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Article Information  ABSTRACT 
Received: 7th April 2026  Background: To enhance efficacy and manage dose-limiting toxicities such as hyperglycemia, 

therapeutic drug monitoring of alpelisib (ALB), a phosphatidylinositol 3-kinase alpha (PI3Kα) inhibitor 

used in advanced breast cancer, is essential. This study aimed to develop and validate a selective, 

sensitive, and high-throughput liquid chromatography-tandem mass spectrometry (LC-MS/MS) method 

for the quantification of ALB in human plasma to support pharmacokinetic studies and therapeutic drug 

monitoring. Methodology: Alpelisib-D3 was used as a deuterated internal standard (IS). Analytes were 

extracted from 50 µL of plasma by liquid-liquid extraction using n-hexane and methyl tert-butyl ether 

(20:80, v/v). Chromatographic separation was performed on an X-Terra RP8 column using an isocratic 

mobile phase of 5 mM ammonium acetate buffer (pH 5.00) and acetonitrile (10:90, v/v) at 0.4 mL/min. 

Detection was carried out in positive electrospray ionization mode using multiple reaction monitoring 

of m/z 442.15→141.07 for ALB and m/z 445.36→144.05 for the IS. Validation included linearity, 

precision, accuracy, recovery, matrix effect, carryover, dilution integrity, and stability. Results and 

discussion: The method was linear over 50.0–10,000 ng/mL. Intra- and inter-day precision (CV%) was 

<4.2%, and accuracy ranged from 94.5% to 106.2%. Mean extraction recovery exceeded 90%, with no 

significant matrix effects. Carryover, stability, and dilution integrity also met acceptance criteria. 

Conclusion: A reliable, sensitive, and selective LC-MS/MS method was successfully developed and 

validated. The method is suitable for high-throughput pharmacokinetic studies and therapeutic drug 

monitoring of ALB in human plasma. 
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INTRODUCTION 
Breast cancer remains the leading cause of cancer-related 
mortality among women worldwide. [1–3]. The crucial 
biological pathway involved in the progression of this disease is 
the phosphatidylinositol 3-kinase (PI3K)/AKT/mammalian 
target of rapamycin (mTOR) pathway, which has been 
discovered to be hyperactivated in breast cancers that are 
hormone receptor-positive and Human Epidermal growth factor 
Receptor 2 (HER2)-negative [4–7]. This hyperactivation is 
mainly attributable to mutations in the PIK3CA gene. ALB is 
broken down through multiple pathways: Hydrolysis, Oxidation 
by cytochrome P450 3A4 (CYP3A4), and glucuronidation by 
UDP-glucuronosyltransferase 1A9 (UGT1A) [8–10]. The 
pharmacokinetic changes and high drug-drug interactions 
emphasize the need for precise bioanalytical techniques that 
provide accurate mass in patient plasma, which is vital for 
informing dosing decisions in both medical and research 
scenarios. 
 
Few analytical techniques, notably HPLC, have been reported 
for the measurement of ALB, with UPLC and LC-MS also 
reported [11-17]. These methodologies in LC-MS/MS 
bioanalysis often require considerable plasma volumes, such as 
500 µL, which limits applicability in studies with restricted 
sample availability, such as intensive pharmacokinetic 
investigations requiring repeated sampling in adult patients. In 
addition, these methods frequently encounter variability in peak 
shape and lack a stable isotope-labeled internal standard. It is 
crucial for minimizing variability in the extraction and ionization 
processes inherent to the bioanalytical technique. A rapid, 
sensitive, and selective LC-MS/MS method was developed for 
measuring ALB in human plasma using 50 µL of sample. The 
internal standard was deuterated ALB (alpelisib-D3). The 
method was validated according to FDA and EMA 
requirements. [18], [19]. 
 
MATERIALS AND METHODS 
The compound alpelisib and alpelisib-D3 were sourced from 
Clearsynth Labs Ltd. in Mumbai, India. All other chemicals and 
solvents were purchased from S.D. Fine Chemicals, Mumbai. 
The control human plasma sample was procured from Doctors 
Pathological Labs (Hyderabad, India).     
 
Instrumentation and Chromatographic conditions 
The LC-MS/MS system is composed of an Agilent 1200 series 
High-Performance Liquid Chromatography (HPLC) system 

manufactured by Agilent Technologies linked to an API 4000 
triple quadrupole mass spectrometer. Data acquisition and 
analysis are facilitated through Analyst® version 1.4.1 software 
provided by SCIEX; an X-terra® RP8 column (4.6 mm × 50 mm 
with a particle size of 5 µm) is employed and maintained at 
40°C. The mobile phase consists of a 5 mM ammonium acetate 
buffer, with the pH fine-tuned to 5.00 ± 0.05 using glacial acetic 
acid and acetonitrile, in a 10:90 volume/volume ratio. The 
system operates under isocratic conditions at a flow rate of 0.4 
mL/min, and the entire analytical run is completed in 3.5 
minutes. Although both analytes elute at approximately 2.1 
minutes, an additional 1.4-minute post-peak interval was 
maintained to ensure complete elution of late-eluting 
endogenous components, minimize carryover, and re-equilibrate 
the column before the subsequent injection, utilizing an injection 
volume of 5 µL. 
 
Specific Mass Spectrometric parameters 
Ionization was carried out using electron spray ionization (ESI) 
in the positive ion mode, with specific source parameters 
optimized for sensitivity and accuracy. The parameters included 
a source temperature of 450°C and an ion spray voltage of 5500 
V. Nitrogen was used for both curtain and collision gas, with 
pressures set at 20 psi & 5 psi, respectively. Nebulizer and heater 
gas pressures were maintained at 35 psi each. For quantification, 
MRM was utilized. The ion transitions of Precursor to product 
noted were m/z 442.15 -141.07 for ALB and m/z 445.36 - 144.05 
for the IS, as shown in Figures 1 and 2. The specific optimized 
parameters were a de-clustering potential (DP) of 85 V, an 
entrance potential (EP) of 10 V, a collision energy (CE) of 55 V, 
and a collision cell exit potential (CXP) of 22 V for ALB and 10 
V for the internal standard. These parameters were important for 
ensuring the accuracy and reliability of the mass spectrometry 
results. 
 
Preparation of Standard and Quality Control Samples 
Methanol was employed to generate primary stock solutions of 
ALB and an internal standard, each at a concentration of 1.0 
mg/mL. Calibration standards and quality control (QC) stock 
solutions were formulated through serial dilution in a methanol-
water mixture (50:50, v/v). Calibration standards (CS) at varying 
concentrations were created by adding specific volumes of 
working solutions to blank human plasma, resulting in 
concentrations of 50.0, 100.0, 200.0, 400.0, 800.0, 1000.0, 
2000.0, 4000.0, 6000.0, and 10,000.0 ng/mL. QC samples were 
established at four distinct concentration levels: the lower limit 
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of quantification (LLOQ) at 50.0 ng/mL, low QC (LQC) at 150.0 
ng/mL, medium QC (MQC) at 5000.0 ng/mL, and high QC 
(HQC) at 9000.0 ng/mL. An additional working IS solution was 

developed at 500 ng/mL in a 50% methanol solution. All stock 
and working solutions were maintained at 2–8 °C, while plasma 
standards and quality controls were stored at -80 °C. 

 
Figure 1: Mass spectra (Q1 and Q3) of Alpelisib 

 
Figure 2: Mass spectra (Q1 and Q3) of Alpelisib-d3 

 
Preparation of Sample 
A 50 µL plasma sample, designated as either a calibrator, quality 
control, or research sample, was placed into a polypropylene 
tube. To this, 50 µL of an internal standard working solution at 
a concentration of 500 ng/mL was added alongside 2.0 mL of an 
extraction solvent composed of n-hexane and MTBE in a ratio 
of 20:80 (v/v). The resulting mixture was vortexed vigorously 
for 2 minutes. The sample was then centrifuged at 4000 × g for 
10 minutes at 20 °C to facilitate phase separation. The top 
organic layer, which contained the extracted analytes, was 

carefully transferred to a sterile tube and subsequently 
evaporated to dryness using a moderate nitrogen stream at 40 °C. 
The resulting desiccated residue was then reconstituted in 500 
µL of a reconstitution solution consisting of 5 mM ammonium 
acetate buffer and acetonitrile (10:90, v/v), matching the mobile 
phase composition to minimize solvent mismatch, prevent peak 
broadening, and avoid injection solvent effects during high-
throughput analysis. After vortexing this for 30 seconds, a 5 µL 
aliquot was finally injected into the LC-MS/MS apparatus for 
analysis. 
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Method Validation  
The method was validated according to FDA and EMA 
guidelines [18,19] for the parameters described below. 
 
Selectivity and Specificity 
Selectivity was assessed by evaluating blank plasma samples 
from six different individual donors. Each blank sample was 
meticulously processed to evaluate any interference at both the 

internal standard (IS) and ALB retention times. For a sample to 
be considered acceptable, the response at the ALB retention time 
must remain below 20% of the mean lower limit of quantitation 
(LLOQ) response, while the IS response should be under 5%. 
The document includes chromatograms illustrating the LLOQ 
response in blank plasma samples (Figure 3 to Figure 4), and 
further chromatographs depict the quality control (QC) levels 
across additional figures (Figure 5 through Figure 7). 

 
Figure 3: Blank plasma chromatogram of interference-free (a)ALB and (b) ALB –IS 

 
Figure 4: Chromatogram of LLOQ sample (a) ALB and (b) ALB –IS

Carryover 
Carryover was assessed by administering a processed blank 
plasma sample immediately after the injection of a standard at 

the upper limit of quantification (ULOQ, 10,000 ng/mL). The 
response during the retention times of ALB and IS was required 
to be ≤20% of the LLOQ response for ALB and ≤5% for the IS. 
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Figure 5: Chromatogram of LQC sample (ALB and ALB -IS) 

 
Figure 6: Chromatogram of MQC sample (ALB and ALB -IS) 



Journal of Applied Pharmaceutical Research 14 (4); 2026: 247 – 256 Agraharapu et al.  
 

 
 Journal of Applied Pharmaceutical Research (JOAPR)| July – August 2026 | Volume 14 Issue 4 |  252 

 
Figure. 7: Chromatogram of HQC sample (ALB and ALB -IS) 

 
Linearity, LLOQ, and ULOQ 
Linearity was tested by evaluating calibration curves in duplicate 
across three separate runs. Graphing the peak area ratio of ALB 
to IS against the nominal concentration of ALB using a weighted 
(1/x²) least-squares quadratic regression model, as shown in 
Figure 8, produced the calibration curve. The LLOQ was created 
as the smallest concentration on the calibration curve that could 
be determined with an accuracy and precision (CV%) within 
±20%. The ULOQ was the highest concentration that remained 
within the linear range and fulfilled the accuracy and precision 
criteria of ±15%. To assess intra-day accuracy and precision, six 
samples of LLOQ, LQC, MQC, and HQC were analyzed in a 
single run. We evaluated inter-day accuracy and precision by 
measuring these QC levels three times over three consecutive 
days. The accuracy of the measurements was represented by the 
percentage deviation of the mean observed concentration from 
the expected value. Precision was demonstrated using the 
coefficient of variation (CV%). 
 
Extraction Recovery and Matrix Effect 
The study involved a detailed comparison of analyte regions in 
plasma samples spiked before extraction against those spiked 
after extraction, with specific focus on low quality control 
(LQC), medium quality control (MQC), and high-quality control 
(HQC) levels. Each quality control level comprised six samples, 
ensuring a robust dataset. The recovery of the internal standard 
(IS) was assessed at its standard operational levels. Additionally, 

the matrix effect (ME) was quantified through the IS-normalized 
matrix factor (MF) using a post-column infusion method. 
Various blank plasma types were tested and spiked with ALB at 
both low- and high-quality control levels in conjunction with the 
internal standard after extraction. The analysis focused on the 
peak area differences between the tested samples and standard 
solutions introduced to a replacement solution. Importantly, the 
coefficient of variation (CV%) remained within 15%, ensuring 
consistency and reliability of the measurements.  

 
Figure 8: Calibration curve data of ALB 

 
Dilution Integrity 
The feasibility of measuring plasma samples above the upper 
limit of quantitation (ULOQ) was evaluated by preparing a 
sample at a concentration of 20,000 ng/mL, which is twice the 
ULOQ threshold. The study involved diluting this sample two 
times and four times with blank plasma, with a total of six 
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replicates for each dilution factor. The requirement for the 
processed diluted samples is that they must achieve a precision 
level within ±15% 
 
Stability 
The stability of ALB in human plasma and samples was assessed 
under diverse conditions: 
Bench-top stability (BT), Freeze-thaw stability (FT), and 
Long-term stability (LT) 
LQC and HQC samples were kept at room temperature (~25 °C) 
for 24 hours for BT. LQC and HQC samples were subjected to 
three complete freeze (-80 °C) and thaw (room temperature) 
cycles for FT & LQC & HQC samples were stored at -80 °C for 
50 days for LT. 
 
Processed sample (autosampler) stability: Extracted LQC and 
HQC samples were kept in the autosampler at 10 °C for 60 
hours. 
 
Stock solution stability: Stock solutions were stored at 2–8 °C 
for 30 days. Stability was confirmed if the mean concentration 
of the stability samples was within ±15% of the nominal 
concentration. 
 
Robustness 
Robustness is a procedural approach; planned modifications 
were introduced to key variables, specifically adjusting the pH 
of the mobile phase buffer by ±0.1 units from a baseline of 5.00. 
The mobile phase was composed of approximately 2% absolute 
organic content, chiefly consisting of acetonitrile, which 
accounted for about 88% to 92% of the solution. The sample 
retrieval process took nearly two minutes, one minute longer 
than the usual timeframe. Six samples were tested under 
different conditions: three were Low Quality Control (LQC), 
and three were High Quality Control (HQC). The method was 
considered robust if accuracy stayed within ±15% and precision, 
measured by the coefficient of variation (CV%), was 15% or less 
in all tests. 
 
RESULTS AND DISCUSSION 
Method Development and Optimization 
The objective was to design a high-throughput, sensitive, and 
fast LC-MS/MS technology.  Alpelisib-D3, a deuterated internal 
standard, was employed to monitor the analyte accurately during 
sample preparation and ionization, thereby reducing variability. 
Positive electrospray ionization (ESI) mode generated a robust 

signal for both alpelisib (ALB) and the internal standard (IS). 
Due to its high intensity and specificity, the MRM transition m/z 
442.15→144.05, which indicates a significant fragment loss, 
was chosen for ALB (Figure 1). We adjusted the 
chromatographic parameters to produce a sharp, symmetrical 
peak in a short time. We used a low-pH ammonium acetate 
buffer to help protonate the analyte and ensure compatibility 
with positive ESI. Compared to C18 columns, the X-terra RP8 
column offers an optimal balance between retention and 
analytical speed. The retention times for ALB and the internal 
standard (IS) using the final isocratic method were 
approximately 2.10 and 2.11 minutes, respectively. 
 
Liquid-liquid extraction (LLE) with n-hexane: MTBE (20:80) 
was employed instead of protein precipitation because it 
produced purer extracts, significantly reduced matrix effects, 
and provided improved and more consistent recovery for both 
ALB and the internal standard from the 50 µL plasma sample. 
 
METHOD VALIDATION RESULTS 
Selectivity, Specificity, and Carryover 
Chromatograms obtained from six independent plasma sources 
demonstrated no significant interference peaks at the retention 
times of ALB or the internal standard. This result indicates high 
selectivity, with blank reactions remaining below 5% for ALB 
and below 2% for the internal standard at the lower limit of 
quantification (LLOQ). Furthermore, analysis of a blank sample 
following the upper limit of quantification (ULOQ) standard 
showed a carryover reaction of less than 1% of the LLOQ for 
ALB, which is substantially below acceptable thresholds and 
does not affect subsequent sample analysis. 
 
Linearity, LLOQ, and ULOQ 
The calibration curve demonstrated linearity over the range of 
50.0 to 10,000 ng/mL. An example of a regression equation is y 
= 0.00125x + 0.000812 (r² = 0.9987), where y denotes the peak 
area ratio and x signifies the concentration. The lower limit of 
quantification (LLOQ) was established at 50.0 ng/mL, with an 
accuracy of 102.4% and a precision (coefficient of variation) of 
4.8% (n = 6). 
 
Accuracy and Precision  
To assess intra-day accuracy and precision, six samples of 
LLOQ, LQC, MQC, and HQC were analyzed in a single run. We 
evaluated inter-day accuracy and precision by measuring these 
QC levels three times over three consecutive days. The accuracy 
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of the measurements was represented by the percentage 
deviation of the mean observed concentration from the expected 

value. Precision was demonstrated using the coefficient of 
variation (CV%) as shown in Table 1. 

Table 1: Intra-day and inter-day accuracy and precision for the quantification of Alpelisib in human plasma. 
Nominal 

Concentration 
(ng/mL) 

Intra-day (n=6) 
Mean Concentration 

(ng/mL) 

Inter-day (n=6 per day, 3 
days) Accuracy (%) 

Precision 
(CV%) 

Mean 
Concentration 

(ng/mL) 

Accuracy 
(%) 

Precision 
(CV%) 

50.0 (LLOQ) 51.2 102.4 4.8 49.8 99.6 5.2 
150.0 (LQC) 146.7 97.8 3.1 152.1 101.4 3.5 

5000.0 (MQC) 5103.4 102.1 2.7 4945.2 98.9 2.9 
9000.0 (HQC) 8844.0 98.3 2.3 9126.0 101.4 2.1 

Recovery and Matrix Effect 
The average extraction recovery of ALB across different quality 
control (QC) levels was quite consistent. It recorded 94.5% for 
low-quality control (LQC), 96.5% for medium-quality control 
(MQC), and 99.3% for high-quality control (HQC). The internal 
standard (IS) was retrieved with a high rate of 95.9%. An 
analysis of six plasma batches showed that the IS-normalized 
Matrix factor had a coefficient of variation (CV%) of 6.7% at 
LQC and 5.2% at HQC. This suggests minimal ion suppression 

or enhancement and confirms that the IS effectively 
compensates for minor variations in the matrix.  
 
Dilution Integrity: The supra-ULOQ sample (20,000 ng/mL) 
was diluted two and four times. This yielded 98.5% and 101.2% 
accuracy with 3.2% and 3.8% precision, respectively. These 
results confirm that, following appropriate dilution with blank 
plasma, samples exceeding the upper limit of quantification can 
be quantified with accuracy. 

Table 2: Stability of Alpelisib in human plasma under various conditions (n=3). 

Stability Condition 
LQC (150 ng/mL) 

Accuracy (%) 
LQC (150 ng/mL) 
Precision (CV%) 

HQC (9000 ng/mL) 
Accuracy (%) 

HQC (9000 ng/mL) 
Precision (CV%) 

Bench-top (24 h) 98.7 2.9 99.1 1.8 
Three freeze-thaw cycles 97.2 3.4 101.5 2.1 

Long-term (-80°C, 50 days) 99.5 2.7 98.8 2.3 
Autosampler (10°C, 60 h) 101.2 3.1 97.9 2.5 

Stock Solution (2-8°C, 30 d) 99.8 1.5 100.3 1.7 

Stability Assessment 
ALB demonstrates stability across all testing situations, as 
detailed in Table 2. The stability quality controls indicated that 
all measured concentrations remained within ±10% of their 
nominal levels. 
 
Robustness 
The method was stable when tested under various conditions. Its 
accuracy ranged from 96.8% to 103.7% for both low-quality 
control (LQC) and high-quality control (HQC) samples under 
various conditions. These included pH levels of 4.9 and 5.1, 
acetonitrile concentrations of 88% and 92%, and extraction 
times of 1 and 3 minutes. The method's precision did not exceed 
4.5%.  
 
Comparison with Existing Methods: A comparison of the 
proposed methodology with previously reported bioanalytical 
techniques for ALB is shown in Table 3.  

The present methodology offers significant benefits. It notably 
reduces the plasma volume requirement to 50 µL compared to 
the usual ≥100 µL. It also uses a deuterated internal standard to 
improve precision, has a short run time of 3.5 minutes, and offers 
thorough validation that covers robustness and dilution integrity, 
which are not always reported. 
 
Comparison with Existing Methods 
Table 3 presents a comparison between the proposed 
methodology and previously reported bioanalytical techniques 
for ALB. Significantly lower plasma volume needs (50 µL as 
opposed to the usual ≥100 µL), the application of a deuterated 
internal standard for enhanced precision, a short run time of 3.5 
minutes, and thorough validation covering robustness and 
dilution integrity aspects that are not consistently reported 
during previous tests are merely a few advantages of the 
suggested method. 



Journal of Applied Pharmaceutical Research 14 (4); 2026: 247 – 256 Agraharapu et al.  
 

 
 Journal of Applied Pharmaceutical Research (JOAPR)| July – August 2026 | Volume 14 Issue 4 |  255 

Table 3: Comparison of the present LC-MS/MS method with reported methods for alpelisib quantification. 

Ref. Method Sample 
Volume 

Internal 
Standard 

Linear Range 
(ng/mL) 

LLOQ 
(ng/mL) 

Run Time 
(min) Key Advantages of Present Work 

[13] HPLC-
FLD 100 µL None 50-5000 50 15 MS detection, deuterated IS, smaller 

volume, faster 

[14] UPLC-
MS/MS 50 µL Structural 

analog 1-1000 1 5 Wider range, full validation per 
guidelines 

[15] LC-
MS/MS 500 µL Deuterated 2-2000 2 6 Much smaller plasma volume required 

(50 µL) 
This 
work 

LC-
MS/MS 50 µL Alpelisib-

D3 50-10,000 50 3.5 Rapid, robust, validated for full PK 
scope, low volume 

CONCLUSION 
A selective, sensitive, and rapid liquid chromatography-tandem 
mass spectrometry (LC-MS/MS) method was developed and 
validated for detecting alpelisib in human plasma. The method 
uses a deuterated internal standard, a simple liquid-liquid 
extraction, only 50 µL of plasma, and fast isocratic 
chromatography. All validation parameters, including 
selectivity, linearity, accuracy, precision, recovery, matrix 
effects, stability, and robustness, met regulatory standards. The 
technique also effectively addresses carryover and dilution 
integrity issues.  
 
Overall, this reliable and high-throughput assay is intended to 
enable therapeutic drug monitoring and pharmacokinetic 
investigations of alpelisib, applicable in both clinical and 
research contexts. Enhanced selectivity was achieved through 
the use of a stable isotope-labeled internal standard (Alpelisib-
D3), which compensated for extraction variability and matrix-
related ion suppression. 
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