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Abstract
In an attempt to understand the response of the molecule to electrospray ionization (ESI), a new parameter called
‘molecular electrospray ionization index (MESII)’ is defined. Selected reaction monitoring (SRM) data acquired on an
ESI tandem quadrupole mass spectrometer is utilized for calculating MESII, which we denote as εSRM:
εSRM= - log (SRM intensity/Population of ions or molecules in-solution).
Population of ions or molecules in-solution is estimated using molecular mass of the respective compound and
Avogadro’s constant. Simvastatin acid (SVA), lovastatin (LV) and simvastatin (SV) are chosen as model compounds.
SRM experiments in positive ion mode were performed on singly protonated ions ([M+H]+) of SVA, LV and SV. In
negative ion mode, only SVA was investigated by SRM, using singly deprotonated ion ([M-H]-) as precursor ion. Thus
estimated MESII values in positive ion mode are: ε+SRM (SVA)=7.4288, ε+SRM (LV)=7.4541 and ε+SRM (SV)=8.6833 and
in negative ion mode, ε-SRM (SVA)=7.2253. This newly defined index not only gives an idea about ionization potential
(i.e., degree of ionization), but can also be an indicator of limit of detection (LOD) of an analyte. When utilizing SRM
data recorded from different type of instruments for a compound, the variations that may arise in MESII values could
help in understanding the influence of different instrument configurations/methods on the degree of ionization of that
compound. Matrix effects on the extent of analyte’s ionization too can be understood from the differences in the MESII
values. Further, it may be possible to utilize MESII for quantitation as well.

Keywords: Mass spectrometry; Electrospray ionization; Tandem

mass spectrometry; Collision induced dissociation; Selected reaction
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Introduction
The process of generating ions in gas phase is the foremost as
well as a critical step in mass spectrometry (MS). In many cases, the
molecular ions would be already present in solution phase and the
ionization mode of MS would then transfer the ions from liquid phase
to gas phase. Also, there are several examples, wherein the processes
involved in an ionization mode would be converting the neutrals
available in solution/solid to gas phase molecular ions, which are then
characterized based on their mass-to-charge ratios (m/z). Subject to
the conditions (physical) followed during the process of (gas phase)
ionization and depending on the chemical property, different molecules
respond or ionize to varied extents. For example, a compound which
may not ionize properly by atmospheric pressure chemical ionization
(APCI) could ionize very well through electrospray ionization (ESI)
and vice-versa. Further, the yield of ions generated in gas phase
through an ionization mode, could differ from one analyte molecule
to another, though the concentration of both the analytes can be same.
Moreover, certain molecules/molecular ions dissociate during the
ionization process, which is called in-source fragmentation and this is
again dependent on the analyte molecule and mode of ionization.
Thus, in order to understand the response of the analyte molecule
to an ionization process, a suitable yardstick or parameter is required.
For example, ‘proton affinity’, ‘gas phase basicity’ and ‘gas phase
acidity’ values that are typically estimated by Cooks’ kinetic method
are considered as indicators of degree of ionization of an analyte [1].
Cooks’ kinetic method involves a standard reference compound (SRC),
wherein proton bound dimer formed by the analyte under study and
the SRC, would be subjected to collision induced dissociation (CID) and
the abundances of resulting product ions are used to estimate proton
affinity or gas phase acidity of the analyte of interest [1-3]. In this study,
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a new parameter called ‘molecular ESI index (MESII)’ is defined, which
also can be useful to comprehend, how different analytes respond to
ESI. MESII of an analyte is calculated using the intensity values of
selected reaction monitoring (SRM) experiment of an adduct ion, e.g.,
[M+H]+ and the molar concentration of that analyte.
Simvastatin acid (SVA), lovastatin (LV) and simvastatin (SV)
were chosen as models (Figure 1) in this investigation to understand
their response to ESI by SRM through the new definition of MESII.
Although ESI coupled to SRM has been used to characterize LV and
SV, especially in clinically relevant contexts [4-8], there are no reports
on determination of proton affinity and gas phase acidity of these
compounds. LV and SV are very widely used cholesterol lowering prodrugs; SVA, the β-hydroxy acid form of SV, is a potent competitive
inhibitor of 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA)
reductase, an enzyme involved in cholesterol biosynthesis [9].

Experimental
Working solutions of SVA, LV and SV at concentrations 1, 5, 10,
25, 50, 75, 100, 250 and 500 pg µL-1 were prepared by successive dilution
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of stock solutions using acetonitrile: water (60:40; v/v). The samples
were introduced into the mass spectrometer through Acquity UPLC
(Waters) following isocratic elution on Hypersep Gold C18 column
(2.1 × 50 mm, 3 µm particle size; Thermo Scientific) for a total run
time of 5 minutes employing H2O (MilliQ, solvent A) and acetonitrile
(ACN, solvent B) as mobile phase with composition of ACN:H2O,
60:40, (v/v). Flow rate was set at 0.2 mL min-1. For each run, 10 µL
of the sample was injected onto the column from the autosampler
maintained at 18°C. The SRM data were acquired on a tandem
quadrupole mass spectrometer (Quattro Micro, Waters) equipped with
ESI source; source and analyzer parameters of ESI are given in Table
S1 (Supplementary Material). Through daughter scan experiments,
collision energies for different SRM transitions were optimized (Table
S2). Full scan and daughter scan (CID) mass spectra are shown in
Figures S1 and S2, respectively. Figure S3 shows representative SRM
chromatograms from 500 pg μL-1 concentration of SVA, LV and SV.

Results
In positive ion polarity of ESI, singly protonated ions ([M+H]+) of
SVA (m/z 437), LV (m/z 405) and SV (m/z 419) were detected (Figure
S1). In negative ion polarity, only SVA yielded deprotonated ion ([MH]-; m/z 435) (Figure S1), which can be attributed to the presence of a
carboxylic functional group in SVA and therefore, SVA was subjected
to both positive and negative ion SRM (Figure S3). SRM intensity
values observed from different concentrations of SVA, LV and SV in
positive and negative ion polarities are shown in Table S3. All data were
acquired in triplicates. In SRM data, signal-to-noise (S/N) ratios were
found to be in the range 6 - 10 for all concentrations; except in the
case of 1 and 5 pg μL-1 of SV, which did not yield significant signal
intensities. For SVA, S/N ratios were found to be (in the range 7 - 10)
higher than both LV and SV. LV showed better S/N ratios than SV for
all concentrations.

parameters were the same for data acquisitions of both LV and SV. SV
differs from LV in having an extra methyl group (Figure 1) and perhaps
the extra methyl in SV offers steric hindrance for the formation of
protonated adduct ions (i.e., [M+H]+) of SV. This might be the reason
for poorer ionization of SV than LV and hence significantly less
SRM intensity values are observed for SV than LV. In contrast, SRM
intensities of LV are very close to SVA (Figure 2c, Table S3). This can
be ascribed to the presence of the free carboxyl group of SVA, which
might aid in overriding the effect of steric impediment due to the extra
methyl group in SVA; whereas the lactone ring in LV may not be a
good proton acceptor as compared to β-hydroxy carboxylic function
of SVA.

SRM of SV in positive ion polarity
For every concentration, the intensity of SVA in positive ion
polarity is about 12 to 22 fold higher than SV (Figure 2d, Table S3).
These intensity values are sum of the intensities from each of the two
SRM transitions corresponding to [M+H]+ of SV (m/z 419 → 285 and
m/z 419 → 199) and SVA (m/z 437 → 303 and m/z 437 → 285). For
lower concentrations of 1 pg µL-1 and 5 pg µL-1, significantly better
intensity values were noted for SVA than SV. Such a drastic variation in
the intensity observed for same concentrations of SV and SVA, under
same ionization conditions, can again be attributed to the molecular
structures of SV and SVA (Figure 1); the key difference is that SV
possesses lactone group, whereas SVA contains β-hydroxy carboxylic
acid moiety. The observed trend indicates that binding of proton to the
β-hydroxy carboxylic group of SVA is better than to the lactone group
of SV, thereby producing higher abundance of protonated adduct

SRM of SVA in positive and negative ion polarities
SRM intensities of SVA in negative ion mode are almost twice
that of SVA in positive ion mode (Figure 2a, Table S3). This implies
that the carboxyl group of SVA is a better proton donor than proton
acceptor and therefore, SVA ionizes far better in negative ion mode
of ESI than positive ion polarity. The SRM of SVA in negative ion
polarity comprises of only one precursor ion → product ion transition
(m/z 435 → m/z 319), as MS/MS of [M-H]- of SVA (precursor ion m/z
435) consisted of only one fragment ion, m/z 319 (Figure S2a); there
seems to be no other dissociation pathways for this anionic precursor
m/z 435 [10]. This suggests that almost the entire population of parent
ions (m/z 435) follows only one fragmentation pathway, yielding only
a daughter ion at m/z 319 (Table S2) at an optimum CE and therefore,
the transition m/z 435 → m/z 319 (in negative ion ESI) could provide
a higher measure of the electrosprayed ions as compared to the
transitions (m/z 437 → m/z 303 and m/z 437 → m/z 285) in positive ion
ESI.

Figure 1: Molecular structures of (a) Simvastatin acid (SVA) (b) Lovastatin
(LV) and (c) Simvastatin (SV).

SRM of LV in positive ion polarity
SRM of LV in positive ion polarity comprises of two precursor
ion → product ion transitions, which are m/z 405 → m/z 285 and m/z
405 → 199 (Table S2). The intensity values for LV are 12 to 20 fold
higher than SV in positive ion polarity (Figure 2b, Table S3). In fact,
for low concentrations (1 pg μL-1 and 5 pg μL-1) of LV, significant
signals (having S/N ratios 7 and 9, respectively) were obtained in
SRM chromatograms, whereas no signals yielded from SV at these
concentrations. Such variations can be attributed to the molecular
structures, since the ionization mode and other relevant (physical)
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Figure 2: ESI-SRM Intensity vs. Concentration: (a) SVA (+ve and -ve ion
polarities); (b) LV and SV (+ve ion polarity); (c) SVA and LV (+ve ion polarity);
(d) SVA and SV (+ve ion polarity).

Volume 1 • Issue 1 • 1000104

Citation: Guleria R, Pasha S, Makharia G, Sabareesh V (2015) Understanding the Response of the Molecule to Electrospray Ionization (ESI) by
Selected Reaction Monitoring (SRM) Tandem Mass Spectrometry: Defining Molecular ESI Index (MESII). Mass Spectrom Purif Tech 1: 104.
doi:10.4172/2469-9861.1000104
Page 3 of 5

used to calculate εSRM values for SVA (in positive and negative ion
polarities) and SV and LV (in positive ion polarity). Because of applying
negative logarithm in the equation, lower εSRM value will signify higher
degree of ionization, which means that more ions have been detected
in gas phase. εSRM values can help in understanding the efficiency of
transfer of ions in solution to gas phase or efficiency of ionization of
neutral molecules in-solution by means of electrospray; thereby εSRM
gives an idea about extent of loss of ions that would occur as the ions
move from spray region to Q1. Thus, the value of εSRM is an indicator
of sensitivity of detection too, i.e., how much lower concentration of a
particular compound could be detected. As an example, the difference
that might arise between the εSRM values of a compound, when
estimated from the recently developed instrument by Chen et al. [14]
and from another type of mass spectrometer could provide hint about
the variation in the sensitivity of detection of the two instruments.
Figure 3: ESI-SRM Intensity vs. Concentration for different concentrations
of SVA (+ve and -ve ion polarities), LV (+ve ion polarity) and SV (+ve ion
polarity) along with linear curve fitting.

ions of SVA than SV. Figure 3 summarizes all the data of the three
compounds depicted in the form of concentration vs. SRM intensity.

Discussion
The fragmentation characteristics of [M+H]+ and [M-H]- of SVA
under the conditions of turbo ionspray and that of [M+H]+ of LV and SV
in the ESI conditions have already been thoroughly elucidated [10,11].
The ESI daughter scan (MS/MS) spectra obtained herein (Figure S2)
are in good agreement with those published reports. Therefore, the
SRM transitions chosen in this investigation, by considering most
intense daughter ion peaks (Table S2), are in accordance with the
previous studies.

Defining molecular ESI Index (MESII)
The intensity of SRM chromatogram is directly related to the
population of ions trapped in first quadrupole (Q1), i.e., population
of precursor ions that are subjected to CID for SRM experiments.
Therefore, this intensity can be considered as a measure of ion
population in the gas phase that are electrosprayed from solution. Since
known concentrations of the analyte are introduced into the mass
spectrometer, the population of neutral molecules or ions in solution
can be calculated; for which, we have used Avogadro’s constant
(NAv=6.023 × 1023) shown in Table S4. The intensity values determined
from SRM (Table S3) were noted to be very much lower than the
calculated in-solution population (Table S4), indicative of substantial
loss of ions, as they move from spray region to Q1. The extent of such a
loss is quite higher in the case of conventional ESI, when compared to
nanospray [12,13]. Also, the amount of loss depends on the instrument
configuration; for instance, recently Ibrahim, Smith and co-workers
have designed and developed an ion funnel for efficient ion focusing,
which has been shown to offer increased sensitivity [14]. Despite such
losses, chemical property of the analyte would influence their ionic
intensities recorded either by conventional mass spectrometry (i.e.,
molecular mass measurements) or tandem mass spectrometry (MS/
MS).
We introduce a new parameter, ‘molecular ESI index (MESII)’,
designated εSRM (see Equation 1), which we believe that it can be an
indicator of degree of ionization of an analyte molecule.
εSRM=- log [SRM Intensity / Population of ions or molecules insolution] ... (1)
Following equation (1), the SRM intensities (Table S3) were thus
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Instrument configuration such as ion source geometry, collision
cell geometry and ion-transfer optics significantly impact the process
of detection and hence, ionic intensity. Off-axial or orthogonal
sampling of electrospray and configuration of ion-transfer optics in the
spectrometer are some factors that largely influence sensitivity [14,15].
Dependence of analyte ion’s signal on their concentration, following
ESI has been examined [15]. Not only concentration, the extent of
ionization of analyte is significantly influenced by the matrix and other
co-existing components also [15,16]. For instance, Wilm investigated
the behaviour of electrospray ion signal with increasing analyte
concentration and found suppression of hydrophilic analyte ion’s
signal by hydrophobic component present at high concentration in
mixture [17]. Enke and co- workers had demonstrated the importance
of relative gas-phase proton affinities of analyte and solvent, in
understanding their relative response to ESI [18]. Furthermore, Hahne
et al. showed enhancement in electrospray ionization of peptides
by adding low percentages of dimethylsulfoxide (DMSO) in liquid
chromatography solvents [19]. Therefore, εSRM of a molecule can indeed
differ depending on the matrix conditions and instrumental settings.
When εSRM of an analyte present in two different matrices are estimated
using one kind of mass spectrometer, effect of matrix on the degree
of ionization can be realized. Further, determining εSRM of an analyte
present in a matrix, but using two different instruments, will help in
knowing the influence of instrument configuration on the ionization
of that analyte. Consequently, reporting a compound’s εSRM must be
accompanied by the instrumental and matrix properties that were
utilized during the data acquisition. Here, the εSRM values for SVA, LV
and SV are determined to be: ε-SRM (SVA): 7.2253, ε+SRM (SVA): 7.4288,
ε+SRM (LV): 7.4541 and ε+SRM (SV): 8.6833 (Table S3); it must be noted
that these εSRM values have been calculated from the experiments that
did not involve additives such as acetic acid or formic acid or DMSO
in the solvents of LC. The same εSRM values may not be expected,
while using the data recorded from another instrument of different
configuration or when some additive is added either to the analytes
or to LC solvents. Nevertheless, εSRM values determined under a set of
conditions of an instrument may be extrapolated to other instruments
as well. In other words, the trend observed in the variations of εSRM
values between one and other analyte, i.e., ε-SRM (SVA) < ε+SRM (SVA)
< ε+SRM (SV), can remain the same across different instruments, under
constant/fixed matrix conditions.
Furthermore, εSRM values can be useful in getting an idea about LOD,
i.e., both instrument detection limit (IDL) as well as method detection
limit (MDL), which are usually estimated based on S/N ratios. Signal
intensity is related to the number of ions detected/generated, which
depends on the degree of ionization of a particular analyte and εSRM is a
measure of ionization extent under a given set of conditions. As already
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discussed, a lower MESII value signifies higher ionization potential and
therefore, a lower MESII could indicate lower LOD. For example, SVA
could have a lower LOD, when characterized in negative ion polarity of
ESI (ε-SRM (SVA): 7.2253) than detecting it in positive ion polarity (ε+SRM
(SVA): 7.4288). Indeed, in negative ion polarity, SVA was detected till
500 fg µL-1, S/N: 8.47; whereas in positive ion polarity, no good signals
were observed below 1 pg µL-1, whose S/N: 8.1 (Data not shown).
Interestingly, thus far, in the clinical investigations, only positive
ion ESI-SRM has been extensively exploited for quantification of SV
and LV [5,6]. To the best of our knowledge, negative ion ESI - SRM is
yet to be implemented for estimating concentration of SVA in clinical
studies. In fact, concentration determination of SVA is also crucial in
clinical contexts, as SVA is the inhibitor of microsomal HMG-CoA
reductase. We therefore believe that the εSRM values estimated herein
can be useful indicators for quantification of these compounds in
clinical and other contexts.
Additionally, it may be interesting to examine the method
of ‘selected ion monitoring (SIM)’ for determining MESII value
of a compound and compare it with εSRM, which might enable in
comprehending the relative sensitivities of SIM and SRM methods. It
is known that SIM does not involve CID and hence, a comparison of
MESII deduced by SIM and εSRM might aid in understanding, how CID
may contribute for sensitivity of detection. Also, for those molecules,
which do not undergo CID properly, SIM can be used to estimate
MESII.
Further, in the case polypeptides/proteins or oligonucleotides,
whose ESI mass spectra are known to contain ensemble of peaks due
to multiply charged ions, MESII needs to be calculated corresponding
to every charge state, for which either SRM or SIM (or perhaps both)
can be carried out, depending on the data quality. Such exercises on
polypeptides and oligonucleotides will help in understanding the
distribution of abundances of multiple charge states. And eventually,
by means of MESII, it might be possible to predict or determine, which
protein(s) or oligonucleotide(s) exhibit(s) higher or lower extent of
ionization under a given conditions of ESI. Since SRM and SIM modes
of detection have better sensitivity than conventional MS (i.e. full scan
MS), MESII calculated from SRM/SIM intensities can be better than
MESII determined from full scan MS intensities.

Conclusions
In the case of estimation of gas phase acidity and proton affinity/
gas phase basicity by Cooks’ kinetic method, a standard reference
compound (SRC) is utilized. By suitably tuning the ionization source
parameters, SRC is allowed to form proton bound dimer (cluster)
ions with the analyte molecule of interest and the resulting cluster ion
is subjected to CID [1]. Therefore, the values of gas phase acidity or
proton affinity of an analyte are dependent on the gas phase acid/base
character of SRC as well. However, herein, the MESII (εSRM) value of
an analyte is estimated by subjecting only the analyte’s molecular ion
(for e.g., [M+H]+ or [M-H]-) to CID, by means of SRM experiments.
Even though the definition of MESII (εSRM) does not involve any
thermodynamic parameters, we believe that εSRM too can be considered
as a gauge to assess the extent of ionization of molecules under the ESI
conditions. Probably, εSRM value may provide a rough and somewhat
a quick approximation about an analyte’s response to ESI, prior to
performing experiments of kinetic method. Perhaps, it might even
be possible to correlate εSRM of a compound with the gas phase acidity
and proton affinity/gas phase basicity values of that compound, under
appropriate instrumental conditions; which needs to be examined.
Additionally, εSRM values can also be estimated for adduct ions like
Mass Spectrom Purif Tech
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[M+Na]+, [M+CH3NH3]+ etc. Such determined εSRM values would offer
clues as to, which analyte adduct ion shows better response to ESI and
hence, εSRM value can be useful in choosing a better precursor ion for
SRM experiments.
Furthermore, once εSRM value of a compound is well established
under a set of conditions (i.e., matrix and instrumentation), then
it might become possible to use that value for quantitating that
compound, provided the quantitation experiments are carried out
under the same conditions, which were followed for deduction of εSRM.
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