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A B S T R A C T   

PAXLOVID™ (Co-packaging of Nirmatrelvir with Ritonavir) has been approved for the treatment 
of Coronavirus Disease 2019 (COVID-19). The goal of the experiment was to create an accurate 
and straightforward analytical method using ultra performance liquid chromatography tandem 
mass spectrometry (UPLC-MS/MS) to simultaneously quantify nirmatrelvir and ritonavir in rat 
plasma, and to investigate the pharmacokinetic profiles of these drugs in rats. After protein 
precipitation using acetonitrile, nirmatrelvir, ritonavir, and the internal standard (IS) lopinavir 
were separated using ultra performance liquid chromatography (UPLC). This separation was 
achieved with a mobile phase composed of acetonitrile and an aqueous solution of 0.1% formic 
acid, using a reversed-phase column with a binary gradient elution. Using multiple reaction 
monitoring (MRM) technology, the analytes were detected in the positive electrospray ionization 
mode. Favorable linearity was observed in the calibration range of 2.0–10000 ng/mL for nir-
matrelvir and 1.0–5000 ng/mL for ritonavir, respectively, within plasma samples. The lower 
limits of quantification (LLOQ) attained were 2.0 ng/mL for nirmatrelvir and 1.0 ng/mL for ri-
tonavir, respectively. Both drugs demonstrated inter-day and intra-day precision below 15%, with 
accuracies ranging from − 7.6% to 13.2%. Analytes were extracted with recoveries higher than 
90.7% and without significant matrix effects. Likewise, the stability was found to meet the re-
quirements of the analytical method under different conditions. This UPLC-MS/MS method, 
characterized by enabling accurate and precise quantification of nirmatrelvir and ritonavir in 
plasma, was effectively utilized for in vivo pharmacokinetic studies in rats.   

1. Introduction 

The respiratory pathogen fueling the Coronavirus Disease 2019 (COVID-19) pandemic is a single-stranded RNA virus belonging to 
the beta coronavirus family, scientifically designated as Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2). Since its 
outbreak in December 2019, over 5 million people worldwide have been infected by this virus [1,2]. Because of the extraordinary 
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efforts and mutual collaboration of the international community and pharmacologists worldwide [3,4], nirmatrelvir (Fig. 1A), an oral 
clinical candidate for the antiviral treatment of COVID-19, is approved by the U.S. Food and Drug Administration (FDA) for the 
treatment of COVID-19 [5]. Moreover, it is reported that the oral antiviral drug PAXLOVID™ (nirmatrelvir co-packaged with ritonavir, 
Fig. 1B) significantly reduces hospitalizations and deaths in patients with COVID-19 compared with placebo [6]. It is worth mentioning 
that nirmatrelvir is metabolized as a substrate of the CYP3A4 enzyme, while ritonavir can inhibit the metabolism of nirmatrelvir by 
inhibiting the CYP3A4 enzyme, which leads to an increased plasma level of nirmatrelvir. Therefore, the co-administration of ritonavir 
with nirmatrelvir as an agent enhances systemic exposure concentrations and prolongs the half-life of nirmatrelvir [7]. 

Since nirmatrelvir and ritonavir are CYP3A4 substrates, CYP3A4 inducers or inhibitors (such as calcineurin inhibitors, azole an-
tifungals, direct oral anticoagulants and antagonists) may affect the plasma concentration of nirmatrelvir and ritonavir, producing 
toxic side effects or reducing their therapeutic effect [8–10]. With the increasing severity of renal impairment, systemic exposure of 
nirmatrelvir in patients rises. Therefore, patients with moderate renal impairment (eGFR ≥ 30 to < 60 mL/min) need to have the dose 
adjusted [11]. Moreover, there is insufficient clinical data for PAXLOVID™. Administration of PAXLOVID™ may result in unforeseen 
and serious adverse events not previously reported, which may lead to clinical adverse effects such as hepatotoxicity, failure of 
treatment, serious life-threatening effects, and the possibility of virus resistance development, especially when administered at 
inappropriate doses [12]. 

Thus, therapeutic drug monitoring (TDM) involving measuring drug levels can optimize therapeutic efficacy and minimize toxicity 
of PAXLOVID™. This clinical practice aims to enhance the medication’s beneficial effects and reduce adverse reactions. To our 
knowledge, three LC-MS/MS-based bioanalytical methods have been reported that can simultaneously quantify nirmatrelvir and ri-
tonavir in biological samples [13–15]. However, these bioanalytical methods required long running times, ranging from 4.0 min to 
even 10.5 min, had a limited concentration range, and showed low sensitivity (≥ 10 ng/mL for nirmatrelvir and ≥ 2 ng/mL for ri-
tonavir). Additionally, the trough concentration of nirmatrelvir was found to range from 1331.7 to 8352.5 ng/mL, and that of ritonavir 
from 53.4 to 1325.5 ng/mL, showing significant individual variation among 17 patients [16]. Moreover, compared to patients with 
normal renal function, the trough concentration of nirmatrelvir in critically ill patients undergoing continuous renal replacement 
therapy (CRRT) is approximately seven times higher, ranging from 3325.34 to 15625.46 ng/mL, and it is twice that of patients with 
end-stage renal disease undergoing hemodialysis [17]. As a result, these chromatography techniques fail to adequately meet the high 
sample throughput demands necessary for biological analysis in pharmacokinetic studies. Consequently, we sought to develop an 
analytical method based on ultra performance liquid chromatography tandem mass spectrometry (UPLC-MS/MS). This method was 
designed to be precise and straightforward for simultaneously quantifying nirmatrelvir and ritonavir in rat plasma, and to facilitate 
pharmacokinetic studies in rats. 

Fig. 1. Production in positive ions mode showing the production and fragmentary structure of ritonavir (A), nirmatrelvir (B), and lopinavir (IS, C) in 
the present study. 
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2. Experimental 

2.1. Chemicals, materials and reagents 

Nirmatrelvir, ritonavir, and lopinavir (used as an internal standard, IS, Fig. 1C) were sourced from Beijing Sunflower and Tech-
nology Development Co., Ltd (Beijing, China) with each having a purity greater than 98%. The solvents and chemicals utilized in this 
research, including liquid chromatography (LC) grade methanol and acetonitrile, were obtained from Merck Company (Darmstadt, 
Germany). LC grade formic acid was supplied by Anaqua Chemicals Supply (ACS, USA). Water of LC grade was produced using 
Millipore’s Milli-Q purification system (Bedford, USA). 

2.2. Apparatus and conditions 

The experimental setup comprised an Acquity UPLC system (Waters, Milford, USA), featuring a Class I binary solvent manager for 
gradient elution delivery. A temperature-controlled autosampler (FTN, maintained at 10 ◦C) and a column oven (set to 40 ◦C) were 
incorporated. Chromatographic separation was achieved using a reverse-phase Acquity UPLC BEH C18 column (2.1 mm × 50 mm, 1.7 
μm particle size), with the mobile phase consisting of acetonitrile as the organic solvent and 0.1% formic acid as the aqueous solvent. A 
gradient elution method was implemented, with the specific program detailed in Table 1. Throughout the analytical sequence, the flow 
rate was consistently maintained at 0.3 mL/min. Analyte quantification was performed on a Xevo TQ-S triple quadrupole MS/MS 
system (Milford, MA, USA), equipped with an electrospray ionization (ESI) source. Multiple reaction monitoring (MRM) mode was 
utilized for the analysis, with the MS/MS system parameters presented in Table 1. Data acquisition and system control were managed 
through Masslynx 4.1 software (Milford, MA, USA). 

2.3. Calibration standards and QC samples preparation 

The provided compounds of nirmatrelvir, ritonavir and IS were prepared as primary stock solutions of 1.00 mg/mL in methanol. 
Afterwards, dilution of the primary stock solution with methanol was performed to obtain the standard solutions required for the 
experiment. Solutions for experiment, including working solutions and stock solutions, were carefully maintained in a frozen state by 
storage at − 80 ◦C in a dedicated freezing chamber. To facilitate the establishment of calibration curves for quantitative determination, 
various concentrations of samples were prepared by fortifying blank plasma specimens with the analytes of interest. Calibration curves 
were constructed by spiking blank plasma with increasing concentrations of the analytes at levels of 2.0, 5.0, 10, 50, 100, 500, 1000, 
5000, 10000 ng/mL for nirmatrelvir, and 1.0, 2.5, 5.0, 25, 50, 250, 500, 2500, 5000 ng/mL for ritonavir, respectively. Quality control 
samples (QCs) at four concentration levels, namely lower limit of quantification (LLOQ), low (QCL), medium (QCM) and high (QCH), 
were prepared as described above, with concentrations of 2.0, 4.0, 800 and 8000 ng/mL for nirmatrelvir and 1.0, 2.0, 400 and 4000 
ng/mL for ritonavir, respectively. 

2.4. Sample processing 

An additional 20 μL of IS solution (1.0 μg/mL) was pipetted into 100 μL of samples, and precipitation of plasma protein was 
achieved by adding 300 μL of acetonitrile. The mixtures were vortexed for 3.0 min, centrifuged for 10 min at 13000×g and 4 ◦C, and 
the clean supernatant (100 μL) was then pipetted into a new autosampler vial. The injection volume of each sequence was set at 1.0 μL. 

Table 1 
Gradient table for chromatographic separation and optimized mass spectrometry parameters for quantification of the analytes and IS.  

Gradient condition for chromatographic separation 

Time segment Time (min) Flow rate (μL/min) Mobile phase 

A% B% 

1 0 0.3 10 90 
2 0.5 0.3 10 90 
3 1.0 0.3 90 10 
4 1.4 0.3 90 10 
5 1.5 0.3 10 90 
6 2.0 0.3 10 90  

Mass spectrometry setting 

Analytes Precursor ion Product ion CV (V) CE (eV) RT (min) 

Nirmatrelvir 500.03 318.98 20 15 1.59 
Ritonavir 721.06 296.06 20 15 1.69 
IS 629.61 447.22 10 15 1.73  
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2.5. Validation of method 

Detailed validation was carried out to determine the reliability before the application of the newly developed UPLC-MS/MS method 
to pharmacokinetic analysis. In accordance with FDA guidelines, sensitivity, linearity, precision, accuracy, matrix effect and extraction 
recovery were systematically evaluated and stability was extensively checked [18]. 

Blank plasma from six different batches was examined to assess the selectivity of the method and to determine if additional in-
terferences were present during the retention times of the analytes and IS. The quadratic, 1/x2, least squares linear curve fitting of each 
analyte was established with non-zero calibrators, and linear coefficient of determination (r2) was predicted to be ≥ 0.99 for each 
compound. LLOQ was identified by reference to the signal-to-noise ratio (10:1), being set as the lowest concentration of the calibration 
curve, where the acceptable precision and accuracy of the LLOQ was ≤ ±20%. Using LLOQ and QC samples, the intra-day and inter- 
day accuracy and precision were assessed. The intra-day accuracy and precision were evaluated by analyzing five replicate samples 
within the same day. Conversely, the inter-day accuracy and precision were determined by measuring the samples over several 
consecutive days. Precision values, indicated by relative standard deviation (RSD) and accuracy values in terms of relative error (RE), 
were expected to be ≤ ±15%, except for LLOQ. 

Extraction recoveries were determined by comparing the peak areas of analytes in unextracted (i.e., spiked samples prior to 
extraction) and extracted (i.e., spiked post-extraction samples) matrices. For each analyte, three concentrations of QCs were assessed. 

Matrix effects were measured by assaying the peak ratios of analytes on two occasions (spiked in extracted blank matrix and in 
solvent) at three different QC levels, and were repeated five times. 

Dilution integrity is essential for ensuring precise quantification when sample concentrations exceed the upper limit of quantifi-
cation (ULOQ) and require dilution. This was assessed by examining five replicates of 10-fold high concentration of QC samples, 
following a 10-fold dilution. 

The stability of the samples at room temperature was tested by leaving them on the test bench for 3 h. The prepared samples were 
placed in sealed autosampler bottles for 4 h at 10 ◦C to test the stability in the autosampler. Freeze-thaw stability was measured by 
examining the changes in analytes’ levels after three repeated freeze-thawing. The samples were left at − 80 ◦C for 3 weeks to test the 
long-term stability. All stability studies were evaluated with the calibration standard curves freshly prepared [19], and all assays were 
performed five times. 

2.6. Animal experiments 

A cohort of six male Sprague-Dawley rats (in good health, and their individual weights falling within the range of 200–220 g) was 
procured from the Experimental Animal Center affiliated with The First Hospital of Wenzhou Medical University, situated in Zhejiang 
Province, China. The animal experiments were conducted in accordance with ethical guidelines sanctioned by the Animal Care and Use 
Committee of The First Affiliated Hospital of Wenzhou Medical University (WYYY-IACUC-AEC-2023-029). Prior to commencing the 
experiment, the rats were housed in a controlled environment with clean cages for a week-long acclimation period. The ambient 
conditions were maintained at 25 ◦C and a 12-h light/dark cycle. During this time, the animals enjoyed ad libitum access to food and 
water. Before the day of dosing, a 12-h fasting period was performed, during which water intake remained unrestricted. Each rat was 
received an oral administration of a solution containing 30 mg/kg of nirmatrelvir and 10 mg/kg of ritonavir, formulated in 0.5% 
sodium carboxymethylcellulose. At designated time points, including pre-dose (0 h), 0.33, 0.67, 1, 1.5, 2, 3, 4, 6, 8, 12, 24 and 48 h 
post-dosing, approximately 0.3 mL of blood was drawn from the tail vein into heparinized centrifuge tubes. After centrifugation of 
these samples at 8000×g and 25 ◦C for 10 min, the supernatant was carefully transferred into fresh tubes and stored at − 80 ◦C pending 
further analysis. 

Pharmacokinetic parameters of nirmatrelvir and ritonavir in each rat, encompassing area under the concentration-time curve 
(AUC), time to reach peak plasma concentration (Tmax), maximum plasma concentration (Cmax), elimination half-life (t1/2), apparent 
clearance (CLz/F), and mean residence time (MRT), were analyzed through non-compartmental statistical models using the Drugs and 
Statistics (DAS 3.0) software (Mathematical Pharmacology Professional Committee of China, Shanghai, China). The data were pre-
sented as mean ± standard deviation (SD). 

3. Results and discussions 

3.1. Development of chromatography and mass spectrometric conditions 

The suitable chromatographic conditions could provide high sensitivity of the analytes. The method was optimized to quantify the 
levels of nirmatrelvir and ritonavir with lopinavir as IS in this study. The method for purifying rat plasma was involved using the 
organic solvent acetonitrile, which was introduced into the system to precipitate the plasma proteins. Subsequent chromatographic 
separation was carried out using a UPLC BEH C18 reversed-phase column (2.1 mm × 50 mm, 1.7 μm). In line with previous experience, 
favorable chromatographic separations were observed using gradient elution with a mixture of acetonitrile and 0.1% aqueous formic 
acid in various ratios [20,21]. In this analysis, excellent separations of the analytes from endogenous impurities were realized, and the 
chromatographic peak shapes were symmetrical. 

Organic solvent precipitation is one of the plasma protein precipitation (PPT) methods used. Compared with frequently used 
approaches, such as solid-phase extraction and liquid-liquid extraction, the organic solvent precipitation method is convenient, effi-
cient and cost-effective. In addition, the protein is easily removed. The recovery of extraction with organic solvents (e.g. acetonitrile, 
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ethanol and methanol) was investigated in this method. After comparison, the recovery and matrix effect of sample extraction using 
acetonitrile as the protein-precipitating agent were superior to other solvents. 

In the ion source of the mass spectrometer, the analytes were fragmented to produce positively charged [M + H]+ quasimolecular 
ions, which were subsequently further fragmented to generate additional fragment ions shown in Fig. 1. The proposed fragmentation 
pathway leading to these fragment ions was described in the molecular formula of the analyte. In the MRM scans, the target fragment 
ions employed were m/z 500.03 → 318.98 for nirmatrelvir, m/z 721.06 → 296.06 for ritonavir, and m/z 629.61 → 447.22 for IS, as 
shown in Table 1. Although three LC-MS/MS-based bioanalytical methods simultaneously quantify nirmatrelvir and ritonavir in 
biological samples [13–15], the advantages of our study are greater sensitivity and shorter running times (Table 2). Therefore, in order 
to meet the high-throughput sample requirements of analysis in pharmacokinetic studies, a highly sensitive and straightforward assay 
has been successfully validated. 

Table 2 
Characteristics of related literatures for the determination of nirmatrelvir and ritonavir.  

Literatures Running time (min) matrix LLOQ of nirmatrelvir and ritonavir (ng/mL) 

Martens-Lobenhoffer et al. [13] 10.5 human plasma 10/2.0 
Liu et al. [14] 7.0 human plasma 50/10 
Guyon et al. [15] 4.0 human plasma 40/10 
This study 2.0 rat plasma 2.0/1.0  

Fig. 2. Representative MRM chromatograms of nirmatrelvir, ritonavir and IS in rat sample: blank plasma (A), blank plasma spiked with standard 
solution at LLOQ and IS (B) and real plasma sample collected from a rat after 1.0 h oral administration of 30 mg/kg nirmatrelvir and 10 mg/kg 
ritonavir (C). 
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3.2. Validation of the UPLC-MS/MS analysis 

3.2.1. Fig. 2: Selectivity assessment 
To test the selectivity of this method, blank plasma (Fig. 2A), blank plasma spiked with IS, nirmatrelvir, and ritonavir (Fig. 2B), and 

real plasma samples from animal experiments (Fig. 2C) were compared. It was observed that the MRM mode displayed high-resolution 
symmetrical peaks, allowing for the differentiation of the retention times of IS, nirmatrelvir, and ritonavir. Their retention times were 
1.73 min, 1.59 min, and 1.69 min, respectively. These data obviously indicated a great selectivity. 

3.2.2. Linearity and LLOQ 
The calibration curves for the two analytes in rat plasma, with ranges of 2.0–10000 ng/mL for nirmatrelvir and 1.0–5000 ng/mL for 

ritonavir, demonstrated excellent linearity, which was indicated by the coefficients of determination (r2) ≥ 0.99. Table 2 provided the 
standard regression equations for the analytes. In these equations, Y represented the ratio of the analytes’ peak areas to those of the IS, 
and X referred to the nominal concentration. The developed method demonstrated LLOQ at 2.0 ng/mL for nirmatrelvir and 1.0 ng/mL 
for ritonavir, respectively. The obtained precision and accuracy values adhered to within ±20% of the standards established by the 
bioanalytical method validation guidelines, as detailed in Table 3. 

3.2.3. Accuracy and precision 
Intra-day and inter-day precision and accuracy of nirmatrelvir and ritonavir were assessed at LLOQ and three concentrations (LQC, 

MQC and HQC), and the validated values (RSD% and RE%) should be in acceptable range. Based on the results of the methodological 
validation, the intra-day and inter-day precision was within 15%. The detected accuracies were within ±15%, as shown in Table 4. The 
accuracy and precision were conformed to the standards set forth by the FDA. The findings demonstrated that the developed UPLC-MS/ 
MS technique, designing for the concurrent determination and measurement of plasma levels of both nirmatrelvir and ritonavir, 
exhibited high reproducibility. 

3.2.4. Recovery, matrix effect and dilution integrity 
The average recoveries of nirmatrelvir and ritonavir extracted from rat plasma were summarized in Table 5. With a range of 90.7%– 

107.2%, the extraction recoveries of QC samples were within the acceptable limits, indicating this method had a high reliability and 
reproducibility of the sample processing. 

Table 3 
Calibration curves for the analyses of nirmatrelvir and ritonavir in rat plasma (n = 3).  

Analytes Regression equation r2 Linear range (ng/mL) LLOQ (ng/mL) 

Nirmatrelvir Y = 0.011X ± 0.005 0.999 2.0–10000 2.0 
Ritonavir Y = 0.012X ± 0.249 0.998 1.0–5000 1.0  

Table 4 
The accuracy and precision of each analyte in rat plasma (n = 5).  

Analytes Concentration (ng/mL) Intra-day Inter-day 

RSD (%) RE (%) RSD (%) RE (%) 

Nirmatrelvir 2.0 9.6 − 7.6 8.7 − 3.5 
4.0 12.8 − 1.0 11.7 11.0 
800 2.4 11.3 2.4 13.2 
8000 3.4 − 4.0 2.7 − 2.9 

Ritonavir 1.0 13.7 5.0 13.6 9.1 
2.0 9.7 − 1.1 10.3 − 0.3 
400 1.7 − 0.4 2.2 − 0.2 
4000 3.4 − 1.7 2.6 − 2.5  

Table 5 
Recovery and matrix effect of each analyte in rat plasma (n = 5).  

Analytes Concentration (ng/mL) Recovery (%) Matrix effect (%) 

Mean ± SD (%) RSD (%) Mean ± SD (%) RSD (%)  

4.0 97.4 ± 9.5 9.8 101.4 ± 11.9 11.8 
Nirmatrelvir 800 101.9 ± 5.8 5.7 99.8 ± 3.6 3.6  

8000 107.2 ± 5.4 5.0 98.8 ± 8.9 9.0  
2.0 93.7 ± 4.7 5.1 114.3 ± 12.0 10.5 

Ritonavir 400 95.6 ± 5.3 5.6 106.0 ± 8.0 7.5  
4000 90.7 ± 5.2 5.8 108.0 ± 8.6 7.9  
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The matrix effects of nirmatrelvir and ritonavir in rat plasma ranged from 98.8% to 114.3% at three QCs levels (n = 5), demon-
strating that this method had no obvious interference from endogenous impurities. The results were indicated in Table 5. 

The dilution integrity assessment demonstrated that the accuracy and precision of samples diluted 10-fold fell within acceptable 
limits. This indicated that proper dilution was a viable approach for this analytical method. 

3.2.5. Stability 
Small variations were observed in the results of stability, with RSDs < 15%, which indicated that nirmatrelvir and ritonavir 

remained stable at different conditions: short-term room temperature exposure (3 h), prolonged frozen storage (− 80 ◦C for 21 days), 
undergoing three freeze-thaw cycles (from − 80 ◦C to room temperature and back), as well as temporary residence in an autosampler 
maintained at 10 ◦C for at least 4 h (see Table 6). 

3.3. Animal experiments 

Research on the pharmacokinetics of nirmatrelvir and ritonavir in Sprague-Dawley rats was conducted to validate the reliability 
and applicability of the current UPLC-MS/MS method. Fig. 3A and B respectively depicted the mean plasma concentration-time curves 
of nirmatrelvir and ritonavir for six rats after oral administration of 30 mg/kg nirmatrelvir and 10 mg/kg ritonavir. Table 7 listed the 
main pharmacokinetic parameters calculated using a non-compartmental model. 

After a single oral dose of nirmatrelvir and ritonavir in Sprague-Dawley rats, they were both absorbed rapidly, peaking at Cmax 

Table 6 
Stability results of each analyte in plasma under different conditions (n = 5).  

Analytes Added (ng/mL) Room temperature, 3 h Autosampler 10 ◦C, 4 h Three freeze-thaw − 80 ◦C, 3 weeks 

RSD (%) RE (%) RSD (%) RE (%) RSD (%) RE (%) RSD (%) RE (%) 

Nirmatrelvir 4.0 13.2 − 7.1 9.0 2.9 6.3 2.0 4.4 3.5 
800 7.2 − 6.7 2.8 12.0 4.0 3.4 3.1 14.9 
8000 5.3 − 13.7 1.2 − 0.8 4.7 − 3.6 3.3 − 1.5 

Ritonavir 2.0 3.1 − 13.3 9.3 − 3.9 4.9 − 11.5 9.5 13.0 
400 8.6 − 6.4 1.8 − 3.0 6.1 5.1 2.7 13.4 
4000 3.5 − 1.8 1.9 − 3.8 6.0 12.1 7.7 6.4  

Fig. 3. Mean plasma concentration-time curves of nirmatrelvir (A) and ritonavir (B) in rats after orally administrated of 30 mg/kg nirmatrelvir and 
10 mg/kg ritonavir. (n = 6, Mean ± SD). 

Table 7 
The main pharmacokinetic parameters of nirmatrelvir and ritonavir in rats after orally administrated of 30 mg/kg 
nirmatrelvir and 10 mg/kg ritonavir. (n = 6, Mean ± SD).  

Parameters Nirmatrelvir Ritonavir 

AUC0→t (ng/mL•h) 44734.08 ± 18709.37 4930.57 ± 3818.61 
AUC0→∞ (ng/mL•h) 44749.84 ± 18697.44 4942.45 ± 3814.59 
MRT0→t (h) 4.40 ± 1.00 4.64 ± 2.00 
MRT0→∞ (h) 4.48 ± 1.01 4.87 ± 2.19 
t1/2 (h) 4.06 ± 1.15 5.63 ± 3.40 
Tmax (h) 0.89 ± 0.49 1.03 ± 0.62 
CLz/F (L/h/kg) 0.76 ± 0.30 3.38 ± 2.37 
Cmax (ng/mL) 12019.30 ± 4006.43 1491.22 ± 907.75 

AUC: area under the concentration-time curve, Tmax: time to peak plasma concentration, Cmax: peak plasma 
concentration, t1/2: half-life, CLz/F: clearance, MRT: mean residence time. 
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within 0.89 ± 0.49 h and 1.03 ± 0.62 h, respectively. However, the values of Tmax in the pharmacokinetic profile were 3.00 h and 3.98 
h released by FDA, which were much longer than those of the current experiment [5]. In addition, the CLz/F values varied. Compared to 
8.99 and 13.92 L/h/kg for nirmatrelvir and ritonavir as reported, the CLz/F values of the present research were 0.76 ± 0.30 and 3.38 ±
2.37 L/h/kg for rats. Moreover, the calculated plasma t1/2 of nirmatrelvir and ritonavir were respectively 4.06 ± 1.15 h and 5.63 ±
3.40 h, similar to the pharmacokinetic properties reported by FDA, which were respectively 6.05 h and 6.15 h [5]. It was also reported 
that the pharmacokinetic parameters of nirmatrelvir were different between rats and monkeys [22,23]. The pharmacokinetic variation 
may be attributed to the limited number of rats (n = 6) and species differences in the present study by inference. Hence, for these 
reasons, it is necessary to conduct further investigations to probe the more accurate clinical characteristics of nirmatrelvir and ritonavir 
in humans. 

4. Conclusions 

In summary, the present study established a UPLC-MS/MS technique with reproducibility and accuracy that allowed the simul-
taneous quantification of nirmatrelvir and ritonavir in rats, and descriptions of the pharmacokinetic parameters in rats were presented. 
In addition, the newly developed analytical method was more convenient and economical than the traditional extraction method, with 
a run time of only 2.0 min. Consequently, the presently established UPLC-MS/MS method not only provided pharmacokinetic data, but 
could also serve as a methodological reference for clinical individualized administration. 
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