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Abstract

Ion suppression of drug response is a major source of imprecision for bioanalytical analysis using LC–MS/MS. Endogenous phospholipids
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ause ion suppression in both positive ESI and negative ESI modes and must be removed or resolved chromatographically. Th
on-exchange solid-phase extraction mediums were evaluated to determine their abilities to remove phospholipids. It was dete
lthough mixed mode phases fulfills the requirements of retaining both analytes and diverse metabolites, reverse phase retention
re detrimental in eliminating ion suppression caused by late eluting phospholipids. If an analyte and its metabolites can be retain

on-exchange mechanism alone, mixed mode extraction phases should be avoided.
2004 Elsevier B.V. All rights reserved.
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. Introduction

Today, liquid chromatography and tandem mass spectrom-
try (LC–MS/MS) is the method of choice for the quantitation
f analytes in biological matrices. The combination of LC
nd MS/MS offers unparalleled sensitivity and specificity few
ther techniques can match[1,2]. It comes as no surprise that

or a period of time following the introduction of LC–MS/MS
nstrumentation, sample cleanup and high-resolution chro-

atography were considered superfluous[3,8]. With their
mportance deemphasized, sample cleanup typically involved
cetonitrile precipitation of plasma proteins and chromato-
raphic separation was achieved by the use of short analyti-
al columns (typically 3 cm and less) with steep gradients or
hort isocratic runs, often less than 2 min. However, it became
pparent that inadequate sample cleanup and chromatogra-
hy often led to ion suppression that caused irreproducible
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results for some bioanalytical methods[4,5]. The effect o
ion suppression is observed primarily in electrospray
ization (ESI) whereby analyte signal is attenuated by c
petition from the ionization of bulk ions inside the solut
droplets[15,16]. Although these disturbances are not vis
in the analyte MRM channels of interest, the precision
accuracy of bioanalytical methods can be compromise
sample-to-sample differences in matrix ion concentrat
and components competing with the ionization of ana
A number of techniques to visualize ion suppression
been proposed in the literature. The most common me
involves a post-column infusion of the compound of inte
while the MRM transition is recorded during an injection
blank matrix sample[7], producing chromatograms simi
in appearance to IR spectra, ion suppression is revea
dips in the constant background signal of analyte.

Although solvent additives and mobile phase com
nents can cause ion suppression, their impact is rela
insignificant when compared to ion suppression generat
the presence of endogenous materials in biological sam
731-7085/$ – see front matter © 2004 Elsevier B.V. All rights reserved.
oi:10.1016/j.jpba.2004.10.035
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Fig. 1. Structure of desloratadine and 3-hydroxy desloratadine.

i.e., matrix effects[6]. Indeed, matrix effects predominate as
the cause of ion suppression. Of all the components in plasma,
lipids are the most variable. Both the type and quantity of
lipids found in plasma fluctuate within individuals and differ
from person to person are primarily dependent on diet and
metabolic rate. However, despite significant lipid variation,
phosphatidylcholine (also know as ‘lecithin’) is the principle
phospholipid circulating in the plasma[9]. As a zwitterion,
phosphatidylcholine can cause ion suppression in both pos-
itive ESI and negative ESI modes because of its ability to
ionize in both environments. In a recent study, serum albu-
min and phosphatidylcholine were determined to be the major
causes of ionization suppression in analysis of verapamil fol-
lowing protein precipitation and reverse phase solid-phase
extraction sample cleanup[10]. Therefore, the removal of
phospholipids as a principle agent of ion suppression is an
extremely important component of any extraction process.
Several techniques have been applied toward the removal of
phospholipids in order to obtain cleaner sample extracts[16].
In one such study, a modified lanthanide column was used
successfully to remove the bulk of the phospholipids through
a two-step cleanup process involving liquid/liquid extraction
with methyltert-butyl ether (MTBE) followed by solid-phase
extraction on a proprietary column[11]. Although effective,
this two-step cleanup process is time consuming and difficult
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at Schering-Plough Research Institute (Kenilworth, NJ)
(Fig. 1). Human plasma with EDTA as the anticoagulant was
purchased from Bioreclamation Inc. (Hicksville, NY). All
other chemical reagents were purchased from either Fisher
Scientific (Fair Lawn, NJ) or Sigma–Aldrich Co. (St. Louis,
MO). All chemical reagents were either OPTIMA® Grade or
Certified ACS Grade unless otherwise noted.

2.2. Instrumentation

A Sciex API 3000 (Applied Biosystems, Ont.,
Canada) mass spectrometric system equipped with a
TurboIonsprayTM interface was used as the detector. Unless
otherwise noted, this mass spectrometer was operated in the
multiple reaction monitoring (MRM) mode using positive
ion electrospray. Desloratadine was monitored with a MRM
transition ofm/z311→m/z259 while 3-hydroxy deslorata-
dine was monitored with a MRM transition ofm/z327→m/z
275. The following are the API 3000 instrument parameters
used for all experiments: nebulizer = 10, curtain gas = 10,
collision energy = 30 eV, ion spray voltage = 4000 V, turbo
heater temperature = 400◦C. The chromatography system
consisted of a pair of Shimadzu (Shimadzu Corporation,
Columbia, MD, USA) 10ADvp LC pumps controlled via a
Shimadzu SCL-10A system controller. A Shimadzu DGU-
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o automate. The goal of our study was to evaluate popula
ommercially available ion exchange and mixed mode s
hase sorbents and propose a simpler procedure for rem
hospholipids without impacting the recovery of compou
f interest. To this end, we evaluated three leading solid-p
xtraction sorbents available in a 96-well format for their a

ty to extract the model compounds such as desloratadin
-hydroxy desloratadine while removing phospholipids.

. Experimental

.1. Materials

Desloratadine with a purity of 98.3%, and 3-hydro
esloratadine with a purity of 99.3% were synthes
4A degasser is standard on this system. Sample inje
as automated via a CTC PAL autosampler. Data colle
nd peak integration were performed using AnalystTM 1.3.1
oftware.

.3. Solid-phase extraction disks

Three 96-well solid-phase extraction disks were ev
ted. The first is commercially available from Waters C
oration under the trade name Oasis® HLB MCX. Based
n a water wetable polymeric backbone, the 96-well Oa®

LB MCX plate has dual mode functionality using a s
onic acid moiety as its strong anionic functional group

copolymeric backbone for retention by hydrophobic
ydrophilic mechanisms. The 96-well solid-phase extrac
late used for this experiment had a total of 10 mg of sorb
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The second two disks evaluated were produced by Varian
Corporation and sold under the trade name SPEC®. Also
available in a 96-well format, these solid-phase extraction
disks were packed with 15 mg of sorbent. SCX and MP1
were the two chemistries evaluated for this article. Based
on a monolithic silica backbone, the SPEC® SCX utilizes
bonded benzenesulfonic acid as its anionic functional group
while SPEC® MP1 is a mixed mode sorbent utilizing the
same cationic functional group with a C8 aliphatic bonded
phase.

3. Results and discussion

Two previous analytical methods were published for de-
tection of desloratadine and 3-hydroxy desloratadine using
LC–MS/MS. One method from our laboratory, presented an
automated 96-well solid-phase extraction method that uti-
lized a 500�L aliquot of human heparin plasma[14]. Be-
cause this method was based on a C18 extraction system
coupled to a reverse phase HPLC system, the non-orthogonal
nature of the method required a 6 min run time for resolu-
tion of all interferences. More recently, we improved upon
this analytical method by coupling reverse phase HPLC with
ionic exchange solid-phase extraction. The advantage of such
an approach is intuitive given that the extraction is ionic in
n ex-
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tration of 7.5 ng/mL[12]. Two types of extraction recoveries
was studied, the first type was determined by comparing the
mean peak response from processed samples to the mean
peak response from unprocessed (neat) standards. In addi-
tion, the mean peak response of the extracted blank matrix
samples that were spiked (post-extraction) with QC stock so-
lution was compared to the mean peak response processed QC
samples to demonstrate extraction efficiency. Forn= 6 trials,
desloratadine and 3-hydroxy desloratadine showed a aver-
age recovery of 31.7% and 46.4%, respectively, compared to
neat standards prepared in mobile phase. Comparing to post-
spiked samples (n= 6), desloratadine and 3-hydroxy deslo-
ratadine demonstrated extraction efficiencies of 76.3% and
84%, respectively. It should be noted that under these chro-
matographic conditions, the phospholipids of interest are not
eluted after the initial injection cycle but rather appear as late
eluters in second, third, and subsequent injections. Because
of the ion-suppressing nature of the phospholipids, recover-
ies would be significantly impacted if phospholipids were to
co-elute with the compounds of interest. In order to monitor
the late eluting phospholipids, the third step of the gradient
elution was lengthened from 3.8 to 6.8 min. This change al-
lowed the concurrent monitoring of all phospholipids in the
same injection cycle.

After 2D optimization[13], the following extraction pro-
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ature; residual endogenous interferences resulting from
raction are unlikely to present a selectivity problem for
everse phase chromatography system. The validation o
ew method uses only 250�L plasma and has a runtime
min is[12].
In addition to desloratadine and 3-hydroxy desloratad

hree additional mono-hydroxylated metabolites of deslo
ine may also be present in a biological sample from a

ect dosed with ClarinexTM [12]. The mono-hydroxylate
etabolites cannot be mass separated based on their

ransitions and therefore chromatographic separation
uired. This is accomplished by using a gradient elution
le (Table 1) on a Waters AtlantisTM C18 2 mm× 50 mm
olumn. Mobile phase A consists of 10 mM ammonium
ate with 0.2% formic acid, while mobile phase B cons
f 10 mM ammonium formate in methanol with 0.2% form
cid. At a flow rate of 0.25 mL/min, 3-hydroxy desloratad
nd desloratadine are eluted with retention times of 3.1
.2 min, respectively (Fig. 8). A detailed extraction recove
xperiment for desloratadine and 3-hydroxy deslorata
ere undertaken using MCX extraction plates at the con

able 1
radient elution chromatography program from the validated bioanal
ethod for quantitation of desloratadine and 3-hydroxy desloratadine

tep Total time (min) B (%) A (%) Flow rate (�L/min)

0.50 20 80 250
3.30 90 10 250
3.80 90 10 250
3.81 20 80 250
4.20 20 80 250
ocols were selected for all three extraction disks: solid-p
xtraction plate is pre-conditioned with 400�L of methano
ollowed by 400�L of 2% formic acid. A 250�L sample
liquot diluted in 500�L of 2% formic acid solution is ap
lied to the pre-conditioned solid-phase extraction plate.
ample is loaded under vacuum (<5 psi negative pressur
he extraction plate is then washed sequentially with 40�L
f 2% formic acid solution followed by 400�L of acetoni-

rile: methanol (70:30%, v/v). Analytes are eluted by us
wo 200�L aliquots of methanol:acetonitrile:water:ammo
45:45:10:4%, v/v/v/v). The eluent is then dried unde
tream of nitrogen and reconstituted in 150�L of mobile
hase for subsequent LC–MS/MS analysis.

The analytical setup for evaluating ion suppression
s follows: desloratadine and 3-hydroxy desloratadine

nfused post-column via a mixing tee at a concentratio
00 ng/mL. Ion suppression resulting from matrix com
ents in the eluent was monitored during gradient elu
y continuously acquiring MRM spectra for both deslor
ine and 3-hydroxy desloratadine over a 7.5 min period. C

rol plasma blanks were extracted by using the solid-p
xtraction procedure described above and injected int
C–MS/MS system. A dip in the monitored mass trace
onsidered to be an effect of ion suppression. In add
o monitoring the MRM channels of desloratadine and
ydroxy desloratadine, extracted phospholipids were
onitored by using their corresponding MRM transitio
xample chromatograms for each of the three extra
lates are shown inFigs. 2–4.

From these experiments it is evident that at least two m
on suppression regions are common to all three extra
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Fig. 2. Multiple reaction monitored ion chromatograms for desloratadine (top trace), 3-hydroxy desloratadine (middle trace) and phosphatidylcholine monoester (bottom trace) during post-column infusion and
subsequent injection of a SPEC® MP1 extracted control blank plasma sample.
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Fig. 3. Multiple reaction monitored ion chromatograms for desloratadine (top trace), 3-hydroxy desloratadine (middle trace) and phosphatidylcholine monoester (bottom trace) during post-column infusion and
subsequent injection of an Oasis® HLB MCX extracted control blank plasma sample.
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Fig. 4. Multiple reaction monitored ion chromatograms for desloratadine (top trace), 3-hydroxy desloratadine (middle trace) and phosphatidylcholine monoester (bottom trace) during post-column infusion and
subsequent injection of a SPEC® SCX extracted control blank plasma sample.
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Fig. 5. Comparison of overall extraction recoveries of desloratadine from SPEC® SCX, Oasis® HLB MCX, and SPEC® SCX extraction plates.

Fig. 6. Comparison of overall extraction recoveries of 3-hydroxy desloratadine from SPEC® SCX, Oasis® HLB MCX, and SPEC® SCX extraction plates.

Fig. 7. Comparison of a surrogate phospholipid, phosphatidylcholine octadecyl monoester, from SPEC® SCX, Oasis® HLB MCX, and SPEC® SCX extraction
plates.



366
J.X

.S
h
e
n
e
ta
l./Jo

u
rn
a
lo
fP

h
a
rm

a
ce
u
tica

la
n
d
B
io
m
e
d
ica

lA
n
a

lysis

3
7
(2
0
0
5
)
3
5
9
–
3
6
7

Fig. 8. Typical MRM chromatograms showing elution of a 25�L injection of extracted 10 ng/mL spiked human plasma sample of desloratadine (top trace) and 3-hydroxy desloratadine (bottom trace) under
described HPLC condition.
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plates. The first major ion suppression region, most likely
caused by the elution of polar proteins and carbohydrates,
occurs near the void volume of the column; i.e., at around
0.7 min. The second major ion suppression region, presum-
ably caused by phospholipids, occurs between 5 and 7 min
post-column. Of the three solid-phase extraction plates, sam-
ples extracted by using the SPEC® SCX had the least amount
of ion suppression while the SPEC® MP1 displayed the most
ion suppression. Specifically, the amount of phospholipids,
as determined by peak height for one surrogate phospholipid,
were observed to increase from 1.4e4 counts per second (cps)
for SPEC® SCX extracted blanks (Fig. 4) to 8.3e5 cps for
SPEC® MP1 extracted blanks (seeFig. 2). Moreover, the
corresponding ion suppression dip increased proportionally
as the amount of phospholipids increased (Figs. 2–4).

The overall extraction efficiencies of desloratadine and 3-
hydroxy desloratadine for all three extraction plates are sum-
marized inFigs. 5 and 6. For these experiments, six replicate
extractions were performed on a plasma standard containing
10 ng/mL each of desloratadine and 3-hydroxy desloratadine.
As can be seen from the graphical representation, similar re-
covery efficiencies were observed for desloratadine and 3-
hydroxy desloratadine on all three extraction plates. In an
attempt to improve recovery, the organic wash step was subse-
quently modified to include 2% formic acid. Modest improve-
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elution of these compounds can lead to imprecision and inac-
curacy in bioanalytical methods. Clearly, these data highlight
the importance of investigating chromatographic resolution
of analytes from phospholipids. Were it not for chromato-
graphic resolution, the measured recoveries of desloratadine
and 3-hydroxy desloratadine would have been significantly
lower.

MRM transitions of surrogate phospholipids can be mon-
itored during method development to estimate the potential
for ion suppression during methods optimization of extrac-
tion. Simply monitoring these MRM transitions represents a
less cumbersome alternative to post-column infusion.

Although mixed mode phases can fulfill the requirements
of retaining both analytes and diverse metabolites, this study
suggests that reverse phase retention mechanisms can be
detrimental in eliminating ion suppression caused by late
eluting phospholipids. Indeed, if an analyte and its metabo-
lites can be retained using an ion-exchange mechanism alone,
mixed mode extraction phases should be avoided.
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