
INTRODUCTION

Azelnidipine (Fig. 1) (±)-(3)-(1-diphenylmethylazetidin-

3-yl)-5-isopropyl-2-amino-1, 4-dihydro-6-methyl-4-(3-

nitrophenyl)-3,5-pyridine dicarboxylate, is a new dihydro-

pyridine derivative with calcium antagonistic activity. Whereas

all the existing dihydropyridine calcium blockers have two

methyl groups located at the 2- and 6-positions of the dihydro-

pyridine ring, one methyl group at the 2-position is substituted

by an amino group in the azelnidipine molecule. After a

conduct of a series of preclinical and clinical studies1-4, this

drug was launched into the market as CALBLOCK® in Japan

in 2003. Azelnidipine occurs as two enantiomers due to an

asymmetric carbon at the 4-position of the 1,4-dihydropyridine

ring. Numerous methods have been published for the quanti-

tative determination of dihydropyridine calcium blockers in

plasma, including gas chromatography combined with different

detectors5-7 or high performance liquid chromatography

(HPLC) coupled with UV and MS/MS detection8-11. Regarding

the simultaneous determination of the calcium antagonist and

the metabolite, nicardipine and the aromatized nicardipine

(pyridine metabolite) in human plasma have been measured

by HPLC method12. A quantitative liquid chromatography of

azelnidipine and related impurities, a novel dihydropyridine

calcium channel blocker, in human plasma by ultra-perfor-

mance liquid chromatography-tandam mass, method suitable

for the routine analysis of azelnidipine. This paper describes

a sensitive, specific and rapid method for analysis of azelnidipine
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Fig. 1. Chemical structures of (A) azelnidipine and (B) Ethyl derivative of

azelnidipine

and related impurities, a novel dihydropyridine calcium

channel blocker, in human plasma by ultra-performance liquid

chromatography-tandam mass.

Several articles described the pharmacokinetics of

azelnidipine in Japanese volunteers13-16. But the pharmaco-

kinetic profile of the drug in Chinese volunteers has not been

reported. Recently, a new formulation of azelnidipine tablet

was developed by Jiangsu Kanion Pharmaceutical Co., Ltd.

(Lianyungang, China) and approved by State Food and Drug

Administration of China to be put into phase I clinical trial.

As entrusted by Jiangsu Kanion Pharmaceutical Co., Ltd., the

investigation of the pharmacokinetics of the drug in Chinese

volunteers was carried out. After an oral dose of 8 mg the

maximum plasma concentration of azelnidipine in adult

humans is 5 ng/mL.

EXPERIMENTAL

Azelnidipine and ethyl derivative of azelnidipine (IS) were

donated by Chandan Laboratories Limited (Hyderabad,

India). Acetonitrile and distilled water (DW) of the HPLC grade
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were purchased from Merck Research Laboratories India.

Other common chemicals used were of the highest purity

commercially available.

Solid-phase extraction procedure: The solid-phase

extraction of azelnidipine and IS was performed essentially

according to previous report12 with minor modifications. One

mL volume of plasma containing or not containing azelnidipine

was mixed with 5 ng IS and 2 mL of 200 mM HCl, vortex-

mixed for 1 min and centrifuged at 1600 rpm for 5 min. For

solid-phase extraction, the supernatant fraction was applied

to an Oasis HLB cartridge (60 mg, 3 cc; Waters Model Alliance

2489) preconditioned with 3 mL methanol and 3 mL distilled

water. Each cartridge was washed with 3 mL distilled water.

The columns were dried under vacuum for 10 s. The analytes

were eluted with 3 mL chloroform and the eluate was evapo-

rated to dryness under nitrogen stream at room temperature.

The residue was reconstituted in 25 µL of MeOH and 75 µL

of 0.1 % formic acid and vortex-mixed for 1 min.

UPLC-MS/MS conditions: The liquid chromatography

(LC) instrument used in combination with an MS/MS detector

was a Waters Acquity UPLC system, including an Acquity

UPLC binary pump and a sample manager (Waters). The column

used for chromatographic separation was Acquity UPLC BEH

C18 (50 mm × 2.1 mm. particle size 1.7 µm; waters). The column

temperature was maintained at 40 ºC and the following gradient

system was used with a mobile phase A (20 mM ammonium

acetate aqueous solution) and mobile phase B (0.1 % formic

acid in acetonitrile) delivered at 0.5 mL/min. The linear gradient

program was: 70 % A/30 % B (0 min)-5 % A/95 % B (4 min).

The final mobile phase was used as a wash solvent to avoid

any carry-over from previous injections. The auto sampler was

maintained at 4 ºC and the injection volume was 5 µL. The

total run time for each sample analysis was 6 min. The MS/

MS detection was made using peak areas in a positive ion

mode on a tandem quadrupole mass spectrometer (Acquity

TQD; Waters) equipped with electrospray ionization (ESI)

interface. Quantitation was performed using selected reaction

monitoring (SRM) with the transitions of m/z 580 → 168 for

azelnidipine and m/z 566.5 → 168 for IS. The optimal MS

parameters were: capillary voltage, 3.0 kV; cone voltage, 30 V;

source temperature, 120 ºC; desolvation temperature, 450 ºC;

desolvation and cone gas, nitrogen with flow rates of 800 and

50 L/h, respectively; collision gas, argon with a flow rate of

0.15 mL/min; the optimized collision energies for azelnidipine

and IS, 25 eV each.

Human experiments: The assay was used to determine

azelnidipine in plasma samples after administration a dose of

8 mg azelnidipine to 12 healthy volunteers in a clinical study.

The clinical study protocol was reviewed and approved. All

volunteers were given written informed consent to participate

in the study according to the principles of the declaration of

Helsinki. Twelve healthy young volunteers participated in the

study. For these 12 volunteers, their mean age was 20 years

(range: 18-22 years); mean body weight was 59.5 kg (range:

52-71 kg). Following an overnight fast, each volunteer received

one tablet containing 8 mg azelnidipine. Standard meals were

provided after 4 h post-dose. Blood samples were collected

pre-dose and at 0.5, 1, 1.5, 2, 3, 4, 6, 9, 12, 24, 48, 72 and 96 h

post-dose. The azelnidipine plasma concentrations of these

samples were determined and the pharmacokinetics of the drug

in healthy young volunteers was evaluated. Model-independent

pharmacokinetic parameters were calculated for azelnidipine.

The maximum plasma concentration (Cmax) and the time to it

(tmax) were noted directly. The elimination rate constant (kel)

was calculated by linear regression of the terminal points of

the semi-log plot of plasma concentration against time. Elimi-

nation half-life (t1/2) was calculated using the formula t1/2 =

0.693/kel. The area under the plasma concentration-time curve

AUC0-96 to the last measurable plasma concentration was

calculated by the linear trapezoidal rule.

RESULTS AND DISCUSSION

Product ion mass spectra and selected reaction monito-

ring chromatograms: The UPLC-single stage mass spectrum

obtained from azelnidipine and IS spiked into blank human

plasma showed protonated molecular peaks at m/z 581.5 and

567.5, respectively, which appeared as base peaks. Other peaks

appearing in their spectra were very small and thus could be

neglected. The product ion mass spectra obtained from the

protonated molecular ions of the authentic azelnidipine and

IS are shown in Fig. 2. Base peaks at m/z 169 appeared for

both compounds. The peaks are probably formed by the cleavage

in the middle of the bi-phenyl rings of each compound, which

gave the ions of the same mass number at m/z 169. Thus, we

used this ion for quantitation of azelnidipine and IS. Fig. 3

shows SRM chromatograms for azelnidipine and IS spiked

into blank human plasma at the concentration of 10 pg/mL.

Azelnidipine and IS appeared at 1.38 and 1.26 min, respectively.

There were no impurity peaks until 3 min of retention time.

Reliability of the method: The peak ratios of azelnidipine

to IS obtained from SRM chromatograms were plotted for ten

different concentrations against the concentration of azelnidipine

in human plasma and a linear relationship was observed for

azelnidipine in the range of 0.01-10 ng/mL. The equation and

its correlation coefficient were: y = 0.296 xs – 0.001 and r2 =

0.999. The limit of detection (LOD), defined as the concen-

Fig. 2. Product ion mass spectra of azelnidipine and IS using precursor

ions at m/z 581.5 and 567.5, respectively
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Fig. 3. Selected reaction monitoring (SRM) chromatograms for

azelnidipine and IS spiked into blank human plasma obtained by

ultra-performance liquid chromatography-tandem mass

spectrometry. The amounts of azelnidipine and IS spiked into 1 mL

plasma were 10 pg and 5 ng, respectively

tration giving the signal-to-noise ratio of 3, was 1 pg/mL with

quality control samples of human plasma. The recovery rates

of azelnidipine spiked into human plasma at concentrations

of 0.01 and 10.0 ng/mL were 93.7 ± 1.2 and 93.7 ± 1.1 % (n =

5 each), respectively. Table-1 shows accuracy and precision

data of the present method. Accuracy values were 86.9-103 %;

precision values were not greater than 5.5 %.

TABLE-1 

ACCURACY AND PRECISION DATA OF THE METHOD 

Measurement 
interval 

Concentration added 
(mg/mL) 

Accuracy 
(%) 

Precision (CV 
%) 

Intra-day 
0.01 

10.0 

87.7 

100.0 

4.9 

2.1 

Inter day 
0.01 

10.0 

86.9 

103.0 

5.5 

2.3 

 
In the first report describing analysis of azelnidipine in

plasma by HPLC with fluorescence detection, the linearity

was demonstrated in the range of 0.04-5 ng/mL, but HPLC

without MS cannot give the final identification of analytes. In

the second report for analysis of the drug in human plasma by

GC/MS, the linear range of the calibration curve was 0.5-20

ng/mL and the detection limit was 0.25 ng/mL. The present

UPLC-MS/MS method for azelnidipine is more than 50 times

as sensitive as the GC/MS method.

Actual analysis of azelnidipine in human plasma after

single oral dose: A 60-year-old volunteer ingested 10 mg

azelnidipine (therapeutic dose) and his blood was sampled 1.5

and 4 h after ingestion. For blood taken just before ingestion,

no peak appeared at 1.38 min in an SRM chromatogram at m/z

168.

Conclusion

To our best of knowledge, this is the first report describing

LC-MS/MS analysis of azelnidipine. A sensitive LC-MS-MS

method for the quantification of azelnidipine in human plasma

was developed and validated. No significant interferences

caused by endogenous compounds were observed. This method

gave satisfactory recovery rates, reproducibility and good

linearity of calibration curve in the range of 0.01-10.0 ng/mL

for quality control samples spiked with azelnidipine. The

detection limit was as low as 1 pg/mL and sensitive assay is

suitable for the pharmacokinetic study and bioavailability

evaluation of azelnidipine formulations and can also be used

as a therapeutic drug monitoring method in clinic to check the

plasma concentration of azelnidipine in hypertensive patients.
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