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A selective, sensitive and high-throughput ultra-performance liquid
chromatography–tandem mass spectrometry (UPLC–MS-MS)
method has been developed and validated for the quantification of
HIV-protease inhibitors ritonavir (RTV), lopinavir (LPV) and indinavir
(IDV) in human plasma. Sample clean-up involved protein precipitation
of both drugs and fluconazole used as internal standard from 100 mL
human plasma. All the analytes were chromatographically separated
on a Waters Acquity UPLC BEH C18 (2.1 3 50 mm, 1.7 mm particle
size) analytical column using 0.1% formic acid and methanol (40:60,
v/v) as the mobile phase. The parent! product ion transitions for
ritonavir (m/z 721.40! 296.10), lopinavir (m/z 629.40! 447.40) and
indinavir (m/z 614.4! 421.0) IS (m/z 307.10! 220.10) were moni-
tored on a triple quadrupole mass spectrometer, operating in the mul-
tiple reaction monitoring and positive ion mode. The method was
validated over the concentration range of 30–15,000 ng/mL for LPV
and IDV and 3–1500 ng/mL for RTV. The method was successfully
applied to a pilot bioequivalence study in 36 healthy human subjects
after oral administration of lopinavir 200 mg and ritonavir 50 mg tablet
formulation under fasting conditions.

Introduction

The global AIDS epidemic has claimed the lives of more than

20 million people since 1981. Another 10 million are now

living with HIV and most of these are likely to develop AIDS

over the course of the next decade. In spite of the various

treatment protocols available, including the mainstream highly

active antiretroviral therapy (HAART), the number of people

infected with HIV continues to rise. The most recent United

Nations Programme on HIV/AIDS (UNAIDS)/World Health

Organization estimates show that, in 2004 alone, 4.9 million

people were newly infected with HIV (1). HIV is a virus that

goes through many steps during its life cycle. Once HIV infects

a human cell, the virus uses proteins and chemicals inside that

cell to make more copies of it. Protease is a chemical, known

as an enzyme that HIV needs to make new viruses (1–5).

Protease inhibitors (PIs) block the protease enzyme. When pro-

tease is blocked, HIV makes copies of itself that cannot infect

new cells (2, 3). Studies have shown that protease inhibitors

can reduce the amount of virus in the blood and increase CD4

cell counts. In some cases, these drugs have improved CD4 cell

counts, even when they were very low or zero (4–6).

The biggest news and the greatest benefits to people with

HIV came when PIs were discovered and made into anti-HIV

treatments. While using PIs in combination with other drugs,

the number of people who became ill from opportunistic infec-

tions, or died from AIDS, dropped by approximately 70%.

However, studies have also shown that these effects can wear

off over time. This happens because HIV makes more of itself

all the time (7). Each new HIV virus that gets made may be

slightly different than the one it made before. The new prote-

ase that the virus has made may resist the drugs that worked

for viruses with the older type of protease. This is what scien-

tists call drug resistance. When this happens, other PIs usually

become less effective as well.

The best way to avoid drug resistance is to stop or reduce

HIV production in the body. The less HIV made in the body,

the less chance of a virus created that is resistant to anti-HIV

drugs. To keep HIV levels as low as possible, it is recommended

that PIs be taken in combination with at least two other

anti-HIV drugs. This is called HAART (2, 3). Studies have shown

that when certain PIs are combined, the anti-HIV effect is

increased, which can help prevent or overcome resistance.

This is called protease boosting. Some doctors will order a

drug resistance test to determine a patient’s resistance profile

to decide the best drug combination to use.

Seven United States Food and Drug Administration

(FDA)-approved protease inhibitors are available so far: ampre-

navir (Agenerase), fosamprenavir (Lexiva), indinavir (IDV)

(Crixivan), lopinavir (LPV)/ritonavir (RTV) (Kaletra), ritonavir

(Norvir), saquinavir (Fortovase), and nelfinavir (Viracept).

Due to extensive use of these PIs in HAART, it has become

essential to develop competent bioanalytical assays for their

routine measurement in subject samples. Several analytical

methods are developed and validated to determine LPV (8, 9)

and RTV (10–13) separately in different biological matrices;

namely, plasma, cerebral spinal fluid, serum, tissues and saliva.

Other procedures present the determination of LPV with nevir-

apine (14), RTV with saquinavir (15, 16), indinavir and saquina-

vir (17), nelfinavir and saquinavir (18) and zidovudine and

didanosine (19). Extensive literature is available (20–58) for

their simultaneous quantitation with other protease, nucleo-

side and non-nucleoside reverse transcriptase inhibitors by ca-

pillary electrophoresis (20, 21), high-performance liquid

chromatography (HPLC) (22–41), liquid chromatography–

tandem mass spectrometry (LC–MS-MS) (42–51) and matrix-
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assisted laser desorption/ionization–tandem time-of-flight mass

spectrometry (MALDI–TOF-)TOF (52).

In this paper, we describe a validated assay for the simultan-

eous determination of three protease inhibitors (ritonavir, lopi-

navir and indinavir) in human plasma sample using an

optimized protein precipitation (PPT) procedure followed by

an optimized ultra-performance liquid chromatography method

with mass spectrometry detection (UPLC–MS-MS) with short

chromatographic run time, which is beneficial for high

throughput analysis of biological samples.

Experimental

Chemicals and materials

Reference standards of ritonavir (101.3%), lopinavir (98.5%)

and indinavir (99.2%) and fluconazole (99.2%, internal standard;

IS) were procured from Samex Overseas (Surat, India).

HPLC-grade methanol and acetonitrile were obtained from

Mallinckrodt Baker (S.A. de C.V., Mexico). Guaranteed reagent-

grade formic acid was obtained from Merck Specialties,

(Mumbai, India). Water used in the entire analysis was prepared

from a Milli-Q water purification system procured from

Millipore (Bangalore, India). Blank human plasma was procured

from Supratech Micropath (Ahmedabad, India) and stored at

–208C until use.

Liquid chromatographic conditions

A Waters Acquity UPLC system (Milford, MA) consisting of

binary solvent manager, sample manager and column manager

was used for setting the reverse-phase liquid chromatographic

conditions. The Waters Acquity UPLC BEH C18 [2.1 � 50 mm

(length � inner diameter), with 1.7 mm particle size] was main-

tained at 408C in column oven. The mobile phase consisted of

0.1% formic acid and acetonitrile in 40:60 (v/v) ratios. For iso-

cratic elution, the flow rate of the mobile phase was kept at

0.200 mL/min; the total chromatographic run time was 2.7 min.

The sample manager temperature was maintained at 58C.

Mass spectrometric conditions

Ionization and detection of analyte and IS was carried out on a

triple quadrupole mass spectrometer (MDS Sciex, API 4000

Canada), equipped with electrospray ionization (turbo Ion

Spray) and operating in positive ion mode. Quantitation was

performed using multiple reaction monitoring (MRM) mode to

monitor parent! product ion (m/z) transitions for ritonavir

(m/z 721.40! 296.10), Lopinavir (m/z 629.40! 447.40) and

Indinavir (m/z 614.40! 421.00) and IS (m/z 307.10!
220.10) respectively (Figure 1).

The source dependent parameters maintained for ritonavir,

lopinavir and indinavir were: ion spray voltage (IS), 5.5kV;

Curtain gas, 30; desolvation temperature, 4008C; nebulizer gas

flow, 50; heater gas flow, 50. The optimum values for com-

pound dependent parameters (MRM file parameters) like

declustering potential and collision energy set were 80, 65 and

90 V and 21, 25 and 39 V for lopinavir, ritonavir and indinavir,

respectively, and 39V for IS. The dwell time was set at 200 ms.

Analyst software version 1.4.1 was used to control all para-

meters of UPLC and MS.

Standard stock, calibration standards and quality
control sample preparation

The standard stock solutions of 10 mg/mL of lopinavir and indi-

navir and 3 mg/mL for ritonavir were prepared by dissolving

requisite amount in methanol. Calibration standards and quality

control (QC) samples were prepared by spiking (2% of total

volume of blank plasma) blank plasma with stock solution.

Calibration curve standards were made at 30.9, 61.9, 103.1,

206.3, 412.5, 937.5, 1,875.1, 3,750.2, 7,500.3 and 15,000.0 ng/mL

for lopinavir; 3.1, 6.2, 10.3, 20.6, 41.3, 93.8, 187.5, 375.0, 750.0

and 1,500.0 ng/mL for ritonavir; and 31.0, 62.0, 103.1, 206.3,

412.5, 937.5, 1,875.0, 3,750.0, 7,500.0 and 15,000.0 ng/mL for

indinavir concentrations, respectively.QC samples were prepared

at three levels: 13,800.6, 1,380.0 and 13,800 ng/mL for lopinavir,

ritonavir and indinavir, respectively, for high quality control

(HQC); 1,242, 124.2 and 1, 242 ng/mL for lopinavir, ritonavir

and indinavir, respectively, for middle quality control (MQC);

and 84.5, 8.5 and 84.5 ng/mL for lopinavir, ritonavir and indina-

vir, respectively, for low quality control (LQC). Stock solution

(1 mg/mL) of the IS was prepared by dissolving 10 mg of fluco-

nazole in 10 mL of methanol. An aliquot of 250 mL of this solu-

tion was further diluted to 25.0 mL in the same diluent to obtain

a solution of 10.0 mg/mL. All solutions (standard stock, calibra-

tion standards and QC samples) were stored at 2–88C until use.

Protocol for sample preparation

Before analysis, all frozen subject samples, calibration standards

and quality control samples were thawed and allowed to equili-

brate at room temperature. To an aliquot of 100 mL of spiked

plasma sample, 50 mL IS was added and vortexed for 20

s. Furthermore, 500 mL of acetonitrile was added and vortex

mixed for 2 min. Centrifugation of the samples was done at

4,000 rpm for 5 min at 108C. The supernatant (0.15 mL) was

separated and 0.35 mL of 10 mM ammonium formate solution

was added, then samples were vortexed for 20 s. Two microli-

ters were used for injection in the chromatographic system.

Bio-analytical method validation

The method validation was performed as per the FDA and

International Council on Harmonization (ICH) guidelines (59,

60). System suitability experiment was performed by injecting

six consecutive injections using aqueous standard mixture of

lopinavir, ritonavir, indinavir and IS at the start of each batch

during the method validation. The carryover effect of the auto-

sampler was evaluated by injecting a sequence of injection

solutions of aqueous standard (lopinavir, ritonavir, indinavir and

IS), mobile phase, standard blank and extracted standard (lopi-

navir, ritonavir, indinavir and IS) equivalent to the highest

standard in the calibration range.

The linearity of the method was determined by analysis of

five linearity curves containing eight non-zero concentrations.

The ratio of area response for analytes to IS was used for re-

gression analysis. Each calibration curve was analyzed individu-

ally by using least square weighted (1/x2) linear regression.
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The lowest standard on the calibration curve was accepted as

the lower limit of quantitation (LLOQ), if the analyte response

was at least five times more than that of drug-free (blank)

extracted plasma. The deviation of standards other than LLOQ

from the nominal concentration should not be more than

+15.0%.

Figure 1. Product ion mass spectra in positive ionization mode: ritonavir (m/z 721.3! 296.3, scan range 200–750 amu) (A); lopinavir (m/z 629.3! 447.4, scan range
200–750 amu) (B); indinavir (m/z 614.4! 421.2, scan range 200–750 amu) (C) and fluconazole (IS, m/z 307.1! 220.1, scan range 50–600 amu) (D).
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The selectivity of the method towards endogenous plasma

matrix components was assessed in twelve batches (seven

normal of K3 EDTA plasma, two haemolysed, two lipidemic

and one heparinised) of blank human plasma. This was done to

estimate the extent to which endogenous plasma components

contribute toward the interference at the retention time of

analytes and IS. The cross talk of MRM for analytes and IS was

checked using highest standard on calibration curve and

working solution of IS.

For determining the intra-day accuracy and precision, repli-

cate analysis of plasma samples of lopinavir, ritonavir and indina-

vir was performed on the same day. The run consisted of a

calibration curve and six replicates of LLOQ, LQC, MQC and

HQC samples. The inter-day accuracy and precision were

assessed by analysis of three precision and accuracy batches on

three consecutive validation days. The precision of the method

was determined by calculating the percent coefficient of vari-

ation (%CV) for each level. The deviation at each concentration

level from the nominal concentration was expected to be within

+15.0%, except LLOQ, for which it should be within +20.0%.

Ion suppression/enhancement effects on the MRM LC–MS-MS

sensitivity were evaluated by the postcolumn analyte infusion

experiment. A standard solution containing lopinavir, ritonavir

and indinavir (at MQC level) and IS was infused postcolumn into

the mobile phase at 10 mL/min employing the in-built infusion

pump. Aliquots of 2 mL of extracted control plasma were then

injected into the column by the autosampler and MRM LC–

MS-MS chromatograms were acquired for the analytes and IS. Any

dip in the baseline upon injection of double blank plasma

(without IS) indicates ion suppression, while a peak at the reten-

tion time of analytes and IS indicates ion enhancement.

The relative recovery, matrix effect and process efficiency

were assessed. All three parameters were evaluated at HQC,

MQC and LQC levels in six replicates. Relative recovery (RE)

was calculated by comparing the mean area response of

extracted samples (spiked before extraction) to that of unex-

tracted samples (spiked after extraction) at each QC level. The

recovery of IS was similarly estimated. Absolute matrix effect

(ME) was assessed by comparing the mean area response of

unextracted samples (spiked after extraction) with mean area

of neat standard solutions. The overall process efficiency (%PE)

was calculated as (ME � RE)/100. The assessment of

relative ME was based on direct comparison of the MS-MS

responses (peak areas) of the analytes spiked into extracts ori-

ginating from different lots of plasma. The variability in these

responses, expressed as %CV, was considered to be the

measure of relative ME.

Stability experiments were carried out to examine the

analyte stability in stock solutions and plasma samples under

different conditions. Short-term stability at room temperature

and long-term stability of spiked solution stored at –508C were

assessed by comparing the area response of stability sample of

analyte and IS with the area response of sample prepared from

fresh stock solutions. The solutions were considered stable if

the deviation from nominal value was within +10%.

Autosampler (wet extract) stability, bench top stability and

freeze-thaw stability were performed at LQC and HQC, using

six replicates at each level. The samples were considered stable

if the deviation from the mean calculated concentration of

freshly thawed quality control samples was within +15%.

To authenticate the ruggedness of the proposed method, it

was done on two precision and accuracy batches. The first

batch was analyzed by two different analysts and the second

batch was analyzed on a different lot of columns.

Application of the method in human subjects

The proposed validated method was successfully applied for

the assay of LPV and RTV in healthy male volunteers in the age

group of 18 to 45 years. Each volunteer was judged to be in

good health through medical history, physical examination and

routine laboratory tests. Written consent was taken from all the

volunteers after informing them about the objectives and pos-

sible risks involved in the study. An independent ethics com-

mittee constituted as per Indian Council of Medical Research

(ICMR) approved the study protocol. The study was conducted

strictly in accordance with guidelines laid down by ICH and

FDA (59, 60).

Results and Discussion

Method development

Development and validation of an assay to simultaneously

determine HIV PIs RTV, LPV and IDV by UPLC–MS-MS with

accuracy, precision and specificity has been optimized and

described. PI plasma concentrations demonstrate high inter-

patient variability; therefore, ranges of standard curves were

chosen to encompass the broad spectrum of drug concentra-

tions likely to be encountered in PK studies. It is important

that the assay detects and quantifies below and above the

defined minimum effective concentrations (MEC) and toxic

levels of PIs, respectively. Therapeutic ranges of PIs have been

reported in the literature (17, 18).

The RTV standard curve was validated over a lower concen-

tration range because RTV is generally administered at low

doses to boost concomitant PI exposure (8, 9); consequently,

lower plasma concentrations of RTV result. The assay requires

a small volume of plasma for analysis (100 mL). This is advanta-

geous when measuring PI concentrations as part of clinical

studies because they often necessitate hourly sampling to gen-

erate complete PK profiles; therefore, less blood can be drawn

from the patient. This is identical to many assays measuring

multiple PIs by LC–MS-MS (17, 23, 24, 27) however, two rela-

tively recent methods required 250 mL and 1 mL, respectively

(26, 27). The method combines a short run time of 2.7 min per

sample with a quick and simple extraction procedure allowing

a large number of samples to be processed quickly and effi-

ciently. Similarly, it is beneficial that three PIs can be quantified

within one assay, because combination PI therapy is common,

particularly among antiretroviral-experienced patients.

During method development, it was observed that the pH of

the mobile phase and selection of the right column is an im-

portant criterion. Thus, separation was tried using various com-

binations of methanol–acetonitrile, acidic buffers and additives

like formic acid on four different reversed-phase columns with

5 mm particle size; namely, ACE Cyano (150 and 250 �
4.6 mm), Chromolith RP-18 (100 � 4.6 mm), Kromasil (50 and

100 � 4.6 mm) and Gemini C-18 (50 � 4.6 mm) to find the

optimal column that produced the best sensitivity, efficiency
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and peak shape. The analytes showed poor separation and repro-

ducibility for the proposed linear range except for the Waters

Acquity UPLC BEH C18, 2.1 � 50 mm, 1.7 mm that offered su-

perior peak shape, efficient separation, and desired linearity and

reproducibility. A 1.7-mm column instead of a 5-mm has shown

better chromatography in terms of resolution, sharper peaks

were observed due to modified column chemistry and the high

surface area of column material compares to conventional

columns. The mobile phase consisting of 0.1% formic acid in

water and acetonitrile (40:60 v/v) ratio with a pH approximately

3.0 was found most suitable for eluting ritonavir, lopinavir, indi-

navir and IS at 1.54, 1.71, 0.63 and 0.69 min, respectively. Also,

the reproducibility of retention times for the analytes, expressed

as %CV, was �2% for 40 injections on the same column.

The inherent selectivity of MS-MS detection was also

expected to be beneficial in developing a selective and sensi-

tive method. The present study was conducted using electro-

spray ionization (ESI) as the ionization source because it gave

high intensity for ritonavir, lopinavir, indinavir and IS, and a

good linearity in regression curves. The intensity found was

much higher in the positive mode for ritonavir, lopinavir and

indinavir because they have similar sites for protonation. Also,

the use of formic acid, pH 3.00, in the mobile phase further

augmented the response of protonated precursor [M þ H]þ

ions in the Q1 MS full scan spectra. A dwell time of 200 ms was

adequate for the analytes and IS and no cross talk was observed

between their MRMs.

The extraction of ritonavir, lopinavir, indinavir and IS was

carried out via PPT with common solvents like acetonitrile, and

after denaturing the plasma proteins, the cleaner supernatant

was diluted with 10 mM ammonium formate (pH approximate-

ly 6.5) to minimize the ion saturation in mass spectroscopy. A

general IS was used to minimize any analytical variation due to

sample processing, integrity of the column and ionization

efficiency of analytes. Fluconazole was used as an IS in the

present study, which had similar chromatographic behavior and

was quantitatively extracted with the proposed extraction

procedure. Also, there was no effect of IS on analyte recovery,

sensitivity or ion suppression.

In conclusion, the assay described is quick and easy, with a

simple and rapid extraction procedure requiring only 100 mL

of plasma.

System suitability and autosampler carryover

Throughout the method validation, the %CV of system suitabil-

ity was observed below 4.0% at the retention times of ritonavir

and the IS. Carry-over evaluation was performed in each analyt-

ical run to ensure that it does not affect the accuracy and the

precision of the proposed method. Negligible carry-over

(�4%) was observed during the autosampler carryover experi-

ment. No enhancement in the response was observed in

double blank after subsequent injection of highest calibration

standard (aqueous and extracted) at the retention times of ana-

lytes and IS.

Linearity and LLOQ

Due to high inter-subject variability observed in Indian volun-

teers, a wide linear dynamic range was essential to encompass

different formulations of Kaletra. All five calibration curves ana-

lyzed during the course of validation were linear for the stan-

dards, ranging from 29.7–14,379 and 2.9–1,45 2ng/mL for LPV

and RTV, respectively. A straight-line fit was made through the

data points by least square regression analysis to give the linear

equation y ¼ 0.0005x þ 0.0005 for LPV and y ¼ 0.0042x –

0.0020 for RTV, where y is the peak area ratio of the analyte to

the IS and x the concentration of the analyte. The standard de-

viation values for slope, intercept and correlation coefficient

(r) observed during the course of validation were 1.0e-5,

1.64e-3 and 5.0e-5 for LPV and 3.0e-5, 1.6e-3 and 3.0e-5 for

RTV respectively. The lowest concentration (LLOQ) in the

standard curve that can be measured with acceptable accuracy

and precision was found to be 29.7 and 2.9ng/mL for LPV and

RTV in human plasma.

Selectivity, accuracy and precision

Figures 2, 3 and 4 demonstrate the selectivity experiments

with the chromatograms of extracted blank plasma (A), blank

plasma with IS (B), peak response of LPV, RTV and IDV at

LLOQ (C) and a real sample for LPV and RTV at 4h after oral

administration of [200 (LPV) þ 50 (RTV)] mg tablet formula-

tion (D). The combination of PPT and UPLC–MS-MS detec-

tion gave very good selectivity for the analytes and IS. No

endogenous peaks were observed at the retention times of

LPV (1.71 min), RTV (1.54 min), IDV (0.63 min) and IS

(0.68 min) for any of the batches. The analysis time was

short, which makes it an attractive method for routine ana-

lysis. None of the concomitant medications and antiretrovirals

showed interfering signals at the retention times of LPV, RTV,

IDV or IS. This demonstrates that the method is highly select-

ive and free from interference due to matrix components and

other prescribed medications. Precision (%CV) for intra-batch

and inter-batch ranged from 0.8 to 4.7% for LPV, 2.7 to 7.5%

for RTV and 3.2 to 5.4% for IDV, respectively. The accuracy

results for intra-batch and inter-batch were within 93.0 to

111.3% for RTV, 94.4 to 100.6% for LPV and 94.4 to 99.1%

for IDV, respectively, at all QC levels. The detailed results are

presented in Table I.

Matrix effect, ion suppression, recovery

Matrix effect may be defined as a composite of some undesirable

effects that originate from a biological matrix. These compo-

nents may result in ion suppression/enhancement, decrease/in-
crease in sensitivity of analytes over a period of time, increased

baseline, imprecision of data, drift in retention time and distor-

tion or tailing of a chromatographic output. The RE, absolute ME

and PE data at LQC, MQC and HQC levels is presented in

Table II. The recovery for IS in human plasma was 93.9%.

Furthermore, the extent of matrix effect in different lots of

plasma (spiked after extraction) was within the acceptable limit,

as evident from the precision (%CV) values in Table III.

Stability

Stock solutions for short-term and long-term stability of the

analytes and IS were stable at room temperature for minimum

period of 7 h and between 2–88C for seven days, respectively.

Simultaneous Quantitation of HIV-Protease Inhibitors Ritonavir, Lopinavir and Indinavir in Human Plasma by UPLC–ESI-MS-MS 629



Figure 3. MRM ion-chromatograms of lopinavir (m/z 629.3! 447.4) and fluconazole (m/z 307.10! 220.10) in double blank plasma (A); ULOQ with IS (B); LLOQ with IS (C);
real subject sample at 4 h with IS (D).

Figure 2. MRM ion-chromatograms of ritonavir (m/z 721.3! 296.3) and IS (m/z 307.10! 220.10) in double blank plasma (A); ULOQ with IS (B); LLOQ with IS (C); real
subject sample at 4 h with IS (D).
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RTV, LPV and IDV in control human plasma (bench top) at

room temperature were stable for at least for 6 h at 25+38C
and for minimum of three freeze and thaw cycles. Spiked

plasma samples stored at –208C and –708C for the long-term

stability experiment were stable for a minimum of 60 days.

Autosampler stability of the spiked QC samples maintained at

58C was also determined up to 23 h. Different stability experi-

ments in plasma and the values for the precision and percent

change are shown in Tables IV, V and VI.

Ruggedness and dilution integrity

The results of the ruggedness study for RTV, LPV and IDV were

well within the acceptance limit of 15% in precision and 85.0

to 115.0% in mean accuracy. The precision and accuracy values

for both experiments at LLOQ, LQC, MQC and HQC levels for

RTV ranged from 2.6 to 7.9% and 99.1 to 104.4%. For LPV, the

precision and accuracy values observed were within 2.5 to

8.6% and 97.7 to 102.9%; and for IDV, the precision and accur-

acy values observed were within 3.5 to 7.6% and 92.7 to

108.9%, respectively, for all QC levels.

The dilution integrity experiment was performed with an

aim to validate the dilution test to be carried out on higher

analyte concentration above the upper limit of quantification

(ULOQ), which may be encountered during real subject

sample analysis. The precision and accuracy values for 1/5th
and 1/10th dilution ranged from 5.0–5.6% and 102.1–105.1%

for RTV, LPV and IDV.

Figure 4. MRM ion-chromatograms of indinavir (m/z 614.4! 421.2) and fluconazole (m/z 307.10! 220.10) in double blank plasma (A); ULOQ with IS (B); LLOQ (C).

Table I
Comparison of Intra-Batch and Intra-Batch Precision and Accuracy for Ritonavir, Lopinavir and Indinavir*

QC ID Nominal concentration (ng/mL) Intra-batch Inter-batch

N Mean concentration
observed (ng/mL)†

% CV % Accuracy N Mean concentration
observed (ng/mL)‡

% CV % Accuracy

Ritonavir
HQC 1,338 6 1,489 4.8 111.3 15 1,338 3.8 108.6
MQC 120 6 122 2.7 101.2 15 120 3.9 99.5
LQC 8.48 6 8.30 4.7 97.9 15 8.48 3.9 100.2
LLOQ QC 3.05 6 2.84 7.5 93.0 15 3.05 9.3 101.5
Lopinavir
HQC 13,303 6 12,564 1.6 94.4 15 13,303 2.2 92.7
MQC 1,197 6 1,205 1.6 100.6 15 1,197 1.9 99.7
LQC 84.3 6 82.2 0.8 97.5 15 84.3 0.9 97.2
LLOQ QC 30.3 6 28.9 4.7 95.2 15 30.3 4.1 93.6
Indinavir
HQC 13,656 6 13,218 3.8 94.9 15 13,656 6.5 93.4
MQC 1,229 6 1,225 3.2 97.8 15 1,229 5.1 100.7
LQC 83.6 6 82.7 4.7 97.0 15 83.6 6.3 100.3
LLOQ QC 31.8 6 32.1 5.4 99.1 15 31.8 8.3 101.9

*N: total number of observations.
†Mean of six replicates at each concentration.
‡Mean of 15 replicates at each concentration.
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Application of the method in healthy human subjects

The proposed validated method was successfully applied for

the assay of LPV and RTV in healthy male volunteers in the age

group of 18 to 45 years. Figure 5 shows the mean plasma con-

centration-time profile following oral administration of [200

(LPVþ 50 (RTV)] mg tablet test formulation and Kaletra (lopi-

navir and ritonavir) tablets, 200/50 mg (Abbott Laboratories,

Chicago, IL) reference to 36 healthy Indian male subjects

under fasting condition. In all, approximately 3,000 samples, in-

cluding the calibration and QC samples with volunteer

samples, were run and analyzed during a period of 10 days and

the precision and accuracy for calibration and QC samples

Table III
Relative Matrix Effect in Six Different Lots of Human Plasma (Spiked After Extraction) for

Ritonavir, Lopinavir and Indinavir at LLOQ Level (n ¼ 6)

Ritonavir Lopinavir Indinavir

Lot
No.

Mean area
response

%CV Mean area
response

%CV Mean area
response

%CV

1 1,213 3.1 20,489 4.3 1,508 1.9
2 1,233 2.9 20,752 3.9 1,490 2.7
3 1,271 3.5 21,085 2.5 1,798 1.1
4 1,191 3.9 19,251 4.9 1,565 3.5
5 1,209 1.2 20,062 3.2 1,589 1.5
6 1,144 1.7 20,512 2.7 1,503 1.8

Table IV
Stability of Ritonavir Under Various Conditions (n ¼ 3)

Storage
conditions

Ritonavir

Nominal
concentration (ng/
mL)

Mean calculated
concentration
(ng/mL)+ SD

% Mean
accuracy

Bench top stability, 6 h, Ambient
HQC 1,338 1,511+ 69.6 113.0
LQC 8.48 8.49+ 0.6 100.1

Freeze and thaw stability, 3 cycles
HQC 1,338 1,480+ 16.0 110.6
LQC 8.48 8.54+ 0.7 100.7

Wet extract stability, 23 h
HQC 1,338 1,478+ 44.6 110.5
LQC 8.48 8.04+ 0.40 94.8

Long-term stability in plasma at –788C for 60 days
HQC 1,338 1,418+ 22.7 106.3
LQC 8.48 8.86+ 0.90 104.5

Table V
Stability of Lopinavir Under Various Conditions (n ¼ 3)

Storage
conditions

Lopinavir

Nominal concentration
(ng/mL)

Mean calculated
concentration (ng/mL)+ SD

% Mean
accuracy

Bench top stability, 6 h, Ambient
HQC 13,303 13,462+ 148 101.2
LQC 84.3 82.4+ 0.85 97.7

Freeze and thaw stability, 3 cycles
HQC 13,303 14,008+ 102 105.3
LQC 84.3 86.6+ 0.73 102.7

Wet extract stability, 23 h
HQC 13,303 14,340+ 157 107.8
LQC 84.3 86.5+ 0.65 102.6

Long-term stability in plasma at –788C for 60 days
HQC 13,303 14,606+ 186 109.8
LQC 84.3 85.9+ 0.48 101.9

Table VI
Stability of Indinavir Under Various Conditions (n ¼ 3)

Storage
conditions

Indinavir

Nominal
concentration
(ng/mL)

Mean calculated
concentration (ng/
mL)+ SD

% Mean
accuracy

Bench top stability, 6 h, Ambient
HQC 13,656 12,876+ 637 92.4
LQC 83.6 77.8+ 3.6 91.3

Freeze and thaw stability, 3 cycles
HQC 13,656 13,107+ 962 94.1
LQC 83.6 86.0+ 3.5 92.5

Wet extract stability, 23 h
HQC 13,656 11,824+ 369 86.6
LQC 83.6 88.8+ 3.2 106.2

Long-term stability in plasma at –788C for 60 days
HQC 13,656 14,420+ 283 105.6
LQC 83.6 84.6+ 2.6 101.2

Table II
Absolute Matrix Effect, Relative Recovery and Process Efficiency for Ritonavir, Lopinavir and Indinavir

Analyte A* (%CV) B† (%CV) C‡ (%CV) Absolute matrix effect(% ME)§ Relative recovery(% RE)** Process efficiency (% PE)††

LQC
Ritonavir 3,642 (3.01) 3,940 (7.80) 4,175 (2.71) 108.2 106.0 114.6
Lopinavir 43,024 (2.10) 47,484 (1.84) 47,297 (2.82) 110.4 99.6 109.9
Indinavir 5,923 (3.6) 6,067 (4.8) 5,754 (3.2) 102.4 94.8 97.1
MQC
Ritonavir 49,583 (4.85) 50,996 (4.88) 48,473 (1.91) 102.8 95.1 97.8
Lopinavir 582,941 (1.66) 613,358 (1.42) 650,713 (1.85) 105.2 106.1 111.6
Indinavir 81,595 (1.87) 76,818 (4.26) 79,742 (2.9) 94.1 103.8 97.7
HQC
Ritonavir 559,102 (1.70) 596,244 (3.37) 571,788 (1.26) 106.6 95.9 102.3
Lopinavir 5,652,098 (1.83) 5,980,575 (1.63) 5,879,164 (1.40) 105.8 98.3 104.0
Indinavir 784,991 (3.13) 757,591 (3.32) 741,977 (3.7) 96.5 97.9 94.5

*Mean area response of six replicate samples prepared in mobile phase (neat samples).
†Mean area response of six replicate samples prepared by spiking in extracted blank plasma.
‡Mean area response of six replicate samples prepared by spiking before extraction.
§B/A � 100.

**C/B � 100.
††C/A � 100 ¼ (ME � RE)/100.
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were well within the acceptable limits. The mean pharmacoki-

netic parameters; that is, Cmax, AUC0–t, AUC0– inf, Tmax, Kel and

t1/2, calculated for test and reference formulation are presented

in Table VII. Cmax values for LPV in more than 50% of subject

samples were higher than the ULOQ reported in previous

studies (53, 55). Similarly, for RTV, the Cmax values were much

higher than ULOQ value (55) for approximately 40% subject

samples. This is evident from large variation in the standard de-

viation values in Table VII. The 90% confidence interval of indi-

vidual ratio geometric mean for test/reference was within 80–

125% for AUC0–t, AUC0– inf and Cmax. These observations

confirm the bioequivalence of the test sample with the refer-

ence product in terms of rate and extent of absorption.

Furthermore, no adverse event occurred during the course of

the study.

Conclusions

The UPLC–MS-MS methodology presented for simultaneous esti-

mation of RTV, LPV and IDV in human plasma is highly selective

and rugged for routine measurement of these drugs in combin-

ation therapy. The wide linear dynamic range ensures measure-

ment of the drugs in all currently available formulations of

different strengths. The method involved a simple, efficient and

specific sample preparation with shorter chromatographic time.

The small plasma requirement for processing is beneficial, espe-

cially for patients infected with HIV. The overall analysis time is

promising compared to other reported procedures (53–55) for

their simultaneous determination.
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