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ABSTRACT
Objective: A bioanalytical quantification method was developed for the simultaneous estimation of simvastatin (SIM) and ezetimibe (EZE) from the
human plasma.
Methods: The technique was developed and equipped with reverse-phase (RP) high-performance liquid chromatography, using RP-C18 column with
an ultraviolet detector. For the estimation of SIM and EZE, the mobile phase (acetonitrile:acetate buffer pH 4.0, pH adjusted with acetic acid) was
pumped at a flow rate of 0.8 ml/min in the ratio of 85:15% v/v and the eluents were monitored at 234 nm. A calibration graph to study linearity of the
SIM and EZE in biological matrix was carried out in the concentration range of 400–4000 ng/ml for both these drugs SIM and EZE.

Results: The developed method was validated according to the US FDA and European Medicines Agency guidelines for sensitivity, accuracy, precision,
and stability. The obtained statistical data of validation were found to be within prescribed limit assures rigidity of the method. Both the drugs in
combined form were estimated in human plasma by the proposed method.
Conclusions: The developed method is free from solid-phase extraction so it becomes simple and economical. The method is efficient for precise and
accurate quantification of SIM and EZE in plasma and hence applied for bioequivalence, bioavailability study in real clinical samples.
Keywords: Ezetimibe, Simvastatin, Bioanalytical, Plasma, Reverse-phase high-performance liquid chromatography.
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INTRODUCTION
Simvastatin (SIM) chemically 2-2-dimethylbutanoic acid, 1,2,3,7,8,
8a-hexahydro,3,7-dimethyl-8-[2(tetrahydro-4 hydroxy-6-oxo-2 pyran2-yl) ethyl]-1-naphthalenyl ester is an analog of lovastatin, in liver
undergoes extensive metabolism to several open ring hydroxyl acids
including the active ß-hydroxy acids. They are also highly bound to
plasma proteins [1-4].

Ezetimibe (EZE) chemically (3R, 4 S)-1-(4-fluorophenyl)-3-((3s)-3-(4fluorophenyl-3-hydroxypropyl)-4-(4-hydroxyphenyl)-2-azetidinone is
an antihyperlipidemic agent that has usefulness in lowering cholesterol
levels. It acts by decreasing cholesterol absorption in the intestine by
blocking the absorption of the sterol at the brush border. Specifically,
the ß-lactam binds to the Niemann-Pick C1-like 1 protein on the
gastrointestinal tract that is responsible for cholesterol absorption.
Although it may be used alone, it is marketed as a combination product
with SIM [1-3].
Analytical, bioanalytical methods have been reported for the estimation
of SIM alone or in combination with other antihypertensive agents
or antihyperlipidemic drugs of pharmaceutical formulations. These
include reverse-phase high-performance liquid chromatography (RPHPLC) [5-9], bioanalytical HPLC method [10,11], bioanalytical LC– mass
spectrometry (MS)/MS method [12,13], and solubility enhancement
method [14].
Similarly, bioanalytical, analytical methods have been reported
for the estimation of EZE alone or in combination with other
antihypertensive agents or antihyperlipidemic drugs of pharmaceutical
formulations. These include RP-HPLC method [15-18], forced

degradation study [19], other methods [20], bioanalytical method [21],
ultraviolet (UV) spectroscopic method [22-24], chromatographic
method [25], and degradant study method [26].

The drug SIM is official in BP [27]. EZE and SIM are official in IP [28].
The chemical structures of EZE and SIM are shown in Fig. 1.

Literature survey revealed that few bioanalytical methods have been
reported for the estimation of EZE and SIM individually as well as
in combination with other antihypertensive drugs. An LC–MS/MS
bioanalytical method has been reported to quantify both these drugs
in human Plasma, so tried to develop simple method to quantify both
these drugs in human plasma avoiding solid-phase extraction. In the
present piece of work, an attempt has been made to develop a suitable
bioanalytical method for simultaneous estimation of EZE and SIM
in human plasma. HPLC methods have been widely used for routine
quality control assessment of drugs due to their accuracy, repeatability,
selectively, sensitivity, and specificity. Bioanalytical methods must be
validated before use; the proposed RP-HPLC with UV detection method
was validated in accordance with the US FDA [29] and European
Medicines Agency (EMEA) guidelines [30] by assessing its selectivity,
accuracy, precision, and sensitivity.
MATERIALS AND METHODS

Instrumentation
Analysis was performed with a Shimadzu (Japan) prominence
chromatograph equipped with an LC-20AT solvent delivery system, a
universal loop injector (Rheodyne 7725) of injection capacity of 20 μl,
and an SPD-20A UV–visible detector set at 234 nm. The equipment
was controlled by a PC work station with clarity software. Compounds
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Chromatography of mixed standard solution simulated to marketed
formulation was also obtained.

Fig. 1: Chemical structure of drug molecule
were separated on Phenomenex Luna C18 column (250 mm×4.6 mm
i.d., 5-μm particle size) under reversed-phase partition conditions. For
the estimation of EZE and SIM, the mobile phase was an 85:15 % (v/v)
mixture of acetonitrile:acetate buffer pH 4.0 (pH 4.0±0.2, adjusted with
acetic acid). The flow rate was kept at 0.8 ml/min and the run time was
11 min. For weighing of the drug and tablet, weighing balance Dhona
100 DS model no. 11526 and Afcoset ER-200A (accuracy ±0.1 mg make
by The Bombay Burmah Trading Corpo. Ltd., Mumbai, Sr. No. 0412097)
was utilized. For plasma separation from blood, programmable
microcentrifuge (make by Bioera Life Sciences Pvt. Ltd.) Sr. No. LQK 236
A was utilized. For plasma-drug mixing, vortex mixer (make by Yorco
Sales Pvt. Ltd.) was utilized.

In a method of bioanalysis, mobile phase and sample solutions were
degassed by the use of a sonicator (Labman Scientific Instruments,
Chennai, 1.8 l, Serial No. L 6732) and filtered through a 0.22 µm
filter (Pall Corporation, Mumbai). The identity of the compounds was
established by comparing the retention times of compounds in the
mixed solution with those in standard solutions. Chromatography
was performed in an ambient temperature maintained at 27±1°C. The
UV spectrum of EZE and SIM for selecting the working wavelength of
detection was taken using a Shimadzu-1700 a double beam UV–visible
spectrophotometer (Shimadzu, Kyoto, Japan).
Reagents and chemicals
Pharmaceutically, pure samples of EZE and SIM were procured from
Swapnroop Drugs and Pharma, Aurangabad. HPLC grade acetonitrile,
water was obtained from Merck Life Sciences Pvt. Ltd. and acetic acid
(HPLC grade) was obtained from Qualigens India Pvt. Ltd., Mumbai,
India. Formulation Simvotin EZ (Sun Pharma) contains SIM 10 mg and
EZE 10 mg which was procured from local market.

Collection of plasma
To obtain plasma, human blood sample was drawn from the antecubital
fossa of the arm (skill of phlebotomy technique voluntarily provided by
local pathological laboratory). Blood was centrifuged (microcentrifuge
Bioera Life Sciences Pvt. Ltd.) at 4000 rpm for 10 min. The supernatant
clear plasma was carefully recovered in clean and dry tube and stored
in deep freezer until used.
Preparation of standard solutions of EZE and SIM
About 5 mg of each drug was accurately weighed separately and
transferred to separate 10 ml volumetric flasks. The pure drugs were
dissolved in mobile phase and the volume was made up to the mark,
i.e., 10 ml with mobile phase, sonicated for 10 min in sonicator and both
the solutions were marked as standard stock solution.
Linearity study of drugs in plasma matrix and plot of calibration
curve
Two hundred microliters of fresh plasma were transferred into 5 ml
volumetric flask, added 1 ml of SIM of conc. 500 μg/ml, volume was
made to 5 ml with mobile phase and homogenized on vortex shaker for
10 min. Plasma drug admixture was filtered through 0.22 μ membrane
filter and aliquots of solution were further diluted to obtain conc. in
the range of 400–4000 ng/ml, degassed, and injected 20 μl into the
column to obtain chromatograph. This process was repeated without
drug to obtain blank plasma and injected into the column to obtain
chromatograph. Similarly, EZE was processed to obtain chromatography.

The obtained chromatography was read and the peak areas were
measured. Peak areas were then plotted against their respective
concentrations for EZE and SIM. Standard regression curve analysis was
obtained by the use of Microsoft Office Excel software and correlation
coefficient, slope, and standard deviation were obtained.
Preparation of sample in plasma matrix
Tablets were triturated to fine powder, tablet powder equivalent to
5 mg each of SIM and EZE was weighed and dissolved in mobile phase
into 10 ml volumetric flask. Mixed well sonicated for 10 min and filtered
through syringe filter to obtain clear tablet formulation solution.
Two hundred microliters of fresh plasma were transferred into 5 ml
volumetric flask, added 1 ml of drug formulation containing 500 μg/ml
(as per label claim) each of SIM and EZE and volume was made to 5 ml
with mobile phase and homogenized on vortex shaker (vortex mixer,
Yorco Sales Pvt. Ltd.) for 10 min. The sample was filtered through 0.22 μ
syringe filter and further diluted.

Before injecting the formulation solution, solution was filtered through
syringe filter, degassed for 10 min in the sonicator, and injected
20 μl solutions in the column by Hamilton syringe. The obtained
chromatograph was read and the peak areas were measured to know
the conc. of tablet solution.

Validation
Bioanalytical method validation is essential to ensure the acceptability
of assay performance and the reliability of analytical results. Validation
of bioanalytical method is described in the US FDA draft in September
2013, EMEA guidelines. The method was validated to obtain calibration
curve, accuracy and precision, selectivity, and recovery.
Selectivity
The selectivity is the ability of an analytical method to differentiate and
quantify the analyte in the presence of other components in the sample.
Evidence was provided by testing blank plasma in the presence and
absence of analyte, i.e., standard mixed drug solution. For selectivity
study, mixed solution of EZE 2400 ng/ml and SIM 1600 ng/ml was used.

Accuracy and precision
The accuracy was determined by replicate analysis of samples
containing known amounts of the analyte. Three QC samples having
concentrations of 800 ng/ml, 1200 ng/ml, and 1600 ng/ml in the
study range of concentration were prepared and to this known amount
of analyte was added and added analyte was spiked by the proposed
method.
Recovery experiments should be performed by comparing the analytical
results for extracted samples at three concentrations (low, medium, and
high) with unextracted standards that represent 100% recovery.

Precision was studied by preparing and measuring five determinations
per concentration and three concentrations in the study range. The
conc. in the study range of 800 ng/ml, 1600 ng/ml, and 2400 ng/ml
was selected for both drugs precision study.

The precision determined at each concentration level should not exceed
15% of the coefficient of variation (CV) except for the lower limit of
quantitation (LLOQ), where it should not exceed 20% of the CV.

Calibration curve
The US FDA guideline recommends that a calibration curve should
be prepared in the same biological matrix as the sample in the
intended study by spiking the matrix with known conc. of the analyte.
To incorporate QCS in calibration study, the solutions one within 3
times the LLOQ (low QC), one in the middle (middle QC), and one
approaching the high end (high QC) of the range, in the conc. range of
400–4000 ng/ml were selected for both drugs.
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Analyte peak response should be identifiable, discrete, and reproducible,
and the back calculated concentration should have precision that does
not exceed 20% of the CV and accuracy within 20% of the nominal
concentration. As an LLOQ solution, the conc. 400 ng/ml was obtained
in plasma matrix and injected in the column.
Sensitivity
It is defined as the lowest analyte concentration (LLOQ) that can be
measured with acceptable accuracy and precision.

Reproducibility
Reproducibility of the method is assessed by replicate measurements
using the assay, including quality control samples.
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RESULTS AND DISCUSSION
Bioanalytical method development and validation
The objective of the validation of bioanalytical assay is to demonstrate
that it is suitable for its intended purpose. The results of pivotal nonclinical toxicokinetic/pharmacokinetic studies and of clinical trials,
including comparative bioavailability/bioequivalence studies, are used
to make regulatory decisions regarding the safety and efficacy of drug
products. It is, therefore, critical that the bioanalytical method used is
well characterized, appropriately validated and documented to ensure
reliable data to support regulatory decisions.
EZE and SIM are used for the treatment of hypertension, as
antihyperlipidemic. This research was focused on optimization of the

Fig. 2: Chromatograph of simvastatin in plasma (conc. 1600 ng/ml)

Fig. 3: Chromatograph of ezetimibe in plasma (conc. 800 ng/ml)

Fig. 4: Chromatograph of ezetimibe and simvastatin in plasma
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Table 1: Results for accuracy and precision
Parameter

Within batch n=5
Mean
% RSD
% RE
% Nominal

Concentration
LLOQ 400 ng/ml

LQC 800 ng/ml

MQC 1600 ng/ml

SIM

EZE

SIM

EZE

SIM

EZE

HQC 2400 ng/ml
SIM

EZE

384
2.243
-4.07
95.93

402
8.125
0.68
100.67

816
2.585
2.06
102.06

814
7.194
1.80
101.80

1625
0.525
1.57
101.57

1563
1.959
-2.26
97.73

2412
1.299
0.51
100.51

2416
0.508
0.67
100.67

LLOQ: Lower limit of quantitation, HQC: High QC, MQC: Middle QC, LQC: Low QC, SIM: Simvastatin, EZE: Ezetimibe, RSD: Relative standard deviation, RE: Relative error

Table 2: Results for recovery study

Level of study
(drug)

Conc. of drug in sample
(ng/ml)

Conc. of added analyte
(ng/ml)

Conc. of analyte found
(ng/ml)

Recovery in
%

Mean recovery*
(%)

LQC (SIM)

3200

800

3200

1600

98.25
101.875
89.375
96.25
101.87
97.51

96.50

MQC (EZE)

786
815
715
1540
1630
1560

*Mean of three. LQC: Low QC, MQC: Middle QC, EZE: Ezetimibe, SIM: Simvastatin

98.53

Fig. 5: Chromatograph of formulation
conditions for the simple and rapid as well as a low cost and effective
isocratic bioanalytical method including a selection of the proper
column and/or mobile phase to obtain satisfactory results.

To optimize mobile phase, chromatogram of both drugs was obtained
in mobile phase acetonitrile:water in the ratio of 70:30% v/v, both
drugs eluted but retention time of SIM was more than 15. Therefore, the
proportion of acetonitrile was increased to 80% that resulted into elution
of EZE within 10 min but SIM above 12 min. Mobile phase composition
was changed to methanol:water in proportion 80:20% v/v, the result was
improper resolution. Therefore, the mobile phase of acetonitrile:acetate
buffer in composition 85:15% v/v (pH 4.0 adjusted with acetic acid) was
selected for SIM and EZE. These changes resulted into elution of drugs
with reasonable retention factor and symmetry in peak.
To determine the appropriate wavelength for simultaneous
determination of EZE and SIM, solutions of these compounds in mobile
phase were scanned in the range of 200–400 nm. From the overlaid UV
spectra, suitable wavelength considered for monitoring the drugs was
234 nm (For SIM and EZE). It was observed that analytes absorbed well
at 234 nm, and at this wavelength, there was no interference from the
mobile phase or baseline disturbance, and it was, therefore, concluded
that 234 nm was the most appropriate wavelength for analysis of drugs
with suitable sensitivity.

Fig. 6: Calibration curve of both drugs prepared in plasma
The optimized mobile phase was selected for bioanalytical method
and processed plasma matrix quality control solutions of SIM and EZE
were chromatographed in mobile phase, as shown in Figs. 2 and 3. The
chromatograph with well-resolved peak was obtained for EZE and SIM
with retention time 3.917 and 8.93, respectively.
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Fig. 7: Chromatograph of blank plasma
Method validation
Selectivity for analyte
Evidence of the selectivity was provided by testing blank plasma in the
presence and absence of analyte, i.e., standard mixed drug solution of
conc. 2400 ng/ml and SIM 1600 ng/ml, as shown in Fig. 4.
Accuracy and precision
The accuracy and precision within the batch were calculated and results
are tabulated in Table 1. Precision was measured as the percentage of
relative standard deviation (%RSD) and accuracy was determined as
percentage relative error (% RE). The within batch %RSD was found in
the range of 0.525–2.585 for SIM and 0.508–8.125 for EZE at all conc.
levels. The data of % RE were varied between −4.07 and 2.06 for SIM
and −2.26 and 1.80 for EZE at all conc. levels. All the obtained values
were within acceptable limit as per guidelines.
Recovery of both the drugs was calculated by comparing the peak area
of analyte spiked along with plasma sample with that obtained from
plasma sample at same conc. for QC sample containing 800 ng/ml and
1600 ng/ml of SIM and EZE. Results for recovery are given in Table 2.

Reproducibility
Reproducibility of the method is assessed by replicate measurements
using the assay, including quality control samples, as shown in Fig. 5.

Calibration curve
As per recommendations of the US FDA guideline, a calibration curve
for both the drugs was established in the range of 400–4000 ng/ml by
linear regression analysis (Fig. 6). The regression equation obtained for
standard curve was y=0.0508x+0.0765 with coefficient of regression
(R2) 0.9997 for SIM and y=0.0276x+0.3615 with coefficient of
regression (R2) 0.9993 for EZE.
Selectivity for blank plasma
Blank plasma was tested in the absence of analyte and obtained
chromatography (Fig. 7) shows no interference of plasma matrix in
quantification of both the analytes. Moreover, the response of plasma
was considerable as stated in guidelines.
CONCLUSIONS

Both the drugs were estimated from the plasma, and any interference
of the plasma and matrix effect was not observed during the
development of simple isocratic RP-HPLC bioanalytical method with
UV detection. The method can be applied for relative bioavailability
and bioequivalence study of the drugs or/and dosage form. The method
is free from separation techniques such as solid-phase extraction or
liquid-liquid extraction, thus become the simplest technique. The
method was validated for accuracy, precision, specificity, and linearity.
The method also uses a solvent system with the same composition as
the mobile phase for dissolving and extracting drugs from the matrices,
thus minimizing noise. Thus, the proposed method is sensitive,

selective, requires a simple sample preparation procedure. The run
time is relatively short (11 min), which enables rapid quantification of
many samples. Moreover, this bioanalytical approach should represent
a good procedure of EZE and SIM determination in plasma.
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