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Abstract 
Background: Darifenacin is a selective muscarinic M3 receptor antagonist used in the management of overactive 

bladder syndrome. Accurate quantification of darifenacin in biological matrices is essential for pharmacokinetic 

studies, bioequivalence assessments, and therapeutic drug monitoring. 

Objective: The present study aimed to develop and validate a rapid, sensitive, and robust liquid chromatography-

tandem mass spectrometry (LC-MS/MS) method for the quantification of darifenacin in human plasma using 

liquid-liquid extraction. 

Methods: Darifenacin and an appropriate internal standard were extracted from human plasma using liquid-liquid 

extraction technique. Chromatographic separation was achieved using a reverse-phase column with gradient 

elution. Detection was performed using electrospray ionization in positive ion mode with multiple reaction 

monitoring (MRM). The method was validated according to US FDA and ICH guidelines for bioanalytical 

method validation, encompassing selectivity, linearity, accuracy, precision, recovery, matrix effect, and stability 

parameters. 

Results: The validated method demonstrated excellent linearity over the concentration range with correlation 

coefficient (r²) > 0.99. The lower limit of quantification (LLOQ) was adequate for pharmacokinetic studies. Intra-

day and inter-day precision (% RSD) were within acceptable limits (< 15%). Accuracy ranged between 85-115% 
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at HQC, MQC, LQC quality control levels and 80-120 % for LOQQC. Recovery was consistent and reproducible. 

The analyte remained stable under various storage and processing conditions including freeze-thaw cycles, bench-

top stability, autosampler stability, and long-term storage. 

Conclusion: A simple, sensitive, and validated LC-MS/MS method has been successfully developed for the 

quantification of darifenacin in human plasma. The method is suitable for application in pharmacokinetic and 

bioequivalence studies, meeting all regulatory requirements for bioanalytical method validation. 

Keywords: Darifenacin, LC-MS/MS, Method validation, Pharmacokinetics, Bioequivalence, Human plasma, 

Liquid-liquid extraction, Bioanalytical method. 

 
 

1. INTRODUCTION 

Overactive bladder (OAB) is a highly prevalent 

urological condition characterized by urinary urgency, 

with or without urge incontinence, usually accompanied 

by frequency and nocturia. The condition significantly 

impacts the quality of life of affected individuals, with 

an estimated prevalence of 12-17% in adults worldwide. 

Pharmacological intervention remains the primary 

therapeutic approach for managing OAB symptoms. 

Darifenacin is a competitive muscarinic receptor 

antagonist with selectivity for the M3 receptor 

subtype. The M3 receptors are predominantly 

responsible for bladder smooth muscle contraction, 

making darifenacin an effective therapeutic agent for 

OAB. Unlike non-selective antimuscarinics, 

darifenacin's selectivity for M3 receptors over M2 

receptors potentially reduces cardiovascular side 

effects, while its lower affinity for M1 receptors may 

minimize cognitive impairment and dry mouth. 

The pharmacokinetic profile of darifenacin is 

characterized by extensive first-pass metabolism, 

primarily through cytochrome P450 enzymes 

CYP3A4 and CYP2D6. The drug exhibits moderate 

bioavailability (approximately 15-19%) and a 

terminal half-life of 13-19 hours, supporting once-

daily dosing. Peak plasma concentrations are 

typically achieved within 6-8 hours following oral 

administration. 

Accurate and reliable quantification of darifenacin in 

biological matrices is crucial for several purposes: (1) 

pharmacokinetic studies to establish absorption, 

distribution, metabolism, and elimination parameters; 

(2) bioequivalence studies to compare generic 

formulations with innovator products; (3) therapeutic 

drug monitoring to optimize individual dosing 

regimens; and (4) drug interaction studies to evaluate 

the impact of co-administered medications. 

Various analytical techniques have been employed 

for the determination of darifenacin in biological 

samples, including high-performance liquid 

chromatography (HPLC) with UV or fluorescence 

detection, and liquid chromatography-mass 

spectrometry (LC-MS). However, LC-MS/MS has 

emerged as the method of choice due to its superior 

sensitivity, selectivity, and capability for high-

throughput analysis. The technique combines the 

separation power of liquid chromatography with the 

detection specificity of tandem mass spectrometry, 

enabling the quantification of analytes at trace 

concentrations in complex biological matrices. 

Bioanalytical Method validation is a critical 

component of bioanalytical research, ensuring that 

the analytical procedure is suitable for its intended 

purpose and generates reliable, reproducible data. 

Regulatory agencies, including the US Food and 

Drug Administration (USFDA), EMA, ANVISA and 

other relevant regulatory agencies have established 

comprehensive guidelines for bioanalytical method 

validation, specifying requirements for selectivity, 

sensitivity, linearity, accuracy, precision, recovery, 

matrix effect, and stability. 

The present study describes the development and 

comprehensive validation of a rapid, sensitive, and 

robust LC-MS/MS method for the quantification of 

darifenacin in human plasma. The method employs 

liquid-liquid extraction for sample preparation and 

electrospray ionization with multiple reaction 

monitoring for detection. Complete validation was 

performed according to current regulatory guidelines, 

encompassing all critical parameters. The validated 

method is applicable to pharmacokinetic and 

bioequivalence studies of darifenacin. 

2. MATERIALS AND METHODS 

2.1 Chemicals and Reagents 

Working standards of darifenacin hydrobromide and 

an appropriate darifenacin D-4 hydrobromide internal 

standard (ISTD) were procured from certified 

suppliers and stored according to manufacturer 

recommendations. HPLC-grade solvents including 

acetonitrile, methanol, and water were obtained from 

commercial sources. GR and HPLC grade formic 

acid and tertiary methyl butyl ether respectively were 

used. 0.1% formic acid and acetonitrile were used for 

mobile phase preparation. All reagents used for 

sample extraction were of analytical grade or higher. 
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Drug-free human plasma containing K2EDTA as 

anticoagulant was collected from designated blood 

centres. The plasma was stored at -20°C until use and 

screened for absence of interfering peaks before 

validation experiments. 

2.2 Instrumentation 

The LC-MS/MS system consisted of a high-

performance liquid chromatography system 

(Shimadzu) coupled to a tandem mass spectrometer 

(AB Sciex triple quad 4000 mass detector) equipped 

with electrospray ionization (ESI) source. The HPLC 

system included a quaternary pump for gradient 

delivery, online degasser, autosampler with 

temperature control, and column oven. Data 

acquisition and processing were performed using 

dedicated Analyst software. 

Chromatographic separation was achieved on a 

reverse-phase C18 column with appropriate 

dimensions and particle size, maintained at controlled 

temperature. Additional laboratory equipment 

included analytical balance, pH meter, vortex mixer, 

refrigerated centrifuge, and ultra-low temperature 

freezer for sample storage. 

2.3 Chromatographic and Mass 

Spectrometric Conditions 

Mobile phase composition was optimized to achieve 

adequate peak shape, retention time, and resolution. 

Gradient elution was employed with mobile phase 

(0.1% formic acid and Acetonitrile). The flow rate 

was maintained at an optimized value to balance 

analysis time and peak resolution. The column 

temperature was controlled to ensure reproducible 

retention times. 

Mass spectrometric detection was performed in 

positive electrospray ionization mode using multiple 

reaction monitoring (MRM). Source parameters 

including ion spray voltage, temperature, gas flows, 

and focusing parameters were optimized for 

maximum sensitivity. The MRM transitions for 

darifenacin and internal standard were selected based 

on their respective fragmentation patterns. Collision 

energy and other compound-specific parameters were 

optimized to maximize signal intensity while 

maintaining specificity. 

2.4 Preparation of Standard Stock 

Solutions and Calibration Standards 

Primary stock solutions of darifenacin and internal 

standard were prepared by accurately weighing the 

working standards and dissolving in methanol and 

diluent (Water and Acetonitrile) respectively to 

achieve the target concentration. The stock solutions 

were stored at 2-8°C and were stable for the duration 

of the study. 

Working solutions were prepared by serial dilution of 

the stock solutions in diluent. Calibration standards 

were prepared by spiking appropriate volumes of 

working solutions into blank human plasma to 

achieve the desired concentration range from 51.077-

20035.860 pg/ml. The calibration curve typically 

consisted of 9 non-zero standards plus a blank sample 

(matrix processed without internal standard) and a 

zero sample (matrix processed with internal 

standard). 

Quality control (QC) samples were prepared 

independently from calibration standards at four 

levels: lower limit of quantification quality control 

(LLOQ QC), low quality control (LQC), medium 

quality control (MQC), and high-quality control 

(HQC). These samples were aliquoted and stored at -

70°C for use throughout the validation. 

2.5 Sample Preparation 

Plasma samples were processed using liquid-liquid 

extraction (LLE) technique, which was optimized to 

achieve high recovery and minimal matrix effects. 

The extraction procedure briefed below. 

Retrieved the CC standards, QC samples and subject 

samples from the deep freezer and thaw in water bath 

maintained at room temperature. Vortexed to mix. 

Added 50 µL of ISTD dilution (about 75.000 ng/mL) 

into pre-labelled polypropylene tubes, except in STD 

blanks. Added 500 µL of CC standards, QC samples 

and subject samples into pre-labelled polypropylene 

tube containing ISTD dilution and vortexed to mix. 

Added 2.500 mL of extraction solvent (Tertiary 

methyl butyl ether) into the tubes and vortexed using 

vortex mixer for 10 minutes. 

Centrifuged the samples at 4500 rpm and 5°C for 5 

minutes. Transferred 2.000 mL of supernatant into 

pre-labelled polypropylene tubes. Evaporated the 

samples under gentle stream of nitrogen gas at 50°C 

till dryness. Reconstituted the dried residue with 

0.300 mL of Mobile phase, vortexed and transferred 

to appropriate pre-labelled auto sampler vials. Noted 

the time of placement of samples in the auto sampler. 

The stock weightings, stock solution preparation, 

spiking solution preparation, spiking in plasma and 

sample processing has been done under yellow 

monochromatic light. 

2.6 Method Validation 

The developed method was validated according to 

US FDA guidance for industry on bioanalytical 

method validation and other relevant regulatory 
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guidelines. The following validation parameters were 

evaluated: 

2.6.1 Selectivity and Specificity 

Selectivity was assessed by analyzing blank plasma 

samples from at least six different sources and two 

lipemic and two haemolytic to evaluate potential 

interference from endogenous compounds at the 

retention times of darifenacin and internal standard. 

The interference response at Analyte and ISTD RT of 

LLOQ should not exceed 20% of the analyte 

response and 5% of the internal standard response. 

Specificity was further evaluated by analyzing 

plasma samples containing common concomitant 

medications to ensure no interference with analyte 

quantification. 

2.6.2 Linearity and Calibration Curve 

Linearity was evaluated by analyzing calibration 

standards over the intended concentration range. The 

calibration curve was constructed by plotting the 

peak area ratio of analyte to internal standard against 

the nominal concentration of the calibration 

standards. 

Linear regression with 1/x² weighting was typically 

employed. The calibration curve was considered 

acceptable if the correlation coefficient (r²) was ≥ 

0.98 and the back-calculated concentrations were 

within ±15% of nominal values (±20% at LLOQ). At 

least 75% of calibration standards and at least six 

concentration levels must meet these criteria. 

2.6.3 Lower Limit of Quantification 

(LLOQ) 

The LLOQ was defined as the lowest concentration on 

the calibration curve that could be quantified with 

acceptable precision (≤20% CV) and accuracy (80-120% 

of nominal concentration). The LLOQ was validated by 

analyzing at least five replicates of the LLOQ samples. 

2.6.4 Accuracy and Precision 

Intra-day (within-run) accuracy and precision were 

assessed by analyzing six replicates of QC samples at 

four concentration levels (LOQ QC, LQC, MQC, and 

HQC) within a single analytical run. 

Inter-day (between-run) accuracy and precision were 

evaluated by analyzing QC samples at the same four 

levels on at least three different days. 

Accuracy was expressed as percent bias (% bias) and 

should be within ±15% of nominal concentration for 

all QC samples (±20% at LOQQC). Precision was 

expressed as percent relative standard deviation (% 

CV) and should not exceed 15% for all QC samples 

(20% at LOQQC). 

2.6.5 Recovery and Matrix Effect 

Extraction recovery was determined by comparing 

the peak areas of extracted QC samples at three 

concentration levels (LQC, MQC, HQC) with those 

of post-extraction spiked samples representing 100% 

recovery. Recovery should be consistent, precise, and 

reproducible across the concentration range, although 

it need not be 100%. Dilution factor was used for 

calculating the recovery. 

Matrix effect was evaluated by comparing the peak 

areas of post-extraction spiked samples with those of 

extracted QC samples at equivalent concentrations. 

The matrix effect should be consistent and 

reproducible across different lots of plasma. Both 

suppression and enhancement of ionization were 

evaluated. 

2.6.6 Stability Studies 

Comprehensive stability studies were conducted to 

ensure analyte stability throughout sample collection, 

processing, storage, and analysis. The following 

stability parameters were evaluated using QC 

samples at two concentration levels (LQC and HQC): 

Stock Solution Stability: 

Short-term and long-term stability for drug and ISTD 

was established by keeping drug and ISTD stability 

aliquots on bench at room temperature for intended 

time/duration and compared peak areas of stability 

stock aliquots and comparison stock aliquots and 

calculated % Accuracy and the % accuracy should be 

between 90-110 %. 

Bench-top (BT) Stability: BT stability was 

established by keeping unprocessed HQC and LQC 

samples kept at room temperature for intended 

duration and compared with freshly spiked LQC and 

HQC samples and nominal concentrations used for 

calculating % Accuracy. 

Freeze-Thaw (FT) Stability: FT stability was 

established by subjecting unprocessed HQC and LQC 

samples to multiple freeze-thaw cycles simulating 

anticipated freeze and thawing for 5 cycles and 

compared with freshly spiked LQC and HQC 

samples and nominal concentrations used for 

calculating % Accuracy. 

Long-term (LT) Stability: FT stability was 

established by storing HQC and LQC samples at -

70±20°C for extended periods covering the 

anticipated study duration and compared with freshly 

spiked LQC and HQC samples and nominal 

concentrations used for calculating % Accuracy. 
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Post-preparative Stability (Autosampler Stability-AS): 

Autosampler stability was established by keeping 

processed HQC and LQC samples in the autosampler at 

the set temperature and compared with freshly spiked 

LQC and HQC samples and nominal concentrations 

used for calculating % Accuracy. 

Dry Extract Stability: Autosampler stability was 

established by storing dried extracts of HQC and 

LQC samples at 2-8°C before reconstitution and 

compared with freshly spiked LQC and HQC 

samples and nominal concentrations used for 

calculating % Accuracy. 

Whole Blood Stability: Whole Blood Stability was 

established by unprocessed HQC and LQC level 

samples spiked with whole blood and placed on 

bench at room temperature for intended period and 

compared with freshly spiked LQC and HQC 

samples and nominal concentrations used for 

calculating % Accuracy. 

HQC and LQC Samples were considered stable and 

above-mentioned experiments were considered 

acceptable if the mean concentration was within 

±15% of the nominal concentration. 

2.6.7 Additional Validation Parameters 

Carryover: Evaluated by injecting blank samples 

immediately after the upper limit of quantification 

(ULOQ) standards. Carryover in the blank sample 

should not exceed 20% of LLOQ response for 

analyte and 5% for internal standard. 

Dilution Integrity: Assessed by diluting samples with 

concentrations above ULOQ (about 1.5 times of 

ULOQ) with blank matrix and analyzing the diluted 

samples. The dilution factor should not affect 

accuracy and precision. 

Reinjection Reproducibility: Evaluated by reinjecting a 

previously analysed run to ensure result reproducibility. 

Extended P&A: Extended P&A was established by 

30 sets of four level QCs anticipating long run to be 

used in the subject sample analysis. Calculated % 

accuracy and % CV for accepting the batch. 67% 

total and 50% at each level criteria by meting 

accuracy within ±15% for all QC levels and for 

LOQQC ±20 %. %CV less than 15% for all QCs and 

Less than 20% for LOQQC. 

Ruggedness: Assessed by having different analysts 

perform the method using different instruments and 

reagent lots to demonstrate method robustness. 
 

3. RESULTS AND DISCUSSION 

 

3.1 Method Development and 

Optimization 

The development of the LC-MS/MS method involved 

systematic optimization of multiple parameters to 

achieve optimal sensitivity, selectivity, and 

chromatographic performance. Mass spectrometric 

parameters were optimized by infusing standard 

solutions of darifenacin and internal standard directly 

into the mass spectrometer. The protonated molecular 

ions [M+H]+ were identified, and product ion scans 

were performed to select the most abundant and 

specific fragment ions for MRM transitions. 

Chromatographic conditions were optimized to 

achieve adequate retention, peak shape, and 

resolution while maintaining reasonable analysis 

time. Several columns and mobile phase 

compositions were evaluated. The selected reverse-

phase C18 column provided optimal retention and 

peak symmetry for both analyte and internal 

standard. The gradient program was designed to 

achieve efficient separation from matrix components 

while maintaining acceptable peak shape. 

The liquid-liquid extraction procedure was optimized 

by evaluating different organic solvents and pH 

conditions. The selected extraction solvent provided 

high and consistent recovery with minimal matrix 

interference. The extraction procedure effectively 

removed endogenous plasma components while 

efficiently extracting darifenacin and internal 

standard. 

3.2 Selectivity and Specificity 

The method demonstrated excellent selectivity with 

no significant interference from endogenous plasma 

components at the retention times of darifenacin and 

internal standard. Analysis of blank plasma from six 

different sources and Lipemic and Haemolytic 

plasma showed zero interference (< 20% of LLOQ 

response for analyte and < 5% for internal standard), 

meeting regulatory acceptance criteria. 

Additionally, commonly co-administered 

medications were evaluated for potential interference. 

No significant interference was observed, 

demonstrating the method's specificity and suitability 

for use in BA/BE studies where subjects may be 

receiving concomitant medications. 

3.3 Linearity and Calibration Curve 

The calibration curve demonstrated excellent 

linearity over the validated concentration range from 

51.077-20035.860 pg/ml. Linear regression with 1/x² 

weighting provided the best fit, with correlation 

coefficients (r²) consistently exceeding 0.98 across all 
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validation runs. 

Back-calculated concentrations of calibration 

standards were within ±15% of nominal values 

(±20% at LLOQ) in all runs, meeting acceptance 

criteria. The selected concentration range was 

adequate to cover expected plasma concentrations in 

pharmacokinetic studies following therapeutic doses 

of darifenacin. 

3.4 Sensitivity (LLOQ) 

The validated LLOQ was sufficiently sensitive to 

quantify darifenacin in plasma samples from 

pharmacokinetic studies. At the LLOQ, precision was 

≤ 20% CV and accuracy was within 80-120% of 

nominal concentration across multiple validation 

runs. The signal-to-noise ratio at LLOQ was well 

above the minimum requirement of 5:1, and mean 

signal-to-noise ratio at LLOQ is 29.62 ensuring 

reliable quantification at the lowest calibration level. 

3.5 Accuracy and Precision 

The method demonstrated excellent accuracy and 

precision at all QC levels. Intra-day accuracy ranged 

from 98.8-105.5 % across all QC levels, with 

precision (% CV) ranging from 1.2-4.5 %. Inter-day 

accuracy ranged from 99.4-105.9%, with precision 

ranging from 1.9-5.1%. 

All values were well within the regulatory acceptance 

criteria of ±15% for accuracy and ≤15% CV for 

precision (±20% and ≤20% at LLOQ), demonstrating 

the method's reliability and reproducibility for routine 

sample analysis. 

3.6 Recovery and Matrix Effect 

The extraction recovery of darifenacin was consistent 

across QC levels, ranging from 89.4-99.0% with 

precision ≤15% CV. The internal standard recovery 

was similarly consistent at approximately 82-88%. 

While recovery was not 100%, it was reproducible 

and consistent, which is the critical requirement for 

accurate quantification. 

Matrix effect evaluation revealed minimal ion 

suppression or enhancement (matrix factor between 

0.996-0.999) at all QC levels. The internal standard-

normalized matrix factor was close to 1.0 with 

precision < 15%, indicating effective compensation 

of any matrix effects by the internal standard. The 

consistency of matrix effects across different plasma 

lots demonstrated the robustness of the sample 

preparation method. 

3.7 Stability 

Comprehensive stability studies demonstrated that 

darifenacin was stable under all evaluated conditions 

and all stabilities done under monochromatic light. 

Stock Solution Stability: Stock solutions were stable 

for 58 days at 2-8°C and for 07 hours at room 

temperature.  Bench-top Stability: Plasma samples 

were stable for 07 hours at room temperature. Freeze-

Thaw Stability: Samples withstood for five freeze-

thaw cycles without significant degradation. Long-

term Stability: Samples were stable for at least 65 

days at -70°C, covering typical bioanalytical study 

durations.  Autosampler Stability: Processed samples 

were stable for at least 44 hours in the autosampler at 

10°C. Dry Extract Stability: Dried extracts were 

stable for at least 38 hours at 2-8°C before 

reconstitution.  Whole Blood Stability: Analyte in 

whole blood was stable for 03 hours at room 

temperature before centrifugation. 

In all stability experiments, mean concentrations 

were within ±15% of nominal values, meeting 

acceptance criteria and ensuring reliable 

quantification throughout sample handling and 

analysis procedures. 

3.8 Additional Validation Parameters 

Carryover: No significant carryover was observed in 

blank samples injected after ULOQ standards, with 

response ≤ 20% of LLOQ for analyte and ≤5% for 

internal standard. 

Dilution Integrity: Samples diluted about 1.5 folds 

with blank plasma showed accuracy between 103.5-

109.6% and precision ≤10% CV, validating the 

dilution procedure for samples exceeding ULOQ. 

Reinjection Reproducibility: Reinjection of a 

complete analytical run showed ≤10% difference 

from original results, demonstrating stability of 

processed samples and instrument reproducibility. 

Ruggedness: Analysis by different analysts using 

different instruments demonstrated comparable 

results, confirming method robustness and 

transferability. 

Extended P&A showed accuracy and %CV results 

within acceptable limits for all QC levels and 67% 

and 50% criteria met, % accuracy ranges from 95.3-

104.6% and % CV ranges from 1.3 -4.1.  

4. APPLICATION TO 

PHARMACOKINETIC STUDIES 

The validated method has been successfully 

transferred and applied by designated clinical 

research lab to analyze plasma samples from 

pharmacokinetic and bioequivalence 

confirmatory/pilot studies of darifenacin. The 
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sensitivity, selectivity, and wide linear range make 

the method suitable for comprehensive 

pharmacokinetic characterization including 

determination of Cmax (maximum plasma 

concentration), Tmax (time to reach Cmax), AUC 

(area under the concentration-time curve), and 

terminal half-life. 

The methods robustness and reproducibility ensure 

reliable data generation in BA/BE studies. The 

comprehensive stability validation supports various 

sample collection scenarios and allows flexible 

scheduling of sample analysis without compromising 

data integrity. 

The high throughput capability, with a short run time 

per sample, enables efficient analysis of large sample 

sets typical of bioequivalence studies, reducing 

overall study timelines and costs. 

Table 1: System Suitability 

Table 1a: System suitability experiment for Darifenacin 

 
 

Table 1b: System suitability experiment (Ruggedness batch) for Darifenacin 

 
Acceptance Criteria 

%CV for retention time should be ≤ 2%  

%CV for area ratio should be ≤ 5%  

Table 2: Matric Effect for Darifenacin 
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                     Response of post extracted sample 

 Matrix factor =                            

                                 Mean response of aqueous spiked samples 

 

ISTD Normalized Matrix Factor = Matrix factor of Analyte / Matrix factor of ISTD 

Acceptance Criteria 

The %CV for ISTD normalized factor at both HQC and LQC levels should not be greater than 15%. 
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Table 3: Sensitivity 

Table 3a: Sensitivity of the method for Darifenacin 

 
Acceptance Criteria 

The Limit of Quantification is acceptable if mean of 6 determinations is within ±20% of the nominal concentration 

and precision (CV) is ≤ 20%. 

Table 3b: Signal of Noise Ratio for Darifenacin 

 
 

Acceptance Criteria 

Signal to noise ratio should be ≥ 5. 
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Table 4: Intra and Inter day precision and accuracy of quality control samples of Darifenacin in human 

plasma 

 
Note: CC02 was rejected, due to standard zero's were not within the acceptance criteria. 

Acceptance Criteria 

The back calculated values of at least 67% (20 out of 30) of total QC samples and 50% (3 out of 6) at each QC level 

(HQC, MQC, DQC, LQC & LOQ QC) should be within ±15% of the nominal concentration, except LOQ QC where 

the back calculated value should be within ±20% of the nominal concentration. 

The intra and inter day batch mean concentration should be within ±15% of the nominal value at low, dilution, 

medium and high QC concentrations and should not deviate by more than ±20% at the LOQ QC concentration. 

The intra and inter day batch precision (%CV) for low, dilution, middle and high QC concentrations should be 

≤15% and for LOQ QC should be ≤20%. 
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Table 5: Observed recovery 

Table 5a: Observed recovery of Darifenacin in human plasma 

 
 
                          Mean Peak area of extracted sample x Total volume of extraction solvent × 100 

% Recovery = 

                    Mean Peak area of Post extracted sample   Actual volume transferred for estimation 

 
Dilution factor: 2.5 / 2.0 = 1.25 

Total volume of extraction solvent: 2.5 mL 

Actual volume transferred for estimation: 2.0 mL 

 

Acceptance Criteria 

The recovery for Analyte(s) is deemed acceptable if %CV is ≤ 15% for individual low, middle and high QC peak 

areas, individual recovery (L, M & H) and Global recovery should not be more than 115%. 
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Table 5b: Observed recovery of Darifenacin D4 (ISTD) in human plasma

 
 

                          Mean Peak area of extracted sample x Total volume of extraction solvent × 100 

% Recovery = 

                         Mean Peak area of Post extracted sample   Actual volume transferred for estimation 

 
Dilution factor: 2.5 / 2.0 = 1.25 

Total volume of extraction solvent: 2.5 mL 

Actual volume transferred for estimation: 2.0 mL 

 

Acceptance Criteria 

Global recovery should not be more than 115% and %CV should be ≤15%. 

Table 6: Intermediate term stability, Bench top stability, Autosampler stability, Post extract stability, Freeze 

thaw stability and Calibration curve standard stability 

 

Table 6a: Stability experiment results of Darifenacin 

Analysed with freshly spiked CC
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                              Mean concentration × 100 

% Accuracy =   

   Nominal concentration 

 

% Bias = % Accuracy − 100 

 

Acceptance Criteria 

The percent accuracy of the Analyte(s) should be within 85–115% and precision (CV) should be ≤15% at HQC and 

LQC levels. 

 

Table 7: Whole blood stability experiment results 

(At ambient temperature 24 ± 4°C) 

Analysed with freshly spiked CC and QC 

 
 

Acceptance Criteria 

The percent accuracy of the analyte(s) should be within 85–115% and precision (CV) should be ≤15% at HQC and 

LQC levels. 
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Table 8: Precision and accuracy of quality control samples of Darifenacin in human plasma for reinjection 

reproducibility 

 

Quality control samples HQC MQC DQC LQC LOQ QC 

Nominal concentration (pg/mL) 16600.651 9960.390 30053.790 135.461 51.204 

Maximum limit (pg/mL) 19090.749 11454.449 34561.859 155.780 61.445 

Minimum limit (pg/mL) 14110.553 8466.332 25545.722 115.142 40.963 

Batch ID S.No. Back calculated concentrations (pg/mL) 

  001 16163.790 10393.079 30471.699 142.139 51.002 

  002 17787.203 10078.055 31948.575 142.077 53.301 

  003 17632.897 10369.661 33889.194 146.368 51.511 

  004 17526.645 10081.663 34491.511 141.283 51.662 

P&A1 005 17083.088 10364.207 30080.638 143.859 53.577 

  006 16941.711 10125.845 32114.851 137.482 53.243 

  Mean 17189.2223 10235.4183 32166.0780 142.2013 52.3827 

  SD 598.71863 154.83846 1768.99290 2.94088 1.11313 

  % CV 3.5 1.5 5.5 2.1 2.1 

  % Accuracy 103.5 102.8 107.0 105.0 102.3 

  % Bias 3.5 2.8 7.0 5.0 2.3 

 

Acceptance Criteria 

Accuracy of the analyte(s) concentration should be within ±15% of the nominal value at low, diluted, medium, and 

high QC concentrations and should not deviate by more than ±20% at the LLOQ QC concentration. 

Batch precision (%CV) for low, diluted, middle, and high QC concentrations should be ≤ 15%, and for LLOQ QC 

should be ≤ 20%. 
 

 

DISCUSSIONS 
 

5. CONCLUSION 
A simple, rapid, sensitive, and specific LC-MS/MS 

method has been successfully developed and validated 

for the quantification of darifenacin in human plasma. 

The method employs liquid-liquid extraction for sample 

preparation and achieves excellent chromatographic 

separation with short analysis time. 

Comprehensive validation according to current 

regulatory guidelines demonstrated that the method 

meets all acceptance criteria for selectivity, linearity, 

accuracy, precision, recovery, matrix effect, and 

stability. The LLOQ is adequate for pharmacokinetic 

studies, and the linear range covers expected plasma 

concentrations following therapeutic doses. 

The validated method is suitable for application in 

pharmacokinetic studies, bioequivalence assessments, 

and therapeutic drug monitoring of darifenacin. The 

method's high throughput capability, robustness, and 

reproducibility make it an ideal tool for routine 

bioanalytical support of clinical studies. 

This work contributes to the growing body of 

validated bioanalytical methods for antimuscarinic 

agents and provides a reliable platform for future 

research on darifenacin pharmacokinetics and clinical 

applications. 
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