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ORIGINAL RESEARCH ARTICLE ABSTRACT  

ARTICLE INFORMATION Objective: For the extraction and quantitation of plasma fluoxetin (FLX), 
simvastatin (ST) and simvastatin acid (STA), a rapid, robust and sensitive 
method using solid-phase extraction (SPE) cartridges and high pressure liquid 
chromatography (HPLC) with ultraviolet (UV) detection was developed.  
Material and methods: Waters HLB cartridges were used for the sample clean-
up and purification. Separation of analytes and internal standard (IS) 
mewastatin was achieved using Phenomenex C18 column (150 x 2 mm, 3 

μm). Mobile phase consisted acetonitrile and phosphate buffer (65:35, v/v) in 
isocratic mode with a flow rate of 0.3 ml/min.  
Results: The relative retention times for FLX, ST, STA and IS were 1.5, 8.5, 3.7 
and 5.0 min respectively. The calibration curves were plotted by using peak 
area ratios of analytes to IS. The plots were linear from 10-1500 ng/ml for FLX 
and 10-1000 ng/ml for ST and STA. Intra and inter precision values for FLX 
ranged from 4.69 to 12.61, for ST 3.36-13.38 and for STA it ranged from 3.73 
to 12.93% respectively. The 10 ng/ml was the lowest limit of quantitation 
(LLOQ) for FLX, ST, and STA.  
Conclusion: The specificity and sensitivity of this method make it appropriate 
to estimate plasma level of FLX, ST, and STA in preclinical studies in a single 
run. 
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INTRODUCTION   

Simvastatin, 2,2-dimethylbutanoic acid 

(1S,3R,7S,8S,8aR)-1,2,3,7,8,8a-hexahydro-3,7-dimethyl-

8-[2-[(2R,4R)-tetrahydro-4-hydroxy-6-oxo-2H-pyran-2-

yl]ethyl]-1-naphthalenyl ester, is antihyperlipidemic 

drug. It acts through competitive inhibition of 3-hydroxy-

3-methylglutaryl coenzyme A reductase (HMG-CoA 

reductase), the rate limiting enzyme for cholesterol 

synthesis in the liver (Kuzaj et al., 2014). ST is effective 

and well tolerated for the treatment of increased 

cholesterol level (Rosolova et al., 2014). It is also 

effective in reducing mortality and morbidity in coronary 

heart diseases. Bioavailability of ST after oral 

administration is low, because only 5% of the orally 

administered ST reaches the systemic circulation (Patel 

and Sutariya, 2014). Whereas FLX, N-methyl-3-phenyl-3-

(2,2,2-trifluoro-p-tolyloxy) propylamine hydrochloride, is 

an antidepressant and differs structure wise and 

pharmacologically from the tricyclic antidepressant. FLX 

selectively inhibit the reuptake of serotonin in 

presynaptic neurons (Maya et al., 2000).  

ST combined with FLX provides a potential mechanism for 

the anxiolytic and antidepressant properties of drugs in 

animal models (Santos et al., 2012). The monitoring of 

plasma levels of these drugs will be advantageous in the 

clinical or preclinical settings. Variation in 

pharmacodynamic responses may occur particularly at 

steady state, due to interaction, non-compliance, with 

concomitantly administered drugs or with other possible 

causes.  
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Several methods are available for the analysis of ST alone 

in plasma including liquid chromatographic (LC) coupled 

to ultra violet (UV) (Yang et al., 2003) detector gas 

chromatography mass spectrometric (GCMS) (Morris et 

al., 1993), micellar electrokinetic capillary 

chromatography (MEKC) (Srinivasu et al., 2002), 

voltammetry (Coruh and Özkan, 2006), 

spectrophotometry (Wang and Asgharnejad, 2000) and 

liquid chromatographic mass spectrometry (LCMS) 

(Barrett et al., 2006, Zhao et al., 2000, Jemal et al., 

2000). Similarly, a few methods also have been reported 

for the analysis of FLX alone in plasma by gas 

chromatography (GC) with electron capture detection 

(ECD), (Dixit et al., 1991). HPLC with fluorescence 

detection  (Kaddoumi et al., 2001, Guo et al., 2002, Gatti 

et al., 2003) and HPLC–UV detection (Maya et al., 2000, 

Thomare et al., 1992, Holladay et al., 1998, Tournel et 

al., 2001). 

In this report, we describe the use of SPE cartridges for 

rapid sample extraction procedure for the determination 

of low level of ST, STA and FXL in rat plasma in a single 

run.  The developed method offers a simple and fast 

sample preparation procedure for quantitation of ST, STA 

and FXL in plasma via RP-LC–UV detection. 

MATERIAL AND METHODS 

Reference standards ST, STA and IS (mewastatin) were 

obtained from Clearsynth Ltd. Mumbai India. FLX was 

obtained from Ranbaxy Research Laboratories, India. 

HPLC grade acetonitrile (purity 99.9%) was purchased 

from Sigma-Aldrich, Germany. Sodium dihydrogen 

phosphate was obtained from Fluka analytical, Sigma-

Aldrich, Netherland. Methanol was obtained from Sigma-

Aldrich, Germany. Water used in the entire analysis was 

prepared in-house with Milli-Q water purification system 

procured from Millipore (Millipore Corporation, USA). 

Other chemicals used were of analytical grade from 

commercial sources. 

Liquid chromatography conditions 

Chromatographic separation was achieved by using a 

Phenomenex C18 column (150 x 2 mm, 3 μm particle size), 

attached to UHPLC of Thermo Scientific-Dionex Ultimate 

3000 (Serial # 7248679, Part # 5035.9200) equipped with 

a quaternary solvent system, an auto sampler, solvent 

manager and a PDA and visible detector ((Serial # 

8074857, Part # 5082.0010). The mobile phase for the 

analysis consisted of phosphate buffer (25 mM, pH 4.5) 

and acetonitrile (35:65 v/v) in non-gradient elution 

mode, which was degassed. The flow rate of the mobile 

phase was at 0.3 ml/min. A fixed amount of 20 µL of 

sample solution was injected in each run. The total 

chromatographic run time was 10 min. The column was 

maintained at 30±5 
0
C, and the pressure of the system 

was 153 bar. 

Sample extraction protocol 

A solid phase extraction method was developed to isolate 

FX, ST and STA from plasma. The thawed samples were 

vortexed to ensure complete mixing of contents. 100 µL 

of mewastatin working solution was mixed with 500 µL 

aliquot of each plasma sample in polypropylene tubes. 

100 µL of phosphate buffer was added into these 

polypropylene tubes and vortexed again for 30 seconds to 

ensure complete mixing. The pretreated samples were 

then transferred to SPE cartridges (Waters, HLB), which 

had been preconditioned using methanol and water (LC-

grade). After centrifugation the analytes were eluted off 

the cartridges with 20% methanol in water. Eluents were 

evaporated to dryness at 25 psi and 40 
o
C under a stream 

of dry nitrogen. The residue was reconstituted with 300 

µL of mobile phase, transferred into vials and 20 µL was 

injected into the UHPLC system for analysis. 

Preparation of standard stocks and working solution 

Primary stock solutions of FLX, SV, SVA and IS were 

prepared in mobile phase. Different stock solutions were 

used to prepare calibration standards (CS) and quality 

control samples (QC). A fresh common working solution of 

IS containing 300 ng/mL was prepared every day by 

appropriate dilution of the stock solution in mobile 

phase. Common aqueous CC and QC working solution for 

FLX, SV and SVA were prepared by serially diluting the 

stock solution with mobile phase and the final 

concentrations were corrected accounting for potency, 

molecular weight and the actual weight transferred. All 

the solutions were protected from light and stored below 

5 
o
C. 

Preparation of calibration curve samples (CC) and 

quality control samples (QC) 

Common CC samples were prepared in blank rat plasma 

by spiking 2%, v/v of the aqueous working solutions for a 

concentration range of 10-1000 ng/mL for ST and STA and 

10-1500 ng/mL for FLX respectively. Common QCs were 

prepared at lower limits of quantitation (LLOQC) 10 

ng/mL,  low level quality control (LQC) 250 ng/mL, 

medium level quality control (MQC) 500 ng/mL and at 

higher level of quantitation (HQC) 750 ng/mL, for ST and 

STA. Similarly QC samples were prepared for FLX, LLOQC 

as 10 ng/mL, LQC as 350 ng/mL, MQC as 750 ng/mL and 

HQC as 1150 ng/mL. All the spiked samples were stored 

below -80 
o
C. 

Methodology for validation 

Calibration curves were constructed from blank sample 

(plasma sample processed without IS), blank+IS samples 

and eight point calibration standards (lowest and highest 

standards were used in duplicates) for FLX, ST and STA in 

plasma. The acceptance criteria for these calibration 

curves was a correlation coefficient (r) of 0.9900 or 

better, and each back-calculated standard concentration 

must be within 15% deviation from nominal value except 

for the lower limit of quantitation (LLOQ), for which the 

maximum acceptable deviation was set at 20%. At least 

67% of the non-zero standards were required to meet the 

acceptance criteria including acceptable lower (LLOQ) 

and upper limit of quantification (ULOQ). The following 

parameters were evaluated during validation of the 

method: linearity, precision, accuracy and recovery. 
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Linearity 

The linearity was performed on three batches of spiked 

samples. Each batch of spiked plasma samples included 

one complete set of calibration curve standards and six 

replicates of quality control samples at LLOQC, LQC, MQC 

and HQC levels. Linearity of the method was determined 

by plotting the area ratio of analytes/IS against Known 

concentration of analytes. Calibration measurements 

were subjected to least squares regression analysis (1/x
2
) 

to provide information on the slope, y-intercept, 

correlation coefficient (r) and the back-calculated 

concentrations. 

Intra and inter batch precision and accuracy 

Intra and inter batch precision and accuracy were 

determined by analyzing six replicates of QC samples 

produced at four different concentration levels, i.e., 

LOQQC, LQC, MQC and HQC, each in a batch and on three 

different batches, respectively. Precision of the assay 

was measured by the percent coefficient of variation 

over different concentration levels. The acceptance 

criteria for intra and inter batch precision were 20% or 

better for LLOQ and 15% or better for other non-zero 

concentrations.  

Extraction Efficiency 

The extraction efficiency was obtained by comparing the 

peak area of six replicates of FLX, ST and STA spiked in 

plasma at three different concentration levels, i.e., LQC, 

MQC and HQC with the peak area of processed blank 

(reconstituted with equivalent amounts of LQC, MQC and 

HQC in mobile phase). The % CV at all levels of QC’s must 

be <20%. 

RESULTS  

Several columns and Combinations of the mobile phase 

were tried to achieve good resolution and symmetric 

peaks and a low retention time. Acetonitrile and 

phosphate buffer (25 mM, pH 4.5) in the ratio of 65:35, 

v/v was found to be a suitable mobile phase. This ratio of 

the organic phase to the aqueous phase was very critical 

in eluting all the analytes as these were having different 

physicochemical properties. So it was difficult to set 

chromatographic conditions that produced sharp peak 

shape and adequate response. Good resolution and good 

peak shape was achieved using an Phenomenex C18 

column (150 x 2 mm, 3 μm particle size) and the above 

mentioned mobile phase (Fig. 1 and 2). The flow rate was 

optimized to 0.3 ml/min. The retention time for FLX, ST, 

STA and IS were 1.5, 8.5, 3.7 and 5.0 min respectively, 

making it possible to quantify all the analytes in a short 

time and in a single run. 

Selectivity 

The method employed for the extraction of FLX, ST, STA 

and IS offered good selectivity for the analysis in the rat 

plasma. The area observed in all the lots of blank plasma 

was less than 20% in the LLOQ area, and the area 

observed at the RT of IS was less than 5%. The selectivity 

results with the chromatograms of FLX, ST, STA and IS in 

blank plasma and spiked plasma are shown in Fig. 1 and 

2. No interferences were observed for FLX, ST, STA and 

IS. The retention time for all the analytes was less than 9 

min, which makes it suitable for the analysis large 

number of sample in short duration as the total run time 

was 10 minutes. 

Linearity 

Linearity of FLX, ST and STA was established over a 

concentration range of 10-1500 ng/ml for FLX and 10-

1000 ng/ml for ST and STA respectively in spiked rat 

plasma samples. Linear coefficient of regression for FLX 

(r
2
>0.983), for ST (r

2
>0.972) and for STA (r

2
>0.993) was 

obtained using least squares linear regression model using 

peak area. The limit of quantitation in the present 

method was 10 ng/ml for FLX, ST, and STA. 

Intra and inter batch precision and accuracy 

Three, batches were taken into consideration for each 

analyte to check intra and inter batch precision and 

accuracy. The  results  for precision   and   accuracy   are  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      Figure 1. Representative chromatogram of extracted blank plasma sample. 
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Figure 2. Representative chromatogram of spiked plasma sample extracted with LQCs of FLX, ST, STA and 300 ng/ml of 

IS. 

Table 1. Intra assay precision and accuracy for ST 

Batch No. QC samples Nominal Values (ng/ml) Statistical Parameters 

Mean SD(±) %CV % Nominal 

1 LOQQC 10 9.66 0.34 3.53 96.57 

LQC 250 271.30 9.13 3.36 108.52 

MQC 500 489.31 45.55 9.31 97.86 

HQC 750 788.32 92.84 11.78 105.11 

2 LOQQC 10 9.47 1.27 13.38 94.73 

LQC 250 246.81 10.43 4.23 98.73 

MQC 500 524.70 27.30 5.20 104.94 

HQC 750 737.44 42.91 5.82 98.33 

3 LOQQC 10 9.52 1.21 12.67 95.17 

LQC 250 261.32 19.40 7.42 104.53 

MQC 500 515.69 41.02 7.95 103.14 

HQC 750 748.03 55.47 7.42 99.74 

summarized in Table 1, 2, 3, 4, 5 and 6. Intra- and inter-

CV values for FLX ranged from 4.69 to 12.61, for ST 3.36-

13.38 and for STA it ranged from 3.73 to 12.93% 

respectively. The accuracy for FLX ranged from 95.48 to 

104.51, for ST 94.73 to 108.52 and for STA it ranged from 

98.01 to 104.51% respectively. 

Table. 2 Inter assay precision and accuracy for ST 

QC sample Nominal Values (ng/ml) Statistical Parameters 

Mean SD (±) %CV % Nominal 

LOQQC 10 9.63 1.07 11.09 96.28 

LQC 250 255.59 16.70 6.53 102.24 

MQC 500 518.12 57.25 11.05 103.62 

HQC 750 763.22 73.28 9.60 101.76 
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Table 3. Intra assay precision and accuracy for STA 

Batch No. QC samples Nominal Values (ng/ml) Statistical Parameters 

Mean SD(±) %CV % Nominal 

1 LOQQC 10 10.17 0.64 6.33 101.72 

LQC 250 245.02 9.13 3.73 98.01 

MQC 500 491.03 44.88 9.14 98.21 

HQC 750 774.63 100.13 12.93 103.28 

2 LOQQC 10 9.96 0.94 9.48 99.55 

LQC 250 252.33 17.24 6.83 100.93 

MQC 500 517.20 32.76 6.33 103.44 

HQC 750 759.78 64.24 8.46 101.30 

3 LOQQC 10 10.44 1.29 12.37 104.40 

LQC 250 248.39 18.94 7.63 99.35 

MQC 500 511.48 46.87 9.16 102.30 

HQC 750 765.02 60.91 7.96 102.00 

Table 4. Inter assay precision and accuracy for STA 

QC samples Nominal Values (ng/ml) Statistical Parameters 

Mean SD(±) %CV % Nominal 

LOQQC 10 10.19 0.96 9.39 101.89 

LQC 250 248.58 15.06 6.06 99.43 

MQC 500 506.57 41.08 8.11 101.31 

HQC 750 773.68 71.97 9.30 103.16 

  

Table 5. Intra assay precision and accuracy for FLX 

Batch 
No. 

QC samples Nominal Values (ng/ml) Statistical Parameters 

Mean SD(±) %CV % Nominal 

1 LOQQC 10 9.73 0.94 9.62 97.32 

LQC 350 334.17 41.09 12.30 95.48 

MQC 750 770.04 47.00 6.10 102.67 

HQC 1150 1129.88 61.22 5.42 98.25 

2 LOQQC 10 10.07 1.16 11.57 100.65 

LQC 350 348.74 34.25 9.82 99.64 

MQC 750 783.84 39.30 5.01 104.51 

HQC 1150 1143.71 59.31 5.19 99.45 

3 LOQQC 10 9.68 1.02 10.53 96.82 

LQC 350 340.85 43.00 12.61 97.39 

MQC 750 771.71 48.86 6.33 102.89 

HQC 1150 1131.06 60.67 5.36 98.35 

 

Table. 6 Inter assay precision and accuracy for FLX 

QC samples Nominal Values (ng/ml) Statistical Parameters 

Mean SD(±) %CV % Nominal 

LOQQC 10 9.77 1.01 10.39 97.66 

LQC 350 346.48 37.22 10.74 98.99 

MQC 750 773.62 43.88 5.67 103.15 

HQC 1150 1139.86 53.51 4.69 99.12 
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Recovery  

The recovery of FLX, ST, and STA was calculated by using triplicate samples. The mean recovery of FLX, ST, and STA 

was found to be 73.37, 79.20 and 69.99%, respectively (Table 7). The CV for all the levels of FLX, ST, and STA was 

below 7.69%. 

 

Table 7. Percent recovery for ST, STAand FLX.  

S.N. Drugs/Metabolite % Recovery Mean SD (±) % CV 

  LQC MQC HQC    

1 FLX 78.72 69.84 71.54 73.37 4.71 6.42 

2 ST 73.24 78.95 85.42 79.20 6.09 7.69 

3 STA 68.75 67.54 73.68 69.99 3.25 4.65 

DISCUSSION  

For the successful conduct of preclinical and/or 

biopharmaceutics and clinical pharmacological studies, 

the development of selective and sensitive bioanalytical 

methods plays an important role for the quantitative 

evaluation of drugs and their metabolites. Mostly in RP-

LC analysis the contributing factors to error are 

insufficient sample extraction procedures. Enrichment of 

analytes and removal of interference and sample 

preparation are often the most time consuming steps of 

an analytical process (Raterink et al., 2014). To achieve 

higher sensitivity of detection, there is a continuous need 

for the development of processing methods which are 

rapid and robust. Much effort was made to make the 

method more reproducible and robust during method 

development. Because of good recovery and purity SPE 

was used for sample extraction rather than liquid–liquid 

extraction (LLE). The recovery of analyte in the present 

method was found to be almost 80%. The SPE method has 

advantage over or any other extraction technique as it is 

effective even when the solutes are present at extremely 

low concentrations. In SPE, chances of volatile impurities 

in the processed sample decreases and possibility of 

getting cleaner samples increased (Dutta et al., 2012).  

Conventional LLE extraction techniques are difficult for 

batch processing and are labor intensive, and time-

consuming. LLE techniques require relatively large 

quantities of organic liquids which are very expensive, 

toxic and hazardous to the environment. The SPE 

technique solves many of these problems and has been 

recognized as a major improvement in sample pre-

treatment technique with a vast potential application 

area (Li et al., 2004). 

To develop a method with a desired LLOQ and ULOQ and 

accuracy the better and economical option is RPLC with 

UV detection. RPLC methods are capable of 

discriminating more efficiently as compared to normal 

HPLC between the analyte and matrix signals. 

In this method simultaneous extraction of FLX, ST and 

STA from plasma was very challenging, as ST and STA 

undergo rapid interconversion at optimum conditions 

(Yang, et al., 2005, Zhang, et al., 2010). This conversion 

depends on pH, temperature, and storage condition and 

sample extraction methodology. Ionization of FLX is also 

pH sensitive. Here we develop an efficient extraction and 

quantitative method for the simultaneous estimation of 

FLX, ST and STA without gradient flow in rat plasma. 

Waters HLB cartridges were used for the extraction as 

these are able to retain unionized analytes. It provides 

enhanced performance due to a unique polymeric 

structural design with a non-retentive, hydroxylated, 

amide-free surface and a non-polar core to retain small 

molecules. These cartridges contain hydrophilic N-vinyl 

pyrolidone and lipophilic divinyl benzene moieties. This 

mix mode provides an excellent capacity to retain 

analytes of a wider polarity spectrum (Khuroo, et al., 

2008). Phosphate buffer was added to plasma samples, 

which helped in keeping the analytes in unionized 

condition and stable. Lipid and protein binding on the 

polymer surface was reduced which results in cleaner 

samples and decreased ion suppression. 

CONCLUSION 

A simple, sensitive, robust and steadfast method has 

been developed for the simultaneous quantitation of FLX, 

ST, and STA in rat plasma using solid phase extraction 

cartridges. The method is specific, precise and accurate 

in the concentration range of 10-1500 ng/ml for FLX and 

10-1000 ng/ml ST and STA respectively in rat plasma. 

This novel method is able to quantify the FLX, ST, and 

STA simultaneously in a single run without gradient flow 

or complex chemical extraction processes and ultimately 

saves the time and cost both. The specificity and 

sensitivity of this method make it appropriate for 

preclinical pharmacokinetics studies of FLX, ST, and STA. 
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