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Glycerophosphocholines  (GPChos)  are  known  to cause  matrix  ionization  effects  during  the  analysis  of
biological  samples  (i.e.  plasma,  urine,  etc.)  in  LC–MS/MS.  In  general,  such  matrix  effect  is  directly  related  to
an  insufficient  sample  clean-up  of  the biofluids.  In addition  to  GPCho;  design  of  ionization  source  and/or  LC
also plays  a  very  important  role  in  matrix  effects.  In  this  research  paper,  different  types  of matrix  effects,
i.e.  ion  suppression  or enhancement  were  observed  in differently  designed  ion  sources  coupled  with
different  LCs,  from  the  same  molecule,  acamprosate  (ACM),  under  the  same  chromatographic  conditions.
ACM  was  analyzed  in  a negative  polarity  in electrospray  ionization  interface  using Z-spray  and  orthogonal
camprosate
hospholipids
rthogonal spray
-Spray
on source design

spray ion  source  design.  The  analyte  showed  almost  complete  ion suppression  in  the  Z-spray  ionization
source  coupled  with  UPLC/HPLC,  whereas  there  was  very  little  ion enhancement  in  the  orthogonal  spray
ionization  source  coupled  with  HPLC.  In  both  the  cases  different  GPChos  were  responsible,  as  evident
from  the  presence  of  m/z  815.4 in  Z-spray  ion  source  and  m/z  759.0  in  orthogonal  spray  ion  source.
Hence,  this  approach  can  be  used  to evaluate  the matrix  effects  in plasma  samples  during  development
and  validation  of  LC–MS/MS  method  of drugs  and  their  metabolites  in  different  biological  matrixes.

© 2012 Elsevier B.V. All rights reserved.
. Introduction

Mass spectrometry (MS) is a powerful qualitative and quantita-
ive analytical technique that has been used for most clinical and
esearch laboratories for the last three decades. In clinical labora-
ories, mass spectrometers are used to measure a wide range of
linically relevant analytes. When applied to biological samples,
he power of MS  lies in its selectivity toward the identification and
uantification of compounds [1].

There is, however, one limitation associated with the LC–MS
nalysis, i.e. susceptibility to the matrix effects (ME) [2,3]. Matrix
ffect is defined as the effect of co-eluting residual matrix compo-
ents on the ionization of the target analyte. Typically, suppression
r enhancement of analyte response is accompanied by diminished
recision and accuracy of subsequent measurements [4–6]. Matrix
ffects may  thus limit the utility of LC–MS for quantitative analysis

7] which includes suppression or enhancement of ions, decreased
r increased sensitivity of analyte over time, increased baseline,
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imprecision of results, retention time drift and chromatographic
peak tailing.

Evaluation of matrix effects and chromatography/MS efficiency
is critical to the quality of LC/MS method development. Therefore,
it is now becoming an essential part of method validation, further
optimization and method transfer across platforms to other MS.
Moreover, developing a satisfactory and almost matrix effects free
bioanalytical method is a preliminary step for any pharmacokinetic
study.

Matrix effect does not solely relate to the ionization process
of LC–MS/MS [8–10]. Extraction technique, chromatographic pro-
cedure including mobile phase constitution, flow rate, analytical
column, etc. should also be considered while developing the meth-
ods, where precise, accurate and reproducible analysis are required.
But there is hardly any paper describing the role and influence
of differently designed ionization sources of ESI interface [11] on
matrix effects. So in the present research work, ACM [Fig. 1] was
analyzed by using two  different LC–ESI-MS/MS instruments having
differently designed ionization sources coupled with LC, to find out
the consequence on matrix effects.

Two  procedures are reportedly available for an evaluation of

matrix effects. The first is a qualitative evaluation and the second
one is a quantitative evaluation. By quantitative evaluation, the
exact degree of ion suppression/enhancement can be determined
which is useful information for any analytical method.

dx.doi.org/10.1016/j.jchromb.2012.03.012
http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
mailto:chinmoy_ghosh@yahoo.com
dx.doi.org/10.1016/j.jchromb.2012.03.012


194 C. Ghosh et al. / J. Chromatogr. B

2

u
e
s
d
i

a
t
t
a
m
a
e
t
t
(
w
e

M

c
M
s
w
p
A
t
t
i
i

2

i
g
t
M
a
L
p
f
s
a
p

Fig. 1. Structure of ACM.

. Experimental

The qualitative evaluation procedure is based on the post col-
mn  infusion of analyte in a chromatographic run along with an
xtract of a blank matrix. In the presence of matrix effects, i.e. ion
uppression/enhancement the signal shows downward/upward
irections from its original baseline, otherwise there is no change

n baseline response.
The quantitative evaluation of matrix effects, on the other hand,

s described by Matuszewski et al. is based on the injection of
wo sets of samples [12,13].  Set A consists of neat standard solu-
ions (eventually a calibration line), resulting in the reference peak
rea(s). For set B extracts of 6 different blank matrices are supple-
ented (after the extraction) with the same amount of standards

s used for set A (which then results in peak areas B). The matrix
ffects in terms of matrix factor (MF) can then be calculated using
he peak area(s) obtained for the set of samples spiked after extrac-
ion (B) divided by the peak area(s) obtained for the neat standards
A) times 100, where 100% indicates absence of any matrix effects,
hereas <100% means suppression and values >100% indicates

nhancement of the ionization process. The formula is given below:

F  = B

A
× 100 (1)

The experiments described in this manuscript have been
onducted to reduce or minimize the matrix effects during LC–ESI-
S/MS  analysis of ACM in plasma samples by changing the ion

ource design and/or LC hardware. Two different experiments
ere taken into consideration for this purpose. Experiment-I was
erformed by using the Z-spray ion source design coupled with
cquity UPLC/HPLC, whereas, experiment-II, was conducted using

he orthogonal spray ion source design attached with HPLC. In order
o evaluate and determine the matrix effects in differently designed
onization source of the ESI interface, two different LC–MS/MS
nstruments were used.

.1. Chemicals and reagents

ACM (99.8%) was procured from IND-SWIFT Laboratories Lim-
ted, Mohali, Punjab, India. All chemicals were of analytical reagent
rade unless stated otherwise. The water used for the prepara-
ion of mobile phase and other solutions was collected from a

illi QPS (Milli Pore, USA). HPLC-grade methanol, acetonitrile and

cetic acid were supplied by J.T. Baker, USA and Finar Chemicals
imited, Ahmedabad, India, respectively. Ammonium acetate was
urchased from Qualigens fine Chemicals, Mumbai, India. Drug
ree human plasma treated with K2EDTA used during analysis was
upplied by Clinical unit of Cadila Pharmaceuticals Limited, Ahmed-
bad, India. The plasma was stored at −30 ± 5 ◦C before sample
reparation and analysis.
 893– 894 (2012) 193– 200

2.2. Experiment 1

2.2.1. Instrumentation
Matrix effect was  quantified using Waters Quattero Premier XE

MS/MS  system attached separately with UPLC and HPLC (Waters
Corporation, Milford, USA), equipped with an ESI interface used to
generate negative ions [M−H]−. The compounds, i.e. phospholipids
were separated on a reversed phase column (Hypersil BDS C18,
150 × 4.6 mm ID, particle size 5 �m,  Thermo Electron Corporation,
UK), with an isocratic mobile phase consisting of 10 mM ammo-
nium acetate (pH: 5.50 ± 0.05) in milli-q water and acetonitrile at
a ratio of 15:85 (v/v). The mobile phase was  eluted at 0.80 mL/min.
The auto sampler rinsing volume was  500 �L and injection vol-
ume  was 5 �L. The column and auto sampler temperature were
maintained at 35 ◦C and 4 ◦C, respectively.

The mass transitions used for ACM was  m/z  179.90→79.90.
Quadrupoles Q1 and Q3 were set on a unit resolution. The analyt-
ical data were processed by Masslynx software. Ion source design
was based on Z-spray with negative polarity. The detailed mass
parameters set to the instrument were as follows: capillary, cone
and extractor voltages were adjusted to 3.5 kV, 26 V and 3 V, respec-
tively. The source temperature and desolvation temperature were
set to 100 ◦C and 300 ◦C, respectively. Cone gas and desolvation gas
flow were set to 50 L/h and 650 L/h. Ion energy and collision energy
were fixed to 1 V and 23 V, respectively. LM1, LM2, HM1  and HM2
resolutions were set to 15.5.

2.2.2. Sample treatment
Protein precipitation method was  used to extract ACM. Only

250 �L plasma sample was  transferred to a ria vial for analysis.
Add 1000 �L of acetonitrile to precipitate protein and vortex it for
1.5 min  followed by centrifuge at 10,000 RPM for 5 min. The super-
natant was then directly injected (5 �L) to LC–MS/MS.

2.3. Experiment 2

2.3.1. Instrumentation
Here, matrix effects were quantified using SCIEX API 4000

MS/MS  system (MDS Sciex, Canada) attached with HPLC (Shimadzu,
Japan), equipped with an ESI interface used to generate negative
ions [M−H]−. All other chromatographic parameters were same as
experiment-1.

The optimized ion spray voltage and temperature were set at
−4500 V and 450 ◦C. The typical ion source parameters, viz., declus-
tering potential, collision energy, entrance potential and collision
cell exit potential were −50, −10, −32 and −5 V. Nitrogen gas
was used as nebulizer gas, curtain gas and collision-activated dis-
sociation gas, which were set at 40, 12 and 7 psi, respectively.
Quantification was  performed by multiple reaction monitoring of
the deprotonated precursor ion and the related product ion for
ACM. The mass transitions used for ACM was m/z  179.90→79.90.
Quadrupoles Q1 and Q3 were set on a unit resolution. The analyti-
cal data were processed by Analyst software (Version 1.4.2; Applied
Biosystems). Ion source design was based on orthogonal spray with
negative ionization mode.

2.3.2. Sample treatment
Sample preparation technique was  also same as experiment-1.

Same lots of plasma were also used during sample treatment.

3. Results
3.1. Experiment 1

During method development, a neat ACM sample was infused
through an infusion pump to tune the parent molecule in both the
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Fig. 2. Matrix effects of ACM in Quattro Pr

olarities. But stable parent ion (m/z 179.9) was  observed only at
egative polarity. The neat analyte was infused along with an injec-
ion of extracted plasma blank in HPLC and UPLC; both showed the
omplete ion suppression. Fig. 2 evidenced the fact in UPLC system
nd Fig. 3 for HPLC system. Furthermore, to determine the degree of
atrix effects, MF  was estimated by using six different plasma lots,
hich also revealed the complete ion suppression in both HPLC and
PLC, as the MF  value was zero. Hence, further investigation was
onfined into UPLC system only to find out whether LC has any role
n ME  for this molecule.

So, to find out the phospholipids which were causing the matrix
ffects in UPLC, pre-cursor ion scan at m/z 184.0 was  performed, in
ositive polarity, keeping all other LC–MS parameters constant as
entioned in experiment 1, because most phospholipids have the
ommon product ion at m/z  184.0 in positive ionization polarity
13].

Fig. 4 represents the precursor ions scan at the retention
ime of ACM. From the spectra it was observed that one

Fig. 3. Matrix effects of ACM in Quattro Premier
 XE coupled with UPLC (ion suppression).

lyso-phosphotidylcholine at m/z 527.3 and three other phospho-
tidylcholines at m/z 762, 789.1 and 815.4 (most intense) and its
isotopes were present. Reportedly all these phosphotidylcholines
may  be responsible for the matrix effects, i.e. ion suppression in
instrument 1. Moreover, the Q1 scan of the extracted plasma blank
was also performed in the negative ionization mode and ions were
extracted at the retention time of ACM. Among all the extracted
ions there was  a major response at m/z 255.1[Fig. 5], possibly a frag-
mented ion of glycerophospholipid, which may  also be responsible
for matrix effects, i.e. ion suppression in instrument 1. So, different
ions were observed at the retention window of ACM, which were
supposed to be responsible for such ionization behavior.

3.2. Experiment 2
The neat ACM sample was  infused through Harvard infusion
pump and the parent molecule was  tuned in MS mode in nega-
tive polarity. It showed a stable parent ion, i.e. m/z 179.9. The neat

 XE coupled with HPLC (ion suppression).
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Fig. 4. Pre-cursor ions scan of m/z 184 in

nalyte was infused along with an injection of extracted plasma
lank, but it showed very little ion enhancement [Fig. 6]. Further-
ore, to determine the degree of matrix effects, matrix factor was

stimated from six different plasma lots which were used in experi-
ent 1. The average matrix factor at low quality control (LQC) level
as 0.9005, the %CV was 7.11 and the average MF  at high qual-

ty control (HQC) level was 1.116 with %CV was 8.87. The overall
F  was 1.008, which indicates that there was very little or no ion

nhancement.
Previous research [13] has described the m/z 184.0 as a common

re-cursor ion for phospholipids in positive ion polarity. To iden-
ify the phospholipids, we  performed the pre-cursor ion scan at
/z 184.0, in positive polarity, keeping all other LC–MS parameters
ame as mentioned in experiment 2.
The pre-cursor ions scan at the retention time of ACM obtained

rom experiment 2 is presented in Fig. 7. From the spectra, it was
bserved that two lyso-phosphotidylcholines at m/z 497 and 525

Fig. 5. Ions at the retention time of C
rs Quattro Premier XE in positive mode.

and six phosphotidylcholines at m/z 704, 759, 761, 785, 787 and 811
were present. Among all these, m/z at 759 (most intense), 761 and
787 were the major phosphotidylcholines, in instrument 2. Again,
Q1 full scan of the extracted plasma blank was also performed in
the negative ionization mode and ions were extracted at the reten-
tion time of ACM, which showed a major response at m/z  215.0
[Fig. 8], a fragmented ion of diacylated glycerophospholipid [14].
These phospholipids may  be responsible for the ion enhancement
in instrument 2.

4. Possible causes of different ionization in different ion
source design of ESI-MS/MS
The ESI technique involves a number of steps, including the
formation of charged droplets, desolvation, ion generation, declus-
tering and ion sampling. As the name suggests, the basis of ESI
technique lies in using a strong electric field to create an excess

AM in Waters QPXE (Q1 scan).



C. Ghosh et al. / J. Chromatogr. B 893– 894 (2012) 193– 200 197

 in AP

o
[
a
c
p
u
m
o
i
w

Fig. 6. Matrix effects of ACM

f charge at the tip of a capillary containing the analyte solution
15–17]. Charged droplets exit the capillary as a spray and travel
t atmospheric pressure down an electrical gradient to the gas
onductance limiting orifice or tube. Gas phase ions are then trans-
orted through different vacuum stages to the mass analyzer and
ltimately the detector. In order to direct charged species into the

ass spectrometer a series of counter electrodes is used in order

f decreasing potential. Typically, the principal counter electrode
s the curtain plate. This counter electrode is a plate with an orifice

hich passes the ions to the mass spectrometric sampling system,

Fig. 7. Pre-cursor ions scan at m/z 184 in plasm
I-4000 (ion enhancement).

i.e. toward the vacuum interface of MS.  The pressurized nitrogen
gas forces the liquid through the capillary. The value of the electric
field (EC) at the capillary tip opposite to a planar counter electrode
can be calculated by the proposed equation of Lobe et al. [18].

EC = 2VC (2)

rC ln(4d/rC )

where VC is the applied potential, i.e. ISV, rC is the capillary outer
diameter, d is distance from capillary tip to the counter electrode,
i.e. orifice plate. For example, if VC is 3000 V, rC is 10−4 m and d is

a blank in positive polarity in API-4000.
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Fig. 8. Q1 spectrum of plasma b

.02 m,  EC has a value of 9 × 106 V/m. EC is directly proportional to
C, and inversely proportional to rC and d, but decrease very slowly
ith d due to logarithmic dependence on d.

The required ISV, i.e. VC can also be calculated. It depends on the
urface tension of mobile phase/solvent (�), radius of the capillary
rC), permittivity of the vacuum (ε0), distance of the capillary tip
rom the orifice (d) and � the half angle of the Taylor cone.

C ≈
(

rC� cos �

2ε0

)1/2

ln
(

4d

rC

)
(3)

The above equation was experimentally verified by many
esearchers [19–21].  From the experiments it was observed that
or stable ES spray, VC should be few hundred volts more than the
alculated one.

The optimal potential difference between the sprayer and the
rincipal counter electrode depends on experimental parameters,
uch as the charged state of the analyte, the solution flow rate,
he solvent composition and the distance between the tip and
he counter electrode. In the presence of an electric field liquid

merges from the tip of the capillary in the shape of a cone, also
nown as “Taylor Cone” [21] [Fig. 9]. When the electrostatic repul-
ion between charged molecules at the surface of the Taylor Cone
pproaches the surface tension of the solution – known as reaching

Fig. 9. Taylor cone.
n negative polarity in API-4000.

the Rayleigh limit – charged droplets are expelled from the tip. The
droplet containing the excess charge generally follows the electric
field lines at the atmospheric pressure toward the counter elec-
trode. However, trajectories will also be affected by space charge
and gas flow.

The mechanism of forming the Taylor Cone is not clearly
understood, but it is known that under certain conditions, the mor-
phology of the spray emitted from the capillary tip can change [22].
The various spray modes strongly depend on the capillary voltage
and are related to pulsation phenomenon observed in the capillary
current.

Gomez and Tang [22] have shown that the ligament exited
from the Taylor cone persisted for a short distance, roughly 2 mm
and then broke up into droplets. This droplet formation showed a
bimodal distribution of droplets, which consists of a primary dis-
tribution of large droplets and a satellite distribution of smaller
droplets. The satellite droplets were produced at break-up and
were displaced radially by small disturbance and/or space charge
effects.

Once airborne, the liquid droplets’ structural integrity becomes
dependent upon the struggle of surface tension with the electro-
static repulsion that results from the solvated ions. Up to a point,
known as the Rayleigh limit, surface tension will hold the repulsive
forces in check and prevent droplet fragmentation. Due to evap-
oration, however, continuous shrinkage in droplet size gradually
brings the charges closer together, increasing repulsion propor-
tionally. Eventually, the Rayleigh limit is overcome and the droplet
undergoes Coulombic explosion, splitting into progeny droplets in
which the process is reset (Fig. 10). The amount of charge, qR, at

which the Rayleigh limit is exceeded and fission occurs has been
described by the mathematical relationship [23].

qR = 8�(ε0�R3)
1/2

(4)
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Fig. 10. Ion formation mechanism in ESI interface.

here qR is the charge on the droplet, � the surface tension of the
olvent/mobile phase, R is the radius of the droplet and ε0 is the
lectrical permittivity.

Juraschek and Rollgen showed that liquid flow rate, capillary
iameter and electrolyte concentration can all impact the spray
ode. Controlling the spray mode is thus crucial in achieving a

table spray and an optima signal.
The size of the spray droplet released from the Taylor Cone,

ighly dependent on the flow rate and capillary diameter, is critical
o the efficient ionization of the analyte. Since a small droplet con-
ains less solvent, desolvation and ionization can be more efficient.
ecause less fission is required to produce ions. The salt concentra-
ion in the final off spring droplet may  be lower compared to the
roplet that has undergone more evaporation fission cycle. As a
esult, the background noise in the mass spectrum may  be reduced
24]. In addition with smaller droplets, analytes that are not sur-
ace active will have a greater chance of being transferred to the
as phase rather than being lost in the bulk of the parent droplet
esidue.

Kebarle concluded that charging a single protein in the evapo-
ating droplet is due to small ions found at the surface of the droplet
25]. The mechanism of forming small analyte ions is still not clear.
harging analyte molecules can occur through more than one pro-
ess [26]. Charge separation (in the ESI source), adduct formation,
as phase molecular reactions, and electrochemical reactions may
lso contribute to ionization during the electrospray process [27].

Efficient transport of ions and charged droplets from the sprayer
nto the mass spectrometer is challenging and depends on param-
ters such as interference arrangement and gas throughout into
he instrument [20]. As gas and ions are transported from atmo-
pheric pressure into vacuum, strong cooling of the mixture occurs
uring expansion. Under these conditions, polar neutral molecules
ake cluster with analyte ions and it is therefore very important

o achieve efficient desolvation within the atmospheric region.
If the flow rate is in the range 0.05–3 mL/min, sensitivity can be

n issue, due to the decrease in the ionization efficiency resulting
rom large size droplets.

From the above discussion it is observed that the formation of
ons depend on multiple parameters, e.g. capillary diameter, dis-
ance from capillary tip to the counter electrode, radius of the
roplets, electrolyte concentration, etc. In this manuscript ACM was
nalyzed by using two different ion source designs of two  differ-
nt instruments, hence the capillary diameter was  different. This
ay  cause the formation of different ions (e.g. phospholipids) in
PI 4000 and QPXE instruments. Moreover, in API 4000, nitrogen
as was used as CAD gas, whereas, in QPXE, argon gas, which is
eavier than nitrogen gas, is used as CAD gas. This may  also lead

o different ion formation, which was observed during the actual
xperiment of ACM in two different instruments, e.g. API 4000 and
PXE.
 893– 894 (2012) 193– 200 199

These may  be the possible causes of formation of different ions
in different ion source design of ESI-MS/MS. There may  be many
other causes, which may  require more detailed research and inves-
tigation.

5. Discussion

Different endogenous phospholipids have been established to
be the major cause of matrix effects while using ESI interface.
Phospholipids are present in extremely high concentrations in bio-
logical matrices and can vary greatly between subject samples and
experimental time points in pharmacokinetic and related studies.
Some research has shown [28,29] that even if phospholipids do
not co-elute with drugs, the presence of phospholipids in extracted
samples can result in retention time shifts, elevated baselines, and
divergent curves, thus influencing assay performance and rugged-
ness. Thus, it is preferable to remove phospholipids during sample
preparation by chromatographic techniques using various column
switching configurations to avoid these matrix effects.

Previous reports describing the matrix effects in LC–MS/MS
analysis [28–41],  addresses this important aspect superficially.
Very few of these reports actually deal with matrix effects in depth.
So it is essential to describe matrix effects in all LC–MS/MS bio-
analysis. Additionally, this information could be useful for any
further research work or advancement in this field.

In this research work, in experiment 1, where analysis was
performed by using ESI-MS/MS system having Z-spray ion source
design coupled with two  separate LC systems, i.e. UPLC and HPLC
separately, showed matrix effects in the form of complete ion sup-
pression. On the other hand, in experiment 2, where orthogonal
spray ion source design with HPLC–ESI-MS/MS system was used
during sample analysis, showed little ion enhancement.

It was  the phosphotidylcholines that were supposed to be
responsible for this matrix effects. It is observed that different
phospholipids were responsible for this different behavior. In
orthogonal spray design, phospholipids at m/z  215, 759, 761 and
787 were observed, whereas, in Z-spray design phospholipids at
m/z 255, 762, 789 and 815 were identified. This may be because
different phospholipids were ionized when the different ion source
designs were used.

Thus, from the experiments it was observed that except the ion
source design and design of LC, all other experimental conditions
including chromatographic condition and sample extraction tech-
nique were the same. So, not only the chromatographic conditions,
extraction techniques or co-extracted anti-coagulant, but also the
hardware design of LC and ionization source may also play a very
important role in matrix effects.

In this experimental design, Z-spray coupled with HPLC or UPLC,
showed complete ion suppression (MF  = 0), whereas, orthogonal
spray coupled with HPLC, showed very little ion enhancement
(MF  = 1.008) or almost no matrix effects. Hence, changing the design
of ionization source will affect matrix effect outcomes, though;
it is not always true that Z-spray will show more matrix effects
in comparison with orthogonal spray ion source design, as this is
molecule dependent. The information presented in this manuscript
can greatly improve the method development approaches using
LC–MS/MS and make the analytical method more reliable.

6. Conclusion

The effect of co-eluting compounds arising from the matrix can
in LC–MS/MS analysis. The charge competition between the matrix
ions and analyte ions inside the ionization source, causing the ion
suppression or enhancement, may  affect the reproducibility and
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ccuracy of the results. So during method development matrix
ffects should be evaluated, and it should be eliminated or mini-
ized. In the present research work a cause of matrix effect was

tudied, which revealed that the design of ionization source may
ause matrix effects. As seen in the experiment the Z-spray ion
ource coupled with UPLC and HPLC showed complete suppression
f ions, whereas orthogonal spray design of the ion source attached
ith HPLC showed very less ion enhancement, though the other

hromatographic conditions and sample extraction technique were
ame for both the experiments. Moreover, different phospholipids
ere identified as responsible for this outcome. Though this exper-

ment was performed only with one molecule, i.e. ACM, but this
xperiment clearly indicates that design of ionization source plays

 significant role in matrix effects. It is not always true that Z-
pray is prone to matrix effects and orthogonal spray design will
ree from any matrix effects related issues, but ionization source
esign will have influences on matrix effects as observed with this
xperiment. Thus, during method development, matrix effects can
e minimized or eliminated by changing the ion source design of
S/MS  system. So, the presented manuscript gives an insightful

dea regarding the role of ion source design on matrix effects. Hence,
here is a great scope of further extensive research works on this
rea.
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