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of Flecainide by Liquid-liquid extraction with LC-
MS/MS: by application to a pharmacokinetic study
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1. Introduction
Flecainide is an antiarrhythmic drug available in tablets of 50, 100, 
or 150 mg for oral administration. Flecainide acetate is benzamide, 
N-(2-piperidinylmethyl)-2,5-bis (2,2,2-trif luoroethoxy)-
monoacetate. The structural formula is given below.[Fig.1]

It has high bioavailability after an oral dose with plasma half-life is 
about 20 hours with Peak serum concentrations can be seen 1 to 6 
hours after ingestion of an oral dose. [1-2]. During oral loading 
with flecainide, a steady state equilibrium is typically achieved in 3 
to 5 days. The majority of flecainide is eliminated by the kidneys, 
with the remainder metabolized by the cytochrome P450 2D6 
isoenzyme in the liver [3]. Therefore, alterations in renal function or 
urine pH will greatly affect the elimination of flecainide, as more is 
eliminated by the kidney than by the hepatic route.[4]. Because of 
the dual elimination routes of flecainide and its tendency to 
decrease myocardial contractility. Flecainide interacts with 
numerous pharmaceuticals and can potentiate the effects of other 
myocardial depressants and AV node blocking agents. The 
molecular formula is   C17H20F6N2O3   and the molecular weight 
is 414.13. [5]

Quantification of such drugs both in Pharmaceutical formulations 
and as in biological matrices is very important to know the 
pharmacokinetics of the drug. As of now, to our knowledge, only a 
few methods were reported for the determination of Flecainide in 
biological matrixes by LC-MS/MS    [ 6-10 ], GC-MS[11], UPLC-
MS[12], Pharmaceutical compounds by HPLC[13-17] , Biological 

matrices especially in humans by HPLC[18-52], in Rabbit by 
HPLC[53], in Rat by HPLC[54],  have been reported. Among all, 
most sensitive method (6-10) were developed. Still it is required to 
develop most sensitive method with proper internal standard 
usage and suitable extraction method for further clinical research. 
By keep in mind all the requirements, The proposed method is 
developed with highly sensitive method (1.01-506.04 ng/ml), 
internal standard usage and LLE method was developed in rat 
plasma.  It was successfully applied to the pharmacokinetic studies 
of Flecainide after intravenous administration of 23 mg/1Kg in Rat. 
The purpose of the present investigation is to explore rapid run 
analysis time (3.5 min), more sensitive method (1.01 ng/mL), 
rugged and reproducible method with small amount of plasma 
sample (50µL Plasma) utilization during sample processing, 
specific extraction method(LLE) and analyte comparision with 
internal standarad (Flecainide impurity A). 

2. Experimental
Flecainide and Flecainide impurity A were obtained by Hetero 
drugs Lt.D Hyderabad. LC grade methanol, was purchased from 
J.T. Baker Inc. (Phillipsburg, NJ, USA). Reagent grade formic acid 
was procured from Merck (Mumbai, India).

2.1. Instrumentation 
HPLC system (1200 series model, Agilent Technologies, 
Waldbronn, Germany), Mass spectrometry API 4000 triple 
quadrupole instrument (ABI-SCIEX, Toronto, Canada) multiple 
reaction monitoring (MRM) with positive ionization mode was 
used. Data processing was performed on Analyst 1.5.1 software 
package (SCIEX).

2.2. Detection
The mass spectrometer was operated in the multiple reaction 
monitoring (MRM) modes. Sample introduction and ionization 
were electro spray ionization in the positive ion mode. Sources 
dependent parameters optimized were as follows: nebulizer gas 
flow: 37 psi; curtain gas flow: 25 psi; ion spray voltage: 5500 V; 
temperature (TEM): 550°C. The compound dependent 
parameters such as the declustering potential (DP), focusing 
potential (FP), entrance potential (EP), collision energy (CE), cell exit 
potential (CXP) were optimized during tuning as 45, 38, 10, 30, 10 
eV for Flecainide and Flecainide impurity A, respectively. The 
collision activated dissociation (CAD) gas was set at 3 psi using 
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The most suitable bio-analytical method based on Liquid-liquid extraction has been developed and validated for quanti�cation of 
Flecainide in Rat plasma. Flecainide impurity A was used as an internal standard for Flecainide. Zorbax-SB C18 (4.6mm x 75 mm, 
3.5 m) column provided chromatographic separation of analyte followed by detection with mass spectrometry. The method 
involved simple isocratic chromatographic condition and mass spectrometric detection in the positive ionization mode using an 
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506.04 ng/mL for Flecainide. The intra-run and inter-run precision values were within 2.6 to 6.9% and 5.0 to 5.7% respectively 
for Flecainide. The overall recovery for Flecainide and Flecainide impurity A was 72.13% and 72.77% respectively. This validated 
method was successfully applied into the pharmacokinetic study of rat plasma. 
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nitrogen gas. Quadrupole 1 and quadrupole 3 were both 
maintained at a unit resolution and dwell time was set at 300 ms 
for Flecainide and Flecainide impurity A. The mass transitions were 
selected as m/z 415.1 ฀ 398.1 for Flecainide and m/z 397.1฀ 231.2 
for Flecainide impurity A. The parent and product ion spectra for 
Flecainide and Flecainide impurity A are represented in Figs. 2a-2d 
respectively. The data acquisition was ascertained by Analyst 1.5.1 
software.

2.3.Chromatography
 ZORBAX-SB C18 (4.6mm x 75 mm, 3.5 ฀m) was selected as the 
analytical column. Column temperature was set at 40°C. Mobile 
phase composition was 0.1% formicacid: methanol (40:60, v/v). 
Source flow rate was 600 µL/min without split with injection 
volume of 10 µL. Flecainide and Flecainide impurity A were eluted 
at 2.37 ± 0.2 min,   2.68 ± 0.2 min, with a total run time of 3.5 min 
for each sample.

2.4. Calibration curve and quality control samples
Two separate stock solutions of Flecainide were prepared for bulk 
spiking of calibration curve and quality control samples for the 
method validation exercise as well as the subject sample analysis. 
The stock solutions of Flecainide and Flecainide impurity A were 
prepared in milli-Q-water at free base concentration of 100 ฀g/mL. 
Primary dilutions and working standard solutions were prepared 
from stock solutions using water solvent mixture. These working 
standard solutions were used to prepare the calibration curve and 
quality control samples. Blank rat plasma was screened prior to 
spiking to ensure it was free of endogenous interference at 
retention times of Flecainide and internal standard Flecainide 
impurity A. Ten point standard curve and four quality control 
samples were prepared by spiking the blank plasma with an 
appropriate amount of Flecainide. Calibration samples were made 
at concentrations of 1.01, 2.02, 5.06, 20.24, 50.60, 101.21, 
202.42, 303.62, 404.83,  and 506.04 ng/mL and quality control 
samples were made at concentrations of 1.01, 3.04, 151.91 and 
354.46 ng/mL for Flecainide.

2.5. Sample preparation
Prior to analysis, all frozen subject samples, calibration standards 
and quality control samples were thawed and allowed to 
equilibrate at room temperature. To an aliquot of 50 ฀L of spiked 
plasma sample, 50 ฀L internal standard was added and vortexed 
briefly. To these samples, 3 mL of extraction solvent (methyl 
tertiary butyl ether: dichloro methane   (80:20) v/v) was added, 
capped and the samples were vortexed for 5 min. Centrifugation 
of the samples was done at 4000 rpm, for 5 min at 20 °C. 
Supernatant from each sample was transferred into respective 
tube and evaporated to dryness under nitrogen at 40 ± 2 °C. The 
dried samples were reconstituted with 500 ฀L of methanol: 0.1% 
formic acid (70:30, v/v). All the tubes containing samples were 
vortexed briefly and transferred into autosampler vials for injection 
into the chromatographic system.

2.6. Selectivity 
Selectivity was performed by analyzing the six different rat blank 
plasma samples to test for interference at the retention times of 
analyte. 

2.7. Matrix effect
Matrix effect for Flecainide and IS was evaluated by comparing 
peak area ratio in post-extracted plasma sample from 6 different 
drug-free blank plasma samples and aqueous reconstitution 
samples. Experiments were performed at MQC levels in triplicate 
with six different plasma lots with the acceptable precision (%CV) 
of ฀ 15%.

2.8. Precision and accuracy 
It was determined by replicate analysis of quality control samples (n 
= 6) at lower limit of quantification (LLOQ), low quality 
control(LQC), medium quality control (MQC), high quality control 

(HQC) levels. The % CV should be less than 15%, and accuracy 
should be within 15% except LLOQ where it should be within 
20%.

2.9. Recovery
The extraction efficiencies of Flecainide and Flecainide-impurity A 
were determined by analysis of six replicates at each quality control 
concentration level for Flecainide and at one concentration for the 
internal standard Flecainide-impurity A. The percent recovery was 
evaluated by comparing the peak concentration of extracted 
standards to the peak concentration of non extracted standards. 

2.10. Stability
Stock solution stability was performed by comparing the area 
response of analyte and internal standard in the stability sample, 
with the area response of sample prepared from fresh stock 
solution. Stability studies in plasma were performed at the LQC 
and HQC concentration levels using six replicates at each level. 
Analyte was considered stable if the change is less than 15% as per 
US FDA guidelines [55]. The stability of spiked rat plasma samples 
stored at room temperature (bench top stability) was evaluated for 
26 h. The stability of spiked rat plasma samples stored at 2-8°C in 
autosampler (autosampler stability) was evaluated for 64 h. The 
autosampler sample stability was evaluated by comparing the 
extracted plasma samples that were injected immediately (time 0 
h), with the samples that were reinjected after storing in the 
autosampler at 2-8 °C for 26 h. The freeze-thaw stability was 
conducted by comparing the stability samples that had been 
frozen at -30 °C and thawed three times, with freshly spiked 
quality control samples. Six aliquots each of LQC and HQC 
concentration levels were used for the freeze–thaw stability 
evaluation. For long term stability evaluation the concentrations 
obtained after 41 days were compared with initial concentrations.

2.11. Application of method
The validated method has been successfully used to analyze 
Flecainide concentrations in rat plasma. The study was conducted 
according to current GCP guidelines. Before conducting the study 
it was also approved by an authorized animal ethics committee. 
There were a total of 8 blood collection timepoints including the 
predose sample. The blood samples were collected in separate 
vacutainers containing K2EDTA as anticoagulant. The plasma from 
these samples was separated by centrifugation at 3000 rpm within 
the range of 2–8 °C. The plasma samples thus obtained were 
stored at –30 °C till analysis. Post analysis the pharmacokinetic 
parameters were computed using WinNonlin® software version 
5.2 and 90% confidence interval was computed using SAS® 
software version 9.2.

3. Results and discussion
3.1. Method development
During method development, different options were evaluated to 
optimize mass spectrometry detection parameters, chromato 
graphy and sample extraction.

3.1.1. Mass spectrometry detection parameters optimi 
zation
Electro spray ionization (ESI) provided a maximum response over 
atmospheric pressure chemical ionization (APCI) mode, and was 
chosen for this method. The instrument was optimized to obtain 
sensitivity and signal stability during infusion of the analyte in the 
continuous flow of mobile phase to electrospray ion source 
operated at both polarities at a flow rate of 10฀L/min. Flecainide 
gave more response in positive ion mode as compare to the 
negative ion mode. The predominant peaks in the primary ESI 
spectra of Flecainide and Flecainide-impurity A correspond to the 
MH+ ions at m/z 415.1 and 397.1 respectively. [Fig.2a, Fig2c]. 
Product ions of Flecainide and Flecainide-impurity A scanned in 
quadrupole 3 after a collision with nitrogen in quadrupole 2 had 
an m/z of 398.1 and 231.2 respectively. [Fig.2b, Fig2d].
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3.1.2. Chromatography optimization
Initially, a mobile phase consisting of ammonium acetate and 
acetonitrile in varying combinations was tried, but a low response 
was observed. The mobile phase containing acetic acid: 
acetonitrile (30:70, v/v) and acetic acid: methanol (30:70, v/v) gave 
the better response, but poor peak shape was observed. A mobile 
phase of 0.1% formic acid in water in combination with methanol 
and acetonitrile with varying combinations was tried. Using a 
mobile phase containing 0.1% formic acid in water in combination 
with methanol (40:60, v/v), the best signal along with a marked 
improvement in the peak shape was observed for Flecainide and 
Flecainide impurity A. Short length columns, such as Symmetry 
Shield RP18 (50mm x 2.1 mm, 3.5 µm), Inertsil ODS-2V (50mm x 
4.6 mm, 5µm), Zorbax SB- C18 (75mm x 4.6 mm, 3.5 µm)and 
Hypurity Advance (50mm x 4.0 mm, 5 µm) YMC basic (50mm x2 
mm, 5µm), Zorbax Eclipse Plus C18, (2.1mm x 50 mm, 3.5 m) were 
tried during the method development. The best signal and good 
peak shape was obtained using the Zorbax SB- C18 (75mm x 4.6 
mm, 3.5 µm), column. It gave satisfactory peak shapes for both 
Flecainide and Flecainide impurity A.  Flow rate of 0.6mL/min 
without splitter was used and reduced the run time to 3.5 min. 
Both drug and internal standard were eluted with shorter time at 
2.37 and 2.69 min.  For an LC-MS/MS analysis, utilization of stable 
isotope-labeled or suitable analog drugs as an internal standard 
proves helpful when a significant matrix effect is possible. In our 
case, Flecainide impurity A was found to be best for the present 
purpose. The column oven temperature was kept at a constant 
temperature of about 40°C. Injection volume of 10µL sample is 
adjusted for better ionization and chromatography.

3.1.3. Extraction optimization
Prior to load the sample for LC injection, the co-extracted proteins 
should be removed from the prepared solution. For this purpose, 
initially we tested with different extraction procedures like Protein 
precipitation (PPT), Liquid- liquid extraction(LLE) and Liquid-liquid 
extraction(SPE). We found ion suppression effect in protein 
precipitation method for drug and internal standard. Further, we 
tried with SPE and LLE. Out of all, we observed LLE is suitable for 
extraction of drug and IS.. Several compounds were investigated 
to find a suitable IS, and finally Flecainide IMPURITY A was found to 
be the most appropriate internal standard for the present purpose. 
There was no significant effect of IS on analyte recovery, sensitivity 
or ion suppression. High recovery and selectivity was observed in 
the Liquid-liquid extraction method. These optimized detection 
parameters, chromatographic conditions and extraction 
procedure resulted in reduced analysis time with accurate and 
precise detection of Flecainide in rat plasma.

3.2. Method validation
A thorough and complete method validation of Flecainide in rat 
plasma was done following US FDA guidelines [53]. The method 
was validated for selectivity, sensitivity, matrix effect, linearity, 
precision and accuracy, recovery, reinjection reproducibility and 
stability. 

3.2.1. Selectivity and sensitivity
Representative chromatograms obtained from blank plasma and 
plasma spiked with a lower limit of quantification (LOQ) sample are 
shown in Fig. 3 and Fig. 4., for Flecainide and Flecainide impurity A. 
The mean % interference observed at the retention time of 
analytes between six different lots of rat plasma, containing 
K2EDTA as an anti-coagulant calculated for Flecainide and 
Flecainide impurity A respectively, which was within acceptance 
criteria. Six replicates of extracted samples at the LLOQ level in one 
of the plasma sample having least interference at the retention 
time of Flecainide were prepared and analyzed. The % CV of the 
area ratios of these six replicates of samples was 2.1% for 
Flecainide, confirming that interference does not affect the 
quantification at LLOQ level.  The LLOQ for Flecainide was 1.01 
ng/mL.  All the values obtained below 1.01 ng/mL for Flecainide 
were excluded from statistical analysis as they were below the 

LLOQ values validated for Flecainide.

3.2.2. Matrix Effect
The CV % of ion suppression/enhancement in the signal was 
found to be 0.64% at LQC  and 0.74 at HQC level for Flecainide, 
indicating that the matrix effect on the ionization of analyte is 
within the acceptable range under these conditions.

3.2.3. Linearity
The peak area ratios of calibration standards were proportional to 
the concentration of Flecainide in each assay over the nominal 
concentration range of 1.01-506.04 ng/mL. The calibration curves 
appeared linear and were well described by least-squares linear 
regression lines. As compared to the 1/x weighing factor, a 
weighing factor of 1/x2 properly achieved the best result and was 
chosen to achieve homogeneity of variance. The correlation 
coefficient was ฀0.9850 for Flecainide. The observed mean back-
calculated concentration with accuracy and precision (% CV) of 
five linearity's analyzed during method validation is given in Table 
1. The deviations of the back calculated values from the nominal 
standard concentrations were less than 15%. This validated 
linearity range justifies the concentration observed during real 
sample analysis.

Table 1: Precision and accuracy data of back calculated 
concentrations of  calibration samples of Flecainide in Rat 
plasma
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Spiked plasma      
concentration 

(ng/mL)

Concentration 
measured(mean) 

(ng/mL)

 
SD

(%) CV
(n = 5)

Accura
cy %

1.01 1.01 0.02 1.63 99.80
2.02 2.05 0.06 2.73 101.29
5.06 5.01 0.11 2.10 99.05

20.24 19.87 0.12 0.62 98.16
50.60 51.23 0.82 1.60 101.25
101.21 102.38 3.38 3.31 101.16
202.42 201.33 7.00 3.48 99.46
303.62 302.51 4.17 1.38 99.63
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3.2.4. Precision and accuracy
The inter-run precision and accuracy were determined by pooling 
all individual assay results of replicate (n = 6) quality control over 
five separate batch runs analyzed on four different days. The inter-
run, intra-run precision (% CV) was ฀5% and inter-run, intra-run 
accuracy was in between 85-115% for Flecainide. All these data 
presented in Table 2 indicate that the method is precise and 
accurate.

Table 2: Precision and accuracy (analysis with spiked plasma 
samples at four different concentrations)

3.2.5. Recovery
Six aqueous replicates (samples spiked in reconstitution solution) 
at low, medium and high quality control concentration levels for 
Flecainide were prepared for recovery determination, and the 
areas obtained were compared versus the areas obtained for 
extracted samples of the same concentration levels from a 
precision and accuracy batch run on the same day. The mean 
recovery for Flecainide was 72.13% with a precision of 1.1%, and 
the mean recovery for Flecainide impurity A was 72.77% with a 
precision of 1.3%. This indicates that the extraction efficiency for 
the Flecainide as well as Flecainide impurity A was consistent and 
reproducible.

3.2.6. Reinjection reproducibility  
Reinjection reproducibility exercise was performed to check 
whether the instrument performance remains unchanged after 
hardware deactivation due to any instrument failure during real 
subject sample analysis. The change was less than 1.5% for LQC 
and HQC level concentration; hence batch can be reinjected in the 
case of instrument failure during real subject sample analysis. 
Furthermore, samples were  prepared to be reinjected after 25 
hours, which shows % change less than 1.8% for LQC and HQC 
level concentration; hence batch can be reinjected after 25 hours 
in the case of instrument failure during real subject sample 
analysis.

3.2.7. Stabilities
Stock solution stability was performed to check stability of 
Flecainide and Flecainide impurity A   in stock solutions prepared in 
methanol and stored at 2-8 °C in a refrigerator. The freshly 
prepared stock solutions was compared with stock solutions 
prepared before 41 days. The % change for Flecainide and 
Flecainide impurity A were -0.02% and 0.03% respectively 
indicate that stock solutions were stable at least for 41days. Bench 
top and autosampler stability for Flecainide was investigated at 
LQC and HQC levels. The results revealed that Flecainide was 
stable in plasma for at least 24 h at room temperature, and 36 h in 
an auto sampler at 20 °C.  It was confirmed that repeated freezing 
and thawing (three cycles) of plasma samples spiked with 

Flecainide at LQC and HQC levels did not affect their stability. The 
long-term stability results also indicated that Flecainide was stable 
in a matrix up to 60 days at a storage temperature of  -30 °C. The 
results obtained from all these stability studies are tabulated in 
Table 3.

Table 3:  Stability of the samples

3.3. Application
The validated method has been successfully applied to quantify 
Flecainide concentrations in to a single dose (23mg/1kg) in rats. 
Male Sprague-Dawley rats were obtained from Bioneeds, 
Bangalore. After i.v administration of drug via left femoral vein 0.2 
ml of blood samples for analytical determinations were collected 
via the right femoral vein at specific time intervals for 30 h. Plasma 
samples were stored at ฀30 ฀C until analysis. The study was carried 
out after approval from an independent animal ethics committee. 
The pharmacokinetic parameters evaluated were Cmax (maximum 
observed drug concentration during the study), AUC0-30(area 
under the plasma concentration–time curve measured 30 hours, 
using the trapezoidal rule), Tmax (time to observe maximum drug 
concentration), Kel (apparent first order terminal rate constant 
calculated from a semi-log plot of the plasma concentration versus 
time curve, using the method of least square regression) and T1/2 
(terminal half-life as determined by quotient 0.693/Kel). 
Pharmacokinetic details were shown in Table 4. Fig.5

Table 4: Pharmacokinetic Parameters of Flecainide in Rat 
Plasma

AUC0—∞: area under the curve extrapolated to infinity;
AUC0—t: area under the curve up to the last sampling time;
Cmax: the maximum plasma concentration;
Tmax: the time to reach peak concentration

404.83 411.44 13.58 3.30 101.63
506.04 500.39 19.28 3.85 98.88

Spiked 
plasma 
concen

-
tration
(ng/mL

)

Within-run Between-run

Concentr
ation 

measured 
(n=6) 

(ng/mL)    
 (mean ± 

S.D)

(%)
CV 

    %
Accuracy 

Concentrati
on 

measured
(n=30) 
(ng/mL)     
(Mean 
±S.D.)

(%)
CV 

%
Accuracy 

1.01 1.05 ± 
0.09

8.83 104.13 1.03 ± 
0.06

5.75 102.19

3.04 2.95  ±   
0.20

6.95 96.93 3.08 ± 
0.15

4.91 101.32

151.91 148.65 ± 
9.49

6.38 97.85 156.47 ± 
8.30

5.31 103.00

354.46 347.44 ±  
18.26

5.26 98.02 363.18 ± 
16.19

4.46 102.46

Spi
ked 
plas
ma 

conc
entr
ation
(ng/ 
mL)

Room 
Temperature 

stability

Autosampler
stability

Long term
stability

Freeze and 
thaw 

stability

24.0 h 36  h 41days Cycle 3 (48 h)
Concent
ration 

measure
d (n=6)
(ng/ mL)
(mean 
±S.D)

%CV 
(n=6)

Concen
tration 
measur

ed 
(n=6)

(ng/ mL)
(mean ± 

S.D)

%
CV 

(n=6)

Concen
tration 
measur

ed 
(n=6) 
(ng/ 
mL)

(mean 
± S.D)

%CV 
(n=6)

Concent
ration 

measure
d (n=6)
(ng/ mL)
(mean ± 

S.D)

%CV 
(n=6)

3.04 3.08 ± 
0.15

4.86 3.24  ± 
0.10

3.02 3.26 ± 
0.12

3.65 3.32 ± 
0.13

3.82

354.
46

373.63 
± 11.83 

3.17 364.27 
± 5.47

1.50 356.50 
± 25.60

7.18 349.15 
± 9.57

2.74

Pharmacokinetic  Parameter values
AUC0-t  (ng · h/mL) 2218

Cmax (ng/ mL) 145
AUC0-฀ (ng · h/mL) 2258

Tmax (h) 3.42
t1/2 11.1
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4. Conclusion
The proposed bio-analytical method is most specific, highly 
sensitive, rugged and reproducible. The major advantage of this 
method is rapid analysis time (3.5 min), less plasma volume (0.1 ml) 
usage for analysis, suitable internal standard usage. This method 
was successfully applied in Pharmacokinetic study to evaluate the 
plasma concentrations of Flecainide in healthy male rats. 

Acknowledgments
The authors are grateful to the Indian Institute of chemical 
technology, Hyderabad for Literature survey and YONTUS Life 
sciences Pvt.Lt.D, India for their Lab facility of this research work.
 
List of captions to figures:
Fig.1. Chemical structures of Flecainide and Flecainide impurity A
Fig.2a. Mass spectrum of Flecainide Parent ion.
Fig.2b. Mass spectrum of Flecainide Product ion. 
Fig.2c. Mass spectrum of Flecainide impurity A Parent ion.
Fig.2d. Mass spectrum of Flecainide impurity A Product ion.
Fig.3   Blank plasma chromatogram of Flecainide and Flecainide 
impurity A in 
          Rat plasma. 
Fig.4. LLOQ chromatogram of Flecainide and Flecainide impurity A 
in       
          Rat  plasma.  
Fig 5: Mean plasma concentrations vs. time graph of  Flecainide 
after intravenous administration of 23 mg/1kg in male rat 

Legends to Tables
Table .1. Calibration curve details 
Table.2. Precision and accuracy (analysis with spiked plasma 
samples at four different                concentrations)
Table. 3. Stability of Flecainide in rat plasma samples
Table.4. Mean Pharmacokinetic Parameters of Flecainide in Rat 
plasma after intravenous administration of 23 mg/1 kg male rat. 

References
1. Smith G (1985). "Flecainide: a new class Ic antidysrhythmic". Drug Intell Clin 

Pharm. 19 (10): 703–7. 
2. Padrini R, Piovan D, Busa M, al-Bunni M, Maiolino P, Ferrari M (1993). 

"Pharmacodynamic variability of flecainide assessed by QRS changes". Clin 
Pharmacol Ther. 53 (1): 59–64. 

3. Haefeli W, Bargetzi M, Follath F, Meyer U (1990). "Potent inhibition of cytochrome 
P450IID6 (debrisoquin 4-hydroxylase) by flecainide in vitro and in vivo". J 
Cardiovasc Pharmacol. 15 (5): 776–9. 

4. https:// www.drugbank.ca/drugs/DB01195
5. Santinelli V, Arnese M, Oppo I, Matarazzi C, Maione S, Palma M, Giunta A (1993). 

"Effects of flecainide and propafenone on systolic performance in subjects with 
normal cardiac function". Chest. 103 (4): 1068–73. 

6. Slawson MH, Johnson-Davis KL.  Quantitation ofFlecainide, Mexiletine, 
Propafenone, and Amiodarone in Serum or Plasma Using Liquid Chromatography-
Tandem Mass Spectrometry (LC-MS/MS). Methods Mol Biol. 2016;1383:11-9. 

7. Prokai L, Szarka S, Wang X, Prokai-Tatrai K.   Capture of the volatile carbonyl 
metabolite offlecainideon 2,4-dinitrophenylhydrazine cartridge for quantitation by 
stable-isotope dilution mass spectrometry coupled with chromatography.  J 
Chromatogr A. 2012 Apr 6;1232:281-7. 

8. Breindahl T.   Therapeutic drug monitoring offlecainidein serum using high-
performance liquid chromatography and electrospray mass spectrometry. J 
Chromatogr B Biomed Sci Appl. 2000 Sep 15;746(2):249-54.

9. Sørensen LK.   Aliquidchromatography-electrospray tandem mass spectrometry 
method for the determination of antiarrhythmic drugs and their metabolites in 
forensic whole blood samples.J Anal Toxicol. 2012 Mar;36(2):116-22.

10. Kristoffersen L, Øiestad EL, Opdal MS, Krogh M, Lundanes E, Christophersen AS.    
Simultaneous determination of 6 beta-blockers, 3 calcium-channel antagonists, 4 
angiotensin-II antagonists and 1 antiarrhythmic drug in post-mortem whole blood 
by automated solid phase extraction andliquidch romatographymass 
spectrometry. Method development and robustness testing by experimental 
design. J Chromatogr B Analyt Technol Biomed Life Sci. 2007 May 1;850(1-2):147-
60. 

11. Fischer C, Bühl K.  Gaschromatography mass spectrometry validation ofhighper 
formanceliqu idchro mato graphy analysisofflecainideenantiomers in serum. Ther 
Drug Monit. 1992 Oct;14(5):433-5. 

12. Mano Y, Asakawa Y, Kita K, Ishii T, Hotta K, Kusano K.     Validation of an ultra-
performanceliquidchromatography-tandem mass spectrometry method for the 
determination offlecainidein human plasma and its clinical application. Biomed 
Chromatogr. 2015 Sep;29(9):1399-405. 

13. El-Ragehy NA, Hassan NY, Tantawy MA, Abdelkawy M.   Stability-indicating 
chromatographic methods for determination offlecainideacetate in the presence 
of its degradation products; Isolation and identification of two of its impurities. 
Biomed Chromatogr. 2016 Mar 15. 

14.  Doki K, Sekiguchi Y, Kuga K, Aonuma K, Kohda Y, Homma M.     Stereoselective 
analysis offlecainideenantiomers using reversed-phaseliquidchromatographyfor 

assessing CYP2D6 activity. Biomed Chromatogr. 2014 Sep;28(9):1193-8. 
15.  Lee A, Choi HJ, Hyun MH.    Liquidchromatographic direct resolution 

offlecainideand its analogs on a chiral stationary phase based on (+)-(18-crown-6)-
2,3,11,12-tetracarboxylic acid. Chirality. 2010 Jul;22(7):693-8.

16.  Allen LV Jr, Erickson MA .   Stability of baclofen, captopril, diltiazem hydrochloride, 
dipyridamole, andflecainideacetate in extemporaneously compounded oral 
liquids. Am J Health Syst Pharm. 1996 Sep 15;53(18):2179-84. 

17.  Wiest DB, Garner SS, Pagacz LR, Zeigler V.    Stability offlecainideacetate in an 
extemporaneously compounded oral suspension. Am J Hosp Pharm. 1992 
Jun;49(6):1467-70.

18.  Doki K, Homma M, Kuga K, Watanabe S, Yamaguchi I, Kohda Y. Simultaneous 
determination of serumflecainideand its metabolites by  usinghig hperform 
anceliqu idchrom atography. J Pharm Biomed Anal. 2004 Sep 3; 35(5):1307-12. 

19. Katori K, Homma M, Kuga K, Yamaguchi I, Sugibayashi K, Kohda Y. 
Liquidchromatographic determination of unboundf lecainidein therapeutic drug 
monitoring. J Pharm Biomed Anal. 2003 Jun 1;32(2):375-80. 

20.  Benijts T, Borrey D, Lambert WE, De Letter EA, Piette MH, Van Peteghem C, De 
Leenheer AP.    Analysis offlecainideand two metabolites in biological specimens 
byHPLC: application to a fatal intoxication. J Anal Toxicol. 2003 Jan-Feb;27(1):47-
52. 

21.  Nakagawa R, Homma M, Kuga K, Yamaguchi I, Kobayashi D, Morimoto Y, Kohda 
Y.Highperfo rmanceliq uidchrom atograp hyfor routine monitoring of 
serumflecainide. J Pharm Biomed Anal. 2002 Aug 22;30(1):171-4.

22. Takiguchi Y, Ishihara R, Torii M, Kato R, Kamihara S, Uematsu T.   Hair analysis 
offlecainidefor assessing the individual drug-taking behavior. Eur J Clin Pharmacol. 
2002 May;58(2):99-101.  

23. Obayashi M, Kosugi T, Yamazaki J, Matsumoto Y, Fukuoka M, Matsumoto M. 
Determination of concentrations offlecain idein human serum byhigh-  
performanc eliquid chromatographyon a fluorocarbon-bonded silica gel column.J 
Chromatogr B Biomed Sci Appl. 1999 Apr 16;726(1-2):219-23.

24. 24. Wilson KM, Schneider JJ, Ravenscroft PJ.     Improved solid-phase extraction 
t e c h n i q u e  f o r  p l a s m a f l e c a i n i d e a n a l y s i s  b y h i g h -
performanceliquidchromatography. Ther Drug Monit. 1998 Aug;20(4):435-8. 

25. Hoppe U, Krüdewagen B, Stein H, Hertrampf R, Gundert-Remy U. Comparison of 
fluorescence polarisation immun oassay (FPIA)  andhighperform anceliqui 
dchromato graphy(HPLC) methods for the measurement offlecainidein human 
plasma. Int J Clin Pharmacol Ther Toxicol. 1993 Mar;31(3):142-7. 

26. Oda Y, Asakawa N, Yoshida Y, Sato T.    Direct- inject ionhigh-
performanceliquidchromatographic analysis of drug enantiomers in plasma with 
an avidin column coupled on-line to an ovomucoid column. J Pharm Sci. 1992 
Dec;81(12):1227-8.

27.  A l e s s i - Seve r i n i  S ,  Cou t t s  RT ,  J ama l i  F ,  Pa su t to  FM.    H igh -
performanceliquidchromatographic analysis of metho carbamol enantiomers in 
biological fluids. J Chromatogr. 1992 Nov 6;582(1-2):173-9. 

28. Lensmeyer GL, Wiebe DA, Doran TC.  Application of the Empore solid-phase 
extraction membrane to the isolation of drugs from blood: II. Mexiletine 
andflecainide. Ther Drug Monit. 1992 Oct;14(5):408-15. 

29. B r o l y  F ,  M a r e c a u x  P ,  H o u d r e t  N ,  L h e r m i t t e  M ,  H o u s s i n  R .        
Ahighperformanceliquidchromatographic method for the quantitation 
offlecainidein plasma. Biomed Chromatogr. 1991 Nov;5(6):248-50. 

30. V e r b e s s e l t  R ,  T j a n d r a m a g a  T B ,  D e  S c h e p p e r  P J .    H i g h -
performanceliquidchromatographic determination of 12 antiarrhythmic drugs in 
plasma using solid-phase column extraction. Ther Drug Monit. 1991 
Mar;13(2):157-65.

31.  Alessi-Severini S, LeGatt DF, Pasutto FM, Jamali F, Coutts RT.    HPLCanalysis 
offlecainideenantiomers in plasma: comparison with fluorescence polarization 
immunoassay. Clin Chem. 1991 Jan;37(1):111-2. Erratum in: Clin Chem 1991 
Jun;37(6):886. 

32.  McQuinn RL, Pisani A, Wafa S, Chang SF, Miller AM, Frappell JM, Chamberlain GV, 
Camm AJ.  Flecainideexcretion in human breast milk. Clin Pharmacol Ther. 1990 
Sep;48(3):262-7. 

33. Alessi-Severini S, Jamali F, Pasutto FM, Coutts RT, Gulamhusein S. High-
performanceliquidchromatographic determination of the enantiomers 
offlecainidein human plasma and urine. J Pharm Sci. 1990 Mar;79(3):257-60.

34.  Turgeon J, Kroemer HK, Prakash C, Blair IA, Roden DM.       Stereoselective 
d e t e r m i n a t i o n  o f f l e c a i n i d e i n  h u m a n  p l a s m a  b y h i g h -
performanceliquidchromatographywith fluorescence detection. J Pharm Sci. 1990 
Feb;79(2):91-5.

35.  Lie-A-Huen L, Stuurman RM, Ijdenberg FN, Kingma JH, Meijer DK.High-
performanceliquidchromatographic assay offlecain ideand its enantiomers in 
serum. Ther Drug Monit. 1989 Nov;11(6):708-11. 

36.  Prakash C, Koshakji RP, Wood AJ, Blair IA.    Simultaneous determination of 
p r o p r a n o l o l  e n a n t i o m e r s  i n  p l a s m a  b y h i g h -
performanceliquidchromatographywith fluorescence detection. J Pharm Sci. 1989 
Sep;78(9):771-5.

37.  Munafo A, Biollaz J.  High-perform anceliquidc hromatog raphic assay with 
fluorometric detection forflecainideand its major metabolites in urine and serum. J 
Chromatogr. 1989 May 30;490(2):450-7. 

38.  Rognerud CL, Ou CN.Concurrent measurement offlecainideacetate and 
propranolol by normal-phasehigh-performanceliquidchromatography. Clin Chem. 
1989 May;35(5):857-60.

39.  Woollard GA.Therapeutic drug monitoring offlecaini deusinghigh-performan 
celiquidchrom atograph yand comparison with fluorescence polarisation 
immunoassay. J Chromatogr. 1989 Feb 24;487(2):409-19. 

40.  Li XY, He JB, Tan WP, Yu ST, Huang W, Sun JP, Yu CH, Qian F.     Determination 
offlecainideconcentration in blood plasma byHPLCand pharmacokinetic 
parameters in volunteers. Yao Xue Xue Bao. 1989;24(6):452-7. 

41.  Malikin G, Murphy M, Lam S.  Assay offlecainidein serum byhigh-
performanceliquidchromatographyafter microscale protein precipitation. Ther 
Drug Monit. 1989;11(2):210-3.

42.  Welscher TM, McQuinn RL, Chang SF. High-perform anceliquidchromatographic 
procedure with fluorescence detecti on for the m-O-dealkylated lactam metabolite 
offlecainideacetate in human plasma. J Chromatogr. 1988 Oct 14;431(2):438-43. 

43.  Krämer BK, Mayer F, Liebich HM, Ress KM, Kühlkamp V, Becker JU, Risler T, Seipel 
L. Rapid and inexpensivehigh-performanceliquidchromatographic method for the 

PARIPEX - INDIAN JOURNAL OF RESEARCH VOLUME-6 | ISSUE-6 | JUNE-2017 | ISSN - 2250-1991 | IF : 5.761 | IC Value : 79.96

www.worldwidejournals.com 623



quantification offlecainidein serum. J Chromatogr. 1988 Jun 3;427(2):351-8. 
44.  Grgurinovich N.A simplehigh-performanceli quidchro matographic method for 

the routine measurement offlecainid ein plasma. J Anal Toxicol. 1988 Jan-
Feb;12(1):38-41. 

45.  S t r a k a  R J ,  H o o n  T J ,  L a l o n d e  R L ,  P i e p e r  J A ,  B o t t o r f f  M B .     
Liquidchromatographyand fluorescence polarization immuno assay methods 
compared for measuringfle cainideacetate in serum. Clin Chem. 1987 
Oct;33(10):1898-900. 

46.  Plomp TA, Boom HT, Maes RA.Measurement offlecainideplasma concentrations 
byhighperfor manceliq uidchr omatographywith fluorescence detection. J Anal 
Toxicol. 1986 May-Jun;10(3):102-6. 

47.  Chang SF, Welscher TM, Miller AM, McQuinn RL, Fox JM.      High  
performanceliquidchromatographic method for the quantitation of a meta-O-
dealkylated metabolite offlecain ideacetate, a new antiarrhythmic. J Chromatogr. 
1985 Sep 13;343(1):119-27. 

48. Bhamra RK, Flanagan RJ, Holt DW.    High-performa nceliquidchromatographic 
method for the measurem ent of mexiletine and flecainidein blood plasma or 
serum. J Chromatogr. 1984 May 11;307(2):439-44.  

49.  Becker JU.Determination of the concentration of a new antiarrhythmic, flecainide, 
in plasma using high pressure liquid chromatography (HPLC): sample preparation 
with extraction columns. J Clin Chem Clin Biochem. 1984 May;22(5):389-93. 

50.  Chang SF, Miller AM, Fox JM, Welscher TM.      Application of a bonded-phase 
extraction column for rapid sample preparation offlecainidefrom human plasma 
forhigh performancel iquidchromatographic analysis--fluorescence or ultraviolet 
detection. Ther Drug Monit. 1984;6(1):105-11. 

51.  Chang SF, Welscher TM, Miller AM, Ober RE. High-performanceli quidchr 
omatographic method for the quantitation offlecainide, a new antiarrhythmic, in 
human plasma and urine. J Chromatogr. 1983 Feb 11;272(2):341-50.

52. De Jong JW, Hegge JA, Harmsen E, De Tombe PP. Fluorometricl i 
quidchromatographic assay of the antiarrh ythmic agentflecainidein blood plasma. 
J Chromatogr. 1982: 14;229(2):498-502.

53.  Kannan R, Matin-Asgari A.   Dose-dependent tissue uptake offlecainideduring 
chronic administration in rabbits. Drug Metab Dispos. 1988 Mar-Apr;16(2):228-
31. 

54.  Piovan D, Padrini R, Furlanut M, Moretto R, Ferrari M.   Plasma and tissue levels 
offlecainidein rats. Pharmacol Res Commun. 1986 ;18(8):739-45.

55.  Guidance for industry: bioanalytical method validation, U.S. Department of Health 
and Human Services, Food and Drug Administration, Center for Drug Evaluation 
and Research (CDER), Center for Biologics Evaluation and Research (CBER), May 
2001.

 56.  Guidance for industry Food- effect bio availability and Fed Bio equivalence studies. 
U.S Department of Health and Human services Food and Drug Administration 
Centre for Drug Evaluation and research (CDER) December 2002.

57. Guidance for industry Bio availability and Fed Bio equivalence Studies for Orally 
Administered Drug Products-General considerations U.S.Department of Health 
and Human services Food and Drug Administration Centre for Drug Evaluation and 
research (CDER) March 2003.

PARIPEX - INDIAN JOURNAL OF RESEARCH VOLUME-6 | ISSUE-6 | JUNE-2017 | ISSN - 2250-1991 | IF : 5.761 | IC Value : 79.96

624 www.worldwidejournals.com


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7

