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Abstract

A new liquid chromatography/atmospheric pressure chemical ionization-tandem mass spectrometry (LC/APCI-MS/MS) method with on-lir
sample clean-up for the determination of telmisartan in human blood plasma is presented. This technique is compared to a previously introdt
enzyme-linked immunosorbent assay (ELISA), where fluorescence is used as detection method. For the LC/MS method applying an inte
calibration via a deuterated internal standard, the limit of detection was 0.3 ng/mL, the limit of quantification was 0.9 ng/mL and the linear ran
extended from 0.9 to 1000 ng/mL. Forty-eight plasma samples from four healthy volunteers were analyzed in a pharmacokinetic study to obif
data for the method comparison. As a result, these two new and independent analytical methods for the determination of telmisartan in hut
blood plasma proved to yield comparable results for the amount of analyte.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction based on capillary zone electrophoresis (CZE) with subsequent
UV/vis detection[4], HPLC measurements with UV/v[4] or
Telmisartan, 4-[(2¢-propyl-4-methyl-6-(1-methylbenzimid- fluorescence detectidh] or polarographic methods,7].
azole-2-yl)-benzimidazole-1-yl)methyl]-biphenyl-2-carboxylic ~ Only two methods for the determination of angiotensin Il
acid (Fig. 1), is a known drug against high blood pressure, whichreceptor antagonists applying mass spectrometric techniques
belongs to the group of angiotensin Il receptor antagofiis?s. have been published up to now. Kondo et al. presented the first
Other members of this group are, e.g. candesartan, eprosartarethod in 19968]. It is based on LC/electrospray-tandem MS
and valsartan. Telmisartan is highly selective for angiotensiinvestigations using an off-line sample extraction procedure for
Il (AT 1) receptors. It inhibits the angiotensin Il receptor in athe characterization of candesartan cilexetil metabolites in rat
way that the effect of angiotensin 1l is blocked resulting in ablood plasma. Recently, Chen et al. published a paper on the
decrease of blood pressuB}. As has already been described in determination of telmisartan in human blood plasma samples by
Part | (immunoassay development), only few publications witha LC/ESI-MS method. They worked with an off-line procedure
respect to the investigation of telmisartan by analytical methoddpr sample preparation and used valsartan as internal standard
such as chromatography, mass spectrometry or immunoassd@§.
have been published until now. These methods are mainly In this paper, a new liquid chromatography/tandem mass
spectrometry (LC/MS/MS) method with automated on-line
sample clean-up using turbulent-flow chromatography for the
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Buffer 2: 0.05 mol/L NaHPO4/KH2PQOy, 0.15 mol/L NaCl

CHs , ,
59g/L BSA, pH 7.4;
N CH, Buffer 3: 0.05mol/L NaHPQy/KH,PQy, 0.15mol/L NaCl,
HaG N 5g/L BSA, 0.5g/L NaN, pH 7.4.
\
N N
2.1.2. Unknown samples
\ |N o Human plasma samples of four healthy male volunteers of

OH
\[/ a pharmacokinetic clinical Phase-I study with telmisartan were
investigated by means of LC/MS and ELISA measurements.
Blood was taken 0.5h before as well as 0.5, 1, 1.5, 2, 4, 6,
8, 12, 24, 48 and 72 h after oral intake of 80 mg telmisartan
and potassium EDTA was added. Aliquots of the subsequently
_ _ . generated plasma samples were stored at approxima2élyC.
Fig. 1. Chemical structure of telmisartan.

2.2. Instruments

the successful development of an LC/MS/MS method using the

“soft” atmospheric pressure ionization (API) methods, such as For LC/MS investigations, an Agilent Technologies (Wald-
electrospray ionization (ESI) or atmospheric pressure chemic&ironn, Germany) HP1100 liquid chromatograph for binary
ionization (APCI) was not certain due to the low polarity of the gradient elution was used: pump model G1312A, autosam-
analyte[10]. But as an immunoassay for the determination ofpler G1313A, diode-array detector G1315B. This system was
telmisartan has already been developed successfully (Part goupled to an esquire 308s ion trap mass spectrometer
the possibility of comparison by cross-validation of two inde- (Bruker Daltonics, Bremen, Germany). The set-up of the LC/MS
pendent high-sensitivity methods was given. To the best of ougystem is shown irFig. 2 For HPLC separation (pumps 2
knowledge, both approaches are described in literature for th@nd 3), the following binary gradient consisting of buffer A

first time for the analysis of telmisartan or related compounds.(HCOONH/HCOOH, 20 mmol/L, pH 3) and acetonitrile (B)
with a flow rate of 0.4 mL/min was used:

2. Experimental Time (min) cg (%)
0 30
2.1. Materials 1.5 30
6.5 90
Telmisartan reference substance (4+(propyl-4-methyl- 9.5 90
6-(1-methylbenzimidazole-2-yl)-benzimidazole-1-yl)methyl]- 96 30

biphenyl-2-carboxylic acid), the hapten telmisartan-(2-aming 3

acetic acid) (Tel-AAA), which is coupled to the enzyme glucose  For sample clean-up, turbulent flow chromatography (TFC)
oxidase, the biotin-labeled polyclonal rabbit anti-telmisartanysing isocratic conditions were utilized 48, pump 1). The
lgG, all plasma samples (12 individual plasma samples anflow rate was 1.2 mL/min in this case. The injection volume
pooled plasma from healthy volunteers) and the internalyas 10Q.L. For enrichment of telmisartan, a cyclone turboflow
telmisartan standard (deuteration degree of the propyl grouprr) column (Cohesive Technologies Europe, Crownhill, United
over seven hydrogen atoms: 78%) were kindly provided byingdom) with the following parameters was used: particle size
Boehrlnger Ingelhelm Pharma GmbH & Co. KG (Blberach 60Mm pore size 109\ column dimensions 50 mm 0.5 mm.
Germany). Acetonitrile and water for LC/MS measurementsp Prontosil C18-ace-EPS column (Bischoff Chromatogra-
were purchased from Biosolve (Valkenswaard, The Netherphy, Leonberg, Germany) was used for HPLC separation
Iands). Bovine serum albumin (BSA) was purchased from Serve)artide size 3Qm, pore size 12@\, column dimensions
(Heidelberg, Germany). The enzymes glucose oxidase (GOD,50 mmx 3.0 mm). From O to 1 min the valve was in the enrich-
E.C. 1.1.3.4) and horseradish peroxidase (POD, E.C. 1.11.1.fent position. From 1.1 to 9.5 min, the valve switched to the sep-
as well as avidin were purchased from Sigma (Deisenhofergration position and at9.6 min backinto the initial position again.
Germany). The synthesis of 4{methylhydrazino)-7-nitro- All MS measurements were performed by means of atmo-
2,1,3-benzooxadiazole (MNBDH) was performed as describedpheric pressure chemical ionization (APCI) in the negative ion
in literature [11]. All other chemicals were purchased from mode. Mass spectra were recorded in the full scan mode with
Aldrich (Steinheim, Germany), Merck (Darmstadt, Germany)a mass range fromm/z=100 to 1000. Tandem mass spectra
and Fluka (Neu-Ulm, Germany) in the highest quality available of telmisartan were recorded in the multiple reaction moni-
toring (MRM) mode with a fragmentation amplitude of 1.0V
2.1.1. Buffers using the transition fromu/z =513.2 to 469.2 for quantification
and additionally, the transitions from/z=513.2 to 302.2 and
Buffer 1:0.05 mol/L NaHPQOy/KH2POy, 0.15 mol/LNaCl, pH /= 287.2 for identification. The internal standard was deter-
7.4, mined by monitoring the transition from/z;=519.2 to 475.2.
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Enrichment

RP18 column
RP18 column

Fig. 2. Schematic set-up of the LC/MS system. The switching valve changes between the enrichment and the separation position. In the enricimmigret posit
TFC column is loaded with the plasma sample, whereas in the separation position, the TFC column is eluted (backflush) and the retained compmaretes are se
on the RP18 column and detected by means of UV/vis spectroscopy and APCI-MS.

The ion count cumulative target for the ion trap mass analyzeof LC/APCI-MS measurements. In case of the external cali-
was 100,000, with a maximum accumulation time of 200 msbration, the standard solutions and the sample solutions were
lons were generated with 10,000 nA corona current and guideihjected in triplicate into the system. Additionally, quality con-
towards the mass analyzer with 2582V at the transfer capillaryrols of 500 and 20 ng/mL (in pooled plasma; 10%) were ana-
inlet, —205.7 V on the capillary exit and49.8V at the skim-  lyzed two times in triplicate in between the determination of
mer. Further ion source parameters were 50 psi nebulizer gadke real human plasma samples. In all cases, the solutions were

and 5.0 L/min of drying gas with a temperature of 380 diluted (buffer 2) to a final plasma concentration of 10%. There-
The ELISA detection was performed as described in Part Ifore, pooled plasma was added to the calibration standards,
immunoassay development. which were determined in the range of 0.01-1000 ng/mL.
For internal calibration, the response factor was initially
2.3. Optimization of LC/MS parameters determined. Two calibration curves of telmisartan/internal stan-

dard mixtures were recorded: on the one hand by mixing solu-
In order to find the best conditions for the LC/MS measure-tions of the analyte and the deuterated standard of the same
ments, several parameters were optimized: telmisartan was @oncentration in the range from 0.3 to 1000 ng/mL and on the
the one hand determined in initial measurements in the fulbther hand by mixing solutions of this concentration range in
scan mode and on the other hand in the tandem MS mode. Tlogpposite directions (starting for telmisartan at 0.3 ng/mL and for
calibration curve of pooled plasma (10%) containing standardghe standard at 1000 ng/mL). The response factor was calculated
was compared with the calibration of standards without plasmapplying the following formula:
and with the results of an internal calibration. Additionally, the

breakthrough volume of the TFC column was determined byr = CinsATelm
varying the injection volume between 10, 30, 50, 75 andll00 cTeimAins
and comparing the peak areas of the respective mass traceswith internal standard (inS), area telmisartan{yn) and area
transitions. internal standardA(,s).

This procedure was selected to exclude interferences from
2.4. LC/MS procedure very high concentrations of one compound on very low con-

centrations of the other. Afterwards, the analysis of the plasma
The telmisartan concentrations of the 12 unknown humasamples was carried out by adding the internal standard to
plasma samples of every test person were determined by meaaach sample in a final concentration of 10.04 ng/mL. All sam-
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ples, which were analyzed using an internal standard, were algbe biphenyl part and the rest of the telmisartan molecule and the
diluted (buffer 2) to a final plasma concentration of 10%. Forfragment ain/z = 287.2 by additional loss of a methyl group. The
the two calibration measurements, pooled plasma was adddégmentation scheme is shown kiig. 4 The signal-to-noise

to the solutions again. All measurements based on the use ddtio for the main MRM signal ati/z = 469.2 is approximately

the internal standard (calibration, real sample determination200:1 at this telmisartan standard concentration. Tandem MS
were performed in triplicate as well. Furthermore, the telmisartechniques have been selected for these investigations due to
tan concentration of quality controls (500, 20 ng/mL) containingimproved limits of detection in comparison to full scan APCI-
10% pooled plasma was again determined two times in triplicat®1S. In case of the deuterated internal standard, the transition of
in between the human plasma samples. For all measurementee main signal ati/z =519.2—475.2 was observed as expected
the detection was performed applying UV/vis absorbance spedue to the analogy to the native compound.

troscopy and APCI-MS in the MRM mode. Fig. 5 shows the dependency of the signal intensity for
the LC/APCI-MS (MRM) measurement on different injection
2.5. ELISA procedure volumes of the peak at/z =469.2 ¢ =3). Different injection

volumes between 10 and 100 have been selected for these
The immunoassay was performed as described in Part iAvestigations in order to determine the breakthrough volume
immunoassay development. of the TFC column. The results for higher injection volumes
could not be compared due to the maximum volume of 100
of the injection loop. The coefficient of linear regressief) (s
0.9983 and the mean R.S.D. is 9.2%. As a wide range of telmis-

In order to decrease sample preparation time, thus allowArtan concentrations could be expected, a large linear range for
ing increased sample throughput, all tandem MS measuremerH%e pharmacokinetic investigations was needed. Therefore, an

were combined with an online TFC sample clean-up. In thidhiéction volume of 10Q.L was selected.
enrichment step a relatively high flow rate is applied. Therefore, T19- 6 shows the APCI(-)-MS and UVivis chromatograms

eddies are generated due to the large particles in the turbulerfi! @ télmisartan calibration solution (1000 ng/mL; dissolved in
flow column. This leads to a turbulent-flow profile instead Ofbuffer 2 including 10% pooled plasmg) after TF clean-up. The
LC upper chromatogram shows the total ion current (TIC), whereas

a laminar flow profile, which is observed in common HPLC ) L
columns. These eddies and the high flow rate increase the maSsthe middle, the 513.2> 469.2 transition in the MRM mode

transfer and prohibit an interaction of large molecules with thdS 0Pserved. In the TIC chromatogram, the times of changing

particle pores inside the column so that large molecules as prél€ Switching valve position from enrichment into the separa-
tion (1 min) and back (9.5 min) are marked (dashed lines). Both

teins are not retained on the column but directly flow into the . :
waste[12,13]. chr_omatograms show only one peak at approximately 8.5 min,
which can be assigned to telmisartan. Due to the low polar-
ity of telmisartan, polar metabolites, such as the glucuronide
are expected to elute earlier from a reversed-phase column than

the compound itself. The third window shows the UV/vis chro-

. . X matogram at the maximum absorption wavelength of 298 nm.
MS/MS spectra of a telmisartan calibration standard (10 ng/mL__. ; Y }
solved in buffer 2 including 10% pooled blood plasma) areBeS|des the pressure peak resulting from the injection (3.5 min),

_ . X two very small and one larger peak can be seen. The retention
shown. The peak ak/:=513.2 is caused in both cases by thetime of the large peak corresponds to the telmisartan peaks of

deproltongtedbtelmsgr.t art1), \;\;}hereas the 'm/tal:.4%9'2'twmcr; th? other chromatograms. The two other peaks at approximately
can aiso e OLSEIVEC In both measurements, 15 du€ to th€ 10SSoY, 4 7 5 min, respectively, can be observed in all other per-

c?rt;og g&x 'g ie from thg garl:l)ox\);llc aCIStLueTég(:ig Th; ft@lgmnemformed measurements, which includes also the determination of
atmiz= < IS caused by cleavage o ge between  ynknown samples and the measurement of the telmisartan cal-

ibration standard solutions without added plasma. This means
5132 P that these peaks are probably caused by contaminations of the
= ' reagents and neither by the plasma itself nor by metabolism
of telmisartan in the plasma. The comparison of the mass and
= TR T T e iE UV traces shows.the dn‘fgrence in sensitivity qf the mt_—zthods.
miz Although the applied telmisartan concentration is very high, the
513.2 UV peaks show only moderate peak intensities with a much
287.2 302.2 4 . . .
e o e e e e e o B lower signal-to-noise ratio than the MS traces. For the concen-
250 300 350 ks 450 500 550 trations at the beginning of the linear range, no UV detection was
possible. This confirms the argument for LC/MS measurements.
Fig. 3. APCI-MS (inserted spectrum) and APCI-MS/MS spectra of atelmisartan For the external calibration. 11 telmisartan standard solu-
calibration standard (10 ng/mL; dissolved in buffer 2 including 10% pooledt. trati 0 0’1 1000 na/mL iniected i
blood plasma). The peak aifz=513.2 is caused in both cases by telmisartan. |9n§ (conpen ration range. U.U1~ ng/m ) were injected in
The daughter ion at/z = 469.2 in the tandem mass spectrum is caused by losdriplicate into the TFC/LC/MS system. In order to have the
of CO, from the carboxylic acid group. same conditions as for the determination of the unknown human

3. Results and discussion

3.1. LC/MS method

In Fig. 3, the APCI-MS (inserted spectrum) and APCI-

- 469.2
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Fig. 4. Reaction scheme of the telmisartan fragmentation.
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Fig. 6. APCI(-)-MS and UV/vis chromatogram of a telmisartan calibration solu-
Fig. 5. LC/APCI-MS/MS (MRM) investigation regarding the dependency of tion (1000 ng/mL; dissolved in buffer 2 including 10% pooled plasma) after TFC
different injection volumes on the signal intensity of the peakiat=469.2 clean-up and LC separation recorded in the scan matte=(50-500), in the
(n=3). MRM mode (n/z = 469.2) and at the respective absorption wavelength of 298 nm.
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Fig. 7. Comparison of the two different types of calibration curves: APCI- ] v Testperson4
MS/MS-calibration (gray) and ELISA-calibration (black). ]

10 100 1000
plasma samples, all telmisartan standards were diluted in such ¢ (LC/MS ) [ng/mL]
a way that the final pooled plasma concentration was 10% iRig. 8. Correlation plot between the determined telmisartan concentrations by
buffer 2. The calibration curve is shown Fig. 7. The limit  means of the LC/MS method with external calibration and with internal calibra-
of detection (LOD), determined according to the concentratioriion.
giving a signal 3 standard deviations (S.D.) above the mean
for the blank, is 0.3 ng/mL. The limit of quantification (LOQ), With the very high degree of protein binding of telmisartan. The
determined according to the concentration giving a signal 1@onsequence is that not all telmisartan is retained by means of
S.D. above the mean for the blank, is 0.9 ng/mL and the lineaih® TFC column but that it is partly transferred to the waste.
range is between 0.9 and 1000 ng/mL. The coefficient of the linTherefore, no quantitative recovery is observed for external cal-
ear regression) is 0.992 and the mean R.S.D. =7.7% (R.S.D.ibration. The use of a stable-isotope-labeled internal standard,
between 1.0 and 9.6%). which shows the same degree of protein binding, is the best
For the determination of the response factor of the interineans to avoid respective problems.
nal calibration, two calibration curves of telmisartan/internal
standard mixtures were measured: on the one hand, by mixin§2. Method comparison
solutions of the native compound and the deuterated standard of
the same concentrations (parallel calibration) and on the other The telmisartan concentration data obtained by the two inde-
hand by mixing different concentrations (cross calibration) ofpendent analytical methods for human plasma samples were
these solutions of this range. The response factor was calcaempared. Calibration curves for both methods are provided
lated as 1.77 (S.D.=0.20, R.S.D.=11.3%) as described above Fig. 7. While the LC/MS/MS method provides a linear cali-
by applying the formula& = (cinsATeim)/ (cTelmAins)- bration curve, the immunoassay calibration typically results in
In Table 1(a—d), the results for the LC/MS determination a sigmoidal function.
with internal and external calibration of several pharmacoki- The concentration—time profile for each subject is shown
netic human plasma samples from four healthy volunteers ar@ Fig. 9. Here, the results of the immunoassay are directly
presented. Plasma samples were taken at 12 differenttime pointompared to the results of the LC/MS/MS method apply-
before and after administration of telmisartan tablets. The telmising internal calibration. It can be seen that the telmisartan
artan concentration was determined in triplicate after diluting alconcentration—time profile differs considerably from healthy
human plasma samples by factor 10 with buffer 2 (and addingolunteer to healthy volunteer, but that both analytical meth-
the deuterated standard, in case of the internal calibration). Theds provide similar profiles, with the largest deviations being
highest drug concentrations in the plasma samples of each tedbserved close to the limit of quantification. In the last two
person were determined in agreement with the results of theolumns ofTable ] the ratio between concentrations obtained
external calibration measurements. by ELISA and LC/MS (internal or external calibration) are cal-
By comparing the results of these measurements, two obsetulated for any of the individual samples. By comparing these
vations are most prominent: first, both series of measurementssults, it can be observed that the deviation between ELISA
deliver comparable pharmacokinetic time—concentration proand LC/MS with internal calibration is usually higher than for
files of the drug in the plasma samples. This becomes obviousSLISA and LC/MS with external calibration.
from Fig. 8 However, the second observation, which can be Fig. 10describes the correlation between the results of the
made by comparing the LC/MS resultsTiable land inFig. 8 is  immunoassay and the LC/MS/MS technique (internal standard)
that the measured telmisartan concentrations are usually highfar all four subjects in a scatter plot. The diagonal of the dia-
in case of using the deuterated standard. This result is consistegriam represents the line of 100% agreement of both methods.

internal calibration
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Table 1
Telmisartan concentration in the human plasma samples for four test persons (a—d)
Time (h) APCI-MS external APCI-MS internal Immunoassay ¢(ELISA) compared c¢(ELISA) compared
(ext.) calibration (int.) calibration to ¢(LC/MS) ext. to ¢(LC/MS) int.
Average S.D. R.S.D.(%) Average S.D. R.S.D.(%) Average S.D. R.S.D.(%) calibration (%) calibration (%)
(ng/mL) (n=3) (ng/mL) (n=3) (ng/mL) (n=3)
(a) Test person 1
-0.5 <LOQ / / <LOQ / / <LOQ / / / /
0.5 186.7 7.2 3.9 199.9 11.9 6.0 115.8 9.2 7.9 62.0 57.9
1.0 334.6 7.2 22 3725 17.3 4.6 244.4 21.1 8.6 73.0 65.6
15 279.7 2.0 0.7 318.0 17.5 5.5 227.9 375 16.4 81.5 71.7
2.0 245.0 5.7 2.3 284.1 22.8 8.0 208.8 25.3 121 85.2 735
4.0 102.5 2.4 2.3 108.0 25 2.3 85.8 2.3 2.7 83.8 79.4
6.0 63.0 3.9 6.2 66.8 0.6 0.9 52.4 3.7 7.0 83.2 78.4
8.0 64.4 21 3.3 65.2 0.8 1.2 64.7 8.6 134 100.5 99.3
12.0 42.7 0.5 1.2 45.8 1.8 3.9 40.0 3.8 9.5 93.8 87.4
24.0 215 0.8 3.6 26.3 0.9 3.6 22.9 3.1 134 106.5 87.1
48.0 <LOQ / / <LOQ / / 9.4 0.6 6.3 / /
72.0 <LOQ / / <LOQ / / <LOQ / / / /
(b) Test person 2
-0.5 <LOQ / / <LOQ / / <LOQ / / / /
0.5 69.3 0.8 1.2 115.1 1.0 0.9 90.0 1.8 2.0 131.6 78.2
1.0 192.3 45 2.3 261.0 9.0 35 198.8 12.7 6.4 103.4 76.2
15 454.9 4.2 0.9 591.1 14.6 25 545.0 26.9 4.9 119.8 92.2
2.0 368.4 34 0.9 506.8 20.0 3.9 466.5 33.8 7.3 126.6 92.1
4.0 132.9 4.1 31 166.2 12.9 7.8 132.1 134 10.2 99.4 79.5
6.0 91.7 5.9 6.5 117.3 2.7 2.3 90.4 5.3 5.8 98.6 77.1
8.0 65.1 2.2 34 70.7 1.8 25 52.3 5.9 11.2 80.3 74.0
12.0 52.4 0.5 0.9 60.4 1.3 2.1 61.0 10.3 16.9 116.3 100.9
24.0 36.1 11 31 42.6 1.2 2.8 39.1 4.4 11.2 108.3 91.8
48.0 18.3 0.5 2.7 16.1 0.1 0.9 225 0.5 2.0 123.1 139.6
72.0 <LOQ / / <LOQ / / 5.8 0.4 6.5 / /
(c) Test person 3
-0.5 <LOQ / / <LOQ / / <LOQ / / / /
0.5 483.4 19.4 4.0 564.4 59.3 105 439.7 22.1 5.0 91.0 77.9
1.0 353.9 17.9 5.0 414.1 53.6 12.9 352.0 42.4 12.0 99.5 85.0
15 217.1 4.4 2.0 235.8 4.4 1.9 265.2 16.2 6.1 122.2 112.5
2.0 108.7 2.2 2.0 146.0 17.7 121 139.2 2.3 1.7 128.1 95.3
4.0 28.5 0.4 1.3 43.2 3.7 8.5 36.3 438 13.2 127.4 84.1
6.0 19.8 1.9 9.4 33.7 0.3 0.8 27.1 1.3 4.7 137.0 80.5
8.0 18.3 15 8.3 27.0 11 4.2 26.0 3.2 121 142.1 96.3
12.0 14.8 17 11.2 28.8 24 8.2 25.1 0.9 3.6 169.4 87.1
24.0 11.4 1.0 8.5 13.1 0.7 5.5 135 25 18.6 118.1 103.1
48.0 <LOQ / / 11.0 1.9 17.5 6.7 2.0 30.1 / 60.9
72.0 <LOQ / / <LOQ / / <LOQ / / / /
(d) Test person 4
-0.5 <LOQ / / <LOQ / / <LOQ / / / /
0.5 70.5 6.7 9.5 71.7 2.3 3.3 60.8 6.2 10.2 86.2 84.7
1.0 375.6 9.0 24 612.0 145 24 4254 96.2 22.6 113.3 69.5
15 317.6 1.3 0.4 486.6 19 0.4 369.5 31.2 8.4 116.3 75.9
2.0 212.9 50.7 23.8 3325 26.1 7.9 264.8 2.3 0.9 124.4 79.6
4.0 64.1 0.1 0.2 70.8 0.4 0.5 61.4 9.2 15.0 95.7 86.7
6.0 48.6 0.9 1.8 72.3 7.8 10.7 52.4 5.3 10.1 107.8 725
8.0 23.7 0.7 2.8 38.0 25 6.5 26.7 2.7 10.1 112.5 70.3
12.0 17.0 0.6 35 21.6 21 9.7 19.6 1.6 8.3 115.5 90.9
24.0 <LOQ / / 104 1.0 9.2 8.3 15 17.7 / 80.1
48.0 <LOQ / / <LOQ / / 5.0 0.4 7.4 / /
72.0 <LOQ / / <LOQ / / <LOQ / / / /

The plasma samples were taken at 12 different times and were diluted with buffer 2 (10%).

As all points are concentrated around this line and no strong=0.955 +0.0074 with the linear regression coefficient)(
outliers can be observed, the two methods show in average aifd987.

within the scope of the measurements a good correlation. The The observation, which can be made Fig. 10 and in
equation for the linear regression through all poimnts 40) is  Table 1 is that the determined telmisartan concentrations are
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Fig. 9. Comparison of the ELISA and LC/MS results regarding the time-dependent development of the telmisartan concentrations in blood pladifierehtour
healthy volunteers.

in general slightly lower for the immunoassay than for thetracer for the antibody binding sides as well as telmisartan itself.
LC/MS/MS measurements (averaged: 84.1%). One explanatiofiherefore, this would cause the determination of higher telmis-
for this could be the influence of the metabolite telmisartan acylartan concentrations instead of lower.
glucuronide on the immunoassay. This would mean that the Another reason for the observationsTable 1and inFig. 10
metabolite somehow inhibits the ELISA. But as the structuremight be the external calibration of the immunoassay. For this
of telmisartan acylglucuronide is very similar to the structurecalibration, pooled human plasma is taken, which probably has
of telmisartan, the metabolite would compete with the enzymether properties than the human plasma of the real samples.
Therefore, effects, which appear in case of the real samples and
which influence the performance and the result of the ELISA
might be suppressed by mixing different plasmas. This explana-
tion is confirmed by the results @&ble 2 Here, the determined
e7 telmisartan concentrations of two quality control samples are
/ presented for each method. In this case all samples and all exter-
nal calibration solutions were dissolved in pooled plasma. First,
it can be observed that the results for ELISA and LC/MS mea-
surements with internal calibration differ only slightly from the
concentrations of the quality controls. The deviation in case
of the external LC/MS method may be higher due to protein
adsorption effects. Second, it can also be seen that the differ-
ences between the determined concentrations for ELISA and
LC/MS with internal standard are negligible.
However, it was shown that both methods are suitable for the
10 4 u m Testperson 1 .. . . )
] Y e Testperson 2 determination of telmisartan in human blood plasma samples: a
v Test person 3 cross-validation of the obtained results is possible. In case that a
v Testperson4 high sample throughput for the determination of the telmisartan
concentration of a large number of samples is necessary, the
ELISA would be advantageous because of short analysis times
and low operating costs. Generally, an immunoassay could be
Fig. 10. Correlation plot between the telmisartan concentrations as determind@vored in comparison to LC/MS measurements in case that a
by means of immunoassay and LC/MS method. known analyte has to be determined routinely in many samples.

1000+

100
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”10 I III”‘IIOO I I I””1I(JUG
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Table 2
Telmisartan concentrations for quality control samples (500 and 20 ng/mL) in pooled plasma and diluted with buffer 2 (10%)
¢ (ng/mL)  APCI-MS external (ext.) calibration APCI-MS internal (int.) calibration Immunoassay
Average S.D. R.S.D. Recovery Average S.D. R.S.D. Recovery Average S.D. R.S.D. Recovery
(ng/mL)  (n=6) (%) (%) (ng/mL)  (n=6) (%) (%) (hg/mb)  (n=12) (%) (%)
500.0 408.3 24.4 6.0 81.7 524.6 7.4 1.4 104.9 492.8 43.3 8.8 98.5
20.0 13.3 0.6 4.5 66.6 17.8 0.9 5.0 89.0 18.2 0.1 0.4 91.1

The use of the LC/MS measurements could be preferred in th&cknowledgement

case that metabolites or additives show influence on the ELISA

or shall be investigated. A method development would be faster Financial support of the Nederlandse Organisatie voor
for LC/MS than for an immunoassay. In the latter case, thaMetenschappelijk Onderzoek (NWO, The Hague, The Nether-
search for the right antibody/antigen system and the necessalgnds) is gratefully acknowledged.

syntheses and investigations are very time-consuming. There-

fore, LC/MS is the method of choice for new analytes andReferences

non-routine analyses.
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