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Abstract 

Background: Lopinavir, saquinavir, and ritonavir are viral protease inhibitors (PIs) developed for and widely used in the 
therapy of human immunodeficiency virus (HIV)-related disease. These compounds are also active in vitro against the 
pathogens causing tuberculosis, malaria and coronavirus infections. PIs have been regarded as a platform for the design of 
inhibitors targeting severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)-encoded proteases. This study aimed 
to develop a liquid chromatography/mass spectrometry (LC/MS) procedure for accurate simultaneous determination of 
concentrations of these three PIs in the plasma. Methods: Samples of human plasma were protein precipitated with 0.3 
M zinc sulfate in a water/methanol solution (30:70, v/v). The extracts were analyzed with reversed-phase chromatography 
coupled with the electrospray ionization (ESI) source of the ion trap mass detector operating in mEass spectrometry (MS) 
and tandem mass spectrometry (MS/MS) modes. Results: Calibration curves demonstrated good linearity from 0.01 to 
10 µg/mL and acceptable reproducibilities and recoveries. Conclusions: The described procedure proves that a very basic 
ion-trap LC/MS system could be applied for selective, rapid, and precise determination of antiviral protease inhibitors. 
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Abbreviations

•  ESI – electrospray ionization, 
• HAART – highly active antiretroviral therapy, 
• HIV – human immunodeficiency virus, 
• LC/MS – liquid chromatography/mass spectrometry, 
• MS/MS – tandem mass spectrometry, 
• PIs – protease inhibitors, 
• SARS-CoV-2 – severe acute respiratory syndrome coronavirus 2, 
• TMD – therapeutic drug monitoring

Introduction

Lopinavir, saquinavir, and ritonavir are peptidomimet-
ic inhibitors of human immunodeficiency (HIV) protease 
and belong to the protease inhibitors (PIs) group of drugs. 
They were developed to treat HIV/AIDS (acquired immu-
nodeficiency syndrome) and are currently used in clinical 
practice in combinations with nucleoside inhibitors of HIV 
reverse transcriptase in the highly active antiretroviral ther-
apy (HAART)[1-2]. Lopinavir and saquinavir (or other new 
generation PIs) are routinely combined with ritonavir in the 
so-called boosted protease inhibitor regimens because ri-
tonavir administered in low doses can additionally block the 
cytochrome P450 (CYP3A4), thus increasing the bioavail-
ability of the two first compounds [3]. 

In addition to its anti-retroviral properties, PIs exert an-
ti-malarial activity targeting aspartyl proteases in the Plasmo-
dium species and may be associated with a reduced incidence 
of malaria in HAART receivers [4-5]. Saquinavir has also ap-
peared as a potential agent for tuberculosis, based on an in vi-
tro study of a Mycobacterium tuberculosis infection model [6]. 

The policy of repurposing existing drugs has brought 
the three PIs to light as strong candidates for anti-coronavi-
rus disease 2019 (COVID-19) drugs, specifically as potential 
inhibitors of severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2)-encoded proteases. Saquinavir could 
block the proteolytic activity of SARS-CoV-2 3CLpro prote-
ase in vitro and the in silico predictions demonstrated its 
ability to bind the dimeric SARS-CoV-2 Mpro protease [7-8]. 
Lopinavir/ritonavir was previously demonstrated to have in 
vitro activity against both severe acquired respiratory syn-
drome coronavirus 1 (SARS-CoV) and Middle East respirato-
ry syndrome coronavirus (MERS-CoV), with some efficacy 
in animal and clinical studies [9-10]. Despite the poor per-
formance of PIs, when compared to the standard of care, in 
clinical studies with COVID-19 patients, these drugs can be 
still regarded as a platform to design new and more potent 
inhibitors of SARS-CoV proteases [8, 11-12].

In addition, the clinical data from HIV-infected patients 
indicate individual variations in responses to treatment, 
with some non-responders that demonstrate no pheno-

type- or genotype-related resistance [3]. This insufficient 
response could result from specific pharmacokinetics in 
the individual subjects and the extent to which the patients 
follow the prescribed therapy. Information about the drug 
kinetics profiles of patients can be very important in clinical 
practice [3, 13]. An optimal way to address it is to evalu-
ate the PIs concentrations in the patient’s plasma and to 
perform therapeutic drug monitoring. This study aimed to 
develop a liquid chromatography/mass spectrometry (LC/
MS) procedure for accurate simultaneous determination of 
concentrations of these three PIs in the plasma. 
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Figure 1. Chemical structures of three drugs: A. lopinavir, B. 

saquinavir, C. ritonavir.

Materials and methods

Preparation of standards
and a calibration curve

 

The standards of lopinavir, saquinavir, and ritonavir (Fig. 
1) were provided by Roche (Basel, Switzerland). Diazepam for 
use as an internal standard (IS) was from WZF Polfa (Warsaw, 
Poland). Stock solutions of drug standards were prepared at 
1 mg/mL  concentration  by  dissolving  5  mg  of  ritonavir  in 
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5 mL of methanol, 5 mg of saquinavir in 5 mL methanol/wa-
ter (50:50, v/v), and 5 mg lopinavir in 5 mL of methanol/water 
(50:50, v/v). To assess the linearity of the assay, seven-point 
calibration curves were obtained by diluting the stock solu-
tions in acetonitrile/water solution (AcN/W, 4:6, v/v), obtain-
ing finally 0.01, 0.03, 0.1, 0.3, 1, 3, 10 µg/mL of each drug in 
200 µl. Diazepam was added to the solutions as an internal 
standard (IS) at the final concentration of 5 µg/mL. 

Plasma sample preparation 

0.3 M zinc sulfate (Sigma/Merck, Darmstadt, Germany) 
in water/methanol (30:70, v/v) was used as an extracting 
solution for protein precipitation. Diazepam was added to 
the solutions on the day of extraction as an internal stan-
dard (IS) at the final concentration of 5 µg/mL. To extract 
drugs from the plasma, 200 μL of human plasma samples 
were mixed with 600 μl of the extracting solution. Sample 
tubes were vortexed for 5 min and centrifuged at 13000 
rpm for 3 min. Supernatants were transferred into autosam-
pler injection vials and analyzed with LC/MS. 

LC/MS analysis

The system applied for the analysis was the LCQ Advan-
tage ion trap mass detector equipped with the electrospray 
ionization (ESI) source connected to the Surveyor autosam-
pler and the Surveyor quaternary gradient pump (Ther-
mo-Finnigan, San Jose, USA). Separation was carried out 
on a BDS Hypersil 5 μm column (2 mm/50 mm) protected 
with a 2x2 mm C18 Security Guard cartridge (Phenomenex, 
Torrance, USA). Buffer A was 10 mM ammonium acetate, 
whereas buffer B was acetonitrile. Starting conditions were 
60% A/40% B which changed linearly to 1% A/99% B within 
3 min. 1%A/99% B was maintained for 3 min and conditions 
returned to the initial values within the next 0.5 min. The 
total injection cycle was 6 min. The flow was maintained 
at 0.25 mL/min. The column temperature was maintained 
at 25ºC. The injection volume was 20 μL. The mass detec-
tor was operated in a positive ionization mode. Ion source 
parameters were optimized during direct drug infusion into 
the detector. The sheath gas flow rate was 35 arb. (instru-
ment arbitrary units) and the spray voltage was 5.4 kV. The 
capillary temperature was set at 300ºC. Direct infusion al-
lowed also to establish a fragmentation pattern of all three 
drugs and to optimize the collision energy for analysis in 
a fragmentation (tandem mass spectrometry, MS/MS) 
mode. Under those conditions, saquinavir formed a parent 
ion at m/z = 671.6 with some sodium adduct at m/z = 693.6, 
at quantities below 10%. The isolated ion 671.6 when sub-
jected to a collision energy of 45% resulted in the formation 
of a major fragment at m/z = 570.2 which was used for de-
tection. Ritonavir formed an ion at m/z = 721.3 with about 

30% of sodium adduct (m/z = 743.3). Isolated ion 721.3 
when subjected to a collision energy of 25% resulted in the 
formation of two major fragments at m/z = 295.1 and 426.1 
which were used for detection. Lopinavir formed a parent 
ion at m/z = 629.1. The isolated ion 629.1 when subjected to 
a collision energy of 28% resulted in the formation of a ma-
jor fragment at m/z = 447.1 which was used for detection. 
During chromatographic separation, MS detector was set to 
operate in alternate full MS (100-1000 m/z)/selective ion or 
reaction monitoring modes (m/z: 286, 671.6 > 570.2 (45%), 
721.3 > 295.2 & 426.1 (25%), and 629.1 > 447.1 (28%)).

Determination of reproducibility and recovery 

To determine reproducibility and recovery, we continued 
analyses on separate days with five injections of calibration 
standards and a quality control sample each day. Fresh sam-
ples were prepared each day. The data is presented in Table 1. 

Table 1: Reproducibility and recovery data from patients plasma 

extracts analysis at three different concentrations of each drug (3, 

0.3, and 0.03 µg/mL). Av: average, SD: standard deviation, CV: coef-

ficient of variation, Rec: percentage of the recovery

3mg/L lopinavir saquinavir ritonavir

Av 288.2 295.7 280.1

SD 16.79 15.32 24.35

CV 0.058 0.051 0.086

Rec 96% 98% 93%

0.3 mg/mL lopinavir saquinavir ritonavir

Av 28.14 29.02 27.24

SD 0.78 2.1 1.46

CV 0.027 0.071 0.05

Rec 93% 96% 90%

0.03 mg/mL lopinavir saquinavir ritonavir

Av 1.78 2.15 2.22

SD 0.45 0.32 0.59

CV 0.25 0.14 0.26

Rec 59% 71% 74%
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We also used a negative control subject (treated with neither 
of the target compounds) to determine recovery at three dif-
ferent concentrations of each drug (3, 0.3, and 0.03 µg/mL). 

A

B

C

D

Figure 2. LC/MS chromatograms for standards of protease inhibitors in MS/MS mode: A. Total Ion Current. B. lopinavir, C. saquinavir, D. ritonavir

Results and Discussion

As demonstrated in the chromatograms/LC reports 
in Figure 2, the internal standard (diazepam), lopinavir, 
saquinavir and ritonavir separated well chromatographical-
ly as standards, although with the possibility of construc-
tion  of  separate  chromatograms  for  selected  ions  such 
a separation is not an absolute requirement. However, the 
problem with carryover occurred during several primary 
injections of the standards. We confirmed the presence of 
traces of analyzed compounds in compound-free samples 
following injections of higher concentrations of the stan-
dards. We solved this problem, using acetonitrile/water as 
a wash solution. The response of chromatographic peak 
areas for chromatograms extracted for selected ions was 

linear within the concentration range (between 0.01 and 10 
µg/mL) for ritonavir, saquinavir, and lopinavir. Recoveries of 
drug standards added to the4 plasma were > 90% (Table 1). 
The chromatograms/reports for the calibration curve are at-
tached to demonstrate the signal-to-noise ratio (Fig. 2). Fig-
ure 3 represents chromatograms obtained in the analysis of 
the control plasma extract from an individual non-treated 
with  the  analyzed  therapeutics,  for  comparison.  Figure 
4 with representative chromatograms/reports from the 
analyses of the treated patients' plasma extracts demon-
strates that the analyzed drugs, if present, form clear peaks. 

Our method, although applied for monitoring of just 
three compounds, can be suitable for monitoring other 
drugs in the same sample. Low sensitivity preliminary data 
could be obtained from a full MS trace of already recorded 
chromatograms, while more accurate determination would 
require extending the selective ion monitoring/fragmenta-
tion mode and re-run of the separation. 

Several previously described analytical methods using 
high-performance liquid chromatography (HPLC) for evalu-
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ation of the plasma levels of antiretroviral drugs have been 
established only for individual compounds [14] or for more 
than one, but with different extraction procedures and 
chromatographic conditions for each compound. That type 
of analytical procedure is expensive and time-consuming 
[15-17]. Some other methods used liquid chromatography 
but with different detection modes [18-20]. Our procedure 
seems to be much less expensive due to the implementa-
tion of the ion trap detector type which provides consid-
erably lower operating costs than other mass detector 
types. While most of the procedures employ solid-phase 
extraction for material preparation, we used a simple pre-
cipitation procedure with methanol/zinc sulfate for the 
drug determination. Finally, the total run time of 6 minutes 
is significantly shorter than in many others assays. Then, the 
established method can be suitable for routine analyses of 
a large number of samples in a very short time. 

Although viral protease inhibitors described in this study 
take their origin from HIV treatment, their future use in the 
therapies of other diseases (e.g. malaria) is possible. There is 
still an urgent need for repurposed or new anti-SARS-CoV-2 
therapeutics with sufficient clinical outcomes. So far four 
COVID-19 vaccines have been conditionally approved by 
the European Medicines Agency: 2 are based on the mRNA 
technology (Moderna and Pfizer/BioNTech) and 2 use the 
adenovirus platforms (AstraZeneca and Janssen/Johnson and 
Johnson) [21] and the number of vaccinated individuals has 
been increasing. However, fast-acting and efficient antivi-
ral therapy based on the clinically well-defined compounds 
seems to be a necessary approach for the still recorded se-
verely-ill COVID-19 patients, particularly in the parts of the 
world where the progress in vaccination is limited. The plas-
ma drug concentrations of lopinavir/ritonavir administered in 

typical doses do not reach the levels that may be needed to 
inhibit SARS-CoV-2 proteases [22] and their use for COVID-19 
treatment is currently not recommended. However, the data 
predicting saquinavir activity have appeared only recently [7-
8], therefore if this drug is used in clinical tests, a method to 
control the concentration of this drug in the plasma with an 
inexpensive LC/MS system could be very useful for optimiza-
tion and monitoring of such treatment.

A B

Figure 3. LC/MS chromatograms for the plasma extract of a control 

subject. Ion chromatograms for: A. lopinavir, B. saquinavir, and C. 

ritonavir. Each chromatogram consists of: Total Ion Current, Inter-

nal standard, Full MS mode, and MS/MS mode

C
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A B

C

Figure 4. LC/MS chromatograms for plasma extract from a patient 

treated with: A. lopinavir, B. saquinavir, and C. ritonavir. Each chro-

matogram consists of: Total Ion Current, Internal standard, Full MS 

mode, and MS/MS mode

Conclusions

We developed an LC/MS procedure employing basic 
and most commonly accessible ion-trap LC/MS system and 
demonstrated that it could be used for simultaneous selec-
tive, rapid, and precise determination of the plasma con-
centrations three antiviral PIs. The described method can 
be adapted for high-throughput analyses in routine thera-
peutic drug monitoring. 
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