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Abstract

A new liquid chromatography/atmospheric pressure chemical ionization-tandem mass spectrometry (LC/APCI-MS/MS) method with on-line
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ample clean-up for the determination of telmisartan in human blood plasma is presented. This technique is compared to a previously
nzyme-linked immunosorbent assay (ELISA), where fluorescence is used as detection method. For the LC/MS method applying
alibration 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 lin
xtended from 0.9 to 1000 ng/mL. Forty-eight plasma samples from four healthy volunteers were analyzed in a pharmacokinetic stud
ata for the method comparison. As a result, these two new and independent analytical methods for the determination of telmisarta
lood plasma proved to yield comparable results for the amount of analyte.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Telmisartan, 4-[(2-n-propyl-4-methyl-6-(1-methylbenzimid-
zole-2-yl)-benzimidazole-1-yl)methyl]-biphenyl-2-carboxylic
cid (Fig. 1), is a known drug against high blood pressure, which
elongs to the group of angiotensin II receptor antagonists[1,2].
ther members of this group are, e.g. candesartan, eprosartan
nd valsartan. Telmisartan is highly selective for angiotensin

I (AT 1) receptors. It inhibits the angiotensin II receptor in a
ay that the effect of angiotensin II is blocked resulting in a
ecrease of blood pressure[3]. As has already been described in
art I (immunoassay development), only few publications with

espect to the investigation of telmisartan by analytical methods,
uch as chromatography, mass spectrometry or immunoassays
ave been published until now. These methods are mainly
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based on capillary zone electrophoresis (CZE) with subse
UV/vis detection[4], HPLC measurements with UV/vis[4] or
fluorescence detection[5] or polarographic methods[6,7].

Only two methods for the determination of angiotensi
receptor antagonists applying mass spectrometric techn
have been published up to now. Kondo et al. presented th
method in 1996[8]. It is based on LC/electrospray-tandem
investigations using an off-line sample extraction procedur
the characterization of candesartan cilexetil metabolites i
blood plasma. Recently, Chen et al. published a paper o
determination of telmisartan in human blood plasma sampl
a LC/ESI-MS method. They worked with an off-line proced
for sample preparation and used valsartan as internal sta
[9].

In this paper, a new liquid chromatography/tandem m
spectrometry (LC/MS/MS) method with automated on-
sample clean-up using turbulent-flow chromatography fo
determination of telmisartan in human blood plasma samp
presented. LC/MS/MS is currently the method of choice fo
analysis of highly polar pharmaceuticals and offers the c
bility of simultaneous multianalyte determination. Howe
003-2670/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
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Fig. 1. Chemical structure of telmisartan.

the successful development of an LC/MS/MS method using the
“soft” atmospheric pressure ionization (API) methods, such as
electrospray ionization (ESI) or atmospheric pressure chemical
ionization (APCI) was not certain due to the low polarity of the
analyte[10]. But as an immunoassay for the determination of
telmisartan has already been developed successfully (Part I),
the possibility of comparison by cross-validation of two inde-
pendent high-sensitivity methods was given. To the best of our
knowledge, both approaches are described in literature for the
first time for the analysis of telmisartan or related compounds.

2. Experimental

2.1. Materials

Telmisartan reference substance (4-[(2-n-propyl-4-methyl-
6-(1-methylbenzimidazole-2-yl)-benzimidazole-1-yl)methyl]-
biphenyl-2-carboxylic acid), the hapten telmisartan-(2-amino
acetic acid) (Tel-AAA), which is coupled to the enzyme glucose
oxidase, the biotin-labeled polyclonal rabbit anti-telmisartan
IgG, all plasma samples (12 individual plasma samples and
pooled plasma from healthy volunteers) and the interna
telmisartan standard (deuteration degree of the propyl grou
over seven hydrogen atoms: 78%) were kindly provided by
Boehringer Ingelheim Pharma GmbH & Co. KG (Biberach,
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Buffer 2: 0.05 mol/L Na2HPO4/KH2PO4, 0.15 mol/L NaCl,
5 g/L BSA, pH 7.4;
Buffer 3: 0.05 mol/L Na2HPO4/KH2PO4, 0.15 mol/L NaCl,
5 g/L BSA, 0.5 g/L NaN3, pH 7.4.

2.1.2. Unknown samples
Human plasma samples of four healthy male volunteers of

a pharmacokinetic clinical Phase-I study with telmisartan were
investigated by means of LC/MS and ELISA measurements.
Blood was taken 0.5 h 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 approximately−20◦C.

2.2. Instruments

For LC/MS investigations, an Agilent Technologies (Wald-
bronn, Germany) HP1100 liquid chromatograph for binary
gradient elution was used: pump model G1312A, autosam-
pler G1313A, diode-array detector G1315B. This system was
coupled to an esquire 3000plus ion trap mass spectrometer
(Bruker Daltonics, Bremen, Germany). The set-up of the LC/MS
system is shown inFig. 2. For HPLC separation (pumps 2
and 3), the following binary gradient consisting of buffer A
(HCOONH4/HCOOH, 20 mmol/L, pH 3) and acetonitrile (B)
w
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ere purchased from Biosolve (Valkenswaard, The Ne

ands). Bovine serum albumin (BSA) was purchased from S
Heidelberg, Germany). The enzymes glucose oxidase (G
.C. 1.1.3.4) and horseradish peroxidase (POD, E.C. 1.1
s well as avidin were purchased from Sigma (Deisenh
ermany). The synthesis of 4-(N-methylhydrazino)-7-nitro
,1,3-benzooxadiazole (MNBDH) was performed as desc

n literature [11]. All other chemicals were purchased fr
ldrich (Steinheim, Germany), Merck (Darmstadt, Germa
nd Fluka (Neu-Ulm, Germany) in the highest quality availa

.1.1. Buffers

Buffer 1: 0.05 mol/L Na2HPO4/KH2PO4, 0.15 mol/L NaCl, pH
7.4;
l
p

-

,
)
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ith a flow rate of 0.4 mL/min was used:

ime (min) cB (%)

0 30
1.5 30
6.5 90
9.5 90
9.6 30
3 30

For sample clean-up, turbulent flow chromatography (T
sing isocratic conditions were utilized (H2O, pump 1). The
ow rate was 1.2 mL/min in this case. The injection volu
as 100�L. For enrichment of telmisartan, a cyclone turbofl

TF) column (Cohesive Technologies Europe, Crownhill, Un
ingdom) with the following parameters was used: particle
0�m, pore size 100̊A, column dimensions 50 mm× 0.5 mm.

Prontosil C18-ace-EPS column (Bischoff Chromato
hy, Leonberg, Germany) was used for HPLC separ
particle size 3.0�m, pore size 120̊A; column dimension
50 mm× 3.0 mm). From 0 to 1 min the valve was in the enri
ent position. From 1.1 to 9.5 min, the valve switched to the
ration position and at 9.6 min back into the initial position ag

All MS measurements were performed by means of a
pheric pressure chemical ionization (APCI) in the negative
ode. Mass spectra were recorded in the full scan mode
mass range fromm/z = 100 to 1000. Tandem mass spe

f telmisartan were recorded in the multiple reaction m
oring (MRM) mode with a fragmentation amplitude of 1.0
sing the transition fromm/z = 513.2 to 469.2 for quantificatio
nd additionally, the transitions fromm/z = 513.2 to 302.2 an
/z = 287.2 for identification. The internal standard was de
ined by monitoring the transition fromm/z = 519.2 to 475.2
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Fig. 2. Schematic set-up of the LC/MS system. The switching valve changes between the enrichment and the separation position. In the enrichment position, the
TFC column is loaded with the plasma sample, whereas in the separation position, the TFC column is eluted (backflush) and the retained components are separated
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 analyzer
was 100,000, with a maximum accumulation time of 200 ms.
Ions were generated with 10,000 nA corona current and guided
towards the mass analyzer with 2582 V at the transfer capillary
inlet, −205.7 V on the capillary exit and−49.8 V at the skim-
mer. Further ion source parameters were 50 psi nebulizer gas
and 5.0 L/min of drying gas with a temperature of 350◦C.

The ELISA detection was performed as described in Part I:
immunoassay development.

2.3. Optimization of LC/MS parameters

In order to find the best conditions for the LC/MS measure-
ments, several parameters were optimized: telmisartan was on
the one hand determined in initial measurements in the full
scan mode and on the other hand in the tandem MS mode. The
calibration curve of pooled plasma (10%) containing standards
was compared with the calibration of standards without plasma
and with the results of an internal calibration. Additionally, the
breakthrough volume of the TFC column was determined by
varying the injection volume between 10, 30, 50, 75 and 100�L
and comparing the peak areas of the respective mass traces or
transitions.

2.4. LC/MS procedure

man
p ea

of LC/APCI-MS measurements. In case of the external cali-
bration, the standard solutions and the sample solutions were
injected in triplicate into the system. Additionally, quality con-
trols of 500 and 20 ng/mL (in pooled plasma; 10%) were ana-
lyzed two times in triplicate in between the determination of
the real human plasma samples. In all cases, the solutions were
diluted (buffer 2) to a final plasma concentration of 10%. There-
fore, pooled plasma was added to the calibration standards,
which were determined in the range of 0.01–1000 ng/mL.

For internal calibration, the response factor was initially
determined. Two calibration curves of telmisartan/internal stan-
dard mixtures were recorded: on the one hand by mixing solu-
tions of the analyte and the deuterated standard of the same
concentration in the range from 0.3 to 1000 ng/mL and on the
other hand by mixing solutions of this concentration range in
opposite directions (starting for telmisartan at 0.3 ng/mL and for
the standard at 1000 ng/mL). The response factor was calculated
applying the following formula:

R = cinSATelm

cTelmAinS

with internal standard (inS), area telmisartan (ATelm) and area
internal standard (AinS).

This procedure was selected to exclude interferences from
very high concentrations of one compound on very low con-
centrations of the other. Afterwards, the analysis of the plasma
s rd to
e am-
The telmisartan concentrations of the 12 unknown hu
lasma samples of every test person were determined by m
 ns

amples was carried out by adding the internal standa
ach sample in a final concentration of 10.04 ng/mL. All s
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ples, which were analyzed using an internal standard, were also
diluted (buffer 2) to a final plasma concentration of 10%. For
the two calibration measurements, pooled plasma was added
to the solutions again. All measurements based on the use of
the internal standard (calibration, real sample determination)
were performed in triplicate as well. Furthermore, the telmisar-
tan concentration of quality controls (500, 20 ng/mL) containing
10% pooled plasma was again determined two times in triplicate
in between the human plasma samples. For all measurements,
the detection was performed applying UV/vis absorbance spec-
troscopy and APCI-MS in the MRM mode.

2.5. ELISA procedure

The immunoassay was performed as described in Part I:
immunoassay development.

3. Results and discussion

In order to decrease sample preparation time, thus allow-
ing increased sample throughput, all tandem MS measurements
were combined with an online TFC sample clean-up. In this
enrichment step a relatively high flow rate is applied. Therefore,
eddies are generated due to the large particles in the turbulent-
flow column. This leads to a turbulent-flow profile instead of
a LC
c ma
t the
p pro
t the
w

3

CI-
M /mL
s are
s the
d
c loss
c ent
a n

F artan
c oled
b rtan.
T y loss
o

the biphenyl part and the rest of the telmisartan molecule and the
fragment atm/z = 287.2 by additional loss of a methyl group. The
fragmentation scheme is shown inFig. 4. The signal-to-noise
ratio for the main MRM signal atm/z = 469.2 is approximately
200:1 at this telmisartan standard concentration. Tandem MS
techniques have been selected for these investigations due to
improved limits of detection in comparison to full scan APCI-
MS. In case of the deuterated internal standard, the transition of
the main signal atm/z = 519.2–475.2 was observed as expected
due to the analogy to the native compound.

Fig. 5 shows the dependency of the signal intensity for
the LC/APCI-MS (MRM) measurement on different injection
volumes of the peak atm/z = 469.2 (n = 3). Different injection
volumes between 10 and 100�L have been selected for these
investigations in order to determine the breakthrough volume
of the TFC column. The results for higher injection volumes
could not be compared due to the maximum volume of 100�L
of the injection loop. The coefficient of linear regression (r2) is
0.9983 and the mean R.S.D. is 9.2%. As a wide range of telmis-
artan concentrations could be expected, a large linear range for
the pharmacokinetic investigations was needed. Therefore, an
injection volume of 100�L was selected.

Fig. 6 shows the APCI(-)-MS and UV/vis chromatograms
of a telmisartan calibration solution (1000 ng/mL; dissolved in
buffer 2 including 10% pooled plasma) after TF clean-up. The
upper chromatogram shows the total ion current (TIC), whereas
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laminar flow profile, which is observed in common HP
olumns. These eddies and the high flow rate increase the
ransfer and prohibit an interaction of large molecules with
article pores inside the column so that large molecules as

eins are not retained on the column but directly flow into
aste[12,13].

.1. LC/MS method

In Fig. 3, the APCI-MS (inserted spectrum) and AP
S/MS spectra of a telmisartan calibration standard (10 ng

olved in buffer 2 including 10% pooled blood plasma)
hown. The peak atm/z = 513.2 is caused in both cases by
eprotonated telmisartan, whereas the ion atm/z = 469.2, which
an also be observed in both measurements, is due to the
arbon dioxide from the carboxylic acid function. The fragm
tm/z = 302.2 is caused by cleavage of the CN bridge betwee

ig. 3. APCI-MS (inserted spectrum) and APCI-MS/MS spectra of a telmis
alibration standard (10 ng/mL; dissolved in buffer 2 including 10% po
lood plasma). The peak atm/z = 513.2 is caused in both cases by telmisa
he daughter ion atm/z = 469.2 in the tandem mass spectrum is caused b
f CO2 from the carboxylic acid group.
ss

-

;
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n the middle, the 513.2→ 469.2 transition in the MRM mod
s observed. In the TIC chromatogram, the times of chan
he switching valve position from enrichment into the sep
ion (1 min) and back (9.5 min) are marked (dashed lines).
hromatograms show only one peak at approximately 8.5
hich can be assigned to telmisartan. Due to the low p

ty of telmisartan, polar metabolites, such as the glucuro
re expected to elute earlier from a reversed-phase colum

he compound itself. The third window shows the UV/vis ch
atogram at the maximum absorption wavelength of 298
esides the pressure peak resulting from the injection (3.5

wo very small and one larger peak can be seen. The rete
ime of the large peak corresponds to the telmisartan pea
he other chromatograms. The two other peaks at approxim

and 7.5 min, respectively, can be observed in all other
ormed measurements, which includes also the determinat
nknown samples and the measurement of the telmisarta

bration standard solutions without added plasma. This m
hat these peaks are probably caused by contaminations
eagents and neither by the plasma itself nor by metab
f telmisartan in the plasma. The comparison of the mass
V traces shows the difference in sensitivity of the meth
lthough the applied telmisartan concentration is very high
V peaks show only moderate peak intensities with a m

ower signal-to-noise ratio than the MS traces. For the con
rations at the beginning of the linear range, no UV detection
ossible. This confirms the argument for LC/MS measurem

For the external calibration, 11 telmisartan standard s
ions (concentration range: 0.01–1000 ng/mL) were injecte
riplicate into the TFC/LC/MS system. In order to have
ame conditions as for the determination of the unknown hu
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Fig. 4. Reaction scheme of the telmisartan fragmentation.

Fig. 5. LC/APCI-MS/MS (MRM) investigation regarding the dependency of
different injection volumes on the signal intensity of the peak atm/z = 469.2
(n = 3).

Fig. 6. APCI(-)-MS and UV/vis chromatogram of a telmisartan calibration solu-
tion (1000 ng/mL; dissolved in buffer 2 including 10% pooled plasma) after TFC
clean-up and LC separation recorded in the scan mode (m/z = 50–500), in the
MRM mode (m/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-
MS/MS-calibration (gray) and ELISA-calibration (black).

plasma samples, all telmisartan standards were diluted in such
a way that the final pooled plasma concentration was 10% in
buffer 2. The calibration curve is shown inFig. 7. The limit
of detection (LOD), determined according to the concentration
giving a signal 3 standard deviations (S.D.) above the mean
for the blank, is 0.3 ng/mL. The limit of quantification (LOQ),
determined according to the concentration giving a signal 10
S.D. above the mean for the blank, is 0.9 ng/mL and the linear
range is between 0.9 and 1000 ng/mL. The coefficient of the lin-
ear regression (r2) is 0.992 and the mean R.S.D. = 7.7% (R.S.D.
between 1.0 and 9.6%).

For the determination of the response factor of the inter-
nal calibration, two calibration curves of telmisartan/internal
standard mixtures were measured: on the one hand, by mixing
solutions of the native compound and the deuterated standard of
the same concentrations (parallel calibration) and on the other
hand by mixing different concentrations (cross calibration) of
these solutions of this range. The response factor was calcu-
lated as 1.77 (S.D. = 0.20, R.S.D. = 11.3%) as described above
by applying the formulaR = (cinSATelm)/(cTelmAinS).

In Table 1(a–d), the results for the LC/MS determination
with internal and external calibration of several pharmacoki-
netic human plasma samples from four healthy volunteers are
presented. Plasma samples were taken at 12 different time points:
before and after administration of telmisartan tablets. The telmis-
artan concentration was determined in triplicate after diluting all
h ding
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Fig. 8. Correlation plot between the determined telmisartan concentrations by
means of the LC/MS method with external calibration and with internal calibra-
tion.

with the very high degree of protein binding of telmisartan. The
consequence is that not all telmisartan is retained by means of
the TFC column but that it is partly transferred to the waste.
Therefore, no quantitative recovery is observed for external cal-
ibration. The use of a stable-isotope-labeled internal standard,
which shows the same degree of protein binding, is the best
means to avoid respective problems.

3.2. Method comparison

The telmisartan concentration data obtained by the two inde-
pendent analytical methods for human plasma samples were
compared. Calibration curves for both methods are provided
in Fig. 7. While the LC/MS/MS method provides a linear cali-
bration curve, the immunoassay calibration typically results in
a sigmoidal function.

The concentration–time profile for each subject is shown
in Fig. 9. Here, the results of the immunoassay are directly
compared to the results of the LC/MS/MS method apply-
ing internal calibration. It can be seen that the telmisartan
concentration–time profile differs considerably from healthy
volunteer to healthy volunteer, but that both analytical meth-
ods provide similar profiles, with the largest deviations being
observed close to the limit of quantification. In the last two
columns ofTable 1, the ratio between concentrations obtained
b al-
c ese
r LISA
a for
E

f the
i dard)
f dia-
g hods.
uman plasma samples by factor 10 with buffer 2 (and ad
he deuterated standard, in case of the internal calibration)
ighest drug concentrations in the plasma samples of eac
erson were determined in agreement with the results o
xternal calibration measurements.

By comparing the results of these measurements, two o
ations are most prominent: first, both series of measurem
eliver comparable pharmacokinetic time–concentration
les of the drug in the plasma samples. This becomes ob
rom Fig. 8. However, the second observation, which can
ade by comparing the LC/MS results inTable 1and inFig. 8, is

hat the measured telmisartan concentrations are usually h
n case of using the deuterated standard. This result is cons
r-
s
-
s

er
nt

y ELISA and LC/MS (internal or external calibration) are c
ulated for any of the individual samples. By comparing th
esults, it can be observed that the deviation between E
nd LC/MS with internal calibration is usually higher than
LISA and LC/MS with external calibration.
Fig. 10describes the correlation between the results o

mmunoassay and the LC/MS/MS technique (internal stan
or all four subjects in a scatter plot. The diagonal of the
ram represents the line of 100% agreement of both met
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Table 1
Telmisartan concentration in the human plasma samples for four test persons (a–d)

Time (h) APCI-MS external
(ext.) calibration

APCI-MS internal
(int.) calibration

Immunoassay c(ELISA) compared
to c(LC/MS) ext.
calibration (%)

c(ELISA) compared
to c(LC/MS) int.
calibration (%)Average

(ng/mL)
S.D.
(n = 3)

R.S.D. (%) Average
(ng/mL)

S.D.
(n = 3)

R.S.D. (%) Average
(ng/mL)

S.D.
(n = 3)

R.S.D. (%)

(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 2.2 372.5 17.3 4.6 244.4 21.1 8.6 73.0 65.6
1.5 279.7 2.0 0.7 318.0 17.5 5.5 227.9 37.5 16.4 81.5 71.7
2.0 245.0 5.7 2.3 284.1 22.8 8.0 208.8 25.3 12.1 85.2 73.5
4.0 102.5 2.4 2.3 108.0 2.5 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 2.1 3.3 65.2 0.8 1.2 64.7 8.6 13.4 100.5 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 21.5 0.8 3.6 26.3 0.9 3.6 22.9 3.1 13.4 106.5 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 4.5 2.3 261.0 9.0 3.5 198.8 12.7 6.4 103.4 76.2
1.5 454.9 4.2 0.9 591.1 14.6 2.5 545.0 26.9 4.9 119.8 92.2
2.0 368.4 3.4 0.9 506.8 20.0 3.9 466.5 33.8 7.3 126.6 92.1
4.0 132.9 4.1 3.1 166.2 12.9 7.8 132.1 13.4 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 3.4 70.7 1.8 2.5 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 1.1 3.1 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 22.5 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 10.5 439.7 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
1.5 217.1 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 12.1 139.2 2.3 1.7 128.1 95.3
4.0 28.5 0.4 1.3 43.2 3.7 8.5 36.3 4.8 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 1.5 8.3 27.0 1.1 4.2 26.0 3.2 12.1 142.1 96.3

12.0 14.8 1.7 11.2 28.8 2.4 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 13.5 2.5 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 2.4 612.0 14.5 2.4 425.4 96.2 22.6 113.3 69.5
1.5 317.6 1.3 0.4 486.6 1.9 0.4 369.5 31.2 8.4 116.3 75.9
2.0 212.9 50.7 23.8 332.5 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 72.5
8.0 23.7 0.7 2.8 38.0 2.5 6.5 26.7 2.7 10.1 112.5 70.3

12.0 17.0 0.6 3.5 21.6 2.1 9.7 19.6 1.6 8.3 115.5 90.9
24.0 <LOQ / / 10.4 1.0 9.2 8.3 1.5 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
outliers can be observed, the two methods show in average and
within the scope of the measurements a good correlation. The
equation for the linear regression through all points (n = 40) is

y = 0.955x + 0.0074 with the linear regression coefficient (r2)
0.987.

The observation, which can be made inFig. 10 and in
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 plasma of fourdifferent
healthy volunteers.

in general slightly lower for the immunoassay than for the
LC/MS/MS measurements (averaged: 84.1%). One explanation
for this could be the influence of the metabolite telmisartan acyl-
glucuronide on the immunoassay. This would mean that the
metabolite somehow inhibits the ELISA. But as the structure
of telmisartan acylglucuronide is very similar to the structure
of telmisartan, the metabolite would compete with the enzyme

F rmine
b

tracer for the antibody binding sides as well as telmisartan itself.
Therefore, this would cause the determination of higher telmis-
artan concentrations instead of lower.

Another reason for the observations inTable 1and inFig. 10
might be the external calibration of the immunoassay. For this
calibration, pooled human plasma is taken, which probably has
other 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 ofTable 2. Here, the determined
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
determination of telmisartan in human blood plasma samples: a
cross-validation of the obtained results is possible. In case that a
high sample throughput for the determination of the telmisartan
concentration of a large number of samples is necessary, the
E times
a ld be
f hat a
k ples.
ig. 10. Correlation plot between the telmisartan concentrations as dete
y means of immunoassay and LC/MS method.
d

LISA would be advantageous because of short analysis
nd low operating costs. Generally, an immunoassay cou

avored in comparison to LC/MS measurements in case t
nown analyte has to be determined routinely in many sam
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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%)

c (ng/mL) APCI-MS external (ext.) calibration APCI-MS internal (int.) calibration Immunoassay

Average
(ng/mL)

S.D.
(n = 6)

R.S.D.
(%)

Recovery
(%)

Average
(ng/mL)

S.D.
(n = 6)

R.S.D.
(%)

Recovery
(%)

Average
(ng/mL)

S.D.
(n = 12)

R.S.D.
(%)

Recovery
(%)

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 the
case that metabolites or additives show influence on the ELISA
or shall be investigated. A method development would be faster
for LC/MS than for an immunoassay. In the latter case, the
search for the right antibody/antigen system and the necessary
syntheses and investigations are very time-consuming. There-
fore, LC/MS is the method of choice for new analytes and
non-routine analyses.

4. Conclusions

A new and independent LC/APCI-MS/MS method for the
determination of telmisartan in human blood plasma has been
developed. By using turbulent flow chromatography as on-line
sample clean-up procedure, a short analysis-time is guaran-
teed. The results of our investigations show that the compar-
ative pharmacokinetic study on telmisartan in human blood
plasma by means of the two new introduced methods, which
are based on completely different principles, was successful.
The immunoassay and the on-line TFC/LC/UV/APCI-MS/MS
method allow the cross-validation of the obtained results. Both
techniques enable a fast, sensitive and selective determination
of telmisartan. For future work, further investigations regarding
the determination of drugs in blood plasma samples using these
measurement principles are foreseen.
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