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Improved liquid chromatography–mass spectrometry performance in
quantitative analysis using a nanosplitter interface
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Abstract

Several pairs of analytes in plasma were investigated to demonstrate the successful utility of a novel interface in quantitative bioanalytical
LC–MS and LC–MS/MS. Recently in our laboratory, an interface (the nanosplitter) was developed that allows the coupling of normal-bore
liquid chromatography with microelectrospray mass spectrometry. The post-column concentric split minimizes turbulence and is shown to
produce significant gains in the mass spectrometric signal. This configuration of the splitter allows sampling of the center portion of the
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arabolic HPLC plug, which maintains chromatographic integrity while producing high split ratios and effectively conserving near
f the sample. When utilizing a Finnigan mass spectrometer (with a heated capillary interface design), the signal gain with the n
anged from 5 to 16 times the peak area obtained using the conventional interface without splitting. The linearity of the nanos
onventional interface are shown to be comparable for all analytes tested. The nanosplitter was also fitted to a Sciex mass spec
he results were compared to those from turbo ionspray. While in this case no significant signal improvement was observed, when
o the actual analyte mass introduced into the MS, the mass sensitivity was still increased 270-fold. The variations in signal gain u
anosplitter on instruments from different manufacturers reflect the inherent differences in the source designs while confirming t
f coupling high flow LC separations with low flow mass spectrometric detection.
2004 Elsevier B.V. All rights reserved.
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. Introduction

Liquid chromatography–mass spectrometry (LC–MS) is
he premier analytical tool in the pharmaceutical industry.
C–MS is used qualitatively to verify the identity of new
hemical entities, to identify biotransformation products and
o quantify drugs in biological matrices such as urine and
lasma. In many cases, the union of LC and MS may not be
traightforward since the optimization of one module may
ead to the de-optimization of the other. For instance, fast,
igh efficiency LC separations can be accomplished on short,

arge bore columns; however, the high flow rate required often
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decreases the sensitivity of the mass spectrometric dete
[1–3]. To avoid this, the interface between the two meth
ologies must serve as a buffer zone so that each elemen
be optimized independently[4].

Traditionally, simple post-column splits have been u
to provide a high flow rate for the LC separation and a
flow rate for the MS detection[5–10]. The type of splitte
can have an important impact on the success of an LC
analysis. Splitting is often accomplished through the us
“T” or “Y” configurations, which can generate a large amo
of turbulence at the split point, introducing band broade
and other deleterious chromatographic effects. Instead
angular split, it is also possible to split flow by placing a t
inside a larger bore tube, thus having the split occur a
entrance of the inner tube, along the same axis as the or
flow. Recently in our laboratory, an interface was develo
that combines a post-column splitter with an electrospra
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terface[11]. The interface, termed a nanosplitter, utilizes a
fused silica transfer capillary as the inner tube of the con-
centric split and the microelectrospray tip of the ionization
source. The flow through the capillary is greatly reduced from
that exiting the LC column (approximately 2000:1), thus al-
lowing normal-bore liquid chromatography to be coupled to
microelectrospray mass spectrometry in a manner that ex-
ploits the benefits of each technique. This interface has been
previously shown to decrease ion suppression and increase
the mass spectrometric signal-to-noise ratio of drug metabo-
lites from rat hepatocyte incubations.

Microelectrospray provides a number of advantages over
conventional electrospray mass spectrometry[12,13]that are
especially important in pharmaceutical analyses where com-
plex matrices present in biological fluids can interfere with
analyte detection due to ion suppression[14]. Many studies
have been conducted recently to investigate ion suppression
in LC–MS[14–20]and its effects in drug discovery[21] and
pharmacokinetics studies[22–25]. It has been shown that
the decreased droplet size in microelectrospray, and associ-
ated features such as increased surface area/volume ratio and
higher charge/volume ratio, can play a significant role in the
degree of ion suppression[15,26,27].

While capillary LC (capLC) coupled to microelectro-
spray mass spectrometry may provide the sensitivity that
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investigated the performance of the nanosplitter on a mass
spectrometer with a different source design than previously
shown.

2. Experimental

2.1. The nanosplitter

Fig. 1 provides a schematic depicting the components
of the splitter/electrospray interface with the different flows
marked. All component parts are from commercially avail-
able sources as discussed previously[11]. The LC column
effluent (“LC flow rate”) is split into two flows: one enters a
fused silica tube which also serves as the ionization tip for
the microelectrospray source (Flow A, or “MS flow rate”);
and the other is directed around the entrance of the capillary
and into the branched portion of the outer stainless steel tube
(Flow B). In many experiments, Flow B serves as a waste
flow, but it also can be directed to another detector or to a
fraction collector. The rate of Flow A is greatly reduced from
the LC flow rate, and is also significantly lower than that of
Flow B (typically 2000-fold). The flow rate in Flow A is con-
trolled by the dimensions of the fused silica tip as well as the
back pressure generated by an adjustable needle valve on the
o
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s required by pharmaceutical researchers, the difficu
ssociated with the methodology are well known[1,12].
atrix components, such as non-volatile salts, do

ehicles and endogenous components can foul the in
entation and clog the column or the microelectros

ip. Additional mechanical obstacles such as pres
uctuations, bubble formation, and flow rate and sp
nstability may further complicate its routine use. The lon
apLC run time is another major drawback for the h
hroughput bioanalytical assay. These impediments
riven the pharmaceutical industry to pursue other vari
f LC–MS [28,29]and variations on traditional capLC–M

30]. In quantification studies, pharmaceutical compou
re typically run at high flow rates through short (2–5
ormal-bore columns. For the best results, these assays
equire rigorous sample clean-up[18,31–33], the use of col
mn switching[2,34,35]and/or the addition of post-colum
dditives[34–38]to assist in desorption and ionization of
nalytes.

Several experiments were designed and conducted
estigate the effects of concentric post-column splitting
he analyses of pharmaceutical compounds. The focus
rst experiment was to evaluate direct charge competitio
ixtures at differing flow rates and its effect on signal

ensity and dynamic range. In the second and third se
xperiments, plasma extracts were used to determine t
uence of the matrix on linearity and dynamic range of qu
itative analyses which utilized the nanosplitter, when c
ared to the instrument’s standard interface. The data
sed to construct calibration curves for the standard inte
C–MS and the nanosplitter LC–MS. The latter studies
utlet tubing of Flow B.
The nanosplitter used here is similar to the original de

ith only a few minor changes. First, it was mounted o
lab jack so that it could be easily moved from instrum

o instrument, instead of being confined to Finnigan ins
ents with similar front end source mountings. The slid

ail component was again used to provide fine adjustme
he positioning of the interface. The most significant de
hange was in the attachment of the high voltage line.
riginal design[11] made electrical contact through an a
ator clip placed directly onto the stainless steel tube o
anosplitter. In the present design, a Valco zero dead vo
nion was incorporated into the interface and the high
ge was applied by connecting the line to a stainless stee

ig. 1. Schematic of the post-column concentric splitting and micro
rospray elements of the nanosplitter with flow paths marked (pos
ng/mounting components not shown).
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and screw mounted into the center of the union (i.e., a liquid
junction connection). This design provides better electrical
contact with the bulk liquid flow.

2.2. Indinavir/ritonavir competition

Two protease inhibitors, indinavir and ritonavir, were used
to investigate the effects of varying the concentrations of mix-
ture components on signal. One analyte was held at 1�g/mL
while the other was varied from 0.1 to 50�g/mL. This pro-
duced two data sets from which to construct calibration
curves, one that simulates indinavir as the internal standard
(IS) and one that models ritonavir as the IS.

All experiments were conducted using a Hewlett-Packard
1090 liquid chromatograph (now Agilent Technologies,
Wilmington, DE) coupled on-line to a Finnigan TSQ700
triple quadrupole mass spectrometer (now Thermo Electron
Corporation, San Jose, CA). The MS was calibrated and
tuned at 50�L/min using a standard mixture of the pep-
tide MRFA and the protein myoglobin. Each solution was
run at 200�L/min through a 2.1 mm× 30 mm HPLC col-
umn (Waters Symmetry C18, 3.5�m, Milford, MA). Then,
either the entire flow was introduced into the mass spectrom-
eter or the flow into the mass spectrometer was decreased
to 0.1�L/min.
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supernatants were collected. No further sample clean up was
conducted.

Experiments were also conducted on a Finnigan TSQ700
triple quadrupole mass spectrometer (San Jose, CA), oper-
ating in SRM mode. Liquid chromatographic separations
were carried out using an Agilent 1090 liquid chromatograph
(Wilmington, DE) on a 2.1 mm× 50 mm C18 column (Wa-
ters Symmetry, 3.5�m, Milford, MA). The flow through the
LC column was maintained at 200�L/min, however with the
nanosplitter, flow was split 2000:1 before introduction into
the mass spectrometer. The MS flow rate using the nanosplit-
ter was approximately 0.1�L/min, as determined by mea-
surements made using a graduated microliter glass capillary
and a stopwatch. The LC solvents used were 10 mM ammo-
nium acetate and methanol. The LC pump was run in isocratic
mode, with 70% methanol, 30% 10 mM ammonium acetate
and the injection volume was 25�L. The samples were an-
alyzed using the same LC conditions and MS scanning pa-
rameters, with only the source parameters changed.

The mass spectrometer was operated in selected reaction
monitoring mode to scrutinize two transitions,m/z494.3→
369.0 for glyburide, andm/z 429.2→ 228.2 for GSK-A.
The isolation width for each transition was± 0.2 Dalton, and
the total scan time was set to 0.4 s. An ICL program was
written in order to switch between the two transitions and
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The LC analysis was conducted under isocratic condi
t 90% acetonitrile/10% 5 mM ammonium acetate (pH 4
hese conditions were manipulated to ensure co-elution
er to investigate the signal properties of each analyte i
resence of the other. Each run consisted of three indiv

njections of 10�L of the same sample. The mass spec
etric conditions were as follows: selected ion monito

SIM) in the positive mode using Q1 ofm/zvalues 614.4 ([M
H]+ of indinavir) and 721.3 ([M + H]+ of ritonavir); total

can time of 1 s; electron multiplier set to 800 V. Some
arameters were varied slightly to accommodate the d
nt interfaces. The standard interface conditions were:

llary temperature: 200◦C; capillary voltage: 4.5 kV; shea
as: nitrogen at 30 psi. The spray current for this inter
as approximately 1.6�A. The conditions of the nanospl

er were adjusted as follows: capillary temperature: 180◦C;
apillary voltage: 1.8 kV; no sheath gas was necessary
he low flow. The spray current for the nanosplitter was
roximately 0.4�A.

.3. Glyburide/GSK-A

A test compound, glyburide, and a proprietary Gla
mithKline compound (GSK-A) were used for a set of

bration samples with GSK-A as the internal standard.
lyte and internal standard were spiked into pooled hu
lasma, and the samples were precipitated with 75/25

onitrile/10 mM ammonium acetate. The glyburide levels
his curve were 0.01, 0.02, 0.05, 0.10, 0.50, 1.0, 2.0,
.0�g/mL. Each sample contained GSK-A at a concen

ion of 1.0�g/mL. The samples were centrifuged and
llowed the collision energy to be set to different values
ach analyte. The collision energy was set to 18 eV fo
lyburide transition, and 30 eV for the GSK-A transition. T
onversion dynode was set to−15 kV, the electron multiplie
alue to 1200 kV and the collision cell held at a pressur
.0 Torr.

For the conventional interface, the spray voltage wa
o 4.5 kV, the sheath gas at 30 arbitrary units, the a
ary gas at 10 arbitrary units and the capillary tempera
t 225◦C. This temperature must be raised in order to
ist in the desolvation of the large volume of liquid ente
he mass spectrometer. For the nanosplitter, the sheat
uxiliary gases were turned off, the capillary voltage was
reased to 1.6 kV, and the capillary temperature was low
o 180◦C.

.4. GSK-B/GSK-B-d5 LC–MS experiments using Sciex
PI 365 mass spectrometer

Two compounds, GSK-B and its deuterated (GSK-B5)
nalogue were spiked into rat plasma; GSK-B at the fol

ng levels: 5, 10, 25, 50, 100, 250, 500, 1000, 2500,
000 ng/mL; and GSK-B-d5 at 500 ng/mL into each samp
he analytes were extracted from the plasma using the

owing protocol: 500�L of acetonitrile/ammonium forma
10 mM, pH 3) (75/25, v/v) was added to 100�L of each
lasma sample. The tubes were then capped and vortex

or approximately 1 min. They were centrifuged for 15 mi
pproximately 3220× g. Fifty microliters of the supernata
as removed from the tubes after centrifugation and dil

o 500�L.
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Fig. 2. Schematic of the nanosplitter interface fitted into the standard elec-
trospray housing for a Sciex API 365 mass spectrometer.

Liquid chromatographic separations were carried out us-
ing a Flux Instrument AG Rheos 2000 pump (Basel, Switzer-
land). The LC column was an ACE 2.1 mm× 50 mm, 3�m
C18 column (Mac-Mod Analytical Inc., Chadds Ford, PA).
The flow rate for these experiments was 500�L/min through
the LC column and the high MS flow (turbo ionspray), and
500�L/min through the LC column and 0.2�L/min into the
mass spectrometer for the low MS flow (nanosplitter). The
LC was run in isocratic mode, at 75% acetonitrile (solvent
B), and 25% 10 mM ammonium formate (pH 3.0, solvent A).
A 10�L aliquot of the solution was injected via loop injec-
tion using a Leap Technologies CTC HTS PAL autosampler
(Carrboro, NC).

The main components of the nanosplitter were fitted into
a Sciex electrospray source housing, and the XYZ positioner
and high voltage connections from the housing were used.
For the nanosplitter, the ion spray voltage was set to 1500 V;
the orifice voltage was set to 50 V and the CEM value was
2200 V. With the nanosplitter configuration (illustrated in the
schematicFig. 2), two switches needed to be triggered be-
cause the electrospray housing was pulled back to accom-
modate the nanosplitter and the curtain plate was removed
for these analyses. For the turbo ionspray mode, the heater
gas was set to 500◦C and the following voltages were used:
ion spray voltage: 5000 V; orifice voltage: 60 V; and curtain
p the
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2.5. System optimization

In order to optimize the performance of the nanosplitter, it
was necessary to adjust the inner diameter (i.d.) of the fused
silica and width of the tip opening. Capillaries with i.d. of
75�m demonstrated bubbling and spray instabilities, while
those with an i.d. smaller than 20�m plugged very easily.
Plugging was also observed with wider bore capillaries that
were pulled to very small tip widths. The optimal dimensions
determined by systematic evaluation were 360�m outer di-
ameter, 20�m inner diameter capillaries, pulled to a 10�m
tip. These tips produced very stable spray, reproducible split
and no clogging under the experimental conditions employed
here. If a significantly different split ratio should be desired,
a tip with other dimensions may produce better results.

3. Results and discussion

3.1. Indinavir/ritonavir response and competition
experiments

A comparison of the response curves for each analyte (in-
dinavir or ritonavir) under two different experimental condi-
tions was conducted to investigate analyte response across a
r d two
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( litter
a
r ine
e
a e
s or ri-
t
× r:
y a-
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t tions

F nalyses
o with
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late voltage: 1050 V. With the turbo ionspray interface,
ases on the API-365 were set to the following values:
lizer gas: 15 L/min; curtain gas: 10 L/min; turbo gas fl
.0 L/min). No gases were used with the nanosplitter. For
nalyses, the mass spectrometer was run in positive po
RM mode. The analyte transition monitored was fromm/z
83.3 tom/z 248.0, and the d5-internal standard was mon

ored fromm/z388.3 tom/z248.0. Two “dummy” scans (from
/z 50 to 1000) were sandwiched between the analyte

nternal standard transitions to minimize electronic cross
n the mass spectrometer. The dwell times were 200 m
he transitions and 50 ms for the dummy scans.
ange of concentrations. Each set of analyses produce
lots: (1) using the standard interface and introducing th

ire flow (200�L/min) from the LC column into the MS an
2) by replacing the standard interface with the nanosp
nd thereby, reducing the flow into the MS to 0.1�L/min (the
est of the effluent split off to waste). For indinavir, the l
quations werey = 8 × 106x + 1 × 108 (n = 3,R2 = 0.9823)
ndy = 1 × 108x + 2 × 109 (n = 3,R2 = 0.9913) using th
tandard interface and the nanosplitter, respectively. F
onavir, the equation for the conventional interface wasy= 4

107x+ 2× 109 (n= 3,R2 = 0.9802) and for the nanosplitte
= 7× 108x+ 2× 1010 (n= 3,R2 = 0.9649). These line equ

ions represent non-normalized experimental conditions
here was no internal standard used, thus the line equa

ig. 3. Signal percent increases gained by each analyte for when the a
f each sample by LC–MS with the standard interface and by LC–MS

he nanosplitter interface.
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have exceptional intercept values. The changes in the slopes
reflect the increase in the sensitivity when the flow was split
2000:1. These increases are quite dramatic, greater than an
order of magnitude for each compound and represent overall
signal increases of 12.5 times the peak area for indinavir and
17.5 times for ritonavir, despite the “removal” of 99.95% of
the mass of the analyte (extrapolated from measurement of
the flow split off by the nanosplitter).

In addition to the signal gain achieved when using the
nanosplitter, the percent signal increase was also calculated
for samples containing two analytes competing for ioniza-
tion. In the experiment depicted inFig. 3, the ritonavir con-
centration was varied from 1.0 to 50�g/mL, while the con-
centration of indinavir was held constant at 1.0�g/mL in each
sample. As shown in the graph, the percent signal increase
of ritonavir was of the same order of magnitude regardless of
the concentration introduced. However, increasing the riton-
avir concentration decreased the magnitude of the gain in the

F
m

indinavir signal. The experiment was repeated with the con-
centration of indinavir held constant (at 1.0�g/mL), while
the ritonavir concentration was varied from 0.1 to 50�g/mL.
The same trend was observed, where the species of increas-
ing concentration progressively reduced the magnitude of the
signal gain of the species held at a lower, constant concen-
tration (data not shown). In effect, these experiments demon-
strate that even under microelectrospray conditions, analytes
at high concentration may suppress the signal of low abun-
dance mixture components. Even taking this into considera-
tion, the incorporation of the nanosplitter resulted in signifi-
cant improvements in overall signal gain.

3.2. Glyburide/GSK-A

Once the ability of the nanosplitter to produce significant
signal increases with various concentrations was confirmed,
it was important to evaluate its performance under condi-
ig. 4. Comparison of results from the photodiode array (left panels) and MS/MS (r
id-curve sample of glyburide and GSK-A.
ight panels) detections using the standard interface and nanosplitter for the



156 C.L. Andrews et al. / J. Chromatogr. A 1053 (2004) 151–159

tions typically encountered in the pharmaceutical industry,
i.e., quantitative analysis from complex biological matrices.
These experiments involved the construction of calibration
curves through analysis of samples consisting of varied con-
centrations of an analyte in the presence of an internal stan-
dard.

The calibration plots for the analyses by the standard in-
terface and nanosplitter were as follows: the standard inter-
face curve equation:y = 1.40 × 10−3x + 1.35 × 10−2 (n
= 6, R2 = 0.999), the nanosplitter:y = 1.9 × 10−3x + 4.18
× 10−2 (n = 9, R2 = 0.999). These results established the
linearity of the nanosplitter over three orders of magnitude.
The lower limit of quantification of the methodology was de-
creased from 0.05 to 0.01�g/mL when using the nanosplitter,
a five-fold improvement. Representative peaks for each an-
alyte analyzed with both interfaces are shown inFig. 4. The
peak shape was maintained at the higher signal level with the
nanosplitter, which may be a result of the positioning of the
entrance of the tip in relation to the parabolic profile of the
analyte plug in the HPLC eluent. The extremely small inner
diameter of the tip entrance may provide a “pure stream sam-
pling” by sampling only the center of the plug, minimizing
drag effects from the walls of the tubing and outer tube of the
nanosplitter.

Table 1summarizes the statistical information from the
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Table 1
Summary of the statistical data taken from the analyses of the glyburide and
GSK-3 by the standard interface and the nanosplitter

Standard interface Nanosplitter

%R.S.D. analyte
retention time

0.87 0.74

%R.S.D. internal
standard retention
time

0.91 1.07

Mean internal
standard area

6.80E + 07 3.32E + 09

%R.S.D. internal
standard area

29.69 39.98a

Mean internal
standard S/N

130 371

%R.S.D. internal
standard S/N

23.5 32.6a

a Changes in %R.S.D. for the internal standard area between the two
interfaces is 10.29% and changes in %R.S.D. for the internal standard S/N
between the two interfaces is 9.1%.

representative of injections made over a course of 3 days with
multiple electrospray tips and multiple repositionings of the
nanosplitter interface.

The design of the Agilent 1090 liquid chromatography
allowed for simple integration of an additional photo diode
array (PDA) detector before the mass spectrometer. The in-
corporation of the PDA allowed for scrutiny of the peak shape
before entering the mass spectrometer and, as a consequence,
direct comparison between the PDA detection and MS detec-
tion of the same sample by the two methodologies. The results
demonstrated that the integrity of the chromatographic efflu-
ent is fully retained just prior to entering the ionization source
regardless of the interface, as shown inFig. 4.

In order to further examine, the observed increases in peak
area, absolute signal plots of the non-normalized glyburide
signal were compared for the Finnigan standard interface and
the nanosplitter. The standard interface plot wasy= 6× 105x
− 4 × 107 (n = 6, R2 = 0.993). The nanosplitter produced

F h in-
t of the
n flects
t

omparison of the samples run by LC–MS/MS utilizing
wo interfaces. The deviations in the retention times of
he analyte and internal standards are consistent. In an
o investigate the improvements in signal produced by u
he nanosplitter, the internal standard samples were sub
o further statistics. The mean area and signal-to-noise
f all the internal standard samples were determined and
tandard deviations were examined. The sampling for
tatistics consisted of single injections for each method
1 calibration points, which may introduce some additio
ariations that would not be seen with eleven repetitive
ections of the same sample. Additional discrepancies c
dded to the statistics due to pipeting and other sample p
ation techniques. However, these additional factors ca
ffset, since the variations would exist in both methods.

The rationale that variations were common to both m
ds were confirmed when the %R.S.D. values of the are
/N ratio of the internal standard were examined. The m
alues for the peak areas are 6.80× 107 (standard interfac
R.S.D. = 29.7) and 3.32× 109 (nanosplitter, %R.S.D.

0.0). The high %R.S.D. values can be attributed to the v
ions discussed above, as well as to poor reproducibility i
njection volumes with the autosampler of Hewlett-Pack
090 liquid chromatograph. While these values seem

he amount of variation that can be theoretically attribute
he change in interface (with all other parameters cons
s the difference between the two values, 10.3%. The si
o-noise ratios were 130 (%R.S.D. = 23.5%) for the stan
nterface versus 371 (%R.S.D. = 32.6%) for the nanospl
he increase in the %R.S.D. for the S/N ratio was 9.10%
ddition to the factors considered above, these statistics
ig. 5. Absolute signal response plots for glyburide analysis with eac
erface (no normalization to an internal standard). The steeper slope
anosplitter plot when compared to that of the standard interface line re

he approximate 15-fold increase in sensitivity.
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a plot of y = 9 × 106x − 9 × 108 (n = 9, R2 = 0.980),
corresponding to a signal gain of 15, as shown inFig. 5.

Another interesting observation made during these studies
was the performance of the nanospray tip in the nanosplit-
ter interface. Since there was minimal sample clean up, it
may be expected that the “dirtiness” of the plasma samples
would cause problems with the tips, such as clogging, and
the spray would become unstable during the experiment. To
the contrary, a single tip was used for 3 days (over 600 sam-
ple injections) with no signal degradation. This impressive
performance may be explained by the use of the normal-
bore column in the analysis, which may filter the samples.
The high flow rate around the concentric split may have also
served as a self-wash for the entrance of the spray tip, thus
limiting clogging. Another possible contributing factor may
be the dramatic decrease in mass loading, as the sample was
split 2000:1 at the tip entrance.

3.3. GSK-B/GSK-B-d5 LC–MS experiments using Sciex
API 365 mass spectrometer

In order to assess the general utility of the nanosplitter,
the interface was next coupled to a Sciex API 365 mass spec-
trometer, whose source design (turbo ionspray) differs sig-
nificantly from that of the Finnigan TSQ 700 series. This
c mon-
s rers’
i sion
[

F
S

Due to the differences in source design, a number of fea-
tures were altered or even removed to accommodate the inter-
face on the Sciex API 365 mass spectrometer. First, a sensor
was tripped because the nanosplitter did not allow for the
electrospray housing to sit on the instrument as it normally
would. Second, even when the electrospray interface is used
on a Sciex API 365 MS, it is typically run at a few�L/min
as its lowest flow as opposed to the nL/min used in micro-
electrospray. This is because lower spray becomes unstable
with the turbo ionspray normal configuration. This instabil-
ity has also been observed when using a nanosource on the
Sciex API III + MS in our laboratory (data not shown). The
instability of the submicroliter flow may be caused by the
voltage applied to the curtain plate and the curtain gas itself.
While high flow allows the spray to penetrate the field created
by the voltage and the buffer zone of the gas, droplets from
the lower flow may already be too small to “punch” through
these regions. In order to counter that, the curtain plate was
removed, and the curtain voltage and curtain gas were shut
off when utilizing the nanosplitter.

A pair of compounds GSK-B/GSK-B-d5 was analyzed
by LC–MS to compare the performances of turbo ionspray
operated with an MS flow rate of 500�L/min and of the mod-
ified Sciex source incorporating the nanosplitter (MS flow of
0.2�L/min). As with the TSQ 700 experiments, two quan-
t was
c rd
a eter-
m ation
omparison was of interest as it has been previously de
trated that the ionization sources of different manufactu
nstruments showed variable susceptibility to ion suppres
21].
ig. 6. Comparison of LC–MS/MS analyses of the 5000 ng/mL calibration s
ciex API 365 MS.
itative comparisons were made. First a standard curve
onstructed for GSK-B using GSK-B-d5 as internal standa
nd, then the absolute response curve for GSK-B was d
ined. The equations of the respective standard calibr
ample by LC–MS utilizing the turbo ionspray and nanosplitter interfaces on the
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curves for the turbo ionspray and the nanosplitter were es-
sentially identical:y = 1.5 × 10−3x − 3.9 × 10−3 (n = 2,
R2 = 0.999) for turbo ionspray andy = 1.8 × 10−3x − 7.4
× 10−3 (n = 2,R2 = 0.999) for the nanosplitter. At the low-
est GSK-B concentration used in the analyses (5 ng/mL), the
S/N was 70 for the standard turbo ionspray interface and 45
for the nanosplitter. Chromatographic profiles for the anal-
ysis of the 5000 ng/mL sample (highest amount injected in
each analysis) are shown inFig. 6.

While the calibration curve equations using either inter-
face were identical, distinct differences in absolute signal
intensity were observed. Specifically, the response curves for
GSK-B werey= 230x+ 4.39× 103 (n= 2,R2 = 0.999) andy
= 62.3x− 1.02× 103 (n= 2,R2 = 0.999) when using the turbo
ionspray and the nanosplitter, respectively. Thus, contrary to
the Finnigan instrument, the Sciex mass spectrometer fitted
with the nanosplitter displayed a nearly four-fold signal loss
when compared to turbo ionspray (slope ratio of 230:63 and
S/N of 70:45 turbo ionspray:nanosplitter). Nevertheless, the
numbers presented here reflect only a slight drop in signal
with the nanosplitter, and the actual mass introduced into the
MS is 2500 times less (as extrapolated from the flow rates).
In fact, when the absolute signal curve was normalized to
the mass introduced into the mass spectrometer, the slope of
the nanosplitter curve was 6.23× 103, compared to 24.0 for
t nsi-
t tion
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mass spectrometers incorporate a heated capillary design that
seems to be beneficial in low flow analyses, while earlier
MDS Sciex instruments, such as the API 365, do not. Re-
searchers at MDS Sciex recently modified an API 3000 mass
spectrometer to improve its performance at lower flow rates
[39]. These modifications included modification of the ge-
ometry of the curtain plate, changing the application of the
curtain plate potential and, perhaps more importantly, incor-
porating a heated laminar flow chamber. These changes led
to significant improvement in analyte signal and ion counts,
especially in the 100–1000 nL/min flow rate. Even without
low flow optimization, the signal generated by the nanosplit-
ter on the Sciex 365 instrument was 270× that of the turbo
ionspray when the mass actually analyzed by the MS was ac-
counted for. In addition, regardless of instrument, when using
the nanosplitter, it was possible to recover 99.99% of the sam-
ple for further analysis, since only 0.01% of the sample was
introduced into the mass spectrometer.

The robust design of the nanosplitter allows easy incorpo-
ration into the LC–MS laboratory. Since the split is concen-
tric, and is incorporated into the electrospray ionization in-
terface, undesired chromatographic effects are avoided. The
ability to conduct fast, high flow LC separation while still in-
creasing the sensitivity of the detection and recovering almost
the entire sample offers unique opportunities for LC–MS
a
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urbo ionspray, reflecting a net 270-fold gain in mass se
ivity. It is likely that any signal decrease upon incorpora
f the nanosplitter is due, at least in part to the source d
f the Sciex API 365 MS, which may not be well-suited

ow flow sample introduction.

. Conclusions

LC–MS/MS analyses using capillary LC columns
esirable to capitalize on the increased sensitivity of
roelectrospray MS. Unfortunately, overloading of ma
onstituents may rapidly deteriorate capillary columns
ong run times have led analysts to pursue other metho
ies. By utilizing a novel splitter/interface, we have sho

hat it is possible to combine normal-bore LC columns
icroelectrospray mass spectrometry to form an integ
C–MS system with improved performance on both s
f the “hyphen”. Parameters investigated included the lin

ty, the dynamic range, and the sensitivity of the nanosp
s compared to the standard interface. The nanosplitte
uced calibration plots comparable to the standard inter
nd demonstrated improvement of chromatographic pe
ance. All plasma samples were prepared by simple pr
recipitation with no rigorous sample clean up.

With a TSQ 700 series instrument, the increase in th
olute signal of test analytes was significant, with a si
ain of 15 times the peak area obtained using the sta

nterface. On a Sciex API 365 instrument, the nanosp
irtually maintained the signal of the conventional turbo
pray but did not exhibit significant improvement. Finni
nalyses integrating the nanosplitter interface.
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