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a b s t r a c t

A highly sensitive and rapid method for the analysis of isradipine in human plasma using liquid chro-
matography coupled to tandem mass spectrometry (LC–MS/MS) was developed. The procedure involves
a simple liquid–liquid extraction of isradipine and amlodipine (IS, internal standard) with methyl-t-butyl
ether after alkaline treatment and separation by RP-HPLC. Detection was performed by positive ion elec-
trospray ionization (ESI) in multiple reaction monitoring (MRM) mode, monitoring the transitions m/z
372.1 → m/z 312.2 and m/z 408.8 → m/z 237.9, for quantification of isradipine and IS, respectively. The
standard calibration curves showed good linearity within the range of 10 to 5000 pg/mL (r2 ≥ 0.9998).
The lower limit of quantitation (LLOQ) was 10 pg/mL. The retention times of isradipine (0.81 min) and IS
(0.65 min) suggested the potential for high throughput of the proposed method. In addition, no signifi-

cant metabolic compounds were found to interfere with the analysis. This method offered good precision
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. Introduction

Isradipine (methyl propan-2-yl 2,6-dimethyl-4- (8-oxa-7,9 diaz-
bicyclo[4.3.0] nona- 2,4,6,9- tetraen- 5-yl)- 1,4-dihydropyridine-
,5-dicarboxylate) belongs to the dihydropyridine class of calcium-
hannel blockers and is commonly used to treat hypertension
ssociated with various clinical conditions [1–6]. Isradipine acts
y inhibiting the influx of extracellular calcium across both the
ardiac and vascular cell membranes and has a high affinity for
-type channels located in vascular smooth muscle compared to
hose in the myocardium, thereby leading to a fairly specific and
otent antihypertensive effect [7,8]. Unlike most other calcium
hannel blockers, isradipine is very effective at blocking calcium

hannels expressed by dopaminergic neurons. Isradipine antago-
ized the pressor effects of cocaine or methamphetamine [9–11],
ossibly via modulation of central dopaminergic neurotransmis-
ion [12,13]. Recent research has suggested that isradipine may

∗ Corresponding author. Tel.: +82 2 2220 0652; fax: +82 2 2292 6686.
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lly applied for the pharmacokinetic and bioequivalence studies of 5 mg of
24 healthy Korean volunteers.

© 2008 Elsevier B.V. All rights reserved.

ave potential uses for treating Parkinson’s disease (PD) [14]. In
ouse model, isradipine rejuvenated ageing dopaminergic neu-

ons, whose death leads to PD-like symptoms. The therapeutic
ffects of isradipine targeted substantia nigral neurons by blocking
alcium channels and inducing a switch to sodium channel cur-
ents, which are a more youthful way of generating electrical signals
15].

The pharmacokinetics of isradipine have been reported fol-
owing oral administration of immediate-release (IR) isradipine
r sustained-release (SR) isradipine in healthy volunteers [16–19],
ardiac patients [20], and cocaine-dependent individuals [21]. At
n oral dose ranging between 2.4–20 mg, the pharmacokinetics
f isradipine appeared to be linear [16,17]. However, at doses
eeded to reduce blood pressure, the side effects associated with
he vasodilatory activity were usually mild, transient, and well-
olerated [7,19,21,22]. SR isradipine which has a significantly lower

max and extended Tmax compared to IR isradipine, exhibits a more
avorable cardiovascular profile [18,21].

Numerous analytical methods have been developed to support
linical and pharmacokinetic studies of isradipine in biological flu-
ds. Due to an extensive first-pass metabolism, the bioavailability of

http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
mailto:jskang@hanyang.ac.kr
dx.doi.org/10.1016/j.jchromb.2008.11.021
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sradipine was demonstrated to be only 17–28%, although 90–95%
f orally administrated isradipine (5–20 mg dose range) has been
hown to be absorbed from the digestive tract [17,23]. Thus,
he pharmacokinetics of isradipine absorption result in very low
lasma concentrations. Specific radioimmuno-assay (RIA) tech-
iques were reported early in the development of isradipine and
ad a relatively high sensitivity (LLOQ of 30–100 pg/ml), but were
ubject to interference from metabolites [16,17,20,24]. As isradip-
ne is a heat-stable compound, plasma concentrations of isradipine
ave been determined by gas chromatography (GC) with or without
erivatization. Several GC methods coupled with electron-capture
etection (GC/ECD) with a LLOQ of 0.2 ng/ml [6], mass detection
GC/MS) with LLOQs of 0.04 ng/ml [25] and 0.1 ng/ml [19], and
itrogen-phosphorus detection (GC/NPD) with a LLOQ of 0.2 ng/ml
26] have been developed. However these methods, possess disad-
antages such as low sensitivity [6,19,26], long analytical run times
6,26], or pre-column derivatization processes [25]. The quanti-
ed data from the HPLC techniques coupled with UV detection
HPLC/UV) [21,27,28], and electrochemical detection (HPLC/ECD)
29] exhibit a LLOQ of almost 0.5 ng/ml. In addition, a spectrofluoro-

etric method was recently published, but this method offered low
ensitivity (16 ng/ml LLOQ) and needed derivatization to enhance
he fluorescent intensity because isradipine itself yields little native
uorescence [30].

Among the currently available bio-analytical techniques,
C–MS/MS is now firmly established as the primary tool for phar-
aceutical analysis. The unique selectivity and sensitivity offered

y MS/MS have made it the method of choice for performing bio-
nalysis of small molecular weight drugs [31,32]. Two decades ago,
arlett et al. [33] reported LC–MS method to determine the iden-
ity of a number of degradation products from the bulk drug form
f isradipine (DynaCirc). However, this method had a long analyt-
cal run time of 22 min and there was no data on sensitivity or
pecificity.

Here, we present a rapid method for the determination of
sradipine from human plasma with lower detection limit. The
roposed LC–MS/MS method allowed a very sensitive and reliable
etermination of the pharmacokinetic and bio-equivalence of two
R isradipine formulations in healthy Korean volunteers.

. Experimental

.1. Chemicals and reagents

Isradipine (C19H21N3O5, MW 371.387) and amlodipine (IS,
20H25ClN2 O5, MW 408.879) were purchased from Quimica Sin-
etia S.A (Madrid, Spain) and Sigma Co. (St. Louis, MO, USA),
espectively (Fig. 1). The reference drug (Dynacirc SR capsule, 5 mg
sradipine/capsule) was obtained from Daewoong Pharmaceutical
o., Ltd. (Seoul, South Korea) and the test drug (Dynadipine SR
apsule, 5 mg isradipine/capsule) was provided by CTBIO Pharm
o., Ltd. (Seoul, South Korea). HPLC grade methanol and methyl-
-butyl ether were purchased from Sigma Co. while all other
eagents and solvents used were of analytical grade. Ultra pure
ater was obtained from a Milli-Q system (Millipore Co., Walthan,
A, USA).

.2. Calibration standards preparation
Stock solutions of isradipine and IS were prepared in
ethanol. A set of six non-zero calibration standards, ranging

rom 10 pg/mL to 5000 pg/mL, were prepared in blank human
lasma. The quality control (QC) samples were prepared in blank
uman plasma at concentrations of 10 (LLOQ), 30 (low), 500

c
n
h
p

r. B 877 (2009) 59–64

medium) and 4000 pg/mL (high). Blank human plasma was
ested before spiking to ensure that no endogenous interference
as found proximal to the retention times of isradipine and

S.

.3. Sample preparation

20 �l of IS solution and 0.5 mL of 1N sodium hydroxide were
dded to the 0.5 mL aliquot of human plasma samples and vortex
ixed for 1 min. Five milliliters of methyl-t-butyl ether was added

o all the tubes, which were extracted by agitating for 10 min. Sub-
equently, the tubes were frozen at −70 ◦C after centrifugation at
000 rpm for 5 min. The upper organic layer was transferred to
nother set of clean glass tubes and then evaporated to dryness
nder N2 gas at 40 ◦C. The dry residue was dissolved with 0.1 mL of
methanol:20 mM ammonium acetate mixture (90:10, v/v). Five
icroliters of the reconstituted upper layer was directly injected

nto the LC–MS/MS system.

.4. LC–MS/MS conditions and quantifications

The LC system used was a nanospace series SI-2 3301 (Shi-
eido Co., Ltd., Japan) chromatograph equipped with an Nanospace
I-2 3133 autosampler and a Nanospace SI-2 3010 degasser and
eak Simple LC Data System (Lab Alliance Co., State College,
A, USA). The analytical column was a YMC Hydrosphere C18
50 mm × 2 mm i.d., 3 �m; YMC Co., Ltd., Japan). The mobile phase
onsisted of methanol:20 mM ammonium acetate (90:10, v/v)
nd the flow rate was 0.25 mL/min. Detection was carried out
n an API 5000 MS system (Applied Biosystems, Foster City, CA,
SA) equipped with an electrospray interface (ESI) and oper-
ted in the positive ionization mode. The ion source parameters
ere set as the following: curtain gas = 20 p.s.i., GS1 = 20 p.s.i.

nd GS2 = 16 p.s.i., ion spray voltage = 5500 V, ion source tempera-
ure = 400 ◦C, collision activated dissociation (CAD) = 5. This system
as set up in multiple reaction monitoring (MRM) mode, moni-

oring the transitions m/z 372.1 → m/z 312.2 and m/z 408.8 → m/z
37.9, for quantification of isradipine and IS, respectively. The
trongest fragment of each compound was selected and used
s the Q3 ion to be monitored. Data acquisition and analysis
ere performed using the analyst software version 1.4.2. (Applied
iosystems).

.5. Assay validation

Assay validation was performed according to the FDA guidance
or industrial bioanalytical method validation (2001) [34]. Linear-
ty was determined using a linear least-squares regression with

weighting index of 1/x, which was performed on the peak area
atios of isradipine and IS versus isradipine concentrations of the
ix human plasma standards. The sensitivity of the method was
xpressed as the lower limit of quantification (LLOQ) that could be
uantitatively determined with acceptable accuracy and precision.
he accuracy and precision were assessed by analyzing four con-
entrations of QC samples from five different validation batches and
ere calculated using one-way ANOVA.

.6. Pharmacokinetic and bioequivalence studies in healthy
olunteers
A randomized, single-dose, two-period, two-sequence, and
rossover design was used for the assessment of the pharmacoki-
etics and bioequivalence. Isradipine was randomly given to 24
ealthy volunteers of both sexes (10 female and 14 male). Partici-
ants had not taken other medications (including over-the-counter
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ig. 1. Chemical structures of (A) isradipine (MW = 371.387 g/mol, C19H21N3O5 , me
-yl)- 1,4-dihydropyridine- 3,5-dicarboxylate) and (B) amlodipine (IS, MW = 408.879
,4-dihydro-6-methyl-3,5- pyridinedicarboxylate).

rugs) 2 weeks prior to or during the study period. The study
as carried out according to the Declaration of Helsinki [35] for
iomedical research involving human subjects and the Rules of
ood Clinical Practice [36]. Subjects were informed of the aims
nd risks of the study by the clinical investigator. Based on this
escription, they provided written informed consent before partic-

pating in the study. In addition, the Institutional Review Board of
anyang University Medical Center approved the protocol prior to

he start of the study. Twenty-four volunteers aged between 19–27
ears (22.0 years ± 2.6 years), with heights between 157.5–182.0 cm
169.5 cm ± 7.1 cm) and with body weights between 41.9–83.0 kg
63.8 kg ± 11.8 kg) who were non-alcoholics and free from disease,
ere assessed as having a healthy status by clinical evaluations

ncluding a physical examination and the following laboratory
ests: albumin, alkaline phosphatase, ALT, AST, blood glucose, crea-
inine, BUN, total cholesterol, protein, total bilirubin, Hb, Hct, total
nd differential white cell counts, and routine urinalysis. After
creening and 2 weeks of a washout period, the volunteers were
onfined for two periods of approximately 96 h. Each confinement
as separated by a period of 1 week. During each period, the partic-

pants were hospitalized at the Hanyang University Medical Center
t 17:00 pm and had an evening meal before 20:00 pm. After an
vernight fasting, they received a test or reference drug (single
mg isradipine/capsule) at 7:00 am along with 240 mL of water.
ubjects were then fasted for additional 4 h. A standard lunch and
vening meal were provided at 4 and 10 h after dosing. Liquid con-
umption was allowed ad libitum after lunch except for liquid that
ontained xanthine and acidic beverages including tea, coffee, and
ola. Before and at 0, 0.33, 0.66, 1, 1.5, 2, 3, 4, 6, 9, 12, 24, 36, and
8 h after dosing, blood pressure, heart rate, and body tempera-
ure were recorded. Blood samples (9 mL) were withdrawn by an
ndwelling catheter into heparin-containing tubes from a suitable
ntecubital vein. The blood samples were centrifuged at 3000 rpm
or 10 min at room temperature and plasma was stored at −70 ◦C
ntil analysis. The total plasma isradipine levels were determined
nd the maximal concentration (Cmax) and Tmax were determined
y visual inspection from each subject’s plasma concentration of
sradipine versus time plots. Other pharmacokinetic parameters

ere calculated in the following manner. The area under the plasma
oncentration versus the time curve (AUCinfinity =

∫
tCt dt + Clast/�,

= terminal phase slope) was calculated for the total isradipine
evel (Ct) using the linear trapezoidal rule extrapolated to infin-
ty according to a pharmacokinetic analysis multi-lines fittings
here Clast was the last measurable concentration and the ter-
inal phase slope (�) was obtained from the least square fitted

erminal log-linear portion of the plasma concentration versus time
rofile [37]. The terminal half-life (T1/2) was calculated by 0.692/�
38].

I
b
d
t
c

ropan-2-yl 2,6-dimethyl-4- (8-oxa-7,9-diazabicyclo [4.3.0] nona- 2,4,6,9- tetraen-
l, C20H25ClN2O5 , 3-ethyl-5-methyl-2-(2-aminoethoxymethyl)-4-(2-chlorophenyl)-

. Results and discussion

.1. Separation

The molecular structures of isradipine and IS are shown in Fig. 1.
he simple preparation procedures including the liquid–liquid
xtraction of isradipine with methyl-t-butyl ether after alkaline
reatment, evaporation of extracted sample, and reconstitution
ith the mobile phase were used before reverse phase HPLC sep-

ration. The retention times of isradipine and IS were 0.81 and
.65 min, respectively (Fig. 2). Blank human plasma had no signif-

cant endogenous peaks at the retention time of isradipine or IS
Fig. 2A). Blank plasma spiked with 100 ng/mL of IS (Fig. 2B), blank
lasma spiked with 10 pg/mL of calibration standard of isradip-

ne and 100 ng/mL of IS (Fig. 2C), and the subject’s plasma taken
fter 3 h of a single oral administration of 5 mg isradipine spiked
ith IS (Fig. 2D) showed an excellent peak shape for isradipine and

S.
To avoid the interference from exogenous/endogenous com-

ounds co-eluted with the target compound, MS/MS detection
termed tandem MS detection) was performed. From full-scan

ass spectra via the Q1 mass filter, the protonated molecular
ons, [M + H]+, at m/z 372.1 for isradipine and m/z 408.8 for IS

ere chosen for the precursor ion. As reported by Bartlett et
l. [33], isradipine possessed a specific affinity for sodium and
mmonia and produced strong peaks at m/z 389.1 [M + NH4]+

nd m/z 394.1 [M + Na]+. The MS/MS fragmentation was achieved
y introducing the [M + H]+ ions into the second quadrupole
Q2) cell with the optimum collision energy set of 15.0 eV for
sradipine and 17.0 eV for IS. After collision-induced dissocia-
ion, the MS/MS transition m/z 372.1 → m/z 312.2 for isradipine
nd m/z 409 → m/z 238 for IS were selected. The most abun-
ant ions in the product ion mass spectrum at m/z 312.2 for

sradipine and m/z 238.0 for IS were monitored for quantifica-
ion.

.2. Method validation and linearity of calibration

The standard calibration curves showed good linearity within
he range of 10 (LLOQ) to 5000 pg/mL of isradipine in human
lasma (y = 0.00049x + 0.03325, r2 ≥ 0.9998). The retention time
f isradipine (0.81 min.) and IS (0.65 min.) suggested the oppor-
unity for high throughput screening of the proposed method.

ntra- and inter-day precisions and accuracies were determined
y analyzing QC samples against a calibration curve, on the same
ay (n = 5) and on different days (n = 5). As shown in Table 1,
his method allowed good precision and accuracy. The coeffi-
ient of variation values of both intra- and inter-day results
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ig. 2. Chromatograms of (A) blank plasma, (B) with IS (100 ng/mL), (C) with is
dministration of 5 mg isradipine spiked with IS.

ere below 5.67% and 8.97%, respectively. Intra- and inter-day
ccuracies were 86.78%–101.82% and 81.07%–103.31%, respectively.

nder the described analytical conditions, the lowest limit of
uantification (LLOQ), defined as the lowest concentration of
sradipine at which both the precision and accuracy were less
han or equal to 20% (Guidance for industry, 2001) [34], was
0 pg/mL.

i
p
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ne (LLOQ, 10 pg/ml) and IS, and (D) human plasma taken 3 h after a single oral

.3. Clinical pharmacokinetic and bioequivalence study in
ealthy subjects
The proposed method was applied for the determination of
sradipine in plasma samples for the purpose of establishing the
harmacokinetic and bioequivalence study of 5 mg SR isradipine
apsule in 24 healthy Korean volunteers. The pharmacokinetic



J.-H. Park et al. / J. Chromatogr. B 877 (2009) 59–64 63

Fig. 3. Profiles of mean (±S.D., n = 24) plasma concentrations versus time of two isradipine
of single 5 mg SR isradipine capsule.

Table 1
Precision and accuracy for analysis of isradipine in human plasma, n = 5.

Nominal concentration (pg/mL) Precision (CV %) Accuracy (%)

Intra-day Inter-day Intra-day Inter-day

10(LLOQ) 5.67 8.97 92.12 81.07
30 2.22 7.82 86.78 88.62
500 1.68 1.60 100.49 103.31
4000 0.87 2.62 101.82 98.24

LLOQ = lower limit of quantification; CV = coefficient of variation.

Table 2
Pharmacokinetic parameters (mean ± S.D. of n = 24) of 2 types of 5 mg isradipine
capsules based on its plasma concentrations.

Parameters Reference Test

AUC48 h (ng h/mL) 19.882 ± 12.367 18.707 ± 12.254
AUC∞ (ng h/mL) 21.421 ± 12.901 19.654 ± 12.488
Extrapolation (%) 7.4 ± 7.5 5.6 ± 5.6
Cmax (ng/mL) 1.908 ± 1.190 1.889 ± 1.215
Tmax (h) 4.3 ± 1.5 4.3 ± 2.1
T1/2 (h) 13.7 ± 13.2 9.8 ± 3.9
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[2] J.T. Flynn, D.A. Pasko, Pediatr. Nephrol. 15 (2000) 302.
UC = area under plasma concentration-time curve, Cmax = maximal plasma concen-
ration that is independent to sampling time, Tmax = time for the maximal plasma
oncentration, T1/2 = elimination half-life.

arameters for the reference and test drug obtained are described
s follows. The profiles of the plasma isradipine concentration ver-
us time are shown in Fig. 3. Plasma concentrations of isradipine
ere in the standard curve range and remained above the LLOQ

10 pg/mL) for the entire sampling period except for one subject at
.66 h, one subject at 1 h, one subject at 24 h, and one subject at
6 h after dosing. Even though the bioavailability of orally adminis-
ered isradipine was characterized by considerable interindividual
ariation [16,19,21], the plasma profiles of the mean isradipine con-
entration versus time after oral administration of a single dose of
oth formulations in 24 subjects exhibited closely similar patterns.
he mean estimated pharmacokinetic parameters derived from the
lasma concentration profiles of isradipine are shown in Table 2.
he bioequivalence parameters almost overlapped between the test
nd reference samples, with the only exception of mean elimination
alf-life (T1/2) that showed a certain difference 13.7 ± 13.2 (range
.6–72.2) h for the reference versus 9.8 ± 3.9 (range 4.8–20.5) h for
he test. The difference was from considerable interindividual vari-

tion. Especially, one subject (subject no: B3) who participated in
he reference group but had an extraordinary long elimination half
ime (T1/2) of 72.2 h which contributed to the greater difference.

large variation in clearance is usually seen in a high clearance
(reference vs. test) formulations in 24 healthy volunteers after oral administration

rug with low bioavailability such as isradipine [20]. The mean
atio of the AUC48 divided by AUC∞ was 92.8% for the reference
nd 95.64% for the test. The 90% confidence interval (CI) of the
est/reference percent ratios were 98.1% (91.31–105.46%) for Cmax

nd 93.5% (83.56–104.84%) for AUC48 h. No differences between the
eference and test drugs were detected (p-value greater than 0.05
or the formulation effect in all tested parameters). Since a 90%
I for Cmax and AUCs ratios were ranging within the limits of the
DA (80–125%), it was determined that the two types of 5 mg SR
sradipine formulations were considered to be bioequivalent.

In previous reports, absorption of an orally administrated IR
sradipine capsule in the fasting condition was rapid with 1.2–2.0 h
f Tmax and 6.1–13.8 h of elimination half-life (T1/2) [16–18,21]. SR
sradipine capsules took about 3–4 times longer (6 h) for the Tmax

ompared to IR isradipine. Our experimental results in a Korean
opulation showed faster Tmax and half-life than previous oral stud-

es using SR isradipine.

. Conclusion

The proposed method of combining a simplified plasma extrac-
ion procedure and a highly sensitive HPLC/ESI-MS/MS method
rovided a rapid and sensitive detection technique for isradipine in
uman plasma. We achieved a lower LLOQ (10 pg/ml) and shorter
etention times (0.81 min. for isradipine, 0.65 min for IS) than pre-
ious reports. The precision and accuracy for calibration and QC
amples were well within the acceptable limits. This method was
ensitive enough to monitor isradipine plasma concentrations up
o 48 h after dosing and provided us with a successful application
n pharmacokinetics and bioequivalence study of the two differ-
nt isradipine 5 mg SR capsule formulations in 24 healthy Korean
olunteers.
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