ I JU ] YVl
10.0% at 0.4, 8.0, 80.0 ng/mL for M1, respectivety=£ 6). (C“) P U SO T T I S g T e
The between-run CVs and accuracy values are also listed
in Table 1 As shown, the between-run CVs were less than

8.8% for NFV and 8.7% for M1, and accuracy values ranged mq o
’
o

intensdy: 28 cpas

from 97.9 to 104.2% for NFV and from 95.0 to 103.4% for
M1.
Recovery data of NFV, M1, and the IS are listed in *

9
8
Table 2 The mean recovery value for NFV is close to .
100%, indicating that the matrix effect for NFV was negli- 3% [ 1

gible. The mean recovery values for M1 ranged from 101.3 *7 s0 r:l 4 '%"

to 113.1%, possibly due to some ion enhancement effect L( — m— i o e~ e 3
of the matrix. The recovery for the IS at 100ng/mL was (D) &5 &3 % i 204 % 2 4% 270 fine
7_6%’ |nd|cat|ng someilo_n suppression existed for reser- Fig. 3. Extracted ion chromatograms from blank rat plasma and a rat
pine. The standard deviation values for all three compounds pjasma sample spiked with 0.8ng/mL of NFV, 0.2ng/mL M1, and
were less than 6.3%, indicating that the column switching 100ng/mL of internal standard. MRM chromatograms are shown in (A)
method is highly reproducible and with constant recovery NFV blank with MRM set atn/z 568.4-330; (B) NFV standard at/z
values. 568.4-330, with the signal to noise (S/N) ratio of >5; (C) M1 blank at
m/z 598.2-360; (D) M1 sample atVz 598.4-360 with the S/N of >5.
The smooth factor was 5.

3.2. Column switch assembly

There are merits of column-switch approach in sam-
ple treatment when compared to other approaches such aseconstitution needed as in the case of off-line SPE or L-L
solid-phase extraction (SPE) and liquid—liquid (L-L) extrac- methods. Using the column switch method, the analytes
tion [20,21] This system was on-line and fully automated; were enriched in the extraction column, then back flushed
the total run time was only 5min per sample following into analytical column, and resulting in higher sensitivity as
simple protein precipitation. There was no evaporation and compared to other reported methdésl4]. No appreciable



Table 1

Method validation of (a) nelfinavir and (b) M1 in 0.1 mL rat plasma
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Concentration (ng/mL in plasma)

Table 2
Column switching recovery for nelfinavir, M1, and internal standard
(n=59)

Compound Norminal concentration Recovery (%) S.D. (%)

0.8 4 40 400 (ng/mL)
(a) NFV 4 102.4 6.3
Within-run number 400 97.2 3.9
1 0.77 4.6 44.98 371.8 M1 0.8 1013 -
2 0.71 4.59 47.37 4215 80 1131 e
3 0.89 4.86 45 406.2 : :
4 0.83 4.89 46.4 423 Reserpine 100 75.7 2.3
5 0.93 3.75 36.4 448.6
6 0.7 3.88 38.95 496.7
Average 0.81 4.43 43.18 428.0 3.3. Sability
S.D. 0.09 0.49 4.43 42.06
CV (%) 11.8 11.1 10.3 9.8 Nelfinavir was previously reported by Crommentuyn et al.
Accuracy  100.6 110.7 108.0 107.0 [14] as stable in the plasma and in the HPLC mobile phase
Between-run number solution. We reinvestigated the stability of NFV with lower
; 8-79 2;5 26-‘2‘8 393.4 concentration solutions and incorporated the stability study
3 0;471 4'6‘11 41'98 251;; 4 of M1 metabolite, and reserpine. The stability values are
4 073 421 41.3 305.8 listed in Tables 3 and 4As shown, all these compounds
5 0.89 4.02 36.78 486.4 were found to be stable and degraded less than 10% under
6 0.78 4.58 38.3 406.2 all investigated conditions. Stability data for M1 were not
Average 0.78 417 39.17 415.4 available previously, while stability data for NFV consisted
S.D. 0.06 0.37 3.34 36.00 with the reported resulfd4,15]
CV (%) 7.3 8.8 8.5 8.7
Accuracy 97.9 104.2 97.9 103.8 34 Application
Concentration (ng/mL plasma)
0.4 2 8 30 Necropsy was performed on eight control (total of 95
©) concepti), seven low-dose (total of 99 concepti) and seven
Within-run number high-dose NFV-treated (total of 90 co_ncepu) dams. The
1 0.42 21 9.08 73 mean (S.D.) placenta:fetal weight ratios werelB8 +
2 0.4 1.98 9.43 82.3 0.018, 0157+ 0.022, and (1564 0.027 g in the control,
3 0.34 177 9.32 81.6 low-dose and high-dose NFV-treated groups, respectively
4 0.44 1.93 92 n (P < 0.001). The placental surface area was significantly
5 0.35 2.02 7.4 93.2 . .
6 033 205 79 93.4 larger in the low-dose and high-dose NFV-treated groups as
A 038 o8 672 6.4 compared to control, .42 + 0.142 cn?, 1.51+ 0.137 cn?
verage . . . . ; .
sD. 0.05 012 0.85 836 versus 1494 0.181 cn?, respectively P < 0.05). No statis
CV (%) 12.1 5.9 9.8 10.0
Accuracy 95.0 98.8 109.0 104.3 Table 3
Between-run number Stability data for NFV and M1 in rat plasma & 3)
1 0.41 1.97 7.38 81.1 Nominal Measured S.D. CV Accuracy
2 0.39 1.95 8.2 80.3 mean mean (%) (%)
3 0.36 2.08 9.08 79.2 concentration concentration
4 0.34 1.94 9.1 93.2 NEV
5 0.42 2.05 7.62 77
6 0.41 213 8.23 93.3 24h at 37C  40.6 43.7 1.9 4.4 107.6
' ' ' ' 398.6 417.2 211 51 104.7
évgrage g g’?? 02'382 g 7227 874582 72h at 37C  40.6 43.8 36 81 107.9
oV (%) 8.2 3.9 8.7 8.7 398.6 382 30.8 81 958
Accuracy 97.1 101.0 103.4 105.0 M1
24hat37C 82 8.5 0.7 81 1037
79.1 87 6.1 7.0 1100
loss of analytes was found with 5% methanol in water at 72hat37C 82 7.52 0.7 93 917
the flow rate of 1 mL/min as loading and washing solvent. 791 31 68 93 924
Higher organic solvent may introduce protein precipitation Reserpine
in extraction column and may cause the loss of analytes 24h at 37C 100 92.1 91 99 921
72h at 37°C 100 94.9 6.2 65 949

from the extraction column.
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Table 4
Stability data for NFV and M1 in 60:40 acetonitrile/0.05% HAT £ 3)

Nominal mean concentration Measured mean concentration S.D. CV (%) Accuracy (%)
NFV
24h at 4°C 1.9 1.8 0.2 11.1 94.7
40.4 43.7 1.9 4.4 108.2
408 388.2 28.1 7.2 95.1
24h at 23C 1.9 1.7 0.2 11.8 89.5
40.4 43.8 3.6 8.2 108.4
408 382 25.4 6.7 93.6
M1
24h at 4°C 0.42 0.46 0.05 10.9 109.5
75 8.3 0.7 8.4 110.7
81.8 77 5.2 6.8 94.1
24h at 23C 0.42 0.38 0.03 7.9 90.5
75 8.4 0.4 4.8 112.0
81.8 77.9 4.3 5.5 95.2
Reserpine
24h at #C 100 95.1 9.2 9.7 95.1
24h at 23C 100 93.2 7.6 8.2 93.2
Table 5
Maternal glucose and placental outcomes in rats following in utero exposure to nelfinavir
Parameters Controh(= 95 concepti) Low-dose NF¥/(n = 99 concepti) High-dose NFV(n = 90 concepti)  P-value
Maternal glucose (mg/dL) 100.7 114.0 116.6 NS
Placenta:fetal weight ratio (g) 0.138 0.018 0.157+ 0.022 0.156+ 0.027 <0.001
Placental surface area (&m 1.42+ 0.142 1.51+ 0.137 1.49+ 0.181 <0.05
a Low-dose NFV: 100 mg/(kg day).
b High-dose NFV: 400 mg/(kg day).
¢ Normal glucose range in rats: 45-107 mg/dL.
tical difference was noted for maternal glucose levels among
the groups; however, there was a trend for higher glucose e 6
levels in the two treatment group$able 9. The observed  Nelfinavir and M1 in rat plasma samples
placeqtal chqnges are consistent with the clinical findings of Sample ID NFV (ng/mL) M1 (ng/mL)
gestational diabetes.
We applied the described method to determine if there is Low dose rat: NFV 100 mg/(kg day)
an association between plasma levels of NFV and maternal Lé g:gg (1):35
glucose, and placental outcomes, following in utero expo- |4 8.3 29
sure to NFV. Plasma levels of NFV and the M1 metabolite L5 2.65 0.7
are shown inTable 6 The mean maternal plasma levels of L7 8 1.7
NFV and M1 were 9 + 2.7 and 14 + 0.8 ng/mL in the L8 6.05 16
low dose treated group, and36t 4.4 and 11 + 0.7 ng/mL Lo 12 0.5
in the high-dose treated group, respectively. No significant Low dose average 4.9 14
differences were noted for maternal glucose, placental:fetal S.D. 21 08
weight ratio, and placental surface area between the twoHigh dose rat: NFV 400 mg/(kg day)
treatment groups by both nonparametric Wilcoxon rank sum  H2 515 0.8
tests and correlated data models. Similarly, there were no H4 2‘25 ig;
significant relationships between NFV levels with maternal ¢ o8 07
glucose, and placental changes. Our data suggest that the Hs 10.15 1.75
observed placental changes and maternal glucose do not ap- H9 14.05 23
pear to be dose-dependent or concentration-dependent. H10 13 0.15
A rapid, accurate, sensitive, and specific on-line column-  High dose average 6.8 11
switch LC/MS/MS method was developed and validated for  S.D. 4.3 0.7

determining NFV and M1 in plasma from rats. The advan- nNote: All data are the average of two measurements.



Y. Hua et al. / J. Chromatogr. B 809 (2004) 1-7 7

tages of this method include rapid and simple sample prepa- [6] D.M. Jensen, P. Damm, B. Sorenson, L. Mglsted-Pedersen, J.G.
ration, high selectivity and sensitivity, and improved LOQ \{\;thrggfrdﬁié Klebe, H. Beck-Nielsen, Am. J. Obstet. Gynecol.
for each analyte. This assay is currently been used to an- (2001) ’

. . 1 7] T.T. Lao, C.P. Lee, W.M. Wong, Placenta 18 (1977) 227.
alyze placental and fetal liver tissues from rats following (g) R.N. Laurini, E.H.A. Visser, E. Van Ballegooie, Placenta 8 (1987)

NFV exposure in utero. In addition, its application to ana- 153.
lyze plasma and cord blood samples from HIV-1 infected [9] K.E. Zhang, E. Wu, A.K. Patick, B. Kerr, M. Zorbas, A. Lankford,
pregnant women is explored. T. Kobayashi, Y. Maeda, B. Shetty, S. Webber, Antimicrob. Agents

Chemother. 45 (2001) 1086.
[10] E. Wu, J.M. Wilkenson I, D.G. Naret, V.L. Daniels, L.J. Williams,
D.A. Khalil, B.V. Shetty, J. Chromatogr. B 695 (1997) 373.
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and the Biomedical Mass Spectrometry Laboratory. Bentue-Ferrer, Ther. Drug Monit. 24 (2002) 54.
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