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Abstract

A rapid, selective and sensitive method for the determination of the angiotensin Il receptor antagonist, telmisartan, in human plasma has bee
developed. Telmisartan and the internal standard, diphenhydramine, were extracted from plasma using diethyl ether—dichloromethane (60:40, v/
and separated on a Zorbax extengd €lumn using methanol-10 mM ammonium acetate (85:15, v/v) adjusted to pH 4.5 after mixing with formic
acid as mobile phase. Detection was carried out by multiple reaction monitoring on a'®-t@sMS/MS system with an ESI interface. The
assay was linear over the range 0.5-600.0 ng/ml with a limit of quantitation of 0.5 ng/ml and a limit of detection of 0.05 ng/ml. Intra- and inter-day
precision were <6.7% and <8.1%, respectively, and the accuracy was in the range 88.9-111.0%. The assay was applied to a pharmacokinetic st
of telmisartan given as a single oral dose (80 mg) to healthy volunteers.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction such as low sensitivity, extensive sample preparation, larger
biosamples and long analytical run time.
Telmisartan (4-((2:-propyl-4-methyl-6-(1-methylbenzimi- Liquid chromatography with tandem mass spectrometry

dazd-2-yl)-benzimidazé 1-yl)methyl)-biphenyl-2-carboxylic  (LC-MS/MS) is widely employed for bioassay of drui@s7],
acid) is an angiotensin 1l receptor antagonist widely usedut has not been applied to the determination of telmisartan. In
in the treatment of hypertension. It undergoes minimal biothis paper, we describe an LC-MS/MS method for the deter-
transformation in the liver to form the inactive telmisartan mination of telmisartan in human plasma and its application to
1-0-acylglucuronide as its principal metaboliig]. The long a clinical pharmacokinetic study in healthy volunteers given a
half-life and selectivity of telmisartan for angiotensin Il telmisartan 80 mg tablet.
receptors allows once daily dosing with minimal side effects
[2.3]- o ) ) . 2. Experimental

For pharmacokinetic study, various analysis methods includ-
ing radiolabeled druff] and HPLC with f!uor!metr|c detgctlon 2.1. Materials and reagents
[5] have been developed for the determination of telmisartan in

biosamples. However, these methods suffer from disadvantages tojmisartan (99.0%) and diphenhydramine (99.9%6y (1)

were purchased from the National Institute for the Control of

T Pharmaceutical and Biological Products (Beijing, P.R. China).

* Corresponding author. Tel.: +86 431 5619955; fax: +86 431 5619955. Meth | HPLC d d h df Fisher Sci

** Corresponding author. Tel.: +86 10 66551122 2043; fax: +86 10 66551211 ¢ 1aMN0l Was grade and purchased from Fisher scien-
E-mail addresses: cuiymzy@126.com (Y. Cui), gujk@mail.jlu.edu.cn tific (Fair Lawn, NJ, USA). All other chemicals were analytical

(J. Gu). grade and used without further purification. Distilled, deminer-
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CH; evaporated to dryness at40 under a gentle stream of nitrogen.
N CH, CHS Residues were reconstituted in 20iGaliquots of mobile phase
O/\/N “CH, and 20ul injected into the LC—-MS system.
2.5. Assay validation
(A) CasHaoN4O2 ) Cr7HiNO Calibration standards and QC samples 6) were analyzed

on three separate days. Linearity of calibration curves based on

peak areas was assessed by weighted)([Hast-squares analy-

sis. Intra- and inter-day precision was calculated as coefficient of

variation (CV) and accuracy as relative error. The limit of quanti-

rrt\ation (LOQ) was determined as the concentration below which
the inter-day CV exceeded 20%. The LOD was determined as
the concentration with signal-to-noise ratio of 3. The recoveries
of telmisartan and the internal standard were evaluated by com-
paring peak areas of extracted QC samples and internal standard

Stock solutions of telmisartan and diphenhydramine (boﬂyvith those of reference solutions reconstituted in blank plasma
0.5 mg/ml) were prepared in methanol and stored°&.4Stan- extracts, respectively. Matrix effects were evaluated by compar-

dard solutions of telmisartan (0.5, 1.0, 3.0, 10.0, 30.0, 100. dng peak areas of QC solutions and internal standard solutions
300.0 and 600.0 ng/ml) were prepared by dilution of the stoc lgeconsututed in blank plasma extracts with that of the same solu-
solution with methanol:water (50:50, v/v). An internal standardtlons injected directly into the LC-MS system.

working solution (10ng/ml diphenhydramine) was similarly Stability in plasma was assessed in the autosampler at room
prepared. Low, medium and high quality control (QC) solutions temperature for 8 h and on storage-d20°C for 90 days. The
(1.0, 30.0, 500.0 ng/ml) were also prepared. The limit of detec® effect of three freeze-thaw cycles was also investigated.

tion (LOD) was investigated using standards with concentrations
of 0.10, 0.05 and 0.01 ng/ml.

Fig. 1. Structures of telmisartan (A) and diphenhydramine (B) (internal
standard).

alized water was produced by a Milli-Q Reagent Water Syste
(Millipore, MA, USA).

2.2. Preparation of standard solutions

Max. 4.7e5 cps.
100% 497.0

2.3. Instrumentation and conditions 276.1
515.1
The LC-MS system consisted of an Agilent 1100 series 75%
HPLC (Agilent Technologies, Palo Alto, CA, USA) coupled
to an Applied Biosystems Sciex Q-tréh mass spectrometer
(Applied Biosystems Sciex, Ontario, Canada). Isocratic chro-
matography was carried out on a 150 mrd.6 mm, Sum Zor-
bax extend @ column maintained at 35C using a mobile 250 2501
phase of methanol-10mM ammonium acetate (85:15, v/v) 211.0 ’
adjusted to pH 4.5 after mixing with formic acid. The flow ‘
rate was 1.0ml/min and the column effluent was split so 0% [ J
that approximately 0.5 ml/min entered the detector, which was
equipped with an ion-spray source and operated in the posi-
tive ion mode. Optimum ion source parameters were as fol- Max. 5.9e5 cps. 167.0
lows: curtain gas=20p.s.i.; ion spray voltage =1500V; tem- 100%
perature =500C; ion source gas 1=60p.s.i.; ion source gas
2=50p.s.i. The collision gas was set to medium mode and
the interface heater to on mode. Hydrophilic impurities were
diverted to waste for 60s after an injection using a 10-way
switching valve. Data acquisition was carried out by Analysis
1.4 software on HELL computer.
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2.4. Sample preparation 2%

Liquid—liquid extraction of mixtures of thawed plasma 0%
(50ul) and internal standard working solution (k{) was car- 60 1200180 240 300
ried out by shaking with 3ml diethyl ether—dichloromethane  (® m/z, amu
(60:40, vlv) for 10min. After centrifugation at 2000g for  Fig. 2. Full-scan product ion spectra of [M +Hior (A) telmisartan and (B)
10 min, the organic phase was transferred to another tube amihhenhydramine.
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2.6. Pharmacokinetic study 3.2. Chromatography

Telmisartan was determined in plasma of healthy volunteers Various combinations of acetonitrile, methanol, acetic acid
(n=22) afteradministration of an 80 mg tablet (Micardis). Blood and formic acid were investigated to optimize the mobile phase
samples (1 ml) were collected before the dose and at 0.5, 1.6r sensitivity, speed and peak shape. The inclusion of 10 mM
1.5, 2.0, 3.0, 5.0, 8.0, 12.0, 24.0, 48.0, 72.0 and 96.0 h posemmonium acetate instead of pure water reduced matrix effects
dose. Plasma was obtained by centrifugation of whole blood avithout decreasing response. Peak shape was improved by

2000x g for 5 min and stored at20°C prior to analysis. using formic acid to adjust the mobile phase pH to 4.5. Fur-
ther improvement in peak shape with reduced cycle time was

3. Results and discussion achieved by splitting the column effluent and increasing the flow
rate. Of a number of ¢g columns (Nova-Pak, Nucleosil and

3.1. Mass spectrometry Hypersil) evaluated, Zorbax extend gave the best chromatogra-

phy. With a total flow rate of 1.0 ml/min (splitting 0.5 ml/min to
Positive electrospray ionization mass spectra of telmisartathe ion source), the cycle time was 2.6 min allowing a sample
and diphenhydramine are shown Fiig. 2. Multiple reaction  throughput of 180-220 samples per day.
monitoring (MRM) was performed at unit resolution using
the mass transition ion-pairs/z 515.1— 276.1 for telmisar- 3.3 Assay validation
tan (declustering potential (DP) 90 eV; collision energy (CE)
21 eV) andn/z 256.0— 167.0 for diphenhydramine (DP 20eV;  Typical chromatograms are shownFig. 3. The assay was

CE 15eV). linear over the concentration range 0.5-600.0 ng/mlQ.996)
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Fig. 3. Representative single reaction monitoring chromatograms of (A) blank plasma, (B) plasma spiked with telmisartan and diphenhydratirmieadt the
quantitation (0.5 ng/ml) and (C) a plasma sample 1.5 h after an oral administration of a telmisartan 80 mg tablet to healthy volunteers. Pegh; tetalsH,
diphenhydramine.
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Table 1
Precision and accuracy for the determination of telmisartan in human plasma (data are based on assay of six replicates on three different days)
Nominal concentration (ng/ml) Calculated concentration (ng/ml) Intra-day CV (%) Inter-day day CV (%) Relative error (%)
1.00 1.03 45 8.1 2.9
30.0 311 6.7 3.6 3.6
500.0 499.2 5.4 45 -0.2
600 maximum concentrationdmax) was 507 100 ng/ml occur-

ring at 1.0:0.2h. The mean plasma elimination half-life
(t172) was 20.4-7.7h and the mean area under the plasma

= concentration—time curve (AUC) was 32@0.650 ng h/ml.

?,_‘n 400

é’ 4. Conclusion

5 ool A highly selective, sensitive and rapid method for the deter-
§ mination of telmisartan in human plasma is reported using

high-performance liquid chromatography with detection by tan-
dem mass spectrometry. Acceptable precision and accuracy is
0 . =S x obtained within the standard curve range of 0.5-600.0 ng/ml.
i & il " i % The LOD of the method is 0.05ng/ml. The method requires
tseth) only 50pl of plasma and allows high sample throughput

Fig. 4. Plasma concentration—time profile for telmisartan after administratiordue to a simple sample preparation procedure and short run
of a telmisartan 80 mg tablet. Data are mea8.D. for 22 healthy volunteers.  time.
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