
JOURNAL OF MASS SPECTROMETRY, VOL. 31, 879-884 (1996) 

Quantitative Determination of Amlodipine in 
Serum by Liquid Chromatography with 
Atmospheric Pressure Chemical Ionization Tandem 
Mass Spectrometry 

Taeko Yasuda,? Mitsuko Tanaka and Kazuhiko Iba 
Research Center, Sumitorno Pharmaceuticals Co. Ltd, 3-1-98, Kasugade-naka, Konohana-ku, Osaka 554, Japan 

A sensitive and specific liquid chromatographic method coupled with tandem mass spectrometry was developed for 
the quantification of amlodipine in human and rat serum, which is a dihydropyridine derivative with calcium 
antagonist activity. An atmospheric pressure chemical ionization interface was used as the ion source and the 
analysis was performed in the selected reactive monitoring (SRM) mode. Deuterated amlodipine was used as the 
internal standard, and serum samples were treated with diethyl ether extraction prior to analysis. Serum levels in 
the range 0.014-7.2 ng ml-' were measured accurately by this method, and the lower limit of quantitation (LOQ) 
was 0.014 ng mi-' using 1 ml of human serum. The accuracy was within 7% of the expected values. The intra- 
assay precision was less than 3% and the inter-assay precision was less than 6%. The method was applied to a 
pharmacokinetic study of amlodipine in rats, in which the measurable range was 0.14-72 ng mi-' using 0.1 ml of 
serum because of a limitation on the sample volume. 
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INTRODUCTION 

Amlodipine, (R,S)-2-[(2-aminoethoxy)methyl]- 4-(2- 
chloropheny1)-3- ethoxycarbonyl-5- methoxycarbonyl- 
6- methyl-1,4- dihydropyridine, is a potent calcium 
channel blocker, and Amlodin@ is commercially avail- 
able from Sumitomo Pharmaceuticals (Osaka, Japan) as 
the benzenesulfonic acid salt. It is clinically used in the 
treatment of hypertension and angina, and has the 
highest oral bioavailability and the longest half-life of 
elimination among several dihydropyridine derivatives 
with calcium antagonist activity.',' 

Several analytical methods for quantifying amlodi- 
pine in biological fluids have been reported, such as 
high-performance liquid chromatography (HPLC) with 
amperometric detection with a sensitivity of 0.1-0.2 ng 
ml-' and capillary gas chromatography (GC) with 
electron-capture detection with a sensitivity of 0.02 ng 
ml-' 3-5 

However, in the HPLC/amperometric detection 
method it is difficult to keep the whole of the instru- 
ments electrically stable, and the GC method has prob- 
lems with thermal instability and derivatization of the 
samples. Further, both methods need complicated 
sample pretreatment, in which many extraction steps 
are required. 

Recently, liquid chromatography with mass spectro- 
metric detection has been used for the quantification of 
drugs as a highly sensitive and specific This 
paper describes the development of a liquid chromato- 

t Author to whom correspondence should be addressed. 

graphic method coupled with tandem mass spectrom- 
etry (LC/MS/MS) with atmospheric pressure chemical 
ionization (APCI) for the quantitative determination of 
amlodipine, and its application to a pharmacokinetic 
study. 

EXPERIMENTAL 

Materials 

Amlodin@ (amlodipine benzenesulfonate) and 
amlodipin-d, , which was used as a deuterated internal 
standard (I.S.), were prepared by Sumitomo Phar- 
maceuticals. Human control serum was purchased from 
Nissui Pharmaceutical (Tokyo, Japan). Other reagents 
and solvents were of analytical grade. 

Preparation of standard solutions 

Amlodipine (as the benzenesulfonate) and the I.S. were 
separately dissolved in methanol to obtain stock solu- 
tions of 100 pg m1-I. These stock solutions were stored 
at - 20°C and were stable for several months. Before 
analysis, these stock solutions were appropriately 
diluted with methanol to prepare working standard 
solutions to obtain a calibration curve. 

Pretreatment of serum samples 

First, 50 pl of methanol, 50 pl of I.S. solution (4Q ng 
ml-I in methanol) and 2 ml of 0.2 M borate buffer (pH 
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Figure 1. Product ion m a s  spectra in the positive-ion mode of the protonated molecular ion of (a) amlodipine (m/z 409) and (b) deuter- 
ated internal standard amlodipine-d, (m/z 41 3). 

10) were added to 1.0 or 0.1 ml of serum, and the mentation, to Q 3 ,  where the product ions were moni- 
mixture was extracted with 6 ml of diethyl ether. After tored. A collision gas pressure of 2.25 mTorr (1 
centrifuging, the organic layer was transferred into Torr = 133.3 Pa) was employed and the collision offset 
another tube and evaporated to dryness under a stream was - 15 V for this analysis. The precursor ions were 
of nitrogen. The dry residue was dissolved in 100 pl of m/z 409 for amlodipine and m/z 413 for the IS., and the 
HPLC mobile phase and 25 pl of the sample was product ions were m/z 238 for both analytes in the SRM 
injected into the LC/MS/MS system. mode. 

LC/MS/MS analysis 
Calibration 

A Model 626 chromatographic pump and a Model 717 
autosampler (Waters, Milford, MA, USA) were used for 
all HPLC analyses. Separation was carried out on a 
Puresil C,, analytical column (150 x 2.1 mm id., 5 pm). 
The mobile phase was 10 m~ ammonium acetate (PH 4, 
adjusted with acetic acid)-methanol (33 : 67, v/v) and 
the flow-rate was 0.2 ml min-l. 

Mass spectrometry was performed using a TSQ 7000 
triple-stage quadrupole mass spectrometer with an API 
source (Finnigan MAT, San Jose, CA, USA) in the 
positive-ion selected reaction monitoring (SRM) mode. 
The API source was fitted with an APCI inlet for ion- 
izing the analytes in the HPLC eluent. 

The API vaporizer was operated at 300°C with a 
heated capillary temperature of 150 "C. The sheath gas 
pressure was 35 psi. An auxiliary gas was not used. 

The mass spectrometer was programmed to transmit 
the precursor ions through the first quadrupole (Q1) to 
Qz , where the ions underwent collision-induced frag- 

Serum samples for the calibration curve were prepared 
by adding 50 p1 of the appropriately diluted standard 
solutions of amlodipine (instead of 50 p1 of methanol) to 
the control serum, and treated as described above. 

Calibration curves were constructed by using fortified 
serum with amlodipine at nine concentrations in the 
range 0.014-7.2 ng ml-l when using 1 ml of serum, and 
in the range 0.14-72 ng ml-I when using 0.1 ml of 
serum. 

Pharmacokinetic study in rats 

Male Sprague-Dawley rats were purchased from Japan 
SLC (Shizuoka, Japan) and housed at 23 2°C in a 
temperature-controlled environment with a 12 h light- 
dark cycle. Animals aged 7 weeks and weighing 200- 
220 g were fasted overnight before dosing. Food was 
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Figure 2. Mass chromatograrns of human serum pretreated as described in the Experimental section obtained by SRM at m/.. 41 3 -+ 238 for 
the IS. (top) and m/z 409 -+ 238 for amlodipine (bottom). Retention times are shown in minutes. (a) Human blank serum; (b) human blank 
serum spiked with 0.72 ng ml-' of amlodipine. 

provided ad libitum from 3 h after dosing and water was 
available throughout the course of study. 

For the pharmacokinetic study, amlodipine (1.4 mg 
kg-l in distilled water) was orally administered to four 
rats and blood samples were collected after 0.25, 1, 3, 6, 
9, 12 and 24 h. At the time of sampling, the rats were 
anesthetized with diethyl ether to allow blood samples 
(-0.3 ml at each point) to be collected via the 
retroorbital plexus. Two hours after each sampling, the 
serum was separated by centrifugation at 20009 for 15 
min and was stored at -20°C until analysis. The 
volume of serum used for this analysis was 0.1 ml. 

RESULTS 

Method development 

Full-scan positive-ion mass spectra of amlodipine and 
the IS. predominantly showed the protonated molecu- 
lar ion [M + HI' at m/z 409 and 413, respectively. 

The product ion spectra of the protonated molecular 
ion of amlodipine and the I.S. are shown in Fig. 1. The 
ions at m/z 238 and 294 are derived from amlodipine 

c. 1 Ratio E 42.319 x Conc (r2=0.99g) 

9 
1 Ratio = 47.378 x Conc (rL1 .OOO) 

Concentration of amlodipine (ng m P )  Concentration of amlodlpine (ng mi-') 

Figure 3. Typical calibration curves for amlodipine in human serum in the ranges (a) 0.01 4-0.72 and (b) 0.72-7.2 ng mi-' 
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Table 1. Accuracy of the determination of amlodipine in 
human serum 

Fortified Concentration found Accuracy 
concentration (ng ml-') n (ng ml-') ("/) 

0.1 44 2 0.1 54 106.9 
0.1 47 1 02.1 

3.61 2 3.83 106.1 
3.71 102.8 

and those at m/z 238 and 298 from the IS.. For both of 
these analytes, the most abundant ion in the product 
ion spectrum was at m/z 238. From this result, the mass 
spectrometer was set as follows: m/z 409 for amlodipine 
and m/z 413 for the IS. as the precursor ions, and m/z 
238 for both analytes as the product ions in the SRM 
mode. 

The serum sample pretreatment for the LC/MS/MS 
analysis is very simple, requiring only a single diethyl 
ether extraction under alkaline conditions, whereas 

Table 2. Precision of the determination of amlodipine in human 
serum 

Concentration found RSD 
Sample n (mean &SO) (ng ml-') ( O h )  

Intra-assay A 5 0.162 *0.001 0.8 
0 5 4.21 iO.11 2.7 

Inter-assay A 3 0.171 iO.010 5.9 
6 3 4.23 f 0.02 0.6 
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Figure 4. Serum concentration of amlodipine in four male rats 
after oral administration of 1.4 mg kg-' amlodipine. Dotted lines 
indicate individual data. Solid line and open circle indicate mean 
data. 

Table 3. Pharmacokinetic parameters of amlodipine in male 
rats after oral administration of 1.4 mg kg-' amlodi- 
pine (mean or mean f SD, R = 4) 

Cm,, Tm,, AUC TI,* 
(ng mi-') (h) (ng h ml-') (h)  

13.3 f 3.4 1 89.3 i 10.0 4.1 *0.6 

HPLC/amperometry3 requires complicated extraction 
steps. The former is because LC/MS/MS analysis has 
higher specificity than any other method. 

No peak was observed in the mass chromatogram of 
human blank serum under the LC/MS/MS conditions 
described above, as shown in Fig. 2(a). The mass chro- 
matogram of arnlodipine in human serum is shown in 
Fig. 2(b), in which the retention time of amlodipine is 
4.5 min; therefore, the analysis time for one assay was 
set at 6 min. 

Assay performance 

The assay performance was evaluated using 1 ml of 
human serum. Typical calibration curves for amlodipine 
in the lower and higher ranges are shown in Fig. 3(a) 
and (b) where the peak area ratios of amlodipine, m/z 
409 -238, to the IS., m/z 413 -+ 238, are plotted 
against the known concentration of amlodipine. 

The calibration curves showed good linearity 
throughout the ranges 0.014-0.72 and 0.72-7.2 ng mi-'. 
Both of the regression coeficients were greater than 
0.998. There was a very small dispersion of the nine cali- 
bration points along the regression lines. The lower 
limit of quantitation for this assay was 0.014 ng ml-' 
and the upper limit was 7.2 ng rn1-I. 

The assay accuracy was obtained by analyzing 
human control serum samples spiked with amlodipine 
at two known concentrations. The results were within 
7% of the theoretical value (Table 1). 

The assay precision was determined by analyzing 
identical samples of human control serum spiked with 
amlodipine. The results are shown in Table 2. The rela- 
tive standard deviations at two concentrations were 
0.8% and 2.7% for the intra-assay precision (n = 5 )  and 
5.9% and 0.6% for the inter-assay precision (n = 3). 

Pharmacokinetic study in rats 

The pharmacokinetics of amlodipine after oral adminis- 
tration of 1.4 mg kg-I to four male rats were studied 
(Fig. 4). The pharmacokinetic parameters are shown in 
Table 3. The amlodipine concentration was measured 
using 0.1 ml of serum owing to the restriction of the 
total volume of blood taken from each rat. The cali- 
bration curve in the range 0.14-72 ng ml-' showed 
good linearity. 

The concentration-time profile for amlodipine in four 
rats peaked at 1 h after dosing, and the serum 
maximum concentration (C,,J and the area under the 
concentration curve (AUC) of amlodipine were 
13.3 3.4 ng ml-' and 89.3 & 10.0 ng h ml-' 
(mean & SD), respectively. The half-life ( was 
4.1 f 0.6 h. These data showed that the inter-individual 
variability is comparatively small. 

DI~CUSSION 

The present LCJAPCI-MS/MS method was developed 
for the quantification of amlodipine in serum, the con- 
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centrations of which are in the range 0.014-7.2 ng ml-I. 
This method is more sensitive than the previous HPLC 
and GC methods. Furthermore, the high specificity of 
MS/MS detection gives this method great advantages of 
simple pretreatment and a short analysis time. 

In the course of this study, we encountered an unex- 
pected fragmentation of amlodipine. The product ion 
spectra of amlodipine in the positive-ion mode showed 
the ions of m/z 238 and 294 from the protonated molec- 
ular ion at m/z 409. However, when the ion of m/z 294 
was generated from the amlodipine molecule by apply- 
ing an additional offset voltage to the octapole in the 
API source before the ions entered Q1 of the mass 
spectrometer, the product ion spectrum of m/z 294 did 
not show the ion at m/z 238, as shown in Fig. 5. An 
explanation may be that the protonated amino group 
could interact more efficiently with its own nitrogen at 
position 1 of dihydropyridine to form a six-membered 

l O 0 l  

1,4-oxazine ring. In conclusion, it is assumed that two 
different routes exist via a ring cleavage process of dihy- 
dropyridine in the fragmentation manner, as shown in 
Fig. 6. 

On the other hand, in the case of the product ion 
spectra of two amlodipine derivatives having an N- 
substituted amino group, N,N-dimethylamlodipine and 
N-acetylamlodipine, ion peaks corresponding to the 
expected ring-cleaved products were not observed, as 
shown in Fig. 7. It should be noted that the route of 
fragmentation involving the ring cleavage of dihydropy- 
ridine is completely lost when the amino group is sub- 
stituted by dimethyl or acetyl. 

The ratio of the amounts of the ions of m/z 238 to 294 
was about 1.5 under the LC/MS/MS conditions 
described above. If either of the two fragmentation 
routes could be made to predominate by changing some 
LC/MS/MS conditions, the sensitivity of this assay 

a20 

100 a00 300 
Figure 5. Product ion spectrum of the m/z 294 fragment ion from amlodipine. The m/z 294 fragment ion was generated from amlodipine by 
applying a voltage of -10 V to the octapole in the API source. The arrow indicates the position of m/z 238. The ion of m/z 238 was not 
detected in this spectrum. 

1 

i 
i - 
i i 

PHI 

d z  294 

CI 

d z  294 +& 
: ................... " -......-- Y."""" .--....-..- ~ .._.-.._- 

i 
i 

! 0.k 

Figure 6. Proposed fragmentation process for arnlodipine. Two different routes might be involved in the process. The f w n u l a s  in doned 
squares indicate some resonance hybrid structures 
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Figure 7. Product ion mass spectra in the positive-ion mode of the protonated molecular ion of (a) N,N-dimethylarnlodipine (m/z 437) and 
(b) N-acetylamlodipine (m/z 451). 

could be improved. Nevertheless, the suggested thera- 
peutic dosage of amlodipine is 5 mg daily and the 
serum levels at that single dosage are - 3.4 ng ml-l at 
the peak time (7.7 h after oral administration), -2 ng 
ml-' at 24 h and under 0.4 ng ml-' at 144 h.9 These 
data indicate that the performance of our LC/MS/MS 
method is sufficient for application to pharmacokinetic 
studies or therapeutic drug monitoring. 

The method has another advantage in treating small 
animals for analyzing serum samples. This means that 
the improvement in sensitivity has made it possible to 
determine drug concentrations by using only a small 
amount of serum sample. In our experiment, about 0.3 
ml of blood was taken from a rat seven times within one 
day and 0.1 ml serum samples were analyzed. Thus, 

individual data for four rats were obtained to make a 
concentration-time profile of amlodipine in a similar 
manner to human studies. 

It is concluded that this highly sensitive and specific 
method is useful for the quantitative determination of 
amlodipine in serum in pharmacokinetic studies of 
human and experimental animals. 
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