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Novel Liquid Chromatography-Tandem Mass Spectrometry Method
for Simultaneous Detection of Anti-HIV Drugs Lopinavir, Ritonavir,

and Tenofovir in Plasma

Josefin Koehn, Rodney J. Y. Ho
Department of Pharmaceutics, University of Washington, Seattle, Washington, USA

For HIV infection, anti-HIV drug combinations are typically used as highly active antiretroviral therapy (HAART), intended to
maximize viral suppression. Three drugs used frequently in combination are the protease inhibitors lopinavir and ritonavir and
the nucleotide reverse transcriptase inhibitor tenofovir. We have successfully developed a simple, efficient, and sensitive method
to simultaneously extract and determine the concentrations of lopinavir, ritonavir, and tenofovir in plasma samples. The plasma
extractions were performed using a liquid-liquid extraction followed by protein precipitation of the remaining aqueous layer.
The collected fractions were combined, dried, and reconstituted in the mobile phase. The drugs were quantified using liquid
chromatography coupled with tandem mass spectrometry. The assay was applied to a study of plasma drug levels in two pri-
mates (Macaca nemestrina). The bioanalytical assay was optimized and validated to exhibit a high extraction efficiency and good
sensitivity and reproducibility. When the assay was applied in a primate study, all three drugs could be detected in plasma within
minutes of subcutaneous dosing. This validated assay will be useful for evaluation of drug concentrations in an efficient, selec-

tive, and sensitive manner.

S ince the introduction of highly active antiretroviral combina-
tion therapy (HAART) in the late 1990s, the life expectancy
and quality of life of human immunodeficiency virus (HIV)-in-
fected patients have improved due to plasma virus load reductions
to below detectable levels (1, 2). Most HAART treatments include
two or three anti-HIV drugs targeted to different viral proteins.
Typically, a nucleoside/nucleotide reverse transcriptase inhibitor
(NRTI/NtRTI) is combined with a nonnucleoside reverse trans-
criptase inhibitor (NNRTT), intended to reduce the risk of harbor-
ing drug-resistant virus, or with one or more protein inhibitors
(PIs) to attack the virus at multiple HIV enzyme targets. In addi-
tion to PIs, other, newer classes of drugs, such as integrase inhib-
itors, are also used in various drug combinations (3, 4).

Among the PIs used in HAART, lopinavir is formulated as a
combination with a subtherapeutic dose of ritonavir in the prod-
uct Kaletra. In Kaletra, ritonavir is intended to inhibit cytochrome
P450 (CYP) 3A isoenzyme metabolism of lopinavir, thereby
boosting lopinavir exposure (5). Ritonavir has also been shown to
inhibit drug efflux transport by P-glycoprotein (PgP) and there-
fore could enhance cellular retention of lopinavir (6). Tenofovir,
an NtRTI, is often prescribed with lopinavir and ritonavir. Teno-
fovir, given as tenofovir disoproxil fumarate as an oral prodrug to
increase absorption but readily hydrolyzing to the tenofovir active
form, is recommended in the WHO HIV/AIDS treatment guide-
lines as a combinational drug of HAART (3).

A number of reports have described bioanalytical assays for
simultaneous extraction and detection of lopinavir and ritonavir,
alone or in combination with additional PIs and NNRTTs, from
plasma and/or cell samples (5, 7-10). Some assays detect tenofovir
alone or in combination with other drugs, such as lamivudine
(11-13). Two different analytical assays were employed to deter-
mine time course plasma drug concentrations in lopinavir-ritona-
vir and tenofovir drug interaction studies (14-16). The two-assay
approach is labor-intensive and time-consuming and also re-
quires an expanded plasma volume and other resources. While a
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one-step liquid chromatography-mass spectrometry (LC-MS) as-
say was previously developed that is capable of detecting 17 anti-
HIV drugs in plasma (17), the ability to detect plasma drug levels
consistently in patients taking lopinavir, ritonavir, and tenofovir
is not clear.

One of the challenges in developing a single assay for these
three drugs is the significant differences in hydrophobicity of the
PIs (lopinavir and ritonavir) and the NtRTI (tenofovir). While
lopinavir and ritonavir are hydrophobic, and hence insoluble in
water, tenofovir is hydrophilic. This difference makes it challeng-
ing to extract the three drugs effectively and simultaneously from
plasma and also to identify a suitable chromatographic column
matrix for the separation. Thus, a creative solution is needed. We
systematically addressed these issues and developed a single chro-
matographic assay to detect all three compounds, lopinavir,
ritonavir, and tenofovir, simultaneously by using LC coupled with
tandem MS (LC-MS/MS). The optimized method is capable of
extracting and quantifying the plasma concentrations of the three
drugs simultaneously with high efficiency, selectivity, and sensi-
tivity.

MATERIALS AND METHODS

Chemicals. Original standards of lopinavir, ritonavir, and tenofovir were
provided by the NTH AIDS Research and Reference Reagent Program.
Some later samples were purchased from Waterstone Technology (Car-
mel, IN). Cyheptamide was purchased from Sigma-Aldrich (St. Louis,
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MO). Acetic acid (HAc) was of glacial grade and was obtained from J. T.
Baker (Center Valley, PA). Water, acetonitrile, methanol (all optima
grade), and methylene chloride were obtained from Fisher Scientific
(Pittsburgh, PA). Trifluoroacetic acid (TFA) was purchased from Aldrich
(Milwaukee, WI). All other reagents were of analytical grade or higher.

Instrumentation. The high-pressure liquid chromatograph (HPLC)
consisted of two Shimadzu LC-20A pumps, a DGU-20A5 degasser, and a
Shimadzu SIL-20AC HT autosampler. This was coupled to a 3200 QTRAP
mass spectrometer from Applied Biosystems (Grand Island, NY),
equipped with an electrospray ionization (ESI) TurbolonSpray source.
The software to control the systems and to process the data was Analyst
software, version 1.5.2 (ABSciex, Framingham, MA).

HPLC-MS method. Separations were carried out on a Synergi column
(100 X 2.0 mm; 4-pm particle size) (Phenomenex, Torrance, CA). A Cg
guard column (4.0 X 2.0 mm) was used (Phenomenex). The separations
were done under ambient temperature, and the flow rate was set to 0.35
ml/min. The injection volume was 5 1. The mobile phase for the separa-
tions consisted of buffers A (water with 0.1% HAc) and B (acetonitrile
with 0.1% HAc). The gradient program used was as follows: 3% buffer B
for 2.0 min, 50% buffer B at 2.1 min, 100% buffer B at 4.0 min to 5.5 min,
and 3% buffer B at 6.0 min, held until 8.5 min. The needle wash was a
solution of methanol-water (50-50 [vol/vol]).

Analytes were monitored using multiple-reaction monitoring (MRM)
mode for positive ions. In MRM, a selected precursor ion is fragmented to
a specific ion, which is analyzed at the detector. By cycling through differ-
ent precursor—fragment-ion transitions, additional selectivity is allowed
beyond separation on the column. The following ion transitions were
monitored: for lopinavir, m/z 629.4 — 447.2; for ritonavir, m/z 721.3 —
296.1; for tenofovir, m/z 288.1 — 176.1; and for the internal standard (IS),
m/z 238.1 — 193.2. The detector parameters were as follows: curtain gas
(N,), 30 psi; ion-spray voltage, 5 kV; temperature, 475°C; nebulizer gas
(N,), 40 psi; dry gas (N,), 40 psi; and collision gas, set to medium.

Standard samples. Standard samples were weighed in two different
batches for all three drugs independently and dissolved to a concentration
of 50 wg/ml. Lopinavir and ritonavir were kept in acetonitrile, while teno-
fovir was kept in a solution of water-acetonitrile (50-50 [vol/vol]). The
stock solutions were stored at —20°C. Working solutions were diluted
from the stock to 1 pg/ml in water-acetonitrile (50-50 [vol/vol]) and were
kept at 4°C. One of the weighings was used to generate the calibration
samples, while the other was used for quality control (QC) samples.

The internal standard (cyheptamide) was prepared in a stock solution
of 250 wg/ml in acetonitrile and kept at —20°C. Working solutions of 10
pg/mland 1 pg/ml were diluted from the stock and kept at 4°C.

Calibration samples were prepared in water-acetonitrile (90-10) with
0.1% HAc at 11 different concentrations, ranging from 1 ng/ml to 1,000
ng/ml. Quality control samples were prepared at low, medium, and high
concentrations (5, 50, and 750 ng/ml).

Sample preparation. A liquid-liquid extraction (LLE) method was
developed for simultaneous extraction of all three drugs from plasma.
Plasmas from primates were used and were stored at —80°C until use.

Two-hundred-microliter plasma samples were spiked with 20-pl ali-
quots of the working solution (1 pg/ml) to generate a standard curve with
3 QC concentrations (low, medium, and high [5, 50, and 750 ng/ml]). To
the unknown samples, 20 .l water-acetonitrile (50-50) was added to bring
the volume up to that of the spiked samples. Ten microliters of IS (1 pg/ml
cyheptamide) was added. To this, 5 pl of 4 M KOH was added for pH
adjustment. LLE was performed by adding 500 wl of methylene chloride,
and the samples were vortexed for 5 min. The samples were then centri-
fuged in an Eppendorf centrifuge (Danfoss, Denmark) for 10 min at
14,000 rpm (20,800 X g) at 4°C, and the organic phase was collected. The
LLE step was repeated once. To the remaining aqueous phase, 20 pul TFA
was added in order to perform protein precipitation (PP). The sample was
vortexed and centrifuged as described above. Two hundred microliters of
the aqueous phase was collected and added to the earlier collected organic
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phase. This was dried under a stream of N, gas at 40°C and reconstituted
in water-acetonitrile (90-10) with 0.1% HAc.

Validation. Validation of the assay was performed based on the Guid-
ance for Industry, Bioanalytical Method Validation, issued by the U.S. Food
and Drug Administration (FDA) (18). Parameters evaluated were linear-
ity, sensitivity, accuracy, precision, stability, selectivity, and recovery.

The linearity was tested in the range of 1 to 1,000 ng/ml for all three
drugs. For this determination, 11 different concentration points were in-
jected in triplicate, in order from lowest to highest. The back-calculated
accuracy had to be £15%, or £20% for the lowest value, for the standard
curve to be accepted.

Sensitivity was determined by finding the limit of detection (LOD)
and limit of quantification (LOQ) for the substances from samples not
used in the calibration curve, determined according to the guidelines of
the Clinical and Laboratory Standards Institute (19).

For determinations of intra- and interday accuracy and precision, QC
samples were used at low, medium, and high concentrations. The ac-
cepted limit for both accuracy and precision was +15% for all concentra-
tions except for the lowest point, where it was =20%.

For selectivity, blank plasma samples were tested to evaluate interfer-
ences at the retention times of the drugs of interest.

The recovery was calculated as the extraction yield, comparing ex-
tracted standards with standards spiked in extracted blank plasma, repre-
senting a 100% yield.

Primate study. To confirm the method, nonhuman primates (pig-
tailed macaques [Macaca nemestrina]) were injected subcutaneously with
a suspension consisting of lopinavir-ritonavir-tenofovir (20:14.3:13.6
mg/kg of body weight [10:5:15 molar ratio]). The aqueous suspension was
composed of 8% dimethyl sulfoxide (DMSO), 0.1% Tween 20, 0.7%
NaCl, and 20 mM NaHCOj;. The primate studies were done under an
approved Institutional Animal Care and Use Committee (IACUC) pro-
tocol.

Blood was collected at the following time points: 0 (predose), 0.5, 1, 3,
5, 8, and 24 h. The samples were obtained in K,-EDTA collection tubes
and immediately put on ice. Whole blood was centrifuged at 1,200 rpm for
10 min (4°C), and the plasma was collected and subsequently transferred
to cryovials and stored at —80°C until analysis.

RESULTS
Method development. (i) Optimization of support matrix for
separation of lopinavir, ritonavir, and tenofovir. To develop a
single chromatographic assay in which all three analytes could be
measured simultaneously, five different columns were evaluated.
They included an Agilent Zorbax SB-C, 5 column (150 X 2.1 mm;
5-wm particle size), an Agilent Zorbax SB-Cg column (150 X 2.1
mm; 5-pum particle size), a Waters Acquity phenyl column (100 X
2.1 mm; 1.7-pum particle size), a Thermo Scientific Hypersil Gold
aQ column (100 X 2.1 mm; 3-pm particle size), and a Phenome-
nex Synergi Polar-RP column (100 X 2.0 mm; 4-pm particle size).
The Zorbax SB-C,4 column was unable to bind tenofovir prop-
erly, and hence the drug eluted with the solvent front. In contrast,
the Zorbax SB-Cg column was able to separate the protease inhib-
itors, but tenofovir did not show any peak. The Acquity phenyl
column failed to bind tenofovir, and the compound eluted with
the solvent front; also, the lopinavir and ritonavir peaks showed
significant peak tailing. While the Hypersil Gold aQ column ex-
hibited a peak for tenofovir, the intensity was low, and the lopina-
vir and ritonavir peaks showed high levels of variability. Only the
Synergi column retained tenofovir effectively, along with lopina-
vir and ritonavir, and produced sharp peaks consistently and at
high intensities for all three compounds. Therefore, the Synergi
column was used for solvent and method optimization.

(ii) Optimization of mobile phase. We first used combina-
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FIG 1 Chromatograms of the drugs. (A) Lopinavir; (B) ritonavir; (C) teno-
fovir; (D) IS (cyheptamide). RT, retention time.

tions of acetonitrile and methanol with water. Acetonitrile was
chosen over methanol because of its lower viscosity, allowing
higher flow rates and shorter run times. Also, this choice provided
a higher intensity for tenofovir, the analyte with the lowest sensi-
tivity. For detection of tenofovir, an acidic solvent was necessary.
Thus, we evaluated formic, acetic, and trifluoroacetic acids.
Among them, acetic acid produced the highest sensitivity and
peak heights.

Typical HPLC-MS chromatograms under optimized condi-
tions for the three compounds are shown in Fig. 1. Tenofovir
bound to the column more weakly than the other compounds and
eluted first, at 2.05 min (*0.1 min). Tenofovir was followed by
cyheptamide (IS), at 4.73 min (*0.02 min); ritonavir, at 4.97 min
(£0.05 min); and lopinavir, at 4.99 min (=0.05 min). With two
compounds eluting at the same time, though separated by use of
two different mass transition channels, there is a possibility of
quenching of the signal at the detector. This was investigated at
low, medium, and high concentrations and was found to be neg-
ligible. Based on the optimized LC-MS/MS conditions, we could
detect all three compounds plus the IS by using a single-column
chromatographic method. The optimized conditions were used
for subsequent studies.

(iii) Optimization of extraction method. To simultaneously
extract lopinavir, ritonavir, and tenofovir from plasma, we evalu-
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FIG 2 Different extraction methods investigated during assay development.
(A) PP done with acetonitrile; (B) PP done with methanol; (C) PP done with
trifluoroacetic acid; (D) LLE done under acidic conditions; (E) LLE done un-
der basic conditions; (F) final method, as described in Materials and Methods.
PP, protein precipitation; LLE, liquid-liquid extraction.

ated 6 different methods. The significant differences in hydropho-
bicity and solubility between the compounds presented a chal-
lenge. We compared 6 methods for recovery efficiency, and the
results are presented in Fig. 2. The first attempt was a simple pro-
tein precipitation (PP) with acetonitrile (method A) or methanol
(method B). While this PP approach could extract lopinavir and
ritonavir, recovery of tenofovir was low. Next, we used TFA for PP
(method C), and this gave a low level of recovery for lopinavir,
about 50% recovery for ritonavir, and a high level of recovery for
tenofovir. Therefore, we evaluated an LLE method using methyl-
ene chloride. The LLE was evaluated with addition of an acid
(method D) or abase (method E) to transform drugs in charged or
uncharged form. The acidic LLE extraction (method D) gave re-
coveries of about 55% for lopinavir and 75% for ritonavir, but the
yield for tenofovir was very poor. The basified extraction (method
E) gave satisfying results for lopinavir and ritonavir, but recovery
of tenofovir was, again, below the accepted percentage. Therefore,
to overcome this deficiency, the LLE method was combined with
protein precipitation using TFA (method F). This final method
was shown to give very high levels of recovery for all three com-
pounds, in a reproducible manner, within a time frame of 1 h, and
this method was chosen for subsequent assay validation.

Assay validation. The optimized assay is reproducible and ex-
hibits linearity over a wide dynamic range. The linearity, mea-
sured over the range of 1 to 1,000 ng/ml, provided correlation
coefficients (r*) of 0.99 or more for all three compounds.

Sensitivity is expressed via the LOD and LOQ. LOD was de-
fined as the mean response in blank samples (n = 60) + 1.645 X
the standard deviation (SD). This calculated value was confirmed
by injection of standards (n = 6). The LOQ was set to where the
coefficient of variation (CV) for 6 injected samples was =20%.
The assay LODs were 5 (+1.2), 25 (£4.9), and 250 (*+44.6) pg/ml,
for lopinavir, ritonavir, and tenofovir, respectively, and the LOQs
were 10 (£1.4), 50 (*1.9), and 500 (*12.2) pg/ml, respectively.

Table 1 presents both intra- and interday assay precisions and
accuracies. For all three compounds, evaluated at 5, 50, and 750
ng/ml, the assay accuracies ranged from 98.8 to 105.3%, while the
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TABLE 1 Intraday and interday precisions and accuracies of the assay to detect lopinavir, ritonavir, and tenofovir in undiluted standard samples at

the indicated concentrations

Value
Lopinavir Ritonavir Tenofovir
Parameter 5 ng/ml 50 ng/ml 750 ng/ml 5 ng/ml 50 ng/ml 750 ng/ml 5 ng/ml 50 ng/ml 750 ng/ml
Intra-assay comparisons (1 = 6)
Avg concen (ng/ml) 5.0 49.5 748.2 5.0 51.7 754.9 5.0 49.8 752.0
SD 0.1 1.6 10.0 0.1 1.7 12.0 0.1 2.1 13.6
CV (%) (precision) 2.6 3.2 1.3 1.7 3.3 1.6 1.6 4.3 1.8
Accuracy (%) 99.7 99.1 99.8 99.8 103.4 100.7 100.1 99.5 100.3
Interassay comparisons (1 = 6)
Avg concen (ng/ml) 5.0 52.7 756.6 5.0 52.1 760.5 5.1 51.5 740.9
SD 0.1 1.1 10.2 0.1 2.1 10.4 0.0 2.0 7.6
CV (%) (precision) 1.4 2.1 1.4 2.3 4.0 1.4 0.8 3.9 1.0
Accuracy (%) 99.1 105.3 100.9 100.7 104.2 101.4 101.1 103.0 98.8

precision (CV) was less than 5% for both inter- and intraday com-
parisons. Thus, the assay is precise and accurate.

To ensure that the signals detected by MS were truly from the
compounds of interest, the selectivity of the assay was investigated
in order to find any possible interferences from other residues in
the extracted plasma. No interferences were found at the retention
times of the compounds when blank plasma samples were run,
showing good selectivity for the assay.

We next determined run-to-run variation of this assay for
drugs extracted from plasma. Again, three drug concentrations, 5,
50, and 750 ng/ml, were used. The results, expressed as recovery
percentages for lopinavir, ritonavir, and tenofovir, are presented
in Table 2. The recovery percentages were calculated based on
comparisons between mock- and plasma-extracted drugs. With
this approach, we found that all three drugs showed over 91%
(range, 91.3 to 102.6%) recovery, with a CV of <5%.

With this sensitive and high recovery value, we used this vali-
dated assay to measure time course plasma concentrations of lopi-
navir, ritonavir, and tenofovir in primates dosed subcutaneously
with these three drugs.

Time course plasma drug concentrations in primates. To
measure the performance of the validated assay, we evaluated the
plasma drug concentrations for two primates (pigtailed macaques
[M. nemestrina)]) after a single subcutaneous dose. Time course
drug concentrations are presented in Fig. 3. All three drugs were

detected in plasma within minutes of subcutaneous dosing. For
the water-soluble drug tenofovir, the drug levels dropped precip-
itately after 8 h, while the more hydrophobic drugs lopinavir and
ritonavir remained detectable for 24 h in the two primates. In
addition, the drug levels extracted from plasma were reproduc-
ible, as the variations (expressed as SD for each time point) be-
tween two extractions and three LC-MS/MS runs were small. Col-
lectively, these data indicate that this one-step, three-drug assay to
determine plasma drug concentrations of lopinavir, ritonavir, and
tenofovir is reproducible and sensitive for plasma drug analysis.

DISCUSSION

While a number of anti-HIV drug assays have been developed to
detect multiple HIV PIs or reverse transcriptase inhibitors in one
assay, it is more challenging to detect both classes of drugs at the
same time. PIs, such as lopinavir and ritonavir, are generally more
hydrophobic, and NtRTIs, such as tenofovir, tend to be water
soluble at physiologic pH. With the ability of a column matrix and
MS/MS technique to separate the two PIs (lopinavir and ritona-
vir) as well as the NtRTI (tenofovir), we developed and optimized
a single-step assay with a simplified extraction procedure to detect
plasma drug concentrations of all three compounds in a single
plasma sample source. The final assay was validated to be ef-
fective and sensitive. Also, the one-step assay method is reliable

TABLE 2 Plasma sample extraction efficiencies of the assay for lopinavir, ritonavir, and tenofovir at the indicated concentrations

Value
Lopinavir Ritonavir Tenofovir
Parameter 5ng/ml  50ng/ml  750ng/ml  5ng/ml  50ng/ml  750ng/ml  5ng/ml  50ng/ml 750 ng/ml
Calculated conen (ng/ml)* for run:
1 4.90 49.82 735.99 5.05 47.86 695.88 5.11 49.47 706.82
2 4.87 43.43 706.25 5.02 53.76 728.47 4.93 49.66 702.97
3 4.89 43.73 772.30 5.33 50.15 705.65 4.94 49.38 735.72
Avg concn (ng/ml) 4.89 45.66 738.18 5.13 50.59 710.00 4.99 49.50 715.17
SD 0.01 3.60 33.08 0.17 2.97 16.73 0.10 0.14 17.90
CV (%) 0.25 7.89 4.48 3.31 5.88 2.36 1.97 0.29 2.5
Recovery (%) 97.76 91.32 98.42 102.63 101.18 94.67 99.89 99.01 95.36

“ Values for spiked blank plasma extractions represented 100%.
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FIG 3 Time course plasma concentrations of lopinavir (A), ritonavir (B), and
tenofovir (C) in two primates (M. nemestrina). The two primates were admin-
istered lopinavir (20 mg/kg), ritonavir (11.4 mg/kg), and tenofovir (13.6 mg/
kg) subcutaneously. Plasma samples were extracted with the validated assay as
described in the text and were analyzed using LC-MS/MS. The data were an-
alyzed for each drug at specific time points and presented as means = SD (n =
6). The symbols (@, O) represent the samples collected from two different
primates.

and reproducible, with a high accuracy, precision, and extrac-
tion recovery.

While a number of methods for extracting and detecting
plasma lopinavir, ritonavir, and tenofovir have been described,
most of these require two different assays. The use of two different
assays not only is labor-intensive and time-consuming but also
requires two sets of samples, which involves larger sample vol-
umes and introduces additional variations. Our one-step method
not only discerns all three drug concentrations from one sample,
which could reduce variations in drug-drug interaction analyses,
but also saves time, labor, and resources, making it a more sus-
tainable approach. Jung et al. (17) developed an assay for extrac-
tion and detection of 17 antiretroviral drugs simultaneously, using
the same principle of an LLE followed by PP, but with different
solvents from those described for our assay. While their method
appeared to be rapid and reliable, developing a single assay for a
wide range of drugs may have reduced the extraction efficiency
and sensitivity. With the reported extraction efficiency of 70% and
variability in PI analysis, the report described some challenges in
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detecting steady-state plasma drug concentrations in patients for
the three drugs reported here. In comparison, we have increased
the extraction efficiency of tenofovir from 70% up to 95%. We
have also increased the sensitivities for all three drugs included in
our study, 1,000-fold, 200-fold, and 20-fold for lopinavir, ritona-
vir, and tenofovir, respectively, over those reported by Jung et al.
(17). This enables us to detect consistently lower concentrations in
plasma samples. This improvement could be a critically important
factor in clinical settings, particularly in situations where plasma
drug concentrations could vary due to induced drug metabolism
or multifaceted disease conditions. We also showed in a primate
study that our method is reliable and consistent, even for very low
drug concentrations at extended time points.

With the reproducible and high extraction efficiency, the cur-
rent assay employed MS/MS to provide additional resolution of
lopinavir and ritonavir, two closely eluted drugs (Fig. 1). While
the selectivity and sensitivity based on the detection limit achieved
(Table 1) are respectable for detecting plasma drug concentra-
tions, an even higher sensitivity may be required to detect intra-
cellular drug concentrations in lymphocytes in blood and lymph
nodes. Detection of intracellular drug levels could be particularly
challenging because only a limited number of lymphocytes can be
obtained from human lymph node biopsy samples, which are ex-
pected to be small. In this situation, this method could be adapted
with LC-MS-QTRAP, which could selectively trap target analytes
as they accelerate into the mass detector and boost the sensitivity
results about another log. In addition, this method could also be
adapted for extraction and detection of intracellular phosphory-
lated metabolites of tenofovir (both mono- and diphosphates).
However, additional measures would be needed to stabilize these
metabolites, which could readily be hydrolyzed in the extraction
and MS ionization processes. These and other possible improve-
ments are beyond the scope of this paper and are under investiga-
tion.

In our assay, we focused on detecting two protease inhibitors,
lopinavir and ritonavir, plus the NtRTI tenofovir, because these
three drugs are recommended as a key HAART combination in
the most recent HIV/AIDS treatment guidelines. With some mod-
ifications, a one-step clinical assay such as that described here, but
for other PI and NRTI drug combinations, such as darunavir or
atazanavir with emtricitabine plus tenofovir, could be developed.
However, such studies are also beyond the scope of this report.

In summary, using a single column and a combination of lig-
uid extraction and protein precipitation, we successfully devel-
oped a one-step LC-MS assay to detect three analytes, lopinavir,
ritonavir, and tenofovir, from a single plasma sample. This assay is
reproducible, with excellent to outstanding extraction efficiencies
for the hydrophobic drugs lopinavir and ritonavir as well as the
hydrophilic drug tenofovir. This validated assay can be used to
evaluate plasma drug concentrations in a sensitive, specific, and
reproducible manner, with good consistency and precision.
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