This application has
been verified using an
Agilent 1200 Series
LC system, and
showed comparable or
even better performance.
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Introduction

Beta-blocking drugs (“beta-block-  a sensitive and simple on-line
ers”) are used in the treatment of or off-line sample preparation
hypertension and glaucoma. Mea-  method for pindolol, timolol,
suring the concentrations of these  metoprolol and propranolol as
drugs in biological fluids is impor-  beta-blocking drugs. Different
tant during drug development and  methods were tested, for example,
clinical tests as well as for moni- using special cleaning columns
toring purposes during medication (off-line and on-line), off-line

of patients.l’Z’3 Sample preparation fraction collection and standard
is still one of the bottlenecks in procedures such as protein

the analysis of drugs in physiologi- precipitation and liquid/liquid
cal samples, as it is a labor-intense  extraction. The focus was on

and time-consuming process, evaluating the limits of detection
especially for plasma, urine and in biological fluids rather than
tissue samples. The goal of the determining sample recoveries in

following experiments was to find  detail.

Agilent Technologies



Equipment

The standard Agilent 1100 Series
LC system was used in combina-
tion with UV, fluorescence and
mass spectrometry detection. The
modular system consisted of:

e Agilent 1100 Series binary pump
for precise flow rates and micro
degasser with an internal vol-
ume of 1 mL

Agilent 1100 Series well-plate
autosampler for precise injec-
tion in the pL range with cooling
option for the samples

Agilent 1100 Series column
thermostat for precise retention
times at room temperature, and
above or below room tempera-
ture

Agilent 1100 Series diode-array
detector for highly precise
quantitation and identification
via UV

e Agilent LC/MSD quadrupole
mass spectrometer with ESI
source for identification and
quantitation via MS

Agilent 1100 Series fluorescence
detector for multi signal and
sensitive analysis of all com-
pounds showing fluorescence
activities.

The Agilent 1100 capillary LC sys-
tem was used for experiments
using capillary columns with an
internal diameter of 0.3 mm. This
modular system consisted of:

e Agilent 1100 Series capillary
pump with electronic flow con-
trol for precise flow rates even
with changing back-pressure,
and a micro degasser with an
internal volume of 1 mL

¢ Agilent 1100 Series micro well-
plate autosampler for precise
injection in the nL and pL range
with cooling option for the samples

e Agilent 1100 Series column ther-
mostat for precise retention
times at room temperature, and
above or below room temperature

e Agilent 1100 Series diode-array
detector equipped with a 500-nL
cell for sensitive analysis of
small peak volumes

e Agilent XCT Ion Trap mass spec-
trometer with ESI source with
micro-spray nebulizer for sensi-
tive identification and structural
analysis.

The Agilent 1100 Series fraction

collection system was used for

sample clean-up of biological fluids.

This modular system consisted of:

e Agilent 1100 Series quaternary
pump with seal wash option for
precise flow rates and micro
degasser with an internal volume
of 1 mL

e Agilent 1100 Series well-plate
sampler for precise injection in
the pL range with cooling option
for the samples

e Agilent 1100 Series diode-array
detector for monitoring

e Agilent 1100 Series fraction
collector for collecting fractions
eluting from gel filtration or
Multiple Affinity Removal Sys-
tem (MARS) column, performed
in time-based mode.

Analytical columns

The following capillary and nar-

row-bore columns were used:

¢ 100 x 0.3-mm ZORBAX SB C-8,
3.5-pm capillary column

¢ 75 x 0.3-mm ZORBAX SB C-§,
3.5-pm capillary column

¢ 50 x 0.3-mm ZORBAX SB C-§,
3.5-pm capillary column

¢ 30 x 2.1-mm ZORBAX SB C-8,
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Figure 1

Evaluation of different protein precipitation methods using the Agilent 1100 Series MSD lon Trap

as detection system and capillary.



Sample preparation columns
The following columns were used:
¢ A standard bore 30 x 4.6 mm
ZORBAX XDB C-18, 5-pm was
used as cleaning column
e A gel filtration column
100 x 2.1 mm Poly LC INC Poly-
hydro-xyethyl A, 3 pm, 500A
e A Multiple Affinity Removal
System (MARS) column,
4.6 x 50 mm, Hv-6
Samples of the beta-blocking
drugs pindolol, timolol, metoprolol
and propranolol were purchased
from Sigma.

Results and discussion

Off-line sample preparation methods
for LC/MS analysis

The combination of capillary LC
and mass spectrometer detectors
has proven to be an ideal solution
for the sensitive analysis of beta-
blocking drugs.4 Using this combi-
nation the limit of detection for
standards is in the low pg range.
Experiments were carried out to
find a sample preparation proce-
dure which is compatible with MS
detection. The following sample
preparation procedures were tested.

¢ Protein precipitation for urine,
plasma and tissue

e Liquid/liquid extractions

e Gel filtration offline with fraction
collection for urine and plasma

¢ SPE extraction using a column
for multiple affinity removal of
high abundant proteins with frac-
tion collection for human plasma

Fast sample preparation for urine, plas-
ma and tissue using protein precipita-
tion and liquid/liquid extraction

The first series of experiments
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Figure 2

Chromatograms showing the LOD of beta-blockers in a spiked urine sample analyzed on a
Agilent 1100 Series capillary LC/MSD system using TFA as a protein precipitation reagent. No
sample concentration step was included.

Sample preparation

TmL spiked urine was mixed with 1-uL TFA, centrifuged at 12000 g for 15 min. and 4 °C. From the
supernatant liquid 1-pL was injected without further concentration step.
Chromatographic conditions

Column: 50 x 0.3 mm ZORBAX SB C-8
Mobile phase: water+ 0.05 % FA, acetonirile + 0.045 % FA
Flow rate: 0.01 mL/min

Injection volume:
MS conditions

Gradient: at 0 min 10 % ACN, at 10 min 90 % ACN with
fast reconditioning
1 pL with needle wash in flush port

Source: ESI

Peak width: 0.1 min

Time filter: On

SIM mode: SIM ions 249, 260, 268,317, Fragmentor 100, Gain 10, Actual dwell 144
Gas temperature: 350°C

Drying gas: 5 L/min

Nebulizer pressure: 15 psig

Vcap: 4000 V positive

Scan: 120-450

Fragmentor: 60

was mainly based on protein pre-
cipitation, which is the most popu-
lar sample clean-up procedure for
biological samples prior to drug

analysis. Different reagents for
protein precipitation were tested
(figure 1). Precipitation with
either carbon tetrachloride or tri-



fluoroacetic acid produced the
best results with respect to sam-
ple recovery. When using acetoni-
trile, the chromatogram had
almost no co-eluting peaks, but
sample recovery was lower.
Because the MSD has the speci-
ficity to detect the beta-blockers
in the presence of residual
amounts of coeluting proteins,
protein precipitation is typically
sufficient for safe identification
and acceptable quantitation in the
low ng range. The limit of detection
(LOD) for the spiked urine was
about 400 pg on-column (figure 2).
The method is well suited for fast
identification of beta-blocking
drugs in urine with acceptable
sample recovery (see also

table 3, page 10).

The LOD is in the low pg range for
standards and between 200 and
400 pg for a spiked urine sample,
when using the MSD.

e An advantage of this method is
its speed and simplicity. It can
be used for different matrices.
Limits of detection (LOD) in the
low to mid-picogram range can
be achieved. Recovery rates for
urine are between 70 and 90 %.

e Good quantitative date can be
obtained in the low nanogram
range with RSD for areas
between 3 and 5 %.

¢ A disadvantage is that for tissue
and plasma, sample recovery is
below 50 %.

In a second series of experiments
for urine and tissue samples
liquid/liquid extraction steps in
combination with protein precipi-
tation were used. The biological
matrix, 500 pL of either urine or
S9 liver homogenizate, was spiked
with beta-blockers in the low ng
range. The spiked sample was
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Figure 3

Acetonitrile fraction from ACN/sulfate sample preparation procedure.

Chromatographic conditions

1 uL was injected into the 1100 Series capillary LC/MS system.
Chromatographic conditions for the analytical system

Column:

Flow rate: 5 pl/min

Mobile phases:

Gradient: atOmin2 % B
atTmin2%B
at11min30%B
at 15 min 60 % B
at17min95 % B
at20 min 95 % B

Post time: 15 min

MSD conditions (figure 2)

Scan: 200-400

Peak width: step size 0.25 Da

then mixed with the following

reagents:

e 500 pL. methanol

e 500 pL acetonitrile

e 500 L acetonitrile in combination
with ultrasonic bath extraction

¢ Addition of sodium sulfate
(1 M solid) and 500 pL
acetonitrile for extraction

¢ 500 pL ethanol/ethyl acetate (1:2),

e 500 pL 30 % HCI with citrate (1 M)

0.3 x 100 mm ZORBAX SB C-8, 3.5 um, 300 A

Water + 0.1 %formic acid (A), acetonitrile + 1 % formic acid (B)

e Hexane/TFA (450:50 pL)

e Lyophilization using SpeedVac
and extraction with 500 pL
methanol in the ultra sonic bath,
afterwards addition of 500 nL
acetone for desalting

Samples were thoroughly mixed

with vortex mixer. Incubation time

was 15 minutes and then each
phase, both organic and water, of



each sample was centrifuged for
15 minutes with 12000 g at 4 °C.

Acetonitrile/sodium sulfate was an
efficient reagent for all 4 beta-
blockers, yielding sample recover-
ies for urine between 40 and 60 %
and recoveries for tissue between
30 and 50 % (figure 3). Using

the hexane/TFA procedure, the
recovery rates in the water phase
(figure 4) were about 100 % except
for pindolol, which cannot be
found in acceptable recovery
rates. The extracts from this
sample preparation procedure are
very clean and limits of detection
in the low pg range are possible.
In tables 1 and 2 results of the
sample preparation procedures
are summarized.

/ TIC

22500000
17500000
12500000
7500000
2500000
0

Urine

Recovery rates ~ 100 % except Pindolol

N

0

TIC
17500000

12500000
7500000
2500003

2 4

Metoprolol

Timolol
Plndj)\ljl

Standard

14

16

Propranolol

18 Time [min]

0

TIC
17500000
12500000
7500000
2500000
0

Tissue
Recovery rates ~ 100 % except Pindolol

14

18 Time [min]

K 0

16

18 Time [rrw

Figure 4

Water fraction from hexane/TFA sample preparation procedure

Compounds —>
Precipitation and extraction reagent

Pindolol 37.2 ng/pL
Recovery rate (%)

Timolol 46.8 ng/pL
Recovery rate (%)

Metoprolol 47.8 ng/pL
Recovery rate (%)

Propranolol 73.2 ng/pL

Recovery rate (%)

Acetonitrile 40 57 61 53
Acetonitrile/sulphate ACN Fraction 28 36 43 3
Acetonitrile/sulphate water fraction 18 49 25 7

ACN ultra sonic bath 34 50 54 56
Ethanol/ethyl acetate, ethyl acetate fraction 4 4 4 58
Ethanol/Ethyl acetate, water fraction 35 39 39 62
Hexane/TFA, hexane fraction 0.3 0.2 0.3 1.3
Hexane/TFA, water fraction 1 100 116 77
HCL, citrate 0.8 33 35 29
Lyophylisation/ methanol 5 8 7 17
Methanol 1.3 120 19 109
Table 1

Recovery rates for tissue sample preparation procedures

Compounds —>
Precipitation and extraction reagent

Pindolol 37.2 ng/pL
Recovery rate (%)

Timolol 46.8 ng/pL
Recovery rate (%)

Metoprolol 47.8 ng/pL
Recovery rate (%)

Propranolol 73.2 ng/pL

Recovery rate (%)

Acetonitrile 17 31 36 52
Acetonitrile/sulphate ACN fraction 38 31 42 62
Acetonitrile/sulphate water fraction 10 24 15 5
ACN ultra sonic bath 29 10 34 63
Ethanol/Ethyl acetate, ethyl acetate fraction 6 6 6 57
Ethanol/Ethyl acetate, water fraction 17 23 24 31
Hexane/TFA, hexane fraction 0.3 0.2 0.3 1
Hexane/TFA, water fraction 7 102 102 104
HCL, citrate 21 23 1
Lyophylisation/ methanol 19 30 32 60
Methanol - - 109
Table 2

Recovery rates for urine sample preparation



¢ The advantage of the two
methods presented is speed and
simplicity. They can be used for
different matrices. Limits of
detection (LOD) in the low to
mid-picogram range can be
achieved.

e A disadvantage is that for tissue,
sample recovery is below
50 % for the ACN/sulfate
procedure.

e A disadvantage is that with the
hexane/TFA procedure pindolol
shows very low recovery rates.

Sample preparation for urine and

plasma using off-line gel filtration

The spiked matrix was injected

onto a 200 x 2.1 mm polyhydroxy-

ethyl gel filtration column. Based
on time, one fraction containing
the drugs of interest was collected
using a fraction collector. The
fractions were concentrated and
injected onto an 1100 Series
capillary LC/MS Ion Trap system.

Plasma and urine matrices were

tested (figure 5).

e An advantage of this sample
preparation method is that it can
be used for different matrices
such as plasma, urine and tissue.

e A disadvantage of this method is
that only small sample volumes
can be injected into the gel fil-
tration system. Fractions from
several runs must be pooled,
concentrated, and then analyzed
by LC/MS to achieve the desired
LOD.

e Another disadvantage is that salts
and other small molecules might
cause interference problems.

Sample preparation for human plasma
using the MARS column

This column allows specific
removal of the most abundant pro-
teins from human serum: albumin,
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Figure 5

LC/MS analysis after gel filtration sample preparation procedure for plasma.

Sample preparation procedure

1 uL of sample, containing 37.3 ng/pL pindolol, 46.8 ng/uL timolol, 47.8 ng/uL metoprolol and N
73.2 ng/pL propranolol, were injected on the Poly LC INC Polyhydroxyethyl A 200 x 2.1, 3 ym, 500 A
column. The compounds were eluted using water (70 %) and acetonitrile (30 %), with 0.1 % formic
acid as mobile phase. The flow rate was set to 30 uL/min. A fraction was collected between 13 to
15 min. Fractions from five injections were pooled and resulted in a liquid volume of 300 pL. The
pooled sample was concentrated to 25 pL using a speed vac. 1 pL was injected into the Agilent
1100 Series capillary LC/MS system.

Chromatographic conditions for the analytical system

Column: 0.3 x 75mm ZORBAX SB C-8, 3.5 ym, 300 A
Flow rate: 5 pL/min
Mobile phases: water +0.1 %formic acid (A), acetonitrile + 1 % formic acid (B)
Gradient: atOmin5%B
at 20 min 60 % B
at22min 95 % B
at25min 95 % B
Post time : 15 min
MSD lon Trap conditions
Scan: 200-400
Mass accumulation time: 50 ms
ICC: 50000
Standard mass resolution
Width: 4Da

IgG, IgA, haptoglobin, transferrin
and anti-trypsin.%® Using this col-
umn and the Agilent 1100 Series
fraction collection system, auto-
mated sample preparation of drugs

in human serum is possible. A sam-
ple volume of 150 pL was injected
and time-based fraction collection
was performed. A portion of this
sample was analyzed by LC/MS



without pre-concentration (figure 6)
yielding excellent detection of the
analytes at the level of 400-700 pg/nL
of the original plasma. Although
300 pL plasma were cleaned with
the multiple affinity removal system,
only 1 pL was injected onto the
LC/MS system. Here the LOD was
in the low picogram range.

® The advantage of this method is
that very low LODs may be
achieved without extensive sam-
ple clean-up. If further concen-
tration steps are used, even
lower LODs may be achieved.

e A disadvantage is that this sys-
tem is designed for one matrix
only — human plasma.

e Another disadvantage is that the

collected fractions contain high-

ly concentrated buffers which
might cause problems in the MS
system, especially if further
concentration steps are used.

Low-abundance proteins are still

present and might cause inter-

ference problems at very low
analyte concentrations.

Tests for On-line sample preparation

methods for urine

Our goal was to find a robust and
easy-to-use on-line sample prepa-
ration method. The experiments
have shown that on-line injection
of biological fluids causes severe
problems such as co-elution of
matrix peaks and contamination
of the system. Two examples are
shown using the following hard-
ware and samples:

e Valve system using a C-18 col-
umn as pre-column and direct
injection of urine

e Valve system using a C-18 column

/Intensity \

X107, ] TiC
2_
‘l_
60
X100 7 Metoprolol
N EIC
2]
60 e
x1065 Timolol EIC

Vs ) L L ol A ) jMu.; e
\ i

0
[
x10 4 Propranolol
34 EIC
24
14
") Al i I\ I\
x105g_'
44 Pindolol EIC

25 5.0 15 10.0 12.5 15.0 17.5 200 22.5 Time [min]

Figure 6
Analysis of heta-blockers in plasma by LC/MSD lon Trap after the MARS sample clean-up
procedure.

Sample preparation procedure
1 mL plasma was spiked with (start concentration):

Pindolol: 372 pg/pL
Timolol: 468 pg/pL
Metoprolol: 478 pg/uL
Propranolol: 732 pg/pL

Two injections of plasma (150 uL each) were performed, and a fraction was collected
and pooled (1.5 mL total volume).
1 uL was injected into the 1100 capillary LC/MS lon Trap system.

Chromatographic conditions for the analytical system

Column: 0.3 x 75mm ZORBAX SB C-8, 3.5 um, 300 A

Flow rate: 5 pL/min

Mobile phases: water +0.1 %formic acid (A), acetonitrile + 1 % formic acid (B)
Gradient: atOmin5% B

at20 min 60 % B

at22min95 % B

at25min 95 % B
Post time: 15min

MSD lon Trap conditions

Scan: 200-400
Mass accumulation time: 50 ms
ICC: 50000



as pre-column and injection of
urine after previous protein
precipitation

On-line sample preparation for urine
using C-18 material and a basic
mobile phase for sample clean-up
For the experiments a 4.6 x 30 mm
ZORBAX XDB C-18 column as
clean-up column and a 2.1 x 30
mm ZORBAX SB C-18 analytical
column were used. The mobile
phase for the clean-up column
was basic (pH 8.8), and the mobile
phase for the analytical column
was acidic (pH 2.2). A valve system
as shown in figure 7 was used.
Both UV and fluorescence detection
were used. Figure 8 shows an
example comparing the resulting
chromatograms of a standard and
a spiked urine sample with UV
detection. It is quite obvious that
this chromatogram shows many
interfering peaks. Identification
and quantitation is not possible.
The analysis using fluorescence
detection is more selective.
Metoprolol and propranolol can
be detected with less interference.
Pindolol still shows an interfer-
ence with another co-eluting peak.
Timolol does not fluoresce and
thus cannot be detected (figure 9).
e An advantage of this method is
that no offline sample prepara-
tion step is needed.

e A disadvantage is that proper
quantitation and identification
may be difficult due to interfer-
ence.
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On-line sample clean-up flow diagrams. A: Sample loading and clean-up on an XDB C18 column,
basic mobile phase. B: Backflush of the cleaned sample onto the analytical column, acidic mobile

phase.
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Figure 8
Chromatogram of standard and spiked urine sample using a column switching system, UV detection
and different pH for cleaning and analytical column.

Chromatographic conditions

Column: 2.1 x 3.0 mm ZORBAX SB C-8 analytical column, 4.6 x 30 mm XDB C-18
ZORBAX cleaning column

Analytical mobile phases: water + 0.05 % FA, acetonitrile + 0.045 % FA

Flow rate: 0.4 mL/min for analytical column

Gradient for analytical column: 7 min 10 % B, at 20 min 95 % B

Cleaning mobile phase: 4 % isopropanol, pH = 8.8 with NH40H= A, acetonitrile in B for cleaning
the injection system

Flow rate: 1 mL/min for cleaning

Gradient for cleaning pump: 100 % A 7 min, at 7.2 min 95 % B, at 21 min 100 % A

DAD signal: 220/10 nm, ref 500/100 nm, 290/40 nm, ref 550/100 nm

Fluorescence signal: Ex265/Em320 and Ex220/Em320, PMT gain 12

Injection volume: 5 pL with needle wash in flush port

Column temperature: 20 °C, at 7 min valve was switched



Combination of protein precipitation
with a pre-column, UV and fluores-
cence detection

A combination of offline protein

precipitation followed by further

on-line clean-up with a pre-column
provided good quantitative results
in the low nanogram range using

UV and fluorescence detection

(figures 9 and 10). A UV and fluo-

rescence detector in series were

used to provide data for all injected
beta-blockers.” The combination
of protein precipitation and an
additional pre-column sample
clean-up can be used for the
detection of beta-blocking drugs
in the low nanogram range.

e The advantage of this method is
that less interference is observed,
and identification and quantitation
becomes more reliable.

e Sample recovery is about 60 %

e The LODs for timolol, metopro-
lol and propranolol are in the
low nanogram range for UV and
fluorescence detection.

¢ A disadvantage is that pindolol
is difficult to detect and quanti-
tate. It elutes immediately after
the valve switch.

Cleaning the system

On-line sample preparation means
that biological fluids are injected
directly into the LC system. All
compounds present in the sample
come into contact with the injec-
tor and the capillary connections.
This can cause severe contamina-
tion in the needle, the seat, the
seat capillary, the injection rotor,
and the connecting capillaries. In
extreme cases, blockage of parts
with small internal dimensions,
i.e., capillaries and frits, can occur.
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Chromatogram of standard and spiked urine sample using a column switching system, fluorescence

detection

and different pH for cleaning and analytical column.
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Analysis of spiked urine sample after off-line protein precipitation and with on-line pre-column.



The influence of contamination on
the separation performance is
shown in figure 11. This means
that all parts that come into con-
tact with the sample have to be
cleaned on a regular basis. These
cleaning procedures should
include flushing with solvents of
different polarities to purge the
system of hydrophilic and
hydrophobic materials. A good
practice is to purge the system
first with an acidic solution, fol-
lowed by water, and then more
non-polar solvents. It is also
recommended to test the system
daily for contamination with blank
runs.

Conclusion

Several off-line and on-line sample
preparation techniques were eval-
uated for the determination of
beta-blockers in biological fluids.
Off-line protein precipitation is a
frequently used sample prepara-
tion method and is able to provide
acceptable limits of detection for
drugs in biological sample matri-
ces. Off-line protein precipitation
in combination with liquid/liquid
extraction provides very clean
extracts with excellent recovery
rates and low limits of detection.
A very simple and effective off-
line method was based on the Agi-
lent Multiple Affinity Removal sys-
tem for removing six of the most
abundant human plasma proteins,
consisting of a special MARS
column and special reagents.
Originally this system was intro-
duced to enable the analysis of
low abundant proteins and has
been adapted in this application to
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Influence of contamination on separation and peak shape after several injections of urine.

Offline sample Protein Precipitation/ Precipitation/ Gel Special
preparation precipitation Liquid/Liquid Liquid/Liquid filtration extraction
procedure extraction using extraction using column for
acetonitrile/sulfate hexane/TFA human plasma
LOD for LOD = Low LOD = Low to LOD = Low pg LOD = LOD = Low to
biological ng range middle pg range range Lowto  middle pg
samples Recovery Recovery rates Recovery rates  middle  range with
rates between 40to 60 % for urine and pg range 2 poolings
70-90 % for forurine and30to  tissue close to with
urine, <50 % 50 % for tissue 100 % except for several
for plasma Pindolol poolings
and tissue
LOD of stan-
dards no LOD ~2pg
sample prepa-
ration
Instrument Capillary LC/MS lon Trap, 0.3-mm id column
Table 3

Results from offline sample preparation experiments using capillary LC with MSD lon Trap



extract small molecules from high-
abundance proteins present in
human plasma. Very good limits of
detection are achieved (table 3)
without further concentration steps.
A disadvantage is that this system
can be used for human plasma
only. An alternative for other
matrices is to use gel filtration. In
combination with an LC fraction
collection system, very good LODs
are achieved. The disadvantage
here is that only small sample
amounts can be injected, and,
therefore, pooling of different runs
and/or concentration of the sample
after clean-up may be necessary to
achieve the desired detection limits.
An Agilent 1100 Series LC system
using valves in combination with
UV and fluorescence detection
was also tested as an on-line tech-
nique (table 4). This on-line tech-
nique was combined with off-line
protein precipitation to achieve
LODs in the low nano-gram range
using UV and fluorescence detection.
A disadvantage of the on-line
method is that cleaning proce-
dures have to be performed on a
regular basis to remove matrix
residues from all LC parts that
come in direct contact with
proteins, lipids, salts and other
compounds that are present in
biological material.

References

1.

“Simultaneous determination of
eight beta-blockers by gradient
high-performance liquid chro-
matography with combined ultra-
violet fluorescence detection in
corneal permeability studies in
vitro”, Veli-Pekka Ranta et al., Jour-
nal of Chromatography B, 772,
pp81-87, 2002.

Offline sample
preparation

C-18 in line as cleaning column

Combination of protein
precipitation and cleaning column C-18

procedure Recovery rates propranolol ~90 % in line. Recovery rates ~60 % for urine
LOD for biological LOD = Low ng range for propranolol ~ LOD = Low ng range for UV/FLD detector
samples only and fluorescence detection combination

All other compounds showed
co-elution with matrix peaks

LOD of standards

no sample LOD ~5 ng for UV and FLD in series

preparation

Instrument Agilent 1100 Series standard LC with UV and fluorescence and 2.1 mm id column
Table 4

Results from online experiments.

2.

“Chiral separation of the enan-
tiomers of metoprolol and its
metabolites by high performance
liquid chromatography”, 2.
Kyeong HO Kim et al., Arch
Pharm Res Vol 23, No 3, pp 230-
236, 2000.

3.

“Influence of various biological
matrices (plasma, blood micro-
dialysate) on chromatographic
performance in the determination
of beta-blockers using alkyl-diol
silica precolumn for sample clean-
up”, 3. Csilla Misl’'anovanet al.,
Journal of Chromatography B,
765, pp 167-177, 2001.

4.

“Sensitive Analysis of beta block-
ing drugs on Agilent 1100 Capil-
lary LC system”, 4. A.Gratzfeld-
Huesgen, Mark Stahl, Agilent
Application Note, Publication
number 5988-9915EN, 2003.

5.

“Analysis of Beta-Blocking drugs
on Agilent 1100 LC systems using
UV, Fluorescence and Mass spec-
trometer detection”, A.Gratzfeld-
Huesgen, Mark Stahl, Agilent
Application Note, Publication
number 5988-9916EN, 2003.

6.

“Agilent multible affinity removal
system for the depletion of high-
abundant proteins from human
serum”, Zhang, K; Zolotarjova, N;
Nicol, G; et al., Agilent Application
Note, Publication Number 5988-
9813EN, 2003.

7.

“Online LC sample preparation
with Bio Trap 500 C18”, J. Her-
mansson et al, Current Separa-
tions, 16-2, 1997.

8.

“HPLC solution for the removal of
high abundance proteins in human
serum”, Martin Vollmer et al.,
Agilent Application Note
5989-0263EN, 2003.

"



Mark Stahl and Angelika
Gratzfeld-Huesgen are Application
Chemists at Agilent Technologies,
Waldbronn, Germany.

Acknowledgement: The authors
want to thank Pat Perkins
(Agilent, Santa Clara, USA)
Jor his valid discussion and
recommendations.

www.agilent.com/chem/1200

© 2004-2007 Agilent Technologies Inc.

Published April 1, 2007
Publication number 5988-9917EN

Agilent Technologies




