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Introduction: Pazopanib, an oral vascular endothelial growth factor receptor tyrosine kinase inhibitor (VEGFR-TKI), is approved for
treating advanced renal cell carcinoma (RCC). However, pazopanib can cause hypertension, often necessitating co-administration with
antihypertensives like nicardipine. Given their shared metabolic pathway via cytochrome P450 3A4 (CYP3A4), this study investigated
their potential drug-drug interaction (DDI).

Methods: An ultra performance liquid chromatography tandem mass spectrometry (UPLC-MS/MS) method was developed for the
simultaneous quantification of pazopanib and its metabolite, GSK-1268997. This method was applied to in vitro inhibition studies
using rat liver microsomes (RLM) and human liver microsomes (HLM), as well as to an in vivo pharmacokinetic study in rats, to
evaluate the impact of nicardipine on pazopanib metabolism.

Results: The assay was linear over the concentration ranges of 20—60,000 ng/mL for pazopanib and 10-30,000 ng/mL for GSK-
1268997. The intra- and inter-day precision (relative standard deviations, RSD%) for the analytes ranged from 1.5% to 14.5%, with
accuracy (relative errors, RE%) within = 10.2%. The method also demonstrated acceptable selectivity, stability, matrix effect, and
recovery. In vitro, nicardipine inhibited the metabolism of pazopanib in both RLM and HLM. In rats, co-administration of nicardipine
significantly increased pazopanib exposure. The AUC ¢ and AUC(o ) of pazopanib were increased by 4.03- and 4.31-fold,
respectively, while the maximum plasma concentration (Cp,,x) Was increased by 1.60-fold. Conversely, the plasma clearance (CLz/
F) was decreased by 78.26%.

Discussion: The findings demonstrated that nicardipine significantly inhibited the metabolism of pazopanib both in vitro and in vivo,
leading to substantially increased systemic exposure of pazopanib. This clinically significant finding suggests that, when these two
drugs are used in combination, plasma drug concentrations should be closely monitored and the need for dose adjustment should be
considered.
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Introduction

Vascular endothelial growth factor receptor tyrosine kinase inhibitor (VEGFR-TKI) is a type of targeted oral therapy that
inhibits angiogenesis by blocking VEGF signaling, thereby hindering tumour growth.' These drugs are used to treat
various cancers, including renal cell carcinoma (RCC), endocrine tumours, sarcomas, and thyroid neoplasms.?
Pazopanib, a second-generation VEGFR-TKI,” is approved for the treatment of advanced RCC and previously treated
advanced soft-tissue sarcoma.>® It is metabolised by cytochrome P450 3A4 (CYP3A4). GSK-1268997, a hydroxylated

https://doi.org/10.2147/DDDT.S589066 Drug Design, Development and Therapy 2026:20 589066 |
Received: 1 January 2026 © 2026 Cao et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are avallahle at httpx / Iwww.dovepress.com/terms.php
Accepted: 28 March 2026 AT 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v4.0) License (http://creati nc/4.0/). By accessing the work

Published: 23 April 2026 you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, pmwded the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/4.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Cao et al

Graphical Abstract

Drug-drug interaction and animal experiments
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form of pazopanib, is its primary metabolite.” A study has shown that GSK-1268997 exhibits VEGFR inhibitory potency
similar to pazopanib in vitro.®

However, VEGFR-TKIs frequently cause cardiovascular adverse effects, with hypertension being the primary
manifestation."®’ Touyz and Herrmann et al conducted a systematic analysis of 77 studies on VEGF pathway-related
drugs and found that severe hypertension complications occurred in approximately 7.4% of patients.'® Pazopanib also
exhibits platelet-derived growth factor receptor (PDGFR) inhibitory activity, which may promote atherosclerosis and
hypertension.'""'> Given that hypertension is a common comorbidity in cancer patients and a frequent adverse effect of
pazopanib, many patients receiving pazopanib require concomitant antihypertensive therapy. Therefore, understanding
potential drug-drug interactions (DDI) between pazopanib and commonly used antihypertensive agents is clinically
essential.

Nicardipine is a dihydropyridine calcium channel blocker (CCB) widely used for treating hypertension and angina."?
Importantly, previous studies have demonstrated that nicardipine inhibits the metabolism of tacrolimus via CYP3A4."
Given that pazopanib is also a substrate of CYP3A4, co-administration of nicardipine may significantly alter pazopanib
pharmacokinetics, potentially increasing the risk of toxicity or reducing therapeutic efficacy.

To enable this investigation, a sensitive and reliable ultra performance liquid chromatography tandem mass spectro-
metry (UPLC-MS/MS) method was firstly developed and validated for the simultaneous quantification of pazopanib and
its primary metabolite GSK-1268997. Compared with previous methods (Table 1), our method addressed the issues of
lacking metabolite standards and relying on semi-quantification (relative determination). This method provided a reliable
foundation for subsequent in vitro and in vivo DDI studies.

To date, no studies have investigated the DDI between pazopanib and nicardipine. Accordingly, we examined the
effect of nicardipine on pazopanib metabolism in both rat liver microsomes (RLM) and human liver microsomes (HLM).
Additionally, a pharmacokinetic study was performed in Sprague-Dawley rats following the co-administration of
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Table | Summary of Methods for the Measurement of Pazopanib in the Literatures

Methodology/ Sample Analyte(s) LLOQ ULOQ Run Method Characteristics
Ref Matrix (ng/mL) | (ng/mL) Time
(min)

UPLC-MS/MS, Rat plasma Pazopanib and GSK- 20 60,000 2.0 Simultaneous quantification of the parent

Our method 1268997 drug and its metabolite

UPLC-MS/MS’ Human Pazopanib and 50 50,000 4.0 Lack of metabolite standards and relative
plasma multiple metabolites determination.

LC-Ms/MS'® Human Pazopanib 1700 200,000 2.5 Low sensitivity, no metabolites included.
plasma

LC-MS/Ms'é Human Pazopanib 200 100,000 9.5 No metabolites included, long run time.
plasma

Lc/Ms-Ms'” Mouse Pazopanib 39 1000 35 No metabolite included
plasma /
brain

UHPLC-MS/MS'® | Human Pazopanib 500 100,000 6.0 No metabolite included
plasma

HPLC-MS/MS'? Human Pazopanib 5 1000 10.0 No metabolites included, long run time.
plasma

pazopanib and nicardipine to evaluate the changes in the pharmacokinetic parameters of pazopanib. This study provided
a reference for clinical evaluation of the interaction between pazopanib and nicardipine.

Materials and Methods

Chemicals and Reagents

Pazopanib (98%), GSK-1268997 (98%), and nicardipine (98%) were purchased from Shanghai Canspec Scientific
Instruments Co., Ltd. (Shanghai, China). Sunitinib (98%), used as the internal standard (IS), was obtained from
Shanghai Macklin Biochemical Technology Co., Ltd. (Shanghai, China). The chemical structures of these compounds
are shown in Figure 1. HLM was sourced from iPhase Pharmaceutical Services Co., Ltd. (Beijing, China). HPLC-grade
acetonitrile and methanol were purchased from Merck (Darmstadt, Germany). Ultra-pure water was generated using
a Milli-Q system (Millipore, Bedford, USA). All other reagents and chemicals were of analytical grade.

UPLC-MS/MS Analytical Conditions

Pazopanib and its primary metabolite (GSK-1268997) were analyzed using a Waters Acquity UPLC I-Class system
coupled with a Waters Xevo TQ-S system, equipped with an electrospray ionization (ESI) interface. The column
operating temperature was set to 40°C, and the injector temperature was 10°C. The mobile phase consisted of 0.1%
formic acid (A) and acetonitrile (B), at a flow rate of 0.40 mL/min. Gradient program was conducted as follows:
0-0.5 min at 90% A, 0.5-1.0 min decreasing to 10%, 1.0-1.4 min maintaining 10%, 1.4—1.5 min increasing back to 90%,
continuing until 2.0 min. The injection volume was 2.0 pL.

Mass spectrometric detection was performed in positive ionization mode using multiple reaction monitoring (MRM)
to increase the sensitivity and specificity of the analysis. The parent and product ions of pazopanib, GSK-1268997 and IS
were m/z 437.94—357.00, m/z 454.00—436.00 and m/z 399.30—286.96, respectively. The optimal MS parameters are
summarized in Table 2.

Preparation of RLM

This experiment was conducted on six Sprague-Dawley rats (weight 200 + 10 g) after euthanasia, and liver tissue was
immediately obtained. After weighing the liver, it was placed in an ice bath and homogenized using 0.01 mM phosphate-
buffered saline (PBS) containing 0.25 mM sucrose. The homogenate was centrifuged twice at 11,000 rpm for 15 min
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Figure | Schematic chemical structures of pazopanib (a), GSK-1268997 (b), nicardipine (c) and sunitinib (d).

each time, and the supernatant was collected while discarding the precipitate. The supernatant was then subjected to
ultracentrifugation at 75,600 % g for 2 h. After removing the final supernatant, the obtained microsomal pellet was
resuspended in 1% PBS and stored at —80°C for subsequent experiments. The microsomal preparation procedure was
based on the method published by Wang et al.>° The protein content of the RLM was measured using a Bradford protein
assay kit (Thermo Scientific, Waltham, MA, USA).*!

Calibration Standards and Quality Control

The calibration standard concentrations of pazopanib diluted with methanol were 20, 50, 200, 500, 1000, 5000, 10,000
and 60,000 ng/mL. The concentrations of GSK-1268997 were 10, 50, 200, 500, 1000, 5000, 10,000 and 30,000 ng/mL.
The lower limit of quantification (LLOQ) was 20 ng/mL for pazopanib and 10 ng/mL for GSK-1268997, and the upper
limit of quantification (ULOQ) was 60,000 ng/mL and 30,000 ng/mL, respectively. The concentrations of the three
quality control (QC) samples were 40, 24,000 and 48,000 ng/mL for pazopanib, and 20, 12,000 and 24,000 ng/mL for
GSK-1268997. The IS working solution was prepared by dissolving sunitinib in methanol, then diluting it to

Table 2 Specific Mass Spectrometric Parameters and Retention Times (RTs) for
the Analytes and IS, Including Cone Voltage (CV) and Collision Energy (CE)

Analytes Precursor lon | Product lon | CV (V) | CE (eV) | RT (min)
Pazopanib 437.94 357.00 10 26 1.16
GSK-1268997 | 454.00 436.00 30 30 1.13
IS 399.30 286.96 10 21 1.19
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a concentration of 200 ng/mL. All chemical reagents and solutions were stored at —80°C and allowed to reach room
temperature before use.

Sample Preparation

In this experiment, protein precipitation technology was used to pretreat the samples. The specific implementation
process included: adding 10 pL of IS working solution (concentration of 200 ng/mL) to 100 pL of plasma sample,
followed by the addition of 300 pL of acetonitrile to achieve protein precipitation. After thorough mixing, the plasma
sample was vortexed for 2 min, then centrifuged at 13,000 rpm for 10 min. Finally, 100 uL of the obtained supernatant
was transferred to a sample container for subsequent UPLC-MS/MS analysis.

Method Validation

This research established and verified a rapid, stable and sensitive UPLC-MS/MS method for assessing the selectivity,
sensitivity, linearity, precision, accuracy, matrix effect, recovery and stability. To ensure the precise and lawful
identification of all substances, we meticulously carried out method validation in strict adherence to the directives
from the U.S. Food and Drug Administration.*?

To evaluate the selectivity, potential interfering signals near the retention times of each analyte were examined to
ensure no endogenous or exogenous interference was present. A weighted least squares regression approach was applied
for curve fitting. Sensitivity was determined by identifying the LLOQ, which was defined by a signal-to-noise ratio
exceeding 10 times.

Precision and accuracy were evaluated using five replicates of QC samples at low, medium, and high concentrations
of pazopanib and GSK-1268997, as well as at the LLOQ levels. Recovery and matrix effects were assessed using the QC
samples at low, medium, and high concentrations. Intra-day and inter-day precision and accuracy were determined on the
same day and over three consecutive days, respectively. Recovery was calculated by comparing the peak areas of samples
before and after plasma extraction. The matrix effect was evaluated by comparing the peak areas of post-extraction
spiked samples with those of pure standard solutions.

Stability assessments were conducted for pazopanib and GSK-1268997 using five replicate QC samples at low,
medium and high concentrations. The analytes were tested under various storage conditions, including 3 h at room
temperature, three weeks at —80°C, 4 h at 10°C in the autosampler after sample preparation, and three freeze-thaw cycles
between —80°C and room temperature.

Enzyme Reaction of Pazopanib Using RLM and HLM

Pazopanib was dissolved in Dimethyl sulfoxide (DMSO) to prepare a concentration range of 0.5 to 100 uM, correspond-
ing to a gradient designed around its Michaelis-Menten constant (K,). Each 200 pL incubation mixture consisted of 1x
PBS, RLM or HLM at a final protein concentration of 0.3 mg/mL, 1 mM nicotinamide adenine dinucleotide phosphate
(NADPH) as the cofactor, and varying concentrations of pazopanib. After mixing the reaction solution, the reaction was
pre-incubated at 37°C for 5 min, followed by the addition of 1 mM NADPH to initiate the reaction and continued
incubation for 30 min. The reaction was terminated by placing it at —80°C. After the samples were frozen for 1 h, the
mixture was added 20 pL of the IS working solution (200 ng/mL) and 400 pL of acetonitrile. The mixture was vortexed
for 2 min, centrifuged at 13,000 rpm for 10 min, and the supernatant of 100 pL was transferred to the sample vial and
injected into UPLC-MS/MS for quantification of analytes.

Study on the Effect of Nicardipine on the Metabolic Process of Pazopanib in RLM and

HLM

A 200 pL incubation mixture was prepared containing 1x PBS buffer, 0.3 mg/mL of RLM or HLM, 1 mM NADPH,
along with nicardipine and pazopanib. The inhibitory effect of nicardipine on the metabolism of pazopanib was evaluated
both in RLM and HLM through the half-maximal inhibitory concentration (ICs). The concentration of pazopanib was
set according to the corresponding K,,, value, and the concentration of nicardipine was designed at a gradient of 0, 0.01,
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0.1, 1, 10, 25, 50, and 100 uM. To elucidate the inhibitory mechanism of nicardipine on pazopanib, nicardipine was
tested in the RLM system at concentrations of 0, 6.45, 12.90 and 25.80 uM, while pazopanib was tested at concentrations
of 0.56, 1.13, 2.26, and 4.52 pM. In HLM, nicardipine was detected at concentrations of 0, 0.59, 1.18 and 2.36 uM, and
pazopanib was detected at concentrations of 1.11, 2.22, 4.44, and 8.88 uM.

Animal Experiments

The Sprague-Dawley rats (with a weight range of 190-210 g) were supplied by the Animal Experiment Centre of the
First Affiliated Hospital of Wenzhou Medical University (Zhejiang, China). All animal procedures were approved by the
Institutional Animal Ethics Committee (Approval No. WYYY-IACUC-AEC-2025-002). Twelve Sprague-Dawley rats
were selected for this study and were randomly divided into a control group (pazopanib) and an experimental group
(nicardipine + pazopanib), with six rats in each group. The rats in the experimental group were first given nicardipine
orally at a dose of 6 mg/kg.**> 30 min later, both groups were given 40 mg/kg pazopanib orally.>* Blood samples were
collected from the tail vein at the following time points after pazopanib administration: 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 6, 8,
12 and 24 h. The blood samples were then centrifuged at 8000 rpm for 10 min, and 100 pL of the supernatant was
carefully collected as samples for subsequent plasma analysis.

Statistical Analysis

The GraphPad Prism 9.5 software (GraphPad, San Diego, CA) was used to generate the K,,,, ICs, the Lineweaver-Burk
plot, and the mean plasma concentration-time curve. Non-compartmental analysis was conducted using DAS 3.0
software (Shanghai University of Traditional Chinese Medicine, China), and key pharmacokinetic parameters were
obtained. Furthermore, SPSS 26.0 software (IBM Corp., Armonk, NY, US) was used for the #-test, and the p-value < 0.05
was regarded as statistically significant.

Results

Method Validation

As shown in Figure 2, the UPLC-MS/MS technique for quantifying pazopanib, GSK-1268997 and IS in plasma was
established. Notably, no interference at the retention time was detected between pazopanib, GSK-1268997 and IS. The
calibration curve of pazopanib exhibited a good linearity over the concentration range of 20-60000 ng/mL, with a linear
regression equation of y = 0.00110954*x + 0.0156809 (1> = 0.998). The LLOQ was set at 20 ng/mL. Similarly, the
calibration curve of GSK-1268997 showed a good linearity within the range of 10-30,000 ng/mL, with a linear
regression equation of y = 0.000705265%x + 0.00406308 (r* = 0.998), and its LLOQ was set at 10 ng/mL.

The precision and accuracy of the method were evaluated by analyzing the LLOQ and low, medium, and high QC
samples in both intra-day and inter-day assays. As summarized in Table 3, all relative standard deviations (RSD%) and
relative errors (RE%) were within 15%, conforming to the predefined acceptance criteria. As shown in Table 4, the mean
extraction recoveries of pazopanib and GSK-1268997 in rat plasma were consistent and satisfactory, ranging from 88.5%
to 99.7% and 90.6% to 98.9%, respectively. The matrix effects ranged from 94.0% to 109.7% for pazopanib and from
88.9% to 105.1% for GSK-1268997, indicating no significant matrix suppression or enhancement was observed. These
results were in full compliance with standard bioanalytical validation guidelines. In addition, the stability was assessed
under various storage and processing conditions. As demonstrated in Table 5, the RSD% values for all QC samples were
within = 15%, thereby confirming the stability of both analytes under the conditions of the study.

Effect of Nicardipine on the Enzyme Kinetics of Pazopanib in vitro
The K., values of pazopanib were determined by plotting the reaction rate against the substrate concentration (Figure 3).
In RLM and HLM, the K, values were 2.26 uM and 4.44 pM, respectively. In this study, nicardipine exhibited an
inhibition rate of 87.11%, indicating strong potential for DDI with pazopanib.

The ICs curves of nicardipine in RLM and HLM are shown in Figure 4. The ICs, values indicated the effectiveness
of the inhibition on pazopanib metabolism. The ICs, value of nicardipine was 12.90 pM in RLM and 1.18 pM in HLM,
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Figure 2 Representative MRM chromatograms of pazopanib, GSK-1268997 and IS in samples: blank plasma (a), blank plasma spiked with standard solutions (b), and plasma
sample from rat orally administered pazopanib (c).

respectively. This suggested that nicardipine exhibited a stronger inhibitory effect in HLM than in RLM. Subsequently,
the inhibition mechanism of nicardipine on pazopanib was investigated in both RLM and HLM.

Figure 5 showed the inhibition mechanism of nicardipine on the metabolism of pazopanib in RLM, where nicardipine
exhibited competitive inhibition, competing for the same enzyme binding site as pazopanib, with an inhibition constant
(K;) value of 7.73 uM. However, the mechanism of nicardipine inhibition was altered in HLM. Figure 6 showed that the
metabolic inhibition of pazopanib by nicardipine exhibited mix-type inhibition, with K; and o values of 3.46 uM and
0.18, respectively.

Animal Study

Figure 7 shows the mean plasma concentration-time curves of pazopanib and GSK-1268997 in rat plasma. The key
pharmacokinetic parameters are detailed in Tables 6 and 7. The AUCq, AUC( ) and maximum plasma
concentration (C,.x) of pazopanib were increased by approximately 4.03-fold, 4.31-fold and 1.60-fold, respectively,
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Table 3 Precision and Accuracy of Pazopanib and Its Metabolite GSK-1268997 in Rat

Plasma (n = 5)
Analytes Concentration (ng/mL) | Intra-Day Inter-Day
RSD (%) | RE (%) | RSD (%) | RE (%)

Pazopanib 20 14.1 3.1 14.5 -3.1
40 10.3 -25 1.6 -5.9
24,000 4.0 —-10.2 39 9.4
48,000 1.5 9.7 5.7 7.1

GSK-1268997 | 10 13.0 —52 13.4 —4.7
20 10.6 —0.3 8.6 —6.0
12,000 72 0.2 6.2 0.6
24,000 38 6.2 33 5.0

Table 4 Recovery and Matrix Effect of Pazopanib and GSK-1268997 in Rat Plasma (n = 5)

Analytes Concentration (ng/mL) | Recovery (%) Matrix Effect (%)
Mean = SD | RSD (%) | Mean £ SD | RSD (%)

Pazopanib 40 885 + 10.2 11.4 967 £ 1.0 1.1
24,000 88.8 + 10.2 1.5 109.7 £ 11.5 | 10.5
48,000 99.7+£73 7.3 940 £ 0.8 0.9

GSK-1268997 | 20 989 + 5.7 5.7 889 + 1.7 13.1
12,000 90.6 * 10.1 1.1 105.1 +44 | 42
24,000 96.6 = 12.1 12.5 1025 +35 | 34

Table 5 Stability Results of Pazopanib and GSK-1268997 in Rat Plasma (n = 5)

Analytes Concentration (ng/mL) | Room Temperature, | Autosampler 10°C, | Three Freeze- —80°C, 3 Weeks
3h 4h Thaw
RSD (%) RE (%) RSD (%) RE (%) RSD (%) | RE (%) | RSD (%) | RE (%)
Pazopanib 40 13.0 2.0 3.1 -12.6 11.8 1.0 2.0 03
24,000 34 42 3.4 -11.5 3.1 12.2 1.2 1.6
48,000 1.8 -7.8 1.8 =11 3.0 -83 1.7 =77
GSK-1268997 | 20 14.8 -8.1 22 -11.9 6.1 -9.6 34 14.4
12,000 1.7 12.4 3.6 0.5 3.9 3.1 1.3 0.6
24,000 43 -1.9 1.5 8.8 1.8 1.6 1.9 9.7

compared to the control group. The plasma clearance (CLz/F) was decreased by approximately 78.26%, while the
differences in other pharmacokinetic parameters were not statistically significant. The AUC ) and AUC (oo, of
GSK-1268997 were increased by approximately 4.54-fold and 5.02-fold, respectively, compared to the control
group. The CLz/F was decreased by approximately 79.09%. Nicardipine significantly increased the plasma levels
and systemic exposure of pazopanib in rats by inhibiting its metabolism. Other pharmacokinetic differences were not
statistically significant.

Discussion

As a key regulator of angiogenesis, VEGF plays a crucial role in the development and progression of RCC. The abnormal
activation of its signaling pathway is a significant driving factor in the disease.?® The use of VEGFR-TKI has broadened
therapeutic strategies for advanced RCC.
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Figure 3 Michaelis—Menten kinetics of pazopanib in RLM (a) and HLM (b), n = 3.

VEGFR-TKIs, such as pazopanib, sunitinib, axitinib, and cabozantinib, represent a class of targeted anticancer
agents.”® These drugs are now extensively applied in oncology and have shown efficacy in extending survival and, in
some cases, achieving tumour remission. Pazopanib, a second-generation VEGFR-TKI, is among the most commonly
prescribed agents for RCC.*” However, its use is frequently associated with adverse effects, particularly hypertension.*®
Given that pazopanib is primarily metabolized by CYP3A4*° and that many cardiovascular drugs, including the CCB
nicardipine, are known CYP3A4 inhibitors,>> %' the potential for clinically significant DDI warrants investigation.
Therefore, this study was designed to evaluate the metabolic interaction between pazopanib and nicardipine using both
in vitro and in vivo approaches.

In our study, we firstly established and validated an UPLC-MS/MS method to analyze pazopanib in rat plasma, using
sunitinib as the IS. According to the nature of the samples to be tested and the purpose of analysis, we used an aqueous
solution of 0.1% formic acid and acetonitrile as the mobile phase. The experimental results showed that adding formic
acid to the mobile phase increased the sensitivity of the samples and improved their peak shape. In addition, the gradient
elution was more favorable for the separation of analytical peaks, and the one-step protein precipitation pretreatment of
the sample with acetonitrile also resulted in satisfactory recoveries.’® Our assay offered distinct advantages. It enabled
accurate quantification of both analytes using authentic standards, provided high sensitivity (LLOQ of 20 ng/mL for
pazopanib and 10 ng/mL for GSK-1268997), and featured a short run time of 2.0 min, making it well-suited for high-
throughput pharmacokinetic and DDI studies.

The results demonstrated that nicardipine inhibited the metabolism of pazopanib both in vivo and in vitro. The
metabolic studies of pazopanib in vitro found that the ICso of nicardipine for pazopanib was 12.90 uM and 1.18 uM in
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Figure 5 Lineweaver—Burk plot and the secondary plot for K; in the inhibition of pazopanib metabolism by nicardipine with various concentrations in RLM, n = 3.

RLM and HLM, respectively, suggesting that nicardipine exhibited a moderate inhibitory effect on the metabolism of
pazopanib. Further experiments showed that there were species differences in the inhibitory mechanism of nicardipine on
pazopanib. In RLM, nicardipine inhibited pazopanib metabolism by a competitive inhibitory mechanism, whereas in
HLM, pazopanib metabolism was inhibited by a mix-type inhibitory mechanism.
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Figure 6 Lineweaver—Burk plot, the secondary plot for K;, and the secondary plot for aK; in the inhibition of pazopanib metabolism by nicardipine with various
concentrations in HLM, n = 3.

In vivo experiments from Sprague-Dawley rats showed the changes in the pharmacokinetic parameters of
pazopanib, providing an evidence for the DDI between pazopanib and nicardipine. After combined administration
of pazopanib and nicardipine in rats, the AUCy_y, and AUC ¢ . of pazopanib were increased by 4.03-fold and 4.31-
fold, respectively, and the C,,,x was increased by 1.60-fold, suggesting that nicardipine increased the oral bioavail-
ability of pazopanib. Conversely, the CLz/F of pazopanib was decreased to approximately 78.26%, which indicated
that nicardipine significantly inhibited the metabolism of pazopanib, resulting in a decrease in its clearance from the
body. Compared to the control group, co-administration of pazopanib with nicardipine resulted in increased exposure
and decreased plasma clearance of GSK-1268997. Previous literature had shown that the CYP3A4 inhibitor
ketoconazole strongly impaired the metabolism of pazopanib,®® which supported the experimental findings.
Previous studies have shown that co-administration of almonertinib with nicardipine significantly increases the
systemic exposure of almonertinib. Compared with the use of almonertinib alone, co-administration of nicardipine
resulted in increases for almonertinib in AUCy ), AUC g, and Cpax of 0.95-fold, 0.87-fold, and 1.01-fold,
respectively.”® These findings were consistent with those observed in the present study.

Within the CYP450 family, CYP3A4 is responsible for the metabolism of numerous clinically used drugs and is
a frequent site of pharmacokinetic interactions.>* The DDI between pazopanib and nicardipine may be attributed to the
inhibition of the CYP3A4 enzymatic pathway. These findings have important clinical implications: co-administration
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Table 6 The Main Pharmacokinetic Parameters of Pazopanib in
Sprague-Dawley Rats

Parameters Pazopanib Pazopanib + Nicardipine

AUC 0. (ug/L*h) | 90,148.54 + 22,932.56 | 453,794.86 + 172,484.74*
AUC 0.y (ug/L*h) | 90,860.75 + 23,171.21 | 482,792.87 + 198,026.70*

ti2 () 3.3 £ 1.0 5.18 £ 1.76

Torae () 242 £ 124 392 £ 1.72

CLz/F (Lih/kg) 0.46 + 0.09 0.10 + 0.04%%*

Corax (Hg/L) 17,132.73 + 439028 | 44,531.01 + 14,096.72*

Notes: Data are presented as the mean * SD, n=6. *P < 0.05, ***P < 0.001, in compar-
ison with group pazopanib alone.

of pazopanib with potent CYP3A4 inhibitors such as nicardipine should be approached with caution, and therapeutic
drug monitoring may be warranted to avoid pazopanib-related toxicity. Furthermore, this study provides a valuable

foundation for future preclinical and clinical investigations of pazopanib combination therapies.
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Table 7 The Main Pharmacokinetic Parameters of GSK-1268997 in
Sprague-Dawley Rats

Parameters Pazopanib Pazopanib + Nicardipine

AUC(. (ug/L*h) | 38,226.88 + 13,353.93 | 211,799.00 + 101,356.16**
AUCo.) (ug/L*h) | 39,388.99 + 13,687.59 | 236,964.33 + |17,872.59*

tin (h) 1.97 + 0.38 6.06 +2.76

Trmax (h) 242 + 1.24 5.50 = 1.73

CLz/F (L/h/kg) 1.10 £ 0.31 0.23 £ 0.15%*

Cinax (ng/Ll) 8841.87 + 2805.80 20,075.26 * 9537.16

Notes: Data are presented as the mean £ SD, n = 6. *P < 0.05, **P < 0.0, in comparison
with group pazopanib alone.

Conclusion

In summary, the UPLC-MS/MS was first established and validated for the analysis of pazopanib and GSK-1268997 in rat
plasma. This study further employed the technique to examine pazopanib pharmacokinetics and its DDI with nicardipine.
The in vitro experiment showed that nicardipine inhibited the metabolism of pazopanib. Subsequently, an in vivo study in
Sprague-Dawley rats showed that the exposure of pazopanib was significantly increased when co-administered with
nicardipine. These findings suggest that concurrent use of pazopanib and nicardipine warrants careful monitoring to
ensure the safety and efficacy of pazopanib in clinical applications.
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