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Activation
1 mL 50% ACN (5 mL/min)

Equilibration _
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Online-SPE - LC-MS/MS

Determination of 22 Quinolones and Macrolides in Honey

Honey similar to many other food stuffs has to be tested for residues of
veterinary drugs. These may come from the entire spectrum of pharmaceutical
compounds and their presence is completely forbidden in honey (zero toler-
ance limit [1, 2]). From an analytical point of view only the lowest determin-
able content (limit of quantification, LOQ) with a defined accuracy can be

defined. To ensure the best possible compliance to the zero tolerance level the

quantification limit has to be as low as possible. Therefore the use of very sen-
sitive detection methods such as tandem mass spectrometry (MS/MS) allows
the determination of these compounds in the sub ppb-range. For the analysis
of honey it is essential to remove sugar containing ingredients to maintain
the sensitivity of the analytical system and to avoid its contamination.

As a suitable method for this purpose solid
phase extraction (SPE) is used to separate the
analytes from interfering ingredients {in this
case sugars). Usually SPE consists of the condi-
tioning of the SPE-cartridge, the injection of the
liquid sample onto the cartridge, the removal of
the matrix in a washing step and finally the elu-
tion of the analytes from the cartridge. In some
cases an additional evaporation step, reconstitu-
tion and dilution may be required.

Today automated systems are available for
this type of sample preparation procedure, re-
quiring only the insertion of the liquid samples
and the solvents as well as the programming of
the individual steps. Despite of this automation
it is still a quite time consuming process and
most often it is executed sequentially, one sam-
ple after the other. After this preparation the
samples are placed manually into the autosam-
pler and subsequently the analysis starts. This
procedure is currently used in routine,

28 = GLT. Laboratory Journal 1-2/2009

Principle of Online-SPE

The method described here uses online-SPE di-
rectly automatically executed prior to analysis.
The samples are placed in the autosampler and
the XLC-program (XLC = eXtraction Liquid Chro-
matography) is selected. It consists of two parts:
the extraction that finally elutes the analytes
from the cartridge onto the analytical column of
the directly following LC-MS/MS (liquid chroma-
tography coupled with MS/MS detection).

For the analyses described here a mass spec-
trometer (AP 3200, Applied Biosystems, USA) is
hyphenated with the online-SPE unit Symbiosis
Pico (Spark Holland, The Metherlands). The on-
line-SPE-LC-system consists of an autosampler,
high pressure LC gradient pumps, a high pres-
sure dispenser (HPD), valves and the XLC-unit
for the solid phase extraction. Figure 1 demon-
strates the principle of online-SPE. In the first
step a gripper inserts a cartridge into the left

Sonja Schittko, project leader and Ute Schwalb,
project assistant;
LC-MS Analytics at Eurofins / WEL

clamp of the XLC-unit. That's where the condi-
tioning of the cartridge, the sample introduction
and the wash step to remove the matrix com-
pounds are executed. Afterwards the gripper
transfers the SPE-cartridge to the right clamp of
the XLC-unit. There the elution directly onto the
analytical column and the chromatographic runs
take place. This may be done by two different
means: either by elution using the LC-gradient
or by elution using the high pressure dispenser
(HPD) with the so called “focusing”. Focusing is
a concentration step of the analytes at the top
of the analytical column in a small spot. The
method described here uses the focusing to
achieve an enrichment and a better chromato-
graphic behavior of the very different analytes
{22 quinolones and macrolides, see fig. 2) on the
analytical column.

One cycle consisting of SPE-purification and
LC-MS/MS analysis has a runtime of 20 minutes
in total. Immediately after the end of the extrac-



tion of sample #1 (in the right
clamp) and the cleaning of the
XLC-unit the conditioning of the
next cartridge and injection of
sample #2 starts (in the left clamp).
Applying this overlapping proce-
dure only six hours are required for
the total analysis of 20 samples.
This results into a gain of five hours
versus the classical (offline) SPE
purification.

Method

For the development of the extrac-
tion method the automated meth-
od development (AMD) software
package of the Pico system has
been applied. In the first step a se-
ries of widely used sorbent materi-
als are tested for suitability (sor-
bent screening). The following
second step optimizes the solvents
and solvent mixtures for condition-
ing, washing and elution. These
optimization routines usually run
overnight and after interpretation
by the analyst result in an almost
final purification method. Only a
few changes to the method have
been applied by adding further
wash and cleaning steps. The final
optimization of the chromato-
graphic parameters such as analyt-
ical column, eluents and eluent ad-
ditives has been perfarmed by the
analyst. The automated method
development led to the following
XLC-method for the analysis of 22
guinolones and macrolides:

XLC: Cartridge: HySphere-resin
GP (10 x 2 mm, 10 pm, 13,74 mqg,
Spark  Holland);  Conditioning:
1.000 pL acetonitrile (ACN)/water,
15/85; sample injection (2 g honey
in 2 mL buffer at pH 4) 500 pL;
wash steps: 1.000 pl water/ACN,
97/3, followed by 1.000 pL water;
Elution: 1.000 pL ACN/water, 25/75
with 0,1% formic acid (FA).

LC: Analytical column Aqua Sp
C18 125A (150 x 3 mm, Phenome-
nex, USA); Eluent A: ACN (D,1%
FA); Eluent B: water (0,2% FA);
Start: 95% A, 0,5 mU/min, after 2
min 0,7 mL/min, 9 min 10% A, 10
to 15 min 10% A, 10 to 15 min
95% A.

Analysis of Honey Samples
Currently honey samples are puri-

fied still using the classical SPE
method for routine analysis and
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Fig. 1: Function of the Pico System
A: conditioning of the SPE-cartridge
B: Sample application

C: recycling of the SPE-cartridge,
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D: Elution and LC-run, sample transfer to the right side

VISP (1 M) ANhATAS ChArAOR:

Cinomasin Lomefiaxscin
Cirprofioxacin Marbedioauncin
Danoficuncsn Mihdodine: @cid
Diflaxacin Norfloxnsin
Erspacin Oflgonainn
Ersofigxacn DOmdineg acxd
Flumaguin Sarafioxacin
Clindanmycin Spramycn
Eryshwomycin Tamyle
Josamycin TiFmcosn
- Fomthnomycn Tylomin

Fig. 2: Chemical structure of Ciprofloxacine and Tylosine and the list of ana-
lytes that can be determined with online-SPE and LC-MS/M5

External SPE, 50 ug/kg Online-SPE, 10 pg/kg
. 3Bet 9.004
i 28904 . 1.4a4d -
DG Cin
Cifiguacin
1504 : Erythroerycin
(3500} A4 %
2500 . s
Rurtantion Time

Fig. 3: Chromatograms of spiked honey samples; Left side: quinolones at 50
pa/kg, analyzed by offline-SPE and API 4000 MS; Right side: online-SPE with
Symbiosis Pico and APl 3200 MS, quinalones and macrolides each at 10 pg/kg

the determination of the two vet-
erinary drug compound classes
{quinolones and macrolides) is
done individually. Applying the on-
line-SPE-method allows the simul-

taneous determination of both
compound groups {except for Lin-
comycin, requiring a basic buffer).
Figure 3 shows the chromato-
grams (and several mass traces) of

Il APPLICATIONS

honey samples. Both, the analysis
using an API 4000 MS after offline
SPE (left side of fig. 3) and the
analysis using the APl 3200 MS
coupled to the Symbiosis Pico on-
line-SPE system, are displayed.

In figure 3 it becomes obvious
that the samples analyzed with the
Pico system show larger peak
heights. Despite the use of the less
sensitive APl 3200 MS the combi-
nation with online-SPE-purification
gives a higher sensitivity and a re-
duction of the quantification limit
down to 5 pg/kg for the majority of
the analytes.

Conclusion

The analysis method described in
this article using online-SPE fal-
lowed by LC-MS/MS offers asimple
and time saving possibility for the
combined analysis of quinolones
and macrolides in honey. In addi-
tion to the simplified sample prep-
aration a higher sensitivity can be
achieved even when using the low-
er performing but also less expen-
sive APl 3200 mass spectrometer.
The increase in sensitivity results
from removing the matrix com-
pounds and from the enrichment
of the analytes.

Having gathered this experi-
ence by application of the method
shown here it will be possible to
substitute  classical purification
procedures by more comfortable
automated  online-SPE-methods.
Furthermore the transfer of this
analysis method to other matrices
seems to be very promising.
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. Determination of Quinolones and Macrolides in Honey by Online-

AF | SPE LC-MS/MS Analysis

Mr. Alex Berhitu!, Mr. Martin Sibum?, Mrs. Sonja Schittko? Mrs. Ute Schwalb?

1 - Spark Holland BV, P.O.Box 388. 7800 AJ Emmen, The Netherlands, Phone (31) 591 631700, Website: www.sparkholland.com

2 - Eurofins Analytik GmbH, Hamburg, Germany

INTRODUCTION

NEw ONLINE EXTRACTION METHOD

Honey similar to many other food products has to be tested for residues of veterinary drugs. These may come from the
entire spectrum of pharmaceutical compounds and their presence is completely forbidden in honey; zero tolerance [1, 2].
From an analytical point of view only the lowest determinable content (quantification limit) with a defined accuracy can be
defined. To ensure the best possible compliance to the zero tolerance level the quantification limit has to be as low as
possible. Therefore the use of very sensitive detection methods such as tandem mass spectrometry (MS/MS) allows the
determination of these compounds in the sub ppb-range. For the analysis of honey it is essential to remove sugar
containing ingredients to maintain the sensitivity of the analytical system and to avoid its contamination.

Macrolides Quinolones
Clind . Cinoxacin Lomefloxacin
£ |nthamyC|r? Spiramycin Cirprofloxacin  Marbofloxacin
er romyain Tiamulin Danofloxacin  Nalidixinic acid
osamydn Tilmicosin Difloxacin Norfloxacin
Roxithromycin Tylosin Enoxacin Ofloxacin
Enrofloxacin Oxolinic acid
Flumequin Sarafloxacin
" N -
D PRSI I
LT “Q’ EWOH)
. . .
! o (NN
. T

Tylsosine Ciprofloxacin

Figure 1: Chemical structure of both herbicides

ANALYSIS OF HONEY SAMPLES

The method development led to the following XLC-method for the analysis of 21 Quinolones and Macrolides:

As a suitable method for this purpose solid phase extraction (SPE) is used to separate the analytes from interfering
ingredients (in this case sugars). Usually SPE consists of the conditioning of the SPE-cartridge, the injection of the liquid
sample onto the cartridge, the removal of the matrix in a washing step and finally the elution of the analytes from the
cartridge. In some cases an additional evaporation step, reconstitution and dilution may be required.

Today automated systems are available for this type of sample preparation procedure, requiring only the insertion of the
liquid samples and the solvents as well as the programming of the individual steps. Despite of this automation it is still a
quite time consuming process and most often it is executed sequentially, one sample after the other. After this preparation
the samples are introduced manually into the autosampler and subsequently the analysis starts.

Currently honey samples are purified still using this classical SPE method for routine analysis and the determination of the
two veterinary drug compound classes (quinolones and macrolides) is done individually. Applying the online-SPE-method
allows the simultaneous determination of both compound groups.

Old methods New method
Quinolones Macrolides Quinolones+Macrolides

| I I £
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Macrolides (10 ug/kg) Quinolones + Macrolides (10 ug/kg)
Old method (API4000) New method (API3200)

Quinolones (50 ug/kg)
Old method (API14000)

METHOD DEVELOPMENT

For the development of the online extraction method the automated method development (AMD) software package of the
Pico system has been applied. In the first step a series of widely used sorbent materials are tested for suitability (sorbent
screening). The following second step optimizes the solvents and solvent mixtures for conditioning, washing and elution.
These optimization routines usually run overnight and after interpretation by the analyst result in an almost final purification
method. Only a few changes to the method have been applied by adding further wash and cleaning steps. The final
optimization of the chromatographic parameters such as analytical column, eluents and eluent additives has been
performed by the analyst.
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Method development: Sorbent screening  Method development: pH selection Method development: peak focusing

PRE-TREATMENT:
Aliquot 2 grams of honey into a glass vial, add Eritromycine C2 as internal standard and adjust pH to 4 using a buffer
XLC
Cartridge: HySphere-resin GP (10 x 2 mm, 10 um, Spark Holland);
Conditioning-I: 1.000 pL acetonitrile/water, 50/50;
Conditioning-II: 1.000 pL acetonitrile/water, 15/85;
Sample transfer 1000 pL acetonitrile/water 10/90;
Wash steps: 1.000 pL acetonitrile/water, 3/97, followed by 1.000 uL water; Focus Elution: 1.000 uL
acetonitrile/water, 25/75.
LC
Analytical column Luna Aqua 5pu C18 125A (150 x 3 mm, Phenomenex, USA);
Eluent A: 0.2% Formic acid in water;
Eluent B: 0.1% Formic acid in Acetonitrile;
Gradient at Start-5 min. 95% A at 0,5 mL/min; after 5-9 min 10% A at 0,7 mL/min; after 10-15 min 95% A
at 0.7 mL/min
Equlibration Extraction Washing Focusing

Add IS + buffer pH 4

Inject 0.5 mL

Activation
1 mL 50% ACN (5 mL/min)

Equilibration
1 mL 15% ACN (5 mL/min)

Sample extraction

1.0 mL 10% ACN (2 mL/min)
Wash
1 mL 2.7% ACN (5 mL/min)

Clamp flush
0.5 mL 5% ACN (5 mL/min)
Focus Elution
Time: 5 minutes
25% ACN (0.2 mL/min

- Amemm

I Phenomenex luna Aqua C18 150 x 3 mm, 5 um | Time Flow Fraction A (%) | Fraction B (%)
Water (0.2% FA) | ACN (0.1% FA)
Cinoxacin Lomefloxacin Clindamycin Spiramycin " -
Cirprofloxacin Marbofloxaxin  Erythromycin  Tiamulin 00:01 0.5 mL/min 95 5
Danofloxacin  Nalidixinic acid  Josamyclin Tilmicosin 05:00 0.7 mL/min 95 5
Difloxacin Norfloxacin Roxithromycin ~ Tylosin 05:02 0.7 mL/min 95 5
Enoxacin Ofloxacin X || @ mL/min Lo 20
Enrofloxacin  Oxolinic acid Lincomycin (not a macrilid) 08:50 0.7 mL/min 10 920
Flumequin Sarafloxacin iggg g; rm"tj::: gg g
Figure 3: Schematic presentation of the method
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Figure 4: Results

Using the newly developed method several honey samples were analyzed; Figure 4 shows a typical chromatogram of a
honey sample and a spiked honey sample and the blank sample immediately after confirms little to none carry over.

CONCLUSION

The analysis method described in this article using online- PoOSITIVES
SPE followed by LC-MS/MS offers a simple and time saving
possibility for the combined analysis of chinolones and
macrolides in honey. In addition to the simplified sample
preparation a higher sensitivity can be achieved even when
using the lower performing but also less expensive API
3200 mass spectrometer. The increase in sensitivity results
from removing the matrix compounds and from the
enrichment of the analytes.

Fast first method developed by software

Method fine-tuning could be done by one person (less
sample preparation)

Less time consumptive work in the lab

Time over all for 20 samples 6 h (compared to
external SPE 11 h)

Sensitivity of API 4000 with xlc and API 3200

Having gathered this experience by application of the CHALLENGES
method shown here it will be possible to substitute classical

purification procedures by more comfortable automated et ) LT O] €1 CRIpEIEEETel ETHEL 7 (2

online-SPE-methods. Furthermore the transfer of this Eﬁ'(s:?ﬁ:ganal tes in chromatoaram react “sensitive”
analysis method to other matrices seems to be very by changes y 9

promising. Adding new substances could be difficult (SPE and

LC are coupled)
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