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EXPANDING THE BIOANALYTICAL TOOLKIT: INCREASED SENSITIVITY FOR
DRUG QUANTITATION UTILIZING THE SCIEX API 5000TM LC-MS/MS SYSTEM

Photo courtesy of Applied Biosystems. Reproduction or duplication of
these photos is strictly forbidden without the express written permission of
Applied Biosystems.

In response to the challenges facing the drug discovery and development industry, mass
spectrometry manufacturers strive to deliver significant improvements with each new
generation of instrument in order to enhance both sample throughput and sensitivity. In this
vein, the recent introduction of the Sciex API 5000TM LC-MS/MS System represents the
most sensitive triple-stage quadrupole mass spectrometer on the market, the de facto
platform for drug quantitation. In this issue of the Researcher, we summarize our recent
API 5000TM poster and lecture presentations delivered at the 53rd Annual Conference of the
American Society for Mass Spectrometry, that describe not only the analysis of budesonide
and mitoxantrone, but also the means by which the additional sensitivity of this latest
generation triple-quad can be utilized to increase sample throughput and reduce the time
required for method development.
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Sciex API 5000 Innovations: Achieving the Next
Order of Magnitude

Several modifications to the existing API 4000TM ion
path combine to furnish the architecture of the
API 5000TM, which on average provides an order of
magnitude improvement in response. The most
pronounced alteration is represented by doubling the
sampling orifice aperture to increase ion flux;
increased gas flow is accommodated and ion
focussing achieved by the inclusion of an RF-only
quadrupole ion guide with a downstream Einzel lens,
coined the QJetTM. Further ion path modifications include
a reduction in collision cell Einzel lens aperture to
minimize CAD gas conductance into resolving
quadrupoles. Combined with an increased RF drive
frequency (1.228 MHz vs 816 kHz), transmission
efficiency is improved for low mass ions through Q0 and
Q2 (collision cell), and for high mass ions through the
mass analyzers (at unit resolution).

Method Process Emphasis and the Bioanalytical
Dependency Triangle

The non-linear dependency of each of the processes
that define the bioanalytical experiment, extraction,
chromatography and mass spectrometry (or MRM
quantitation), are best represented as an isosceles
triangle, referred to as the Bioanalytical Dependency
Triangle (BDT) (Figure 1 insert). Clearly, the emphasis
placed on each process in the BDT is largely dictated by
method challenges. For example, the separation of
epimers demands emphasis upon chromatography.
MRM quantitation represents the apex of the BDT, as
most method development strategies involve a seminal
mass spectral interrogation and evaluation of
instrument detection limit (IDL). 

The most obvious benefit conferred by the additional
sensitivity of the API 5000TM is the ability to lower
detection limit to achieve the lowest detection limit
possible, the process emphasis in the BDT resides on
extraction and chromatography. To attain a method
detection limit (MDL) equivalent to the IDL, quantitative
recovery (extraction emphasis) and Gaussian peak
shape of minimum width (chromatographic emphasis)
must be achieved. The dependency between

extraction and chromatography originates from the
selectivity requirement for resolution of target drug
from matrix components that lead to ion suppression or
interference. Therefore, to obtain IDL-MDL
equivalency, the BDT is process biased "upstream".

What if Raw MS Sensitivity is Not Required?
Bioanalytical Process Options

The corollary to a process biased BDT is represented
under those conditions where the additional raw
sensitivity of the API 5000TM is not required to lower
detection limit. In these instances, several options exist
to redistribute/balance the process emphasis to
improve workflow.

(i) Extraction

Additional MS sensitivity, if not required to lower
detection limit, may be utilized to offset the emphasis
placed on extraction recovery. Further, extracts may be
diluted or injection volume reduced to avoid time
consuming stages of evaporation/reconstitution,
otherwise necessary for concentrating sample extracts
or "solvent swapping". An additional benefit to
obviating evaporation/reconstitution includes avoiding
possible drug losses due to vessel binding, instability,
volatility, etc. Extract dilution and/or reduced injection
volume also diminishes the likelihood of deleterious
matrix effects while allowing for repeat injections. If
extract concentration is not required to achieve target
detection limits, on-line extraction techniques such as
turbulent flow chromatography may be implemented to
increase sample throughput. In those instances where
method selectivity issues cannot be resolved mass
spectrometrically through alternative MRM transitions
or chromatographically by modification to mobile phase
or sorbent chemistry, additional MS sensitivity can be
utilized for more selective, complex, lower recovery
sample preparation techniques such as SPE/SPE,
LLE/LLE, and LLE/SPE. Finally, additional MS
sensitivity may be exploited in extracting smaller matrix
aliquots, crucial for low volume assays such as
pediatric, fetal, and small rodent. This conservation of
original sample volume also permits multiple-assays
for n-entities, while allowing repeat sample extraction.
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(ii) Chromatography

The ability to dilute extracts and/or reduce injection
volume as a result of improved MS sensitivity has
beneficial chromatographic implications. With reduced
matrix concentration, selectivity requirements might be
relaxed and therefore shorter columns tolerated to
decrease run time. Faster gradient cycles may be
implemented when less time is required for high organic
rinsing of matrix components. Improvements in column
longevity are realized, particularly with less robust
columns such as graphitized carbon and amino propyl,
often used for difficult separations.

A challenge faced in method development is the
requirement for chromatographic conditions exploiting
mobile phase compositions that confer optimal
ionization efficiency. However, with additional MS
sensitivity, mobile phase composition may be tuned for
chromatographic separation, regardless of ionization
efficiency, particularly relevant for high aqueous eluters
and chiral separations.

(iii) MRM Quantitation

MRM options directly impact the selectivity emphasis
placed upon extraction and chromatography. For
example, enhanced MS sensitivity provides the option
to isolate less abundant but more specific progeny ions.
In the absence of alternative MRM transitions, additional
selectivity can be achieved by increasing mass analyzer
resolution. Should alternative MRM transitions or
increased resolution fail to offset the selectivity
emphasis required from extraction/chromatography,
than de-tuning the mass spectrometer to a maximum
that fulfills MDL signal-to-noise requirements can
minimize interference or elevated baseline.
Parenthetically, de-tuning by lowering the declustering
potential carries the advantage of minimizing
contributions to parent drug response from co-eluting
phase II conjugates as a result of source-CAD.

Several ion source benefits can be leveraged as a
result of augmented MS sensitivity. Diluted extracts or
reduced injection volume diminish ion suppression and
source contamination. Less sensitive but more robust
and selective ionization modes (i.e. APCI vs ESI) can be

utilized. Consequently, cruder extracts requiring less
sample preparation time can be chromatographed in
shorter periods when suppression can be eliminated
through ionization technique. Methodology requiring
derivatization for modest gains in ionization efficiency
(5 to 10x) can be streamlined, omitting this oftentimes
difficult, expensive, and time-consuming chemistry.

The Quantitation of Resolved Epimers of
Budesonide Extracted from Rat Plasma

Budesonide (BUD) is a potent glucocorticosteroid used for
the treatment of asthma and is characterized by
pronounced hepatic metabolism and low bioavailability [1].
Published LC-MS/MS methodology describes
derivatization procedures to enhance ionization
efficiency (~5x using +ve APCI) and improve epimer
resolution, the latter necessary given the greater
potency of the 22R-epimer [2, 3]. Further sensitivity is
reported by concentrating derivatized extracts tenfold.
In this approach, detection limits of 25 pg/mL from 1.0 mL
of  p lasma (6 .25  pg  on-co lumn)  a re  c la imed
(Table 1 insert). Utilizing the API 5000TM, this same
method detection limit was achieved, but from a twenty-
fold volume reduction (50 µL rat plasma; 1 pg on-
column), without the requirement for extract
concentration or derivatization, and a sample
preparation approach involving only single-stage
protein precipitation (Table 1 insert). The non-selective
nature of the extraction required a more specific MRM
transition, albeit less sensitive (~5x) but of greater
signal-to-noise. Chromatographic resolution of native
epimers was accomplished through a monolithic
column operated isocratically at a flow rate of 1.0
mL/min; run times were reduced to three minutes
compared to reported methodology [2, 3]. An evaluation
of extracted LLOQ response between API 4000TM and
API 5000TM platforms indicated an average increase in
signal and s/n for the API 5000TM of 12x and 2.2x,
respectively (Figure 2 and Table 2 insert).
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Mitoxantrone: A Case Study for Enhanced
Sensitivity Achieved from Low Mass Progeny Ions

Mitoxantrone (MTX) is a synthetic anthraquinone
derivative used as an antineoplastic agent against
lymphomas, breast cancer, acute leukemia's and other
malignancies. Previously, we reported a method for
the LC-MS/MS analysis of MTX applicable to
extraction from neonatal plasma that circumvented the
physicochemical obstacles presented by matrix
instability, degradation upon evaporation, and vessel
adherence [4]. Achieving a suitable detection limit was
challenging since the physicochemical properties of
MTX required a sample preparation approach
involving PPT coupled to direct low volume injection of
supernatant, in effect generating a four-fold dilution
factor. Utilizing an API 4000TM, we reported a
validatable LLOQ of 0.5 ng/mL derived from 50 µL of
plasma.

The dissociation characteristics of MTX from the
API 4000TM platform are distinguished by candidate
progeny ions m/z 358 and m/z 88 in near equal
abundance (Figure 3 insert). Therefore, MTX served
to gauge low mass sensitivity improvements attributed
to the API 5000TM drive frequency modification, and
further evaluate whether increases in low mass
response would be offset by augmented noise when
quantitating from crude extracts. To this end, it was
concluded that from the order of magnitude
improvement in response of the API 5000TM (Figure 4
and Table 3 insert), a factor of 2.6x could be attributed
to low mass sensitivity gain (Figure 5 insert), without
a concomitant increase in baseline response (Figure 6
insert); only a 5x sensitivity improvement could have
been achieved were it not for low mass progeny ion
availability. As illustrated in Figure 7, the improvement
in sensitivity of the API 5000TM affords a 10x reduction
in matrix volume should raw sensitivity not be required
for lowering detection limit. Modification to the
precipitating solvent volume improves on-column
loading, consequently improving signal-to-noise.

Conclusions

Relative to its predecessor, the API 5000TM for the
combined assays of budesonide and mitoxantrone
exemplifies average signal gains of 10x and s/n
improvements of 2 to 3x. In addition, the emphasis
placed upon sample preparation in the BDT was
markedly reduced for each assay. Notably, the
extraction of BUD was relaxed to just PPT, eliminating
the time consuming stages of PPT-SPE-derivatization
previously reported. Crucial to implementing this
higher throughput extraction was the availability of a
more specific MRM transition to compensate for the
lack of PPT selectivity, even though progeny ion
production was 5x less sensitive than [M+H-H2O]+

formation. The analysis of MTX illustrates the
advantages of quantitating low mass progeny ions;
expectedly, further sensitivity gains are anticipated
when both parent and progeny ion are of low mass.

References
1. Wang, Y.; Tang, Y.; Moellmann, H.; Hochhaus, G.  

Biomed. Chromatogr. 2003, 17, 158-164.
2. Li, Y.; Tattam, B.; Brown, K.F.; Seale, J.P. 

J. Chromatogr. B 1996, 683, 259-268.
3. Li, Y.; Tattam, B.; Brown, K.F.; Seale, J.P. 

J. Chromatogr. B 2001, 761, 177-185.
4. Plomley, J; McRae, G.; Keyhani, A. Conference of

the American Association of Pharmaceutical 
Scientists 2004.

ASMS poster reprints will be provided upon request.

Article prepared by Jeffry Plomley. For further
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Figure 5. MRM collision energy profile for MTX acquired
with the API 5000TM.

Table 1. Method and detection limit comparison for
22R/22S-BUD extracted from human and rat plasma.

Table 2. API 4000TM vs API 5000TM signal and signal-to-
noise comparison of extracted LLOQ for 22R/22S-BUD.
Sensitivity gains are noted in red.

Table 3. API 4000TM vs API 5000TM signal and signal-to-
noise comparison of extracted LLOQ for MTX. Sensitivity
gains are noted in red.

Figure 6. API 5000TM MRM transition noise comparison for
MTX extracted double blanks.

Figure 7. API 5000TM response for MTX LLOQ of 0.5
ng/mL extracted from a ten-fold reduction in plasma
volume (5 µL).


