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ABSTRACT

A sensitive and reproducible liquid chromatography-electrospray ionization-tandem mass spectrometry (LC-MS/MS)
method was developed and validated for the quantification of amlodipine in human plasma, with gliclazide as an inter-
nal standard (IS). The analyte was extracted with ethyl acetate and analyzed on a Diamond C;g (150 mm x 4.6 mm, 5
pm) column. The mobile phase was composed of methanol —10 mM ammonium acetate with gradient flow rates and
gradient conditions. Amlodipine and IS were ionized by positive ion pneumatically assisted electrospray and detected in
the multi-reaction monitoring (MRM) mode using precursor—productions of m/z 409.2—238.1, 294.1 and m/z
324.2—127.3, respectively. The specificity, matrix effect, recovery, sensitivity, linearity, accuracy, precision, and sta-
bilities were all validated over the concentration range of 0.05 - 12 ng/mL. The 90% confidence interval (CI) for AUC,,
AUC,., and C,, ratios (test: reference) were all within 80% - 125% interval proposed by FDA. It is concluded that the
validated method can successfully fulfill the requirement of clinical bioequivalence study of amlodipine in healthy
Chinese subjects after administration of amlodipine/losartan combination tablets and amlodipine tablets, and the test
and reference tablets were bioequivalent.
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1. Introduction chlorophenyl)-3-ethoxycarbonyl-5-methoxycarbonyl-6-
methyl-1,4-dihydropyridine (Figure 1(a)), is a potent
calcium channel blocker used for the treatment of hyper-
tension and angina pectoris. It has high bioavailability,
large volume of distribution and long elimination half-
life (t;,) ranging from 35 to 45 h [6,7]. It has been re-
ported that low plasma amlodipine concentrations are
achieved after oral administration [8], therefore, a sensi-
tive and specific analytical method is essential for deter-
mination of amlodipine in human plasma.

Numerous analytical methods have been reported for
the quantification of amlodipine in plasma, such as gas
chromategraphy (GC) with electron capture detection [9,
10], high performance liquid chromatography (HPLC)
with fluorimetric detection [7,11] or with UV detection
— - - - [12], or with electrochemical detection [13,14], high-
Pzggtz;ggg%%%_(t)};z_(l;ggjfr National Science and Technology o fyrmance thin-layer chromatography-densitometry [15]
#Corresponding author. and liquid chromatography-tandem mass spectrometry [6,

Calcium channel blockers have been widely used in the
treatment of hypertension and angina pectoris, and com-
bination therapy with an angiotensin II receptor blocker
would enhance antihypertensive activity with greater effi-
cacy and better tolerability, which maximize the blood
pressure-lowering effects and minimize the severity of
their side effects of each component [1-3].

Losartan is an active and highly specific non-peptide
angiotensin II receptor blocker for the treatment of hy-
pertension and heart failure. Its major active metabolite,
EXP3174 is 10 to 40 times more potent than parent
losartan in blocking the angiotensin II [4,5].

Amlodipine, (R,S)-2-[(2-aminoethoxy) methyl]-4-(2-
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16-19]. However, the sensitivity of the HPLC-UV method
is inadequate due to the low absorbance of the analytes,
and the sensitivity of the gas chromatography (GC)
methods was improved, but the major disadvantage is the
thermal decomposition of amlodipine to the pyridine ana-
logue under GC conditions, which is already present in
plasma as a metabolite. HPTLC procedure requires 2 mL
of human plasma at sensitivity of 2 ng/mL [15], and the
linearity range from 0.1 - 20 ng/mL did not fulfill the
requirement for a much low limit of quantitation (LLOQ)
of amlodipine pharmacokinetic studies. Liquid chroma-
tography-electrospray ionization-tandem mass spectrome-
try (LC-MS/MS) methods with the LLOQ of 0.1 ng/mL
by Shentu et al. [18] and Carvalho et al. [19] for am-
lodipine and by Sarkar et al. [20] for simultaneous de-
termination of metoprolol and amlodipine in human
plasma, all couldn’t meet the requirements amlodipine
human pharmacokinetic studies.

Sample pretreatment has also been an item of interest
for the analysis of amlodipine in biological samples. Pre-
vious methods included solid-phase extraction (SPE),
protein precipitation and Liquid-liquid extraction (LLE).
SPE is relatively expensive, time-consuming and com-
plex for a large number of samples collected and treated.
X-Terra (C18) [21], HLB cartridges [6,22], silica car-
tridges [7] and online solid-phase [18,23] have been
studied as well, but a relatively complicated procedure
for elution of amldoipine from the column is required.
After protein precipitation, the samples remained impure
and were with the risk of column blocking and poor re-
sponse [12]. LLE with diethylether/hexane (80:20, v/v)
[19], methyl tert-butyl ether [24] or diethylether [25] has
been reported, but hexane was toxic and expensive,
methyl tert-butyl ether and diethylether were easy to
evaporate and mixed solvent required complicated prepa-
ration procedures.

In this study, a simple, sensitive, precise, economical
and less toxic LC-MS/MS method based on the LLE with
ethyl acetate for the determination of amlodipine in plasma
was established and applied to bioequivalence study of
amlodipine in healthy Chinese subjects. Gliclazide (Fig-
ure 1(b)) was used as an internal standard (IS).

2. Experimental
2.1. Reagents and Materials

The standards of amlodipine besylate (lot: 100,374 -
200,602) and gliclazide (IS, lot: 100,269 - 200,402) were
obtained from the National Institute for the Control of
Pharmaceutical and Biological Products, Beijing China.
Methanol (lot: K50E30) and ethyl acetate (lot: H39B05)
were both of HPLC grade, from J. T. Baker. Ammonium
acetate (lot: 10,133,751) was analytical grade, from A
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Figure 1. The chemical structures of amlodipine (a) and
gliclazide (b).

Jonson Mattery Company. Blank human plasma was
provided by Shandong Blood Center. Purified water was
obtained from the Company of Wahaha. The Compound
Amlodipine Tablets (lot: 100,901), 5 mg amlodipine and
50 mg losartan per tablet, was provided by Shangrui
Pharmaceutical (Si-Chun) Co., Ltd, China. Amlodipine
Besylate Tablet (5 mg per tablet, lot: 1,005,061), was
provided by Pfizer Inc.

2.2. Instrumentation

Agilent 1200 series HPLC system (equipped with a
G1312B duplex pump, a G1379B vacuum degasser, a
G1316B thermostated column compartment and a G1367C
autosampler) and an Agilent 6410 Triple Quadrupole
mass spectrometer equipped with an electrospray ioniza-
tion source (Agilent Technologies, USA) were used for
mass detection. The chromategraphic separation was
achieved on a Diamond Cig (150 mm % 4.6 mm, 5 pm)
column. All data were acquired employing Agilent 6410
Quantitative Analysis version analyst data processing
software.

2.3. LC-MS/MS Conditions

The chromatographic separation was achieved on a Dia-
mond Cjg column (150 mm x 4.6 mm, 5 um) at 30°C
with a thermostated column oven. The mobile phase was
methanol mixed with 10 mM ammonium acetate solution,
with gradient flow rates and varied ratio of mobile phase
(Table 1). The injection volume was 20 pL.

Mass spectrometric analysis was performed on a Se-
ries 6410 Triple Quad LC-MS/MS in electrospray posi-
tive ionization using multiple reaction monitoring (MRM)
mode. The mass transition was m/z 409.2—238.1, 294.1
for amlodipine and m/z 324.2—127.3 for IS, respecttively.
The other working parameters of the mass spectrometer
were as follows: dwell time (200 ms); protective air of
nitrogen gas (9 L/min); gas temperature (350°C); spray
gas pressure (350 Pa); capillary voltage (4000 V); nebu-
lizer pressure (45 psi); the fragment electric voltage (120
V for amlodipine and 110 V for IS); the collision energy
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Table 1. The program of amlodipine plasma concentrations
determination.

Time (min) %B’ Flow (mL/min)
0~5 80 0.5
5~5.1 90 0.8
51~85 90 0.8
8.5~95 80 0.8
9.5~10 80 0.5

%B": the proportion of the organic phase.

(12 eV for amlodipine and 17 eV for IS) and the EMV
(200 V).

The column was washed with a 95:5 water-methanol
(v/v) mobile phase for 40 min and then with methanol for
40 min between batches.

2.4. Preparation of Standard Solutions,
Calibration Standard and Quality Control
Samples

Because of amlodipine’s photo labile property, the whole
process of the experiment must be operated in the dark
place.

The accurately weighed amlodipine besylate and gli-
clazide (IS) were dissolved in methanol to result in 1
mg/mL mother liquor of amlodipine (equivalent to ap-
proximately 1 mg/mL of the free base) and IS, respec-
tively. Working standard solutions of amlodipine in the
concentration range of 1.25 - 300 ng/mL were prepared
by independent dilution of 1 mg/mL stock solution with
10 mM ammonium acetate-methanol (20:80, v/v). The IS
was dissolved with 10 mM ammonium acetate-methanol
(20:80, v/v) to get an 80 ng/mL standard working solu-
tion. All solutions were stored at 4°C and dark places
with no evidence of decomposition, and equilibrated to
room temperature before use (approximately 15 min).

The calibration curve standard and quality control (QC)
samples were freshly prepared by spiking 20 uL of the
appropriate standard solutions with drug-free human
plasma. The final concentrations of calibration standard
in plasma consist of eight nonzero concentrations (0.05,
0.1, 0.2, 0.5, 1.0, 3.0, 6.0, 12.0 ng/mL), and QC samples,
which were used in the validation and during the bio-
equivalence study, were 0.1 (LQC), 1.0 (MQC) and 10.0
ng/mL (HQC) for amlodipine. The human plasma vol-
ume for calibration and QC samples was 0.5 mL.

2.5. Disposition of Samples

A liquid-liquid extraction method was used for the ex-
traction of amlodipine and IS from plasma. 0.5 mL plasma
sample was mixed with 20 pL of the IS working solution
(80 ng/mL gliclazide in mobile phase) and 4 mL of ethyl
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acetate, vortex-mixed for 3 min, and centrifuged at 8000
rpm for 5 min. Then, 3.2 mL organic phase was trans-
ferred to a clean tube and evaporated to dryness under
gentle stream of nitrogen gas at 37°C. The residue was
reconstituted with 200 pL mobile phase, and 20 pL was
injected onto the LC-MS/MS for analysis.

2.6. Method Validation

The assays of amlodipine in human plasma were vali-
dated for assay specificity, matrix effect, recovery, sensi-
tivity, linearity, precision, accuracy, and stability ac-
cording to the US Food and Drug Administration (FDA)
[26] and Chinese State Food and Drug Administration
(SFDA) guidelines for the validation of bioanalytical
methods.

2.6.1. Specificity

Chromatograms of six different lots of blank human
plasma were identified for inspecting analytes from the
potential interference of endogenous substances at the
peak region (amlodipine and IS).

The specificity of the method was evaluated by com-
paring chromatograms of blank plasma, amlodipine and
IS standard, blank plasma spiked with amlodipine and IS,
plasma sample from a subject after oral administration of
compound amlodipine tablets (10 mg/100mg, amlodip-
ine/losartan).

2.6.2. Matrix Effect

Blank plasma samples were extracted and then spiked
with amlodipine at three concentration levels (0.25
ng/mL as low, 2.5 ng/mL as medium and 25 ng/mL as
high) and IS in five replicates at each concentration level,
respectively, to evaluate the matrix effects of plasma.
The corresponding peak areas were compared with those
of standard solutions, and peak area ratio was defined as
the matrix effect. The matrix suppression was assessed
by post-column infusion of an analyte with a syringe
pump post column into the MS detector. The extracted
blank matrix was injected by an autosampler onto the
analytical column. The MS monitored the signal level
from post-column infused analyte solution when inject-
ing blank plasma sample.

2.6.3. Recovery

The extraction recoveries of amlodipine were evaluated
by comparing peak areas of amlodipine extracted from
plasma with those of samples to which the analytes had
been added after extraction at equivalent concentrations.
Five replicates for each QC level were performed with
the established extraction procedure. The extraction re-
covery of IS was evaluated in a similar way at 3.2 ng/mL.
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2.6.4. Calibration Curves

The calibration curve was prepared by analyzing spiked
calibration samples at eight different concentration levels
on every batch of analysis. Every calibration standard
was injected in five replicates. Calibration curves were
typically described by the equation y = ax + b, where y
corresponds to the peak-area ratio of amlodipine to IS
and x represents the plasma concentration of amlodipine.
The linearity of calibration curve was assessed by linear
regression with a weighting factor of the reciprocal of the
concentration squared (1/x%). The low limit of quantifica-
tion (LLOQ) was evaluated by analyzing five replicates
of spiked samples at the concentration of 0.05 ng/mL
with acceptable precision.

2.6.5. Precision and Accuracy

The intra- or inter-assay precision and accuracy were
assessed by analyzing spiked samples at three concentra-
tion levels in human plasma (0.1 ng/mL, 1 ng/mL and 10
ng/mL) on the same day or on three consecutive days,
and five replicates at each concentration level were ap-
plied. The mean value of RE for the accuracy should be
within 15% of the actual value except at LLOQ, where it
should not deviate by more than 20%. The relative stan-
dard deviation (RSD) or CV%, for the precision, deter-
mined at each concentration level should not exceed 15%
except at LLOQ, where it should not exceed 20%.

2.6.6. Stability

The stability of amlodipine in plasma was evaluated by
analyzing samples with five replicates at each concentra-
tion level under different study conditions, including the
post-extracted samples in the HPLC auto-samples for 0 h
(fresh samples) and 7 h at ambient temperature (24°C +
2°C), the plasma samples of three QC levels after storage
at —20°C for 1, 7 and 106 days respectively, and after one
or two freeze-thaw cycles (—20°C to 25°C). The samples
were processed as described above and the criterion for
acceptability of the data is the same with that for the pre-
cision and accuracy.

2.7. Pharmacokinetic Study

This randomized, open-label, single-dose, two-crossover
bioequivalence study was conducted at the Institute of
Clinical Pharmacology, Qilu Hospital of Shandong Uni-
versity. The protocol was approved by the Ethics Com-
mittee of Qilu Hospital, Shandong University, Jinan,
China, and the study was conformed to the principle of
the Declaration of Helsinki.

Twenty four healthy Chinese male subjects, aged 21 to
29 years, were involved for the study. All subjects in-
cluded were within the permitted range for their height
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and frame, in good health, and had no major organ dys-
function as determined by medical history, physical ex-
amination, electrocardiogram (ECG) findings, and rou-
tine laboratory testing. All subjects agreed to participate
in the trial and signed the approved informed-consent
form voluntarily.

Subjects arrived at the study center in the evening be-
fore dosing and fasted for at least 10 hours. Each Subject
enrolled in the study was uniquely assigned, according to
a predetermined randomization schedule which provided
the order of treatments. Subjects received two tablets of
compound amlodipine tablets (10 mg/100mg, amlodip-
ine/losartan) or two tablets of amlodipine besylate tablets
(10 mg) and losartan potassium tablets (100 mg). Sub-
jects ingested the tablets with 250 mL of water without
chewing or crushing, no water was allowed 1 h before
and 2 h after the administration under supervision of
study personnel. A washout period of 14 days separated
the two periods. Tolerability was assessed by physician
examination and laboratory testing. Each subject re-
ceived a physical monitoring and laboratory safety tests
prior to leaving the institute in the morning of the 17th
day.

Blood samples were drawn at pre-dose (baseline) and
at 0.25,0.5,0.75, 1, 1.5,2, 3,4, 5,6, 8, 10, 12, 24, 36, 48,
72, 96, 144 and 168 hours post-dose during each study
period. Samples were immediately collected into so-
dium-heparinized tubes and centrifuged at 5000 rpm for
5 minutes at 4°C within 30 minutes of collection. Plasma
was separated, transported into EP tubes, and stored at
—20°C for pending analysis.

2.8. Statistical Analysis

The bioequivalence of the test and reference formulations
was assessed by calculating individual test/reference ra-
tios for the peak of amlodipine concentration (C,,.), arca
under the plasma concentration-time curve from 0 to last
measurable time (AUC,;) amd from 0 to infinity (AUC_,,).
The pharmacokinetic parameters including C,,., time to
maximum plasma concentration (T,,,) were calculated
directly from the measured data. The terminal elimina-
tion half-life (t;,), AUC,, and AUC,.,, were calculated
by using Drug and Statistics Software-Version 2.0 (DAS,
version 2.0.1, by Sun Ruiyuan et al., China).

All data are presented as mean =+ standard deviation.
Statistical significance was assessed by two-way factorial
analysis of variance test followed by Duncan’s multiple
comparison between groups. Based on guidance from the
Food and Drug Administration (FDA) definition, a 90%
confidence interval (CI) of the In-transformed ratios
should fall between 80% and 125%. A probability level
of p <0.05 was considered to be statistically significant.
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3. Results
3.1. Method Validation

3.1.1. Specificity

Typical MRM chromatograms of blank plasma, am-
lodipine and IS standard, blank plasma spiked with am-
lodipine and IS, plasma from a subject after administra-
tion of amlodipine test tablets spiked with IS were shown
in Figure 2. At least six blank plasma samples from dif-
ferent individuals were examined for the specificity of
the method. Retention times of amlodipine and IS were
4.8 and 3.7 min, respectively. No significant interference
were observed in the endogenous blank human plasma at
the retention times of amlodipine and IS during analysis.

3.1.2. Matrix Effect and Extraction Recovery

Matrix effect and extraction recovery data from plasma
of individual subjects who did not receive amlodipine
were summarized in Table 2. The extraction recoveries
of amlodipine at three concentrations in plasma were all
over 60%, and IS over 80%. No matrix suppression from
blank plasma was observed during analysis, indicated
that the analytical method could be kept free endogenous
substances in human plasma.
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3.1.3. Calibration Curve and LLOQ

Correlation coefficient (1*), which indicates linearity over
the calibration range of amlodipine, was calculated by
using the 1/x* model. The calibration curve was linear
over the amlodipine concentration ranges of 0.05 - 12
ng/mL in human plasma with a coefficient of correlated
() > 0.99. A typical equation of the calibration curve
was y = 0.6630x — 0.00065 (r* = 0.9918).

The LLOQ (0.05 ng/mL) was defined with acceptable
accuracy and precision. The analyte response at the
LLOQ should be at least five times the response of blank
baseline. A good signal-to-noise ratio (S/N > 10) was
observed at the LLOQ. Intra-assay precision and accu-
racy were satisfactory for the LLOQ, and RSD values
were less than 5% (Table 3).

3.1.4. Precision and Accuracy

Precision and accuracy data for intra- and inter-day
plasma samples of amlodipine are shown in Table 4. The
intra-day and inter-day precision values (RSD) were less
than 8.6%, and the accuracies were ranged from 98.9%
to 106.9%. The results demonstrated that the precision
and accuracy of this assay were within the acceptable
range and the method was accurate and precise.
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Figure 2. Typical MRM chromatograms of amlodipine and IS. ((a) Blank human plasma; (b) Standard of amlodipine (2.5
ng/mL) and IS (8 ng/mL); (c) Blank human plasma spiked with amldoipine (1 ng/mL) and IS (3.2 ng/mL); (d) Plasma sample

of subject NO. 5 after 8 h of oral administration in period 1).
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Table 2. Matrix effect and extraction recovery of amlodipine and IS in human plasma (n = 5).

Nominal Matrix effect Extraction recovery
Concentration Mean + SD RSD Mean £+ SD RSD
(ng/mL) (%) (%) (%) (%)
0.1 98.64 +5.85 5.93 66.72 £ 7.68 11.51
1 97.64 £ 5.00 5.12 64.26 +3.71 5.78
10 100.38 £ 6.58 6.56 65.19+4.15 6.36
3.2 (IS) 98.67 + 852 8.64 81.68 +4.40 5.39
Table 3. The analyte response at the LLOQ in human plasma (n = 5).
Nominal Actual
Concentration Concentration Mean SD RSD (%) ACE;; )a &y
(ng/mL) (ng/mL)
0.048 97.0
0.053 106.9
0.05 0.052 0.051 0.002 4.23 104.1
0.05 100.0
0.049 97.6

Table 4. Intraday and interday precision and accuracy for analysis of amlodipine in human plasma (n = 5).

Nominal Intra-day Inter-day
Concentration
Mean + SD Accuracy (%) RSD (%) Mean = SD Accuracy (%) RSD (%)
(ng/mL)
0.1 0.10+0.01 100.0 8.54 0.10+0.007 101.5 7.05
1 1.07 £ 0.05 106.9 4.32 1.04 £0.05 104.1 5.16
10 9.90 +£0.45 99.0 4.58 9.89+0.54 98.9 5.46
3.1.5. Stability of amlodipine was illustrated in Figure 3. In addition, the

The stability results of amlodipine in plasma were sum-
marized in Table 5. The results indicated that amlodipine
were stable in plasma after storage at —20°C for 106 days,
and for two freeze-thaw cycles. Processed samples were
allowed to stand at room temperature in reconstituted
solution for 7 h prior to analysis, with no observed effect
on results of quantification. The data conform to the ac-
ceptance criteria.

3.2. Pharmacokinetics

The whole assay was conducted strictly in accordance
with the current Good Clinical Practices. In total, 24
healthy male subjects completed the study, and under-
went PK and safety evaluations. The demographic pro-
files did not differ compared with the previous, all oral
doses were well tolerated by the subjects, as no adverse
events reported. Mean PK parameters derived from 24
male subjects after the administration of 10 mg amlodip-
ine tablets and the 90% CI for the treatment ratio (test:
reference) of AUC,.,, AUCy.., Crax Were all listed in Ta-
ble 6. The mean plasma concentration-time curve after a
single oral dose of test and reference tablets formulation

Copyright © 2013 SciRes.

calculated 90% CI for mean C,,,, AUCy; and AUC,_,
were within the 80% - 125% bioequivalence limit de-
fined by the US Food and Drug Administration. Sup-
ported by these data, pharmacokinetic parameters (Tax,
Cax» AUCq, AUCy., and t;,) were similar between the
reference and test products.

4. Discussion
4.1. Method Development

4.1.1. Selection of IS

A stable analyte has to be used as IS to deal with sample
matrix effects. It was difficult to find a compound that
could ideally mirror the analyte to serve as a suitable IS.
The chosen of IS should match the chromatographic
properties, recovery and ionization properties of the ana-
lyte. In the initia phase, several compounds were inves-
tigated, such as lorazepam, matrine, ammothamnine and
theocin, but the former three had long retention time and
theocin had double humps. Finally gliclazide, a readily
available compound, was selected as the IS in positive
ion mode. Its chromatographic behavior and extraction
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Table 5. Stability data of amlodipine in human plasma at various conditions (n = 5).

Nominal
Condition Concentration Mean + SD RSD (%) Accuracy (%)

(ng/mL)
Fresh samples 0.1 0.10+0.01 11.35 101.0
1 1.02 +£0.04 4.02 102.1
10 9.42 £0.90 9.59 94.2
0.1 0.104 £0.01 8.72 104.1

Post-extracted samples, 25°C, 7 h
1 0.94 +0.06 5.96 93.9
10 10.37 +0.68 6.54 103.7
0.1 0.11 +£0.004 3.84 111.3
Two freeze-thaw cycles

1 1.00£0.11 10.99 99.9
10 10.43 £ 0.96 9.23 104.3
—20°C, 106 days 0.1 0.10 +0.006 6.28 97.3
1 0.99 +0.03 3.30 99.1
10 9.87+0.37 3.70 98.7

Table 6. PK parameters of amlodipine after a single dose of compound amlodipine tablets (10 mg/100mg, amlodipine/losartan)
and amlodipine tablets (10 mg)/losartan tablets (100 mg) after oral administration to 24 healthy male subjects.

Test

Parameter Mean + SD

Reference
Mean + SD

Ratio T/R (P-value) 90% CI

AUC,., (ng-h/mL) 360.743 + 113.718

344.504 +108.412

102.97% (0.167) 99.0% ~ 111.3%

AUC ., (ng-h/mL) 386.706 + 132.747 375.541 £ 145.515 104.71% (0.303) 97.5% ~111.3%
Cinax (ng/mL) 9.057 £2.267 9.065 +1.721 99.91% (0.655) 93.3% ~ 104.1%
Tinax (h) 5.20+2.10 530+2.44 98.11% -
tip (h) 43.6+£12.24 453 £15.55 96.25% -

Relative bioavailability (%) 106.9% = 21.3%

Mean Concentration - Time profiles of Amlodipine

—
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—
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|
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Figure 3. Mean plasma concentration-time profile of am-
lodipine after administration of the compound amlodipine
tablets (10 mg/100mg, amlodipine/losartan) and amlo-dip-
ine tablets (10 mg)/losartan tablets (100 mg). (Mean £ SD, n
=24)

efficiency were similar to amlodipine, stable in plasma
and reproducible in the LC/MS/MS system. In addition,
there were no interferences from amlodipine and en-
dogenous substances.

4.1.2. Sample Pre-Treatment

A sample pre-treatment method should remove interfer-
ences from the biological sample and also be reproduci-
ble with a high recovery involving a minimum number of
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working steps. Protein precipitation (PPT), liquid-liquid
extraction (LLE) and solid-phase extraction (SPE) were
tested to obtain a simple and excellent plasma prepara-
tion procedure. PPT was easy to dilute the sample, but
failed to sufficiently remove endogenous interference.
SPE had too many disturbances, which contributed to
poor reproducibility and poor recovery. What is more,
the column for SPE is relatively expensive for a large
quantity of samples. LLE was advantageous for produc-
ing chromatographia clean samples with sufficient effi-
ciency and specificity, and it also minimized cost. In ad-
dition, LLE was essential for minimizing ion suppression
and matrix effects in HPLC-MS/MS analysis. LLE with
various extraction solvents, including ethyl acetate, di-
ethyl ether-dichloromethane (2:1, v/v) and diethyl ether,
was investigated and evaluated for acceptable extraction
recoveries and matrix effect. Diethyl ether, extraction
recoveries were about 20.12% and unacceptable, chloro-
form was easy to emulsify when the sample was made
vortex and mixed, and its recover was about 31.20%.
Ethyl acetate was adopted with the weakest matrix effect,
no-concentration-dependent extraction recovery and ac-
ceptable matrix effect. Furthermore, sodium hydroxide (1
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mol/L) added to extraction solvents was also tested, and
there were not significant difference for peak area and
retention time of amlodipine.

Solvents for reconstituting residues were also investi-
gated to optimize the chromatographic behaviors. Ace-
tonitrile, methanol, 10 mM ammonium acetate and mo-
bile phase were compared and evaluated for optimizing
peak shape and maximum peak response. Finally, mobile
phase with good peak shape and maximum response was
adopted.

4.1.3. Liguid Chromatography

A simple chromatographic separation was developed for
amlodipine with acquisition of good separation. Compo-
sitions of mobile phase were investigated to optimize the
chromatographic behaviors of amlodipine. The feasibility
of various mixtures of solvents such as acetonitrile and
methanol using different buffers, such as ammonium
acetate, ammonium formate and formic acid, along with
altered flow-rates (in the range of 0.5 - 1 mL/min), was
tested to identify the optimal mobile phase that produced
the best sensitivity, efficiency and peak shape. Finally,
chromatographic separation was operated by gradient
flow rates and varied ratio of mobile phase system con-
sisting of methanol —10 mM ammonium acetate to sup-
press the matrix effect from blank plasma in positive
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ionization mode. As the temperature increased, the peak
area of amlodipine became smaller and retention time
appeared earlier, therefore, the column temperature was
maintained at 30°C.

4.1.4. Mass Spectrometry Optimization
MS parameters were tuned in both positive and negative
ionization modes for amlodipine and IS. However, a
good response was found in positive ionization mode.
The solutions containing amlodipine and IS were injected
directly into the mass spectrometer. Under these condi-
tions, the analytes yielded major ions at [M + H]" m/z
409.2 and [M + Na]" m/z 431.2 for amlodipine and [M +
H]" m/z 324.2 for IS. Each of precursor ions was sub-
jected to collision-induced dissociation to determine the
resulting product ions. The product ion mass spectra of
amlodipine and IS are shown in Figure 4. Compared
with [M + H]" mode, a poor linearity for [M + Na]" (data
not shown) and a good response was found in [M + H]"
mode. Finally, the most sensitive and abundant mass
transitions was monitored from m/z 409.2—238.1 (quan-
titation), 294.1 (qualitation) for amlodipine, and 324.2—
127.3 for IS.

Above all, the sensitive and specific LC-MS/MS method
in this study allowed a better characterization of the PK
profiles of amlodipine.
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Figure 4. MS spectrum of amlodipine and IS with full-scan positive product ion mass spectra. ((a) Precursor ion spectrum of
amlodipine; (b) Product ion spectrum of amlodipine; (c) Precursor ion spectrum of IS; (d) Product ion spectrum of IS).
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4.2. Bioequivalence Evaluate

As reported in the literatures, amlodipine is extensively
metabolized in the liver and then redistributed into the
systemic circulation, resulting in a long time to Cy (6 -
12 hours) and a long elimination half-life t;, (30 - 50
hours) in healthy subjects [27]. Amlodipine has large vol-
ume of distribution and it exhibits a high degree of pro-
tein binding (98%). Bioavailability is 60% - 65% due to
first pass metabolism [18,28]. Compared with single prepa-
rations of amlodipine, our results show that there is no
significant difference in PK parameters of amlodipine.

After two-one side t-test following ANOVA to Cmax,
AUC,, and AUC,_,, no significant difference was found
among compound amlodipine tablets (10 mg/100mg, am-
lodipine/losaran) and 10 mg amlodipine tablets in 24
healthy male subjects. The 90% CI of test and reference
mean ratio for Cmax, AUC, and AUC,.,, were all ranged
from 80% to 125%. Therefore, it was concluded that both
formulations (test and reference) achieved equivalent
bioavailability.

5. Conclusions

In summary, a highly sensitive, specific, reproducible
and high-throughput LC-MS/MS method was developed
and validated based on the procedure of LLE for quanti-
fication of amlodipine pharmacokinetic and bioequiva-
lence studies. The extraction procedure and LC-MS/MS
conditions were optimized inorder to improve the sensi-
tivity and robustness of the method. Finally, the achieved
limit of quantification (0.05 ng/mL) was sensitive for
plasma amlodipine determination and for its the phar-
macokinetic parameters calculation, and the procedure
was fully validated to meet the requirements for sensitiv-
ity, accuracy and precision defined by State Food and
Drug Administration and GLP Guidelines for Industry
where more than 2200 samples were analyzed.

The amlodipine relative bioavailability between 10 mg
amlodipine/100mg losartan compound amlodipine tablets
as test and 10 mg amlodipine tablet as reference was as-
sessed by calculating individual test/reference ratios for
AUC,, and pharmacokinetic profiles indicated bioequiva-
lence since all ratios were as proposed by FDA. Accord-
ing to the validation parameters, it concluded that the
developed method could be useful for amldoipine bio-
equivalent studies and routine therapeutic drug monitor-
ing with desired precision and accuracy, and this study
may be extended to determine the pharmacokinetics of
amlodipine in patients and also to examine the drug-food
or drug-drug interaction in combination therapy.
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