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(57) Abstract: A system and method for reducing interferences in the spectrometric analysis of a sample from a blood collection
tube comprising an ion source for ionizing a sample extracted from the blood collection tube, the sample containing one or more
steroids. The system comprises a differential mobility spectrometer for receiving the ions from the ion source, a boundary member
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curtain gas outflow out of a curtain gas chamber inlet. A system and method is disclosed for providing a modifier supply for supply -
ing an actual volumetric flow rate of an organic acid modifier to a drift gas supply for reducing interferences.
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TITLE: METHOD AND SYSTEM FOR REDUCING INTERFERENCES
IN THE SPECTROMETRIC ANALYSIS OF STEROIDS

RELATED APPLICATION

[0001] This application claims priority to US provisional application no.

61/493,211 filed June 3, 2011, which is incorporated herein by reference in its

entirety.

FIELD

[0002] The present invention relates generally to methods and systems for

reducing interferences in the spectrometric analysis of steroids.

INTRODUCTION
[0003]) Selective detection of steroids by LC-MS/MS can be challenging

due to chemical interferences typically observed during the analysis of

steroids. The origin of these interferences can vary, but interferences can be
from non-steroid endogenous species from matrix and they can also be
introduced by blood collection tubes. Plasma and serum are common
matrices used in clinical analysis, and they are typically collected using
different types of blood collection tubes. The tubes are usually filled with cloth
activator as well as gel enabling faster and simpler separation of the plasma
and serum from the red blood cells, and additional additives, such as heparin,
can also be present in the tubes. These fubes are commontly referred to as
Serum Separation Tubes (SST) and Plasma Separation Tubes (PST). The
type of collection tube used can cause inaccuracies in the measurement of
steroids. To circumvent this problem, a different multiple reaction monitoring
(MRM) transition can be used, the preparation of the sample can be modified,
the LC conditions can be modified, and an alternate blood sample collection
tube can be used. But, each of these current approaches can have
drawbacks. For example, using a different MRBRM transition can lead to

increased selectivity, but reduced sensitivity which can require starting with
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more samples. Also, modifying the LC conditions can lead to lower sample
throughput resulting in longer delay times in supplying information to the
requestor. The biggest challenge can be resolving interferences associated
with the blood collection tube, especially if a specific test requires the use of a
specific blood collection tube since it can impact the overall process. For
instance, it can require multiple blood draws from the patient; protocol may be
required to educate staff at the collection point, i.e., test for analyte x requires
tube y; specific instrumentation may be required to separate plasma or serum
from blood cells; it can require protocol to keep track of collection ubes used
if pre-processed samples are to be re-analyzed; and physicians may need to
be educated on all aspects associated with the special protocols fo ensure

proper assessment of the resulis obtained.

SUMMARY

[0004] In accordance with an aspect of the applicant’s teachings, there is
provided a system for reducing interferences in the spectrometric analysis of a
sample from a blood collection tube comprising an ion source for ionizing a
sample extracted from the blood collection tube, the sample containing one or
more steroids. The system comprises a differential mobility spectrometer for
receiving the ions from the ion source, a boundary member defining a curtain
gas chamber containing the differential mobility spectrometer; and a curtain
gas supply for providing a curtain gas into an inlet of the differential mobility
spectrometer for providing a gas flow through the differential mobility
spectrometer and a curtain gas outflow out of a curtain gas chamber inlet. In
various embodiments, the one or more steroids can comprise testosterone. In
various aspects, the system further comprises a mass spectrometer in fluid
communication with the differential mobility spectrometer for receiving the
ions from the differential mobility spectrometer. In various embodiments, the
system further comprises a gas port having a gas outlet located between the
differential mobility spectrometer and the mass spectrometer for drawing a

gas outflow from the gas flow to modify the gas flow rate through the
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differential mobility spectrometer. In various aspects, the flow rate of the gas
outflow is varied to increase the gas flow rate. In various embodiments, the
system comprises a vacuum chamber surrounding the mass spectrometer for
maintaining the mass spectrometer at a vacuum pressure to draw the gas
flow including the ions through the differential mobility spectrometer and into
the vacuum chamber. In various aspects, the system further comprises an
electrical field generator for providing an electrical field between the
differential mobility spectrometer and the vacuum chamber for guiding the
ions into the vacuum chamber and to prevent ions from being drawn out of the
gas ouilet. In various embodiments, the differential mobility spectrometer
comprises one of straight and curved electrodes. In various aspects, the
system further comprises at least one heater to heat at least one of the curtain
gas, the gas outflow, a region upstream of the inlet of the differential mobility
spectrometer, the inlet of the differential mobiiity spectrometer, and the inlet of
the mass spectrometer. In various aspects, the system further comprises a
detector for detecting the ions received by the mass spectrometer. 'ln various
embodiments, the sample can be extracted from the blood collection tube by
on-line extraction, protein precipitation, liquid-liquid extraction, or solid-phase
extraction. In various aspects, the sampie can comprise plasma or serum. In
various embodiments, the sample can be introduced into a liquid

chromatography apparatus comprising a column prior to ionization.

In various embodiments, a method is provided for reducing interferences in
the spectrometric analysis of a sample from a blood collection tube. The
method comprises providing an ion source for ionizing a sample exiracted
from the blood collection tube, and the sample can contain one or more
steroids. The method further comprises providing a differential mobility
spectrometer for receiving the ions from the ion source, providing a boundary
member defining a curtain gas chamber containing the differential mobility
spectrometer, and providing a curtain gas supply for providing a curtain gas
into an inlet of the differential mobility spectrometer for providing a gas flow
through the differential mobility spectrometer and a curiain gas ouifiow out of

a curtain gas chamber inlet. In various aspects, the one or more steroids can
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comprise testosterone. In various embodiments, a mass spectrometer can be
in fluid communication with the differential mobility spectrometer for receiving
the ions from the differential mobility spectrometer. In various aspects, a gas
outflow between the differential mobility spectrometer and the mass
spectrometer can be drawn from the gas flow to modify the gas flow rate
through the differential mobility spectrometer. In various embodiments, the
flow rate of the gas outflow can be varied to increase the gas flow rate. In
various embodiments, a vacuum chamber can surround the mass
spectrometer for maintaining the mass spectrometer at a vacuum pressure to
draw the gas flow including the ions through the differential mobility
spectrometer and into the vacuum chamber. In various aspects, an electrical
field can be provided between the differential mobility spectrometer and the
vacuum chamber for guiding the ions into the vacuum chamber and to prevent
ions from being drawn out of the gas outlet. In various aspects, the
differential mobility spectrometer can comprise one of straight and curved
electrodes. In various embodiments, at least one of the curtain gas, the gas
outflow, a region upstream of the inlet of the differential mobility spectrometer,
the inlet of the differential mobility spectrometer, and the inlet of the mass
spectrometer can be heated. In various embodiments, can be exiracted from
the blood collection tube by on-line extraction, protein precipitation, liquid-
liquid extraction, or solid-phase exiraction. In various aspects, the sample
can comprise plasma or serum. In various embodiments, the method can
further comprise introducing the extracted sample into a liquid

chromatography apparatus comprising a column prior to ionization.

[0005] In various embodiments, a system is provided for reducing
interferences in the spectrometric analysis of steroids. In various aspects, the
system can comprise an ion source for ionizing a sample containing one or
more steroids, a differential mobility spectrometer for receiving the ions from
the ion source, a drift gas supply for providing a drift gas for flowing through
the differential mobility spectrometer, and a modifier supply for supplying an
actual volumetric flow rate of an organic acid modifier to the drift gas supply.

In various aspects, one or more steroids can comprise testosterone. In
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various aspects, the organic acid modifier can comprise formic acid. In
various embodiments, the system can further comprise a meter for setting a
selected volumetric flow rate, and the actual volumetric flow rate can be within
a percent deviation from the selected volumetric flow rate. In various aspects,
the system can further comprise a pump for supplying the actual volumetric
flow rate of the modifier liquid to the drift gas supply. In various embodiments,
the drift gas supply can be a curtain gas supply for providing a curtain gas,
and the spectrometer system can further comprise a boundary member for
directing at least a portion of the curtain gas to an inlet of the differential
mobility spectrometer to become the drift gas. In various aspects, the system
can further comprise a curtain chamber for receiving the curtain gas with the
added organic acid modifier, wherein the curtain chamber can comprise a
curtain wall surrounding the differential mobility specirometer, and the
boundary member can be a portion of the curtain wall. In various aspecits, the
drift gas supply can comprise a drift gas conduit, the modifier supply can
comprise a modifier conduit, and the system can further comprises a junction
for merging the modifier conduit into the drift gas conduit, and the pump can
be located in the modifier conduit upstream of the junction to provide the
actual volumetric flow rate of the modifier liquid to the drift gas conduit. In
various embodiments, the system can further comprise a heater for heating
the junction. In various embodiments, the system can further comprise a
mass spectrometer in fluid communication with the differential mobility
spectrometer for receiving the ions from the differential mobility spectrometer.
In various aspects, the system can further comprise a detector for detecting
the ions received by the mass spectrometer. In various aspects, the system
can further comprise an electrical field generator for providing an electrical
field between the differential mobility spectrometer and the vacuum chamber
for guiding the ions into the vacuum chamber. In various embodiments, the
differential mobility spectrometer can comprises straight or curved electrodes.
[0006] In various aspects, the system can further comprise a heater for

heating the curtain chamber. In various aspects, the sampie can be
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introduced into a liquid chromatography apparatus comprising a column prior

o ionization.

[0007] In various embodiments, a method is provided for reducing
interferences in the spectrometric analysis of sterocids. The methed
5 comprises providing an ion source for ionizing a sample containing one or

more steroids, providing a differential mobility spectrometer for receiving the
ions from the ion source, providing a drift gas supply for providing a drift gas
for flowing through the differential mobility spectrometer, and providing a
modifier supply for supplying an actual volumetric flow rate of an organic acid

10 maodifier to the drift gas supply. In various aspects, the one or more steroids
can comprise testosterone. In various aspects, the organic acid modifier can
be formic acid. In various embodiments, the method can further comprise
providing a meter for setting a selected volumetric flow rate, and the actual
volumetric flow rate can be within a percent deviation from the selected

15 volumetric flow rate. In various embodiments, the method further comprises
providing a pump for supplying the actual volumetric flow rate of the modifier
liquid to the drift gas supply. In various aspecis, the drift gas supply can be a
curtain gas supply for providing a curtain gas, and a boundary member can be
provided for directing at least a portion of the curtain gas to an inlet of the

20 differential mobility spectrometer to become the drift gas. In various aspects,
a curtain chamber can be provided for receiving the curtain gas with the
added organic acid modifier, wherein the curtain chamber comprises a curtain
wall surrounding the differential mobility spectrometer, and the boundary
member can be a portion of the curtain wall. In various aspects, the drift gas

25 supply comprises providing a drift gas conduit, the modifier supply comprises
providing a modifier conduit, and a junction can be provided for merging the
modifier conduit into the drift gas conduit, and the pump can be located in the
modifier conduit upstream of the junction to provide the actual volumetric flow
rate of the modifier liquid to the drift gas conduit. In various aspects, the

30 method can further comprise heating the junction. in various aspects, the
method further comprises providing a mass spectrometer in fluid

communication with the differential mobility spectrometer for receiving the
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ions from the differential mobility spectrometer. In various embodiments, the
method further comprises detecting the ions received by the mass
spectrometer. In various embodiments, the method further comprises
providing an electrical field between the differential mobility spectrometer and
the vacuum chamber for guiding the ions into the vacuum chamber. In
various embodiments, the differential mobility spectrometer comprises straight
or curved electrodes. In various aspects, the method further comprises
heating the curtain chamber. In various aspects, the method further
comprises introducing the sample into a liquid chromatography apparatus

comprising a column prior to ionization.

[0008] These and other features of the applicant’s teachings are set forth

herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The skilled person in the art will understand that the drawings,
described below, are for illustration purposes only. The drawings are not

intended to limit the scope of the applicant's teachings in any way.

[0010] Figure 1 schematically illustrates a differential mobility
spectrometer/mass spectrometer system in accordance with various

embodiments of the applicant’s teachings (with curtain gas).

[0011] Figure 2 schematically illustrates a differential mobility
spectrometer/mass spectrometer system in accordance with various.

embodiments of the applicant’s teachings (with bleed/throttle gas).

[0012] Figure 3 schematically illustrates a differential mobility
spectrometer/mass spectrometer system in accordance with various
embodiments of the applicant’s teachings (with modifier).

[0013] Figure 4 schematically illustrates a differential mobility
spectrometer/mass spectrometer system in accordance with various
embodiments of the applicant’s teachings (with modifier/bleed or throttle gas).

[0014] Figure 4a shows the types of blood collection tubes that were

evaluated.
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[0015] Figure 5 shows interferences that are present in MS/MS spectra of a
sample extracted from a blood collection tube.

[0016] Figure 6 shows interferences that are present in MS/MS spectra of a
sample extracted from a blood collection tube.

[0017] Figure 7 shows parameter settings of the DMS-MS system according
to various embodiments of the applicant’s teachings.

[0018] Figure 7a shows the experimental conditions for Figures 8, 9, 10,
and 11 according to various embodiments of the applicant’s teachings.

[0019] Figure 8 compares the interferences present with the DMS off and
with the DMS on according to various embodiments of the applicant’s
teachings.

[0020] Figure 9 compares the interferences present with the DMS off and
with the DMS on according to various embodiments of the applicant's
teachings.

[0021] Figure 10 compares the interferences present with the DMS off and
with the DMS on according to various embodiments of the applicant's
teachings.

[0022] Figure 11 compares the interferences present with the DMS oif and
with the DMS on according to various embodiments of the applicant’s
feachings.

[0023] Figures 11a and 11b show interferences from blood collection tubes
and the shifting of testosterone from these interferences with the DMS on.
[0024] Figure 12 illustrates the shift in testosterone in the presence of formic
acid according to various embodiments of the applicant's teachings.

[0025] Figure 13 shows a compensation voltage map displaying the shift in
testosterone in the presence of formic acid according to various embodiments
of the applicant’s teachings.

[0026] Figure 14 shows a compensation voltage map displaying the shift in
testosterone in the presence of formic acid according to various embodiments

of the applicant's teachings.
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[0027] Figure 15a compares the interferences present for a panel of
steroids with the DMS off and with the DMS on according to various
embodiments of the applicant's teachings.

[0028] Figure 15b lists the MRM monitored for the steroid panel

[0029] Figure 16a shows CoV regions for steroid and CoV region for noise
introduced by the blood collection tube.

[0030] Figure 16b compares the interferences present for a panel of
steroids with the DMS off and the DMS on at CoV 9.0 as representative of
noise region for interferences introduced by the blood collection tube and CoV
4.5 for the steroid region.

[0031] Figure 17 shows the structure of some steroids.

[0032] Figure 18A shows the CoV shifting towards higher positive values as
the 8V is increased for testosterone when nitrogen is used as the transporter

gas.

[0033] Figure 18B shows the CoV shift towards negative values as the SV
is increased for testosterone when formic acid is used according to various
embodiments of the applicant’s teachings.

[0034] Figure 19 shows the CoV values for steroids according to various
embodiments of the applicant’s teachings.

[0035] Figure 20 shows the response for various steroids with the DMS off,
DMS with no modifier, and DMS with formic acid.

[0036] Figure 21 shows the analysis of tesosterone acquired in single MS
mode with the DMS off, DMS with no modifier, and DMS with formic acid.
[0037] Figure 22 shows the analysis of testosterone acquired in MBRM mode
with the DMS off, DMS with no modifier, and DMS with formic acid.

[0038] Figure 23 shows the detection of isobaric steroids separated by DMS

with formic acid according to various embodiments of the applicant’s
teachings.
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[0039] Figures 24A and 24B show a 2-D view and a 3-D view of the
detection of isobaric steroids separated by DMS with formic acid according to

various embodiments of the applicant’s teachings.

[0040] Figure 25 compares the interference caused by the injection of two
isobaric steroids detected in MRM mode with the DMS off versus detection in
SIM mode with DMS and formic acid.

[0041] In the drawings, like reference numerals indicate like parts.

DESCRIPTION OF VARIOUS EMBODIMENTS

[0042] It should be understood that the phrase “a” or “an” used in
conjunction with the applicants’ teachings with reference to various elements
encompasses “one or more” or “at least one” unless the context clearly
indicates otherwise. Figure 1 schematically illustrates a system 100 for
reducing interferences in the spectrometric analysis of a sample from a blood
collection tube in accordance with various embodiments of the applicant’s
teachings. The system 100 comprises an ion source (not shown} that ionizes
a sample, containing one or more steroids, extracted from a blood collection
tube. The blood collection tube can separate plasma and serum from the red
blood cells in the sample. In various aspects, a sample preparation process,
such as online solid-phase extraction, protein precipitation, liquid-liquid
extraction, or solid-phase extraction can provide cleaner extracts prior to
being introduced into a liquid chromatography apparatus comprising a column

before ionization.

[0043] In various embodiments, the differential mobility spectrometer (DMS)
102 can receive the ions from the ion source. In various embodiments, a
boundary member 119 defining a curtain gas chamber 118 can contain the
DMS 102. A curtain gas supply 120 can provide a curtain gas into an inlet 110
of the DMS 102 for providing a gas flow through the DMS 102 and a curtain

gas outflow 126 out of a curtain gas chamber inlet 122. In various
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embodiments, the one or more steroids comprises testosterone. In varicus
aspects the system 100 further comprises a mass spectrometer (MS) 104 in
fluid communication with the DMS 102 for receiving the ions from the DMS
102. Mass spectrometer 104 can also comprise mass analyzer elements 104a
downstream from vacuum chamber 127. lons can be transported through
vacuum chamber 127 and may be transported through one or more additional
differentially pumped vacuum stages prior to the mass analyzer 104a. 1t will
be apparent to those of skill in the art that there may be a number of other ion
optical elements in the system that have not been described. The differential
mobility spectrometer/mass spectrometer coupling described can be
applicable to many mass spectrometer systems including, but not limited to,
time of flight (TOF), ion trap, quadrupole, or other mass analyzers as known in
the art.

[0044] The differential mobility spectrometer 102 comprises plates 106 and
an electrical insulator 107 along the outside of plates 106. In various
embodiments, the DMS 102 comprises straight or curved elecirodes. The
plates 106 surround a drift gas 108 that drifts from an inlet 110 of the
differential mobility spectrometer to an outlet 112 of the differential mobility
spectrometer 102. The insulator 107 supporis the electrodes and isolates
them from other conductive elements. In various embodiments, the outlet 212
of the DMS 102 is aligned with the inlet of the mass spectrometer 104 to
define the ion path of travel between the DMS 102 and the mass

spectrometer 104.

[0045] The differential mobility spectrometer 102 can be contained within a
curtain chamber 118, defined by curtain plate (boundary member) 119 and
supplied with a curtain gas from a curtain gas source 120. The curtain gas
source 120 provides the curtain gas to the interior of the curtain chamber 118.
lons 122 are provided from an ion source (not shown) and are emitted into the
curtain chamber 118 via curtain chamber inlet 124. The pressure of the
curtain gas within the curtain chamber 118 provides both a curtain gas outflow
126 out of curtain gas chamber inlet 124, as well as a curtain gas inflow 128

into the differential mobility spectrometer 102, which inflow 128 becomes the
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drift gas 108 that carries the ions 122 through the differential mobility
spectrometer 102 and into mass spectrometer 104. The curtain plate 119 may

be connected to a power supply to provide an adjustable DC potential to it.

[0046] As illustrated in Figure 1, the mass spectrometer 104 is contained
within a vacuum chamber 127, which can be maintained at a much lower
pressure than the curtain chamber 118. The vacuum chamber 127 can be
maintained at a pressure of 2.3 Torr by a vacuum pump 130 while the curtain
chamber 118 and an internal operating pressure of the differential mobility
spectrometer 102 can be maintained at a pressure of 760 Torr. As a result of
the significant pressure differential between the curtain chamber 118 and the
vacuum chamber 127, the drift gas 108 is drawn through the differential
mobility spectrometer 102, and, via vacuum chamber inlet 129, into the
vacuum chamber 127. The mass spectrometer 104 can be sealed to (or at
least partially sealed), and in fluid communication with the differential mobility
spectrometer to receive the ions 122 from the differential mobility
spectrometer 102. In various aspects, an electrical field can be provided
between the DMS 102 and the vacuum chamber 127 for guiding the ions into
the vacuum chamber. In various embodiments, the system can further

comprise a detector for detecting the ions received by the mass spectrometer.

[0047] As known in the art, RF voltages, often referred to as separation
voltages (SV), can be applied across an ion transport chamber of a differential
mobility spectrometer perpendicular to the direction of drift gas 108 (shown in
Figure 1). The RF voltages may be applied to one or both of the DMS
electrodes comprising the differential mobility spectrometer. The tendency of
ions to migrate toward the walls and leave the path of the DMS can be
corrected by a DC potential often referred to as a compensation voltage (CV).
The compensation voltage may be generated by applying DC potentials to
one or both of the DMS electrodes comprising the differential mobility
spectrometer. As is known in the art, a DMS voltage source (not shown) can
be provided to provide both the RF SV and the DC CV. Alternatively, mulitiple

voltage sources may be provided.
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[0048] In various aspects, at least one heater can be provided to heat at
least one of the curtain gas, the gas outflow, a region upstream of the inlet of
the differential mobility spectrometer, the inlet of the differential mohility
spectrometer, and the inlet of the mass specirometer.

[0049] Referring to Figure 2, there is schematic illustration of a system 300
in accordance with various embodiments of the applicant’s teachings. For
clarity, the same reference numerals used in Figure 1, with 200 added, are
used in Figure 2 to designate elements analogous to the elements of Figure 1.
For brevity, the description of Figure 1 is not repeated with respect to Figure
2.

[0050] In the system 300 of Figure 2 drift gas 308 can be drawn through the
differential mobility spectrometer 302 and into the vacuum chamber 327 and
the mass analyzer 304 by the much lower pressure maintained in the vacuum
chamber 327.

[0051] As with the system 100 of Figure 1, the resolution or selectivity of
system 300 can be adjusted by adding a throttle gas to a juncture chamber
314 between the differential mobility spectrometer 302 and the vacuum
chamber inlet 329. In the systern 300 of Figure 2, a common source is
provided for both the curtain gas and the throtile gas; however, separate
sources may also be provided. For example, this gas could be nitrogen. The
throttle gas flows through a conduit branch 320a into the juncture chamber
314. The throttle gas throttles back the flow through the differential mobility
spectrometer. In various embodiments, there can be a gas port 332 having a
gas outlet located between the differential mobility spectrometer and the mass
spectrometer for drawing a gas outflow from the gas flow to modify the gas
flow rate through the differential mobility spectrometer. in various aspects,
the flow rate of the gas outflow is varied to increase the gas flow rate.

[0052] In various aspects, as shown in Figure 2, gas ports 332 are oriented
or inclined such that the throttle gas flows into the juncture chamber 314 at an

orientation that is toward the vacuum chamber 327 and away from the
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differential mobility spectrometer 302. In various embodiments, the gas ports
332 can be oriented such that the throttie gas flows along the sidewalls of the
juncture chamber, somewhat parallel to the ion path of travel. In various
embodiments, the juncture chamber can be designed with a much larger
diameter than the diameter of the insulator, and the gas port can be oriented

such that the gas stream through the inlet is directed along the wall.

[0053] Conduit branch 320a comprises a controllable valve 320b that can
be used to control the rate of flow of the throtile gas into the juncture chamber
314. For example, 1o increase resolution or selectivity, at the price of an
acceptable loss in sensitivity, the controllable valve 320b could be opened to
admit more throttle gas into the juncture chamber 314 via conduit branch
320a to reduce the gas flow rate within the differential mobility spectrometer
302. This, in turn, can increase the residence time of the ions 322 within the
differential mobility spectrometer. The increased residence time can produce
narrower mobility peak widths, and therefore, improved selectivity. At the
same time, the increased residence time lowers sensitivity somewhat due to
increased diffusion losses. At the same time, because of the increased
residence time within the differential mobility spectrometer, more of the ions

can be lost.

[0054] As shown, Figure 2 also can comprise a valve 320c for controlling
the rate of flow of the curtain gas into the curtain chamber 318. As shown in
Figure 2, the system can comprise a common gas supply to provide both the

curtain gas and the throttle gas flows.

[0055] Referring to Figure 3, there is schematic illustration of a system 200
in accordance with various embodiments of the applicant’s teachings. For
clarity, the same reference numerals used in Figure 1, with 100 added, are
used in Figure 2 to designate elements analogous to the elements of Figure 1.
For brevity, the description of Figure 1 is not repeated with respect to Figure
2.

[0056] In Figure 3, the differential mobility spectrometer 202 is contained

within a curtain chamber 218, defined by a curtain plate or boundary member
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219, and supplied with a curtain gas from a curtain gas supply 220.
Specifically, curtain gas from curtain gas supply 220 can flow through curtain
gas conduit 220a at flow rates determined by flow controller 220b. The system
200 also comprises a LC pump and organic acid modifier supply 214 for
pumping precise amounts of an organic acid modifier liquid into the curtain
gas conduit 220a at T-juncture 216. Specifically, LC pump 214 comprises a
meter (not shown), which can be changed o set a selected volumetric flow
rate of the modifier liquid into the juncture 216. Based on this adjustment of
the meter, the LC pump 214 is then operable to provide an actual volumetric
flow rate of the modifier liquid to the juncture 216 and into curtain gas conduit

220a to mix with the curtain gas.

[0057] 1t will be apparent to those of skill in the art that LC pump 214 could
be replaced with a syringe pump or other accurately controllable dispensing
devices for dispensing the organic acid modifier liquid. Whatever dispensing
device is used, this device can be sufficiently accurate such that the actual
volumetric flow rate is within a relatively small percentage deviation of the

selected volumetric flow rate.

[0058] Referring to Figure 4, there is schematically illustrated system 700 in
accordance with various embodiments of the applicant’s teachings. For clarity,
the same reference numerals used in Figure 2, with 400 added, are used in
Figure 6 to designate elements analogous to the elements of Figure 2. For
brevity the descriptions of preceding Figures are not repeated with respect to
Figure 6.

[0059] As shown in Figure 4, a curtain gas supply 720 comprises a
controllable valve 720b that can be used to control the rate of flow of the
throttle gas into the juncture chamber 714 via conduit branch 720a. Conduit or
curtain gas supply 720 also comprises a valve 720c for controlling the rate of
flow of the curtain gas that will ultimately end up in the curtain chamber 718.
The flow of the curtain gas downstream of valve 720c is divided into two
branches 720d and 720e. The flow of the curtain gas within branch 720d is
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controlied by valve 720f. Similarly, the flow of the curtain gas within branch
720¢e is controlled by valve 720g.

[0060] The flow of the curtain gas through branch 720d passes into a
bubbler 720h, which can be used to add an organic acid modifier liquid to the
curtain gas/drift gas, which passes through branch 720d and will ultimately be
pumped into the differential mobility spectrometer 702 by the vacuum
maintained in the vacuum chamber 727. Similarly, a separate organic acid
modifier can be added to the curtain gas flowing through branch 720e in
bubbler 720i. The curtain gas outflows from the bubblers 720h and 720i can
be controlled by outlet valves 720j and 720k respectively, after which the two
branches 720d and 720e merge and then release the curtain gas with the
modifiers into the curtain chamber 718. As noted above, the curtain gas and
drift gas are one and the same; thus, adding the organic acid modifier to the
curtain gas adds simplicity to the system 700. Organic acid modifiers can be
vapors that provide selectivity by clustering with ions to different degrees,
thereby shifting the differential mobility. Examples of organic acid modifiers
can include formic acid, any others to list?. For example, the applicant found
unexpected results when adding formic acid as a modifier o a sample
containing testosterone. The formic acid modifier or additive to the drift gas
shifted the observed compensation voltage for the testosterone peak at a
given AC amplitude. The compensation voltage is related to the ratio of high

to low field mobility.

[0061] According to various aspects of the applicant's teachings, instead of
supplying a throttle gas to a juncture chamber between the differential mobility
spectrometer and the mass spectrometer, a bleed gas can be drawn from the
gas flow between the differential mobility spectrometer and the mass
spectrometer at a bleed gas flow rate to increase a gas flow rate through the
differential mobility spectrometer. The bleed gas flow rate can be varied to
vary the increase in the gas flow rate. That is, in embodiments in which a
bleed gas is drawn from the gas flow between the differential mobility
spectrometer and the mass spectrometer, an electrode geometry of the

differential mobility spectrometer can initially be selected to provide good
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selectivity at the price of poor or very poor sensitivity. Then, sensitivity can be
improved, while selectivity is diminished, by increasing the bleed gas flow rate
of the bleed gas drawn from the gas flow between the differential mobility

spectrometer and the mass spectrometer.

[0062] Figure 4a shows the types of BD Vacutainer® blood collection tubes

that were evaluated.

[0063] Figure 5 shows interferences that are present in MS/MS spectra of a
sample extracted from a BD Vacutainer® PST™ Gel and Lithium Heparin
(green cap) blood collection tube. The interferences generate signal as m/z
97 and 109 coinciding with the fragment ions of testosterone.

[0064] Figure 6 shows interferences that are present in MS/MS spectra of a
sample exiracted from a BD Vacutainer® SST™ serum separation tube (gold
cap). Two of the major interferences generate signal at m/z 97 and 109

coinciding with the fragment ions of testosterone.

[0065] Figure 7 shows parameter settings of the DMS-MS system according

to various embodiments of the applicant’s teachings.

[0066] Figure 7a shows the experimental conditions for Figures 8, 9, 10,
and 11.

[0067] Figures 8, 9, 10, and 11 compare the interferences present in
testosterone plasma samples with the DMS off and with the DMS on
according to various embodiments of the applicant’s teachings. Interferences
from the blood collection tube are reduced when the DMS is on. The
expected fragment ion ratio between MRM 289-109 and 289-97 is only
observed when data is collected with the DMS on.

[0068] Figures 11a and 11b show that the BD Vacutainer® PST™ and
SST™ blood collection tubes can contribute to interferences in the analysis of
testosterone and the shifting of testosterone from these interferences with the
DMS on.

[0069] Figure 12 illustrates the compensation voltage (CV) shift for

testosterone in the presence of formic acid according to various embodiments
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of the applicant’s teachings. The shift enables testosterone to be

distinguished from the interferences.

[0070] Figure 13 shows a compensation voltage map displaying the shift for
testosterone in the presence of formic acid according to various embodiments
of the applicant’s teachings. In an analysis of water exposed o a serum
separation tube and testosterone standard, the CV for the three interferences
shifted to positive values at a separation voltage (SV) of 3200 while
testosterone shifted to a negative value at SV of 3200 using SIM mode with
formic acid as a dopant (1.5% in curtain gas) enabling testosterone to be

discernible from the interferences.

[0071] Figure 14 shows a compensation voltage map displaying the shift in
testosterone in the presence of formic acid in a urine sample according to
various embodiments of the applicant’s teachings. In an analysis of a mixture
of male and female urine diluted one-to-one in water and spiked with 20 pg/ul
of testosterone with a SV of 3200 using SIM mode and formic acid as a
dopant (1.5% in curtain gas), the interferences shift to a positive CV while
testosterone shifts to a negative CV enabling testostercne to be distinguished

from the interferences.

[0072] Figure 15a compares the interferences present for a panel of steroid
(10 steroids, 21 MRM pairs — list supplied in Figure 15b) extracted from
pooled female and male plasma protein precipitated (PPT) that was obtained
from BD Vacutainer® SST™ (Gold Cap} with the DMS off and with the DMS
on according to various embodiments of the applicant's teachings.
Interferences from the blood collection tube are reduced when the DMS is on.
The expected fragment ion ratio between androstenedione (287-97 and 287-
109) and progesterone (315-97 and 315-109) are preserved when data is
collected with the DMS on. The majority of the other L.C interferences are
eliminated when the DMS is on. The arrow indicate the retention time for
androstenedione and progesterone. Similar results were obtained for other

steroids monitored.
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[0073] Figure 16a highlights the regions where chemical interferences
introduced by the blood collection tube have CoV values ranging from 7.0 to
10.5 when the separation voltage (SV) of the DMS is set at 3200V. Figure
16b shows the TIC for the steroid panel (from Figure 15b) extracted from
pooled female and male plasma protein precipitated (PPT) that was obtained
from BD Vacutainer® SST™ (Gold Cap) with the DMS off (top panel), the
DMS on at CoV 9.0 as representative of the chemical noise infroduced from
the blood collection tube (middle panel), and the DMS on at CoV 4.5 as
representative region of steroid panel (bottom panel). As can be seen, the
maijority of the interferences originate from the interference region (CoV 9.0 —
estimated as > 70% of signal) and can mask the. detection of low intensity
analytes. The steroid region (as CoV 4.5) represents approximately 25% of
the signal in this particular sample. More importantly, low level steroids are
now free of interferences which can enable easier detection, lower detection
limits, and the possibility to reduce the analysis time by shortening the LC

gradient.

[0074] The following describes a general use of the applicants’ teachings
which is not limited to any particular embodiment, but can be applied to any
embodiment. In operation, a sample, containing one or more steroids, from a
blood collection tube can be extracted using techniques, such as on-line
extraction, protein precipitation, liquid-liquid extraction, or solid-phase
extraction, as known in the art. The one or more steroids in the sample can
comprise testosterone. The sample can comprise plasma or serum. The
extracted sample can be introduced info a liquid chromatography apparatus
comprising a column prior to ionization of the sample. An ion source can then
ionize the sample and a DMS can receive the ions from the jon source. A
boundary member defining a curtain gas chamber containing the DMS can be
provided. Furthermore, a curtain gas provided from a curtain gas supply can
enter into an inlet of the DMS to provide a gas flow through the DMS and a
curtain gas outflow out of a curtain gas chamber inlet. A mass spectrometer
can be in fluid communication with the differential mobility spectrometer for

receiving the ions from the differential mobility spectrometer. A gas ouiflow
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between the differential mobility spectrometer and the mass specirometer can
be drawn from the gas flow to modify the gas flow rate through the differential
mobility spectrometer. The flow rate of the gas outflow can be varied to
increase the gas flow rate. A vacuum chamber can surround the mass
spectrometer for maintaining the mass spectrometer at a vacuum pressure to
draw the gas flow including the ions through the differential mobility
spectrometer and into the vacuum chamber. An electrical field can be
provided between the differential mobility spectrometer and the vacuum
chamber for guiding the ions into the vacuum chamber and to prevent ions
from being drawn out of the gas outlet. The differential mobility spectrometer
can comprise one of straight and curved elecirodes. At least one of the
curtain gas, the gas outflow, a region upstream of the inlet of the differential
mobility spectrometer, the inlet of the differential mobility spectrometer, and

the inlet of the mass spectrometer can be heated.

[0075] The following describes another general use of the applicants’
teachings which is not limited to any particular embodiment, but can be
applied to any embodiment. In operation, a sample can be introduced into a
liquid chromatography apparatus comprising a column prior to ionization. An
ion source is provided for ionizing a sample containing one or more steroids.
A differential mobility spectrometer is provided for receiving the ions from the
ion source and a drift gas supply is provided for providing a drift gas for
flowing through the differential mobility spectrometer, and an organic acid
modifier supply can be provided for supplying an actual volumetric flow rate of
an organic acid modifier to the drift gas supply. The one or more steroids can
comprise testosterone. The organic acid modifier can be formic acid. A
meter can be provided for setting a selected volumetric flow rate, and the
actual volumetric flow rate can be within a percent deviation from the selected
volumetric flow rate. A pump can be provided for supplying the actual
volumetric flow rate of the modifier liquid to the drift gas supply. The drift gas
supply can be a curtain gas supply for providing a curtain gas, and a
boundary member can be provided for directing at least a portion of the

curtain gas to an inlet of the differential mobility spectrometer to become the
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drift gas. A curtain chamber can be provided for receiving the curtain gas with
the added organic acid modifier, wherein the curtain chamber comprises a
curtain wall surrounding the differential mobility spectrometer, and the
boundary member can be a portion of the curtain wall. The drift gas supply
comprises providing a drift gas conduit, the organic acid modifier supply
comprises providing a modifier conduit, and a junction can be provided for
merging the modifier conduit into the drift gas conduit, and the pump can be
located in the modifier conduit upstream of the junction to provide the actual
volumetric flow rate of the modifier liquid to the drift gas conduit. The junction
can be heated. A mass spectrometer can be in fiuid communication with the
differential mobility spectrometer for receiving the ions from the differential
maobility spectrometer. A detector can detect the ions received by the mass
spectrometer. An electrical field can be provided between the differential
mobility spectrometer and the vacuum chamber for guiding the ions into the
vacuum chamber. The differential mobility spectrometer can comprise

straight or curved electrodes. The curtain chamber can be heated.
[0076] Example
[0077] Materials and Methods

[0078] Sample Preparation and Chemicals: All steroids were obtained from
Steraloids Inc (Newport, Rl} and Cerilliant (Round Rock, TX) and prepared as
stocks of Img/mL in methanol if received in crystal form. Serial dilutions to
appropriate levels were made using either sample matrix (urine or aceionitrile
protein-precipitated plasma diluted 1:1 in water). Formic acid was obtained
from Sigma (St-Louis, MO).

[0079] HPLC Conditions: LC was performed using a Shimadzu Prominence
UFLC system operated at 400ul/min using a gradient from 90% of mobile
phase A (water/acetonitrile (95/5 (v/v}) + 0.1% formic acid) to 80% of B
(water/acetonitrile (5/95 (v/v)) + 0.1% formic acid) over 5 minutes. The
column oven was operated at 400C. Two types of HPLC columns were used,;

1) Luna Kinetex C18 (2x50mm, 2.6u) from Phenomenex (Torrance, CA) and
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2) BDS Hypersil Gold (2x50mm, 3u) from Thermo (Ottawa, ON}. The

iniection volume was 10uL.

[0080] DMS and MS/MS Conditions: The SelexlON™ Technology is a
planar differential mobility separation (DMS) device that attaches between the
curtain plate and orifice plate of the 5500 QTRAP® system. Gas draws the
ions towards the orifice while an asymmetric waveform applied to the flat
plates, which alternates between high field, K(E) and low field, K(0). This
moves the charged ion back and forth between piates; an ion will have net
drift base on its high and low field mobility. Finally a compensation voltage
(CoV, a small DC offset between the plates) is applied at a filtering voltage
which is specific for each ion being targeted. The chemical modifier is
introduced with a liquid pump directly into the curtain gas stream. Formic acid
was introduced directly into the gas stream, and the Turbo V® source was
operated with the electrospray ionization (ESI) probe and the source was

operated at 650°C with Gas 1 and Gas 2 at 40 and 80 psi, respectively.

[0081] Results: Figure 17 shows the structure of some of steroids used.
These were selected to cover a variety of structural features typically
encountered in steroids. In all cases, a CoV mapping/optimization was
performed under analytical conditions either by using a split-infusion approach
post-LC or by injecting on-column and performing monitoring at multiple CoV
values (typically ranging from -20 to 20 with increments of 1.25V). Figure 18A
shows the CoV shifting towards higher positive values as the SV is increased
to 3500V when nitrogen is used as the transporter gas. When the transport
gas is doped with 1.5% (v/v) with formic acid, the CoV shift towards negative
values under similar conditions (Figure 18B). Similar observations were made
with all of the steroids investigated and the CoV values for SV=3500 value are
listed in Figure 19. Itis not uncommon to observe loss in signal associated
with the analyte ion when chemical modifiers are added to the transport
region. The losses observed can vary with the compound used and the
chemical modifiers used. In the case of steroids, addition of polar alcohols
such as 2-propanol (IPA) and methanol (MeOH) which are frequently used to
enhance the separation of other compounds, can greatly reduce the intensity



WO 2012/167254 PCT/US2012/040748

10

15

20

25

30

.93 .

of steroid signals. However, when formic acid is used, a reduction of the
signal ranging from 20 to 50% can be observed, depending on the steroid
monitored (Figure 20). Testosterone was the species that showed the largest
drop in signal (~50%). Though this reduction in signal can be considered
large, it can be viewed as similar to losses observed when MSMS is
performed to gain selectivity over MS analysis. Figure 21 shows the relative
selectivity when the detection testosterone from protein precipitated plasma is
perfarmed by single ion monitoring (SIM) in 3 modes of operation for the DMS
cell: 1) all DMS voltages turned off, 2) DMS with no chemical modifier and 3)
DMS with formic acid in transport gas. Figure 22 shows the relative selectivity
when the detection testosterone from protein precipitated plasma is performed
in multiple reaction monitoring (MRM) mode in 3 modes of operation for the
DMS cell: 1) all DMS voltages turned off, 2) DMS with no chemical modifier
and 3) DMS with formic acid in transport gas. Most steroids showed similar
optimum CoV values when nitrogen is used without modifier (CoV range of 4
volts). However, the addition of formic acid in the transport gas increased the
observed separation by LC between steroids (CoV range of 10V). Though not
all of the steroids selected were isobaric and separate, some clearly became
separated with formic acid in the transport gas (androstenedione and 1-
dehydrotestosterone). The one common behavior observed with formic acid
as chemical modifier is that all steroids shifted toward negative CoV values (a-
type ions). Of even more interest is the behavior of the majority of
endogenous ions generated by ESI. In general, the greater majority of the
other ions typically generated by ESI do not seem to be affected by the
presence of formic acid in the transport gas, and consequently their CoV
value tend to be more positive as SV is increased (c-type ions). These
combined effects clearly increase the separation of the steroids from the
endogenous species. This is demonstrated in Figure 13 when protein
precipitated plasma is monitored in SIM mode for the analysis of testosterone
at various CoV values (y-axis) with formic acid in the transport gas. The
majority of the isobaric endogenous species have positive CoV values ranging

from 5 to 10 volts with formic acid (note that CoV values ranged from 6 to 11
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when transport gas is nitrogen only). However, testosterone shifts to a
negative CoV value, away from most interferences. Figure 14 shows similar
observation when a diluted urine sample is analyzed with formic acid in the
transport gas. Again, the majority of the endogenous species that are isobaric
(m/z 289) have a positive CoV values, where as testosterone has a negative
CoV value.

[0082] Using formic acid in the transport gas enabled separation of
androstenedione and 1-dehydrotestosterone which have common precursor
masses. Figures 23 and 24 show the CoV map associated with detection of
andrsotenedione and 1- dehydrotestosterone in SIM mode. Figure 24A
shows a 2-D view and Figure 24B shows a 3-D view of the same data. Both
analytes have unique CoV values with little overlap, thus enabling selective
detection even in SIM mode. Though both have unique dominant MRM
fragments to ensure selectivity, this was used as a case to compare the
selectivity of DMS-SIM with formic acid. Figure 25 shows that DMS-SIM with
formic acid gives a level of selectivity that is comparable to MRBM alone as
similar levels of interference were observed when equimoiar levels were
indicated. This can emphasize the reliance on the LC separation if using
DMS-SIM with formic acid or alternatively relax the LC separation and

combine DMS-MRM with formic acid which can obtain ultimate selectivity.

[0083] Conclusions: The addition of formic acid to the transport gas of a
DMS cell can show benefit for the analyses of steroids. The steroids can
preferentially shift toward negative CoV values when many other endogenous
species seem to be essentially unaffected by the presence of formic acid and
their CoV typically stay positive. Though the addition of formic acid may
reduce the signal intensity by 20-50% when compared to no modifier added in
the transport cell, this approach can offer the ability to detect the steroid with a
degree of selectivity with SIM detection that can rival MRM detection. The
exact nature of the interaction between formic acid and the steroids in the
DMS cell can be complex, but it is clearly unique and it can be likely
associated with the site of protonation of the analyte. When compared to

species where the charge is localized on nitrogen groups {whether primary,
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secondary or tertiary amines), the addition of formic acid in the transport gas
did not show any shift in CoV values for given SV. For these nitrogen
containing species, addition of alcohol in the transport gas causes their CoV
to shift towards negative values. The addition of alcohol, even low proton
affinity ones such as methanol, can eliminate all of the signal associated with
steroids, which is not the case with formic acid. This combination of DMS with
formic acid in the transport gas can simplify the MS detection part for the

analysis of steroids while still providing a high degree of selectivity.

[0084] While the Applicant's teachings are described in conjunction with
various embaodiments, it is not intended that the Applicant's teachings be
limited to such embodiments. On the contrary, the Applicant's teachings
encompass various alternatives, modifications and equivalents as will be
appreciated by those of skill in the art. All such alternatives, modifications and
equivalents are believed to be within the sphere and scope of the invention as

defined by the claims appended hereto.

[0085] All literature and similar material cited in this application, including,
but not limited to, patents, patent applications, articles, books, treatises, and
web pages, regardless of the format of such literature and similar materials,
are expressly incorporated by reference in their entirety. In the event that one
or more of the incorporated literature and similar materials differs from or
contradicts this application, including but not limited to defined terms, term

usage, described techniques, or the like, this application controls.

[0086] While the applicants’ teachings have been particularly shown and
described with reference to specific illustrative embodiments, it should be
understood that various changes in form and detail may be made without
departing from the spirit and scope of the teachings. Therefore, all
embodiments that come within the scope and spirit of the teachings, and
equivalents thereto, are claimed. The descriptions and diagrams of the
methods of the applicants’ teachings should not be read as limited to the

described order of elements unless siated to that effect.
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[0087] While the applicants’ teachings have been described in conjunction

with various embodiments and examples, it is not intended that the applicants’
teachings be limited to such embodiments or examples. On the contrary, the
applicants’ teachings encompass various alternatives, modifications, and

5 equivalents, as will be appreciated by those of skill in the art, and all such
modifications or variations are believed o be within the sphere and scope of

the invention.
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CLAIMS

1. A system for reducing interferences in the spectrometric analysis of a

sample from a blood collection tube, comprising:

5 a) an ion source for ionizing a sample extracted from the blood

collection tube, the sample containing one or more steroids;

b) a differential mobility spectrometer for receiving the ions from the

ion source;

¢) a boundary member defining a curtain gas chamber containing the

10 differential mobility spectrometer; and

d) a curtain gas supply for providing a curtain gas into an inlet of the
differential mobility spectrometer for providing a gas flow through
the differential mobility spectrometer and a curtain gas outflow out

of a curtain gas chamber inlet.

15 2. The system of claim 1 wherein the one or more steroids comprises

testosterone.

3. The system of claim 1 further comprising a mass specirometer in fluid
communication with the differential mobility spectrometer for receiving the

ions from the differential mobility spectrometer.

20 4. The system of claim 3 further comprising a gas port having a gas outlet
located between the differential mobility spectrometer and the mass
spectrometer for drawing a gas outflow from the gas flow to modify the gas

flow rate through the differential mobility spectrometer.

5. The system of claim 4 wherein the flow rate of the gas outflow is varied to

25 increase the gas flow rate.
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. The system of claim 4 comprising a vacuum chamber surrounding the

mass spectrometer for maintaining the mass spectrometer at a vacuum
pressure to draw the gas flow including the ions through the differential

mobility spectrometer and into the vacuum chamber.

. The system of claim 6 further comprising an electrical field generator for

providing an electrical field between the differential mobility spectrometer
and the vacuum chamber for guiding the ions into the vacuum chamber

and to prevent ions from being drawn out of the gas outlet.

. The system of claim 1 wherein the differential mobility spectrometer

comprises one of straight and curved electrodes.

. The system of claim 4 further comprising at least one heater to heat at

least one of the curtain gas, the gas outflow, a region upstream of the inlet
of the differential mobility spectrometer, the inlet of the differential mobility

spectrometer, and the inlet of the mass spectrometer.

10. The system of claim 3 further comprising a detector for detecting the ions

received by the mass specirometer.

11. The system of claim 1 wherein exiracting the sample from the blood

collection tube comprises one of on-line extraction, protein precipitation,

liquid-liquid extraction and solid-phase extraction.

12. The system of claim 1 wherein the sample comprises one of plasma and

serum.

13.The system of claim 1 wherein the extracted sampile is introduced into a

liquid chromatography apparatus comprising a column prior to ionization.

14. A method for reducing interferences in the spectrometric analysis of a

sample from a blood collection tube, comprising:

a) providing an ion source for ionizing a sample extracted from the

blood collection tube, the sample containing one or more steroids;
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b) providing a differential mobility spectrometer for receiving the ions

from the ion source;

c) providing a boundary member defining a curtain gas chamber

containing the differential mobility spectrometer; and

d} providing a curtain gas supply for providing a curtain gas into an
inlet of the differential mobility spectrometer for providing a gas flow
through the differential mobility spectrometer and a curtain gas

outflow out of a curtain gas chamber inlet.

15. The method of claim 14 wherein the one or more steroids comprises

testosterone.

16. The method of claim 14 wherein a mass spectrometer is in fluid
communication with the differential mobility spectrometer for receiving the

ions from the differential mobility spectrometer.

17.The method of claim 16 wherein a gas outflow between the differential
mobility spectrometer and the mass spectrometer is drawn from the gas
flow to modify the gas flow rate through the differential mobility

spectrometer.

18. The method of claim 17 wherein the flow rate of the gas outflow is varied

to increase the gas flow rate.

19. The method of claim 17 comprising a vacuum chamber surrounding the
mass spectrometer for maintaining the mass spectrometer at a vacuum
pressure to draw the gas flow including the ions through the differential

mobility spectrometer and into the vacuum chamber.

20. The method of claim 19 wherein an electrical field is provided between the
differential mobility spectrometer and the vacuum chamber for guiding the
ions into the vacuum chamber and to prevent ions from being drawn out of

the gas outlet.
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21.The method of claim 14 wherein the differential mobility spectrometer

comprises one of straight and curved electrodes.

22. The method of claim 17 wherein at least one of the curtain gas, the gas
outflow, a region upstream of the inlet of the differential mobility
5 spectrometer, the inlet of the differential mobility spectrometer, and the

inlet of the mass spectrometer is heated.

23. The method of claim 14 wherein extracting the sample from the blood
collection tube comprises one of on-line exiraction, protein precipitation,

liquid-liquid extraction and solid-phase extraction.

10 24.The method of claim 14 wherein the sample comprises one of plasma and

serum.

25. The method of claim 14 further comprising introducing the extracted
sample into a liquid chromatography apparatus comprising a column prior
to ionization.

15  26. A system for reducing interferences in the spectrometric analysis of

steroids, comprising:
a) anion source for ionizing a sample containing one or more steroids;

b) a differential mobility spectrometer for receiving the ions from the

ion source;

20 c) a drift gas supply for providing a drift gas for flowing through the

differential mobility spectrometer; and

d) a modifier supply for supplying an actual volumetric flow rate of an

organic acid modifier to the drift gas supply.

27.The system of claim 26 wherein the one or more steroids comprises

25 testosterone.
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28. The system of claim 26 wherein the organic acid modifier is formic acid.

29. The system of claim 26 further comprising a meter for setting a selected
volumetric flow rate, and the actual volumetric flow rate is within a percent

deviation from the selected volumetric flow rate.

30. The system of claim 29 further comprising a pump for supplying the actual
volumetric flow rate of the modifier liquid to the drift gas supply.

31.The system of claim 28 wherein the drift gas supply is a curtain gas supply
for providing a curtain gas, and the spectrometer system further comprises
a boundary member for directing at least a portion of the curtain gas to an

inlet of the differential mobility spectrometer to become the drift gas.

32.The system of claim 31 further comprising a curtain chamber for receiving
the curtain gas with the added organic acid modifier, wherein the curtain
chamber comprises a curtain wall surrounding the differential mobility

spectrometer, and the boundary member is a portion of the curtain wall.

33.The system of claim 26 wherein the drift gas supply comprises a drift gas
conduit, the modifier supply comprises a modifier conduit, and the system
further comprises a junction for merging the modifier conduit into the drift
gas conduit, the pump being located in the modifier conduit upstream of
the junction to provide the actual volumetric flow rate of the modifier liquid

to the drift gas conduit.

34. The system of claim 33 further comprising a heater for heating the

junction.

35. The system of claim 26 further comprising a mass spectrometer in fluid
communication with the differential mobility spectrometer for receiving the

ions from the differential mobility spectrometer.

36. The system of claim 35 further comprising a detector for detecting the ions

received by the mass spectrometer.
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37.The system of claim 35 further comprising an electrical field generator for
providing an electrical field between the differential mobility spectrometer

and the vacuum chamber for guiding the ions into the vacuum chamber.

38.The system of claim 26 wherein the differential mobility spectrometer

5 comprises one of straight and curved electrodes.

39. The system of claim 32 further comprising a heater for heating the curtain

chamber.

40.The system of claim 26 wherein the sample is introduced into a liquid

chromatography apparatus comprising a column prior to ionization.

10  41.A method for reducing interferences in the spectrometric analysis of

steroids, comprising:

a) providing an ion source for ionizing a sample containing one or

more steroids;

b) providing a differential mobility spectrometer for receiving the ions

15 from the ion source;

c) providing a drift gas supply for providing a drift gas for flowing
through the differential mobility spectrometer; and

d) providing a modifier supply for supplying an actual volumetric flow

rate of an organic acid modifier to the drift gas supply.

20 42.The method of claim 41 wherein the one or more steroids comprises

festosterone.
43.The method of claim 41 wherein the organic acid modifier is formic acid.

44.The method of claim 41 further comprising providing a meter for setting a
selected volumetric flow rate, and the actual volumetric flow rate is within a

25 percent deviation from the selected volumetric flow rate.
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45. The method of claim 44 further comprising providing a pump for supplyi'ng

the actual volumetric flow rate of the modifier liquid to the drift gas supply.

46. The method of claim 44 wherein the drift gas supply is a curtain gas supply
for providing a curtain gas, and a boundary member is provided for
directing at least a portion of the curtain gas to an inlet of the differential

mobility spectrometer to become the drift gas.

47.The method of claim 46 wherein a curtain chamber is provided for
receiving the curtain gas with the added organic acid modifier, wherein the
curtain chamber comprises a curtain wall surrounding the differential
mobility spectrometer, and the boundary member is a portion of the curtain

wall.

48. The method of claim 41 wherein the drift gas supply comprises providing a
drift gas conduit, the modifier supply comprises providing a modifier
conduit, and a junction is provided for merging the modifier conduit into the
drift gas conduit, the pump being located in the modifier conduit upstream
of the junction to provide the actual volumetric flow rate of the modifier

liquid to the drift gas conduit.
49. The method of claim 48 further comprising heating the junction.

50.The method of claim 41 further comprising providing a mass spectrometer
in fluid communication with the differential mobility spectrometer for

receiving the ions from the differential mobility spectrometer.

51.The method of claim 50 further comprising detecting the ions received by

the mass spectrometer.

52.The method of claim 50 further comprising providing an electrical field
between the differential mobility spectrometer and the vacuum chamber

for guiding the ions into the vacuum chamber.
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53.The method of claim 41 wherein the differential mobility spectrometer

comprises one of straight and curved electrodes.
54.The method of claim 47 further comprising heating the curtain chamber.

55. The method of claim 41 further comprising introducing the sample into a

5 liquid chromatography apparatus comprising a column prior to ionization.



PCT/US2012/040748

WO 2012/167254

1/31

971 —

90IN0S WIOI] SUOY

(441

3cl

001

L eanbiy

o} Q9L

P01

$01
_
FA
Ayddng
seqy urElny)
ol \
\ 071 \
0Z1

q0¢1




PCT/US2012/040748

WO 2012/167254

2/31

7 24n3i4

0ge

i

o} €72




PCT/US2012/040748

WO 2012/167254

3/31

¢ 2.n3i4 0¢e

HOY €72

b o L L4 AT T ST Y Y M e 8 o0
EA R, TP T e N T i o

BP0C

vee
¥02
012
T _
_
s
81z
\ cozz— T e
00¢ 91— <— | Addng
vll / SBQ) wepn)
B
qozg  Coce
i, 7
_|  /fddng
P empon oze




PCT/US2012/040748

WO 2012/167254

4/31

¥ 9undi4

0L

8¢l




PCT/US2012/040748

WO 2012/167254

5/31

ey aInbl
£ HIANIAYT 958.L9€E §5Y Swp'e vLa3 T
NGOT 0
LT ame eI £B0ETE 43 Sen3 N layng
1wz g {dea anjg 3y8y)
£80€9E 424 WECT 0 Bz T/Bwsy
2101 BN Jayng TW9l  91R[eX() WNISSeInd
g A3UD (deo AeB) S76/9% o] 2puon|d wnpos
9 {34 S1B/OE joy unlag
WY
syleads J03uow -
MOJBLS 10} BAELISI[R (53un g8} ureday
se pasodold (a8 L NaYD LHDN 796/9€43Y UMLK pue 135 1S4
paAlasqo s510U
[eaturayo 3saydiy
/ 53583 Jo Ajriofewt eoy {agqny uoyeledas
pasn AJuorILIO? JS0py (28 g aoo 986/9€ 34 winies) 155
1LON {1w) jen 10(02 dv2 #iey adAf aqn|
pal1sal agnl
oI SUIBINOEA
ad




PCT/US2012/040748

WO 2012/167254

6/31

G 9in314

601 pue /g z/w 1. [eubis ajeisushb jey) sousiepsiul Hlog Jo eioads SINSIA

Apsuoluy

apouwl {43 Ul 68¢ JO0 SIS
(deo uself) ueday wWniyT pue |99y, | Sd @ JSUleIndeA ag

RH- I N
IWsoes

jYL
ekl TEF ¢ G4 2 2 W P H ] 1% 0 (S0 RS ASTSE W3 1L ST A 0TI By ey 13 donabientng L] ()B4 S w01

Alsuouy

Rysuniu

eQ ‘ebleyD/ssepy ]
0% 1e oot 123 o 124 o2 ] HS 1t we wr oy ol 1 an 23 ol a [
.fﬂ] fdn - .4 ———r Ty v - LI v
51682, 12452, m q ] |J
a6l {F1= N
{thiiesh
L1SEL.
=48
.88&iiwiupnuﬂmﬂmﬂhm.mmszvguf)x_n_rSa-s-ﬂsﬁpﬁs.:i!_i.u...u-\.sjd_t%-ﬁn_ﬁ#u&jtf&
e ‘ebieynsseN
e mr -4 or er L1}4 [:H 53] m AL T2 ot o 1 [:1] el =] (] L4 2]
- 4“ v - ﬁ d AL v i
5630 o2 ez,
I3
{thed 21
iravext
Wotsz, )
et i) U yer S 7 N [ - LT A e A SR 15 GO BT ASTRR LD Tt wpiom) wpesmemd ey PIL TanaRseim Al IR 940 v eS|
LTS
39 F3 M 71 A5 5 ®E M if et ar_er @y &y #r s de zeoner omonzforr o2oemow
Aty i R gy A,
W,
I
b ode
1652




PCT/US2012/040748

WO 2012/167254

7/31

9 24ns14

01 PUE /6 Z/ui Je [eubis oesousB Jey) Yolum 1o om) ‘seouaiapioqu) Jofew jo e103ds SNSIN

s

0] ‘abretssRy
L e 3« BT ORE DIE P oih ob) Al SN G4l Mk e Bl Al ool B

2] "aBaRy s SRRy

-an I et Sn S L U L L o1 afl L E51 Cer XN edi u: L)

L er &2 Rf L2 IT NC FEL AL WL L WL &L ¥I nn n- —— n_ [T ] ] ._.ﬁ u. wv e C& 0 W

AN am sk e

ST T LLE | Y el - o
q b : Ry LAk
CVERZ. sLsgl. itras
. - *
ZI'ESE, { FHaHN PRl -
. 3 iz 2
{Horsck. s B L] z
) H 2
s w2 zrser. e T
4 15 £ st ater
LR T4 Jwrex PEEG)
. .vuwa.[_l..!l'fﬂono..kntjx.z.i:rﬁu:w.u-!lk.a._ 5[4 Apieti] Tt P AR, [5G Comac | SHKE ITEE TR W Wiy P e ) N N2 LDAT IR ¢ ) LT 0 W RO Py ) e () AOTH ) s et 138 et 1 LAOSE] G496 D10 why By,
(] "obimyryssep . e ‘shiegorssewy 1
L UL I GO GO L U U erl W1 €2t OLL DIl g% Voesn esr orf BAT BSP GR M 812 I f5 M B4 R B &A1 W ¢ B0 9K €2l i H
T ey : - ; g im0 1 ™ i ld H
i & i W st
: o2 m
! 12'1E2. ; g e w.
o1 652, v 3 wme B
=< t L4 <
z i A " ¢
Lit3} : 185¢
Pyt cnea W (5T 0 T ket - 4) ERAT B PAWE e KL ] Tt SR MTHR] UAA NS Hamlll.....%ﬁz.k!elalila” I!E:;cdin_S_..n.q—t.a.ﬂ.::sn_.cu..u...-.{).i_ T4 dpnave} it A S 154 snwear] Lisg] EX)T02 S mey whady
ujw ey,

b\é.\/.)\t(\l\\..

muu
PocnouE uncwed () Pipeiel i) B0 8 1630 B W Teimg SRR 155 G B0 AT 05 AVT T _—.-n.n.w._w..ﬂ.lu-a-)ana— EEE mmaert o) D] LIS 200 oy )

PAETENE]

v z
9poW |44 Ul 68¢ JO SINSIN
(deo ploB) agnydes wnies p; 1SS @ JeuleinoeA ad



PCT/US2012/040748

WO 2012/167254

8/31

J @anbBi

WUMPIpaYRs |

®) vodug

sBumes sioraweled Jads ssei

| punosuay  seeromos

1
A

P

daH poue?) _ PTe] _ :
o o pinocuo] | seneunog _{
0 2 20 3POY hpeod Qe ey
swa 0 SIRULISHND HADD TR O] SIRTeIRd BUMSID) 2y Aiddy ]
(o9 oczge) aph) = ooz w0
bo o swtea te oggy e Qo0E (AS) 96B50A VoTaICHS
v AS) shuroA =3
franng Bl T
_u.l o€ ~ fowad 195,40 SHG
— & (AQD) ShERFOA WRsIItC)
T 05 |(axo) miieiod me o uoisked
CHSY R4
m“ sor__ | (30} A g LoD
[4 mH poz__| (20D Z 5107 Buysnood
SUDBISORALEND oSz 00w 26 00T TR 3 T i
25'8U0I3sRIsaL onEL oL’ 26 LA [4 WFI_ {1o1) | sus1 Bysnaoy
ma-usanssJ — EN_._ - SN.SF_ — oozezl v oo | (43} ey SomLa
EELUT TR w() say £ ) SSOW 1D -
_..... golt _ (0] BIIRICd BRRISNZ2]

| e pawe]

punoddiog

“Ayreqod awes sp
10 SHURLACHS IO I OF SRR BUswogo) sy fdthy

— A0 _

g eon0g |

(L) SnpRtus ] G
(D voinasay SHA
{Z56) Z 380 A0S U0y
(159 | 209 2amOS UG}
(W3 anpiscual

(1) 2RRROA ARidsug)
(Gw2) 209 ugsEed
{2N0) SO UEUnD

RIS oRinY,  [00MOE uO|

| E.s%su_ seDyImos




PCT/US2012/040748

WO 2012/167254

9/31

e/ ainbi

o

T

dolg  Kjomn] 05y g
i 200 g deng whng Org oot
'S woggdug  wking (29 8}
3 ‘00]) g durig soung 05y g
les oo g g LT W T I
1L ‘nio]) g dung wwd 82 | €
{8 0] g g sdung 05°L Wllm.m
1113 R ey gawng ngi_% 050 ; i :
RipeRd| s | T e TS T

mjlﬂl.u..wu. L .ot P,

| umiboig ey 350n0) [ uohg | opwasonry [soung

B T s o -

V4 %1 0+HO®I 9 dN V4 %1 0+i8lem ¥ dIN < D0 USAOC UUINOD
UL/ U €70 8181 MOJ) Ul / 8WI} Uny W |["gX06 N 977 Xajeuy :uwinjod
(OZH/HO®IN 08/0S
§O N 0G1 UoDal pue umop Al INDV 009 ‘Wnies N 00Z) NOV UM 1dd

(OZH/HO®W 0S/0§ Jo In 051
UODDI SUSAJOS W Z°| ‘WINIBS N 00Z ) 91el8de JAUIT /ouexay OL/06 uim 3 717

:yoeosdde uopereda.d ajdwes om|
pjo s1eak J obe Jepun uaippyo pejood ul paledard sem Q1S
s|ews) pue ajew Jo sjesigng §

suonIpuo) juswuadxg



PCT/US2012/040748

WO 2012/167254

10/31

g ainbi4

Ypu Ay
w‘w Cf 8€ (B 9€ FE VE EE TE FE o“ﬁ gz 8T LT

a0

e

16/68¢
/NO SINd

I 0006

303

2Ll

P}

st 'h!_sualUI

Ojw By
O“v QHM m..n h_.m b“ﬂ 0...n v..ﬁ ﬂm Nﬂﬂ r“ﬂ D.ﬂ a_.N m”N h“N OUN
e 0
- 0'0D0T
- 6 000k
[ 0’0600

ALY

601/68¢C
/NO SINd

3da GRE'L HEW

*reprl td] £d 005" LAAD0ZEAT Ked B M)

[ 002

Rkt

[ brad'a

[ R00°8

a1

Ealas

e

sd s X e Q1 00 004 4600 BT TRIEd O WENE IO 21X pm
LRI

o“v oum e L€ c..n u“w w“w m“ﬂ u.m r..m Q_.n D..N m..w h“N
e
st onel \n_m%mmwmm
uoj

e

s43 ‘Auajul

Fvap'y
1E£E
"sds PGl NEN w391 Q) B G DOZG0H00Y 63T daled £ HHWS O OIX
[CTTORETTH 13 _
Ob & BC L€ QC FE PE EE IE VE DE BT BZ LE oo
...cuij?z\\rrs.»!\(? WP Pty A I::L\r
BRE
\ ﬁ L ronos
FOdOL
6017682 L evsry
{440 SINQ
LpI0E
HET

8E'E

J7Tedwes ewseld of ojella su0I8)sojsa ]

5L 101 £G D0Z'ALI00T 0BT &2 6 £ Wi M+ 0 Y

s3 Alisuajuy

53 'Ausuag

"




PCT/US2012/040748

WO 2012/167254

11/31

6 a4nbi4

i

ww ey
GF BE 8€ L& Q€ SE VE €E TE VE OF 6T €7 £2

upw g

ov Gm gE hn On A vm ﬂm mmu rmn om DN mN hN QN

[ i éi

ATy

redo pIE'T W

punoiByoeq / 371 £ Slews -] SUOIBIS0ISS |

, 3q] £Q 00T 60L/00Z'60Z (sed E) W +3% DIX g

%%E NG
h | _ | -
16/68%m £ 601/682 e £
/NO SN, © /NO SING o
B 8Z'e 0004 i I ooob
500 PG| AERH o3}, 1) #G 00K LG0T 08T Turd ) i jo O gy - [[S40 4351 HER sal 1q) BQ GOZ'B0H00Z BBZ (NEd €) U410 Q1Y pmy |
o mm mm hm nn mm ”_M_ M.M:.Nn rm om nN 8¢ £'T o“_v a..m m_.n h..m o..m mhm MM__._.M.MEN.M r.m _u.m a.N w.N A.N
YT 000 aﬁxf{
3 o by, Wy FA"
1 xnom— _
oost oz 3
1 Foosk @©
=4 F 0002 uN,
I 0052 ™ 6ae o
 oooe B L ooz o
16/692 60L/68Z;
| /440 SWA M..m /440 SING 1oee
———— a .




PCT/US2012/040748

WO 2012/167254

12/31

01 ainbi4

582 §2Q°Z HER

F———
K L TP TS
o 88 82 L& @ ot ] €8 ze v O BZ BT (% Qm g2 v« ab g€ 0¢ LE BT SE Y BE L V'E OE 0L $T hu eT 92 vu
\f ﬁs ~ BN r = 5 e~ 4
| o000z ] L croooz
o' once ;
P Feli i
¢ oo . i
L Faooos D rooooe B
w_ % 2
: Feo T ooes T
k= o
Z+aZ" T=(ISIDN)Y A PISKE N@\@@N ez © mO _\m@mw#_mm_ NY A3Q'PISHE Lovgy
pHag Ta( 73: Jead INO SING Fes INO SHAMF=(39ps) 1 yead
&S5~ NfS - SET w N/S [
! |
Lyorr F oL
e prE Ee
$45 gL Ry |TUOILOKYL 1: 00} L8002 66 (RIPd EV WHINT IO D1 |15 bIGE AN THISHIIL Q) 20 DOZB0H00Z 68T (RITS E YU+ I0 O g
(TR LT ) LFICTRL Y
Ob 6t ¢ LE OE §E VE £F e «n Ot of 8T L% 9Z ST wu o O o¢ 88 Z& UC §E K'E CE TE VE OF O BZ LT 92 92 F«co
wt o . J N afiiw,,r,_s o, ¢ oA ..1,:..{5 = =4
18'c ¢8'E = __~ \ %..-_ €0 _F _n - 0'000%
. J __
; ., alli REE J 0600t
F\ £Le \f / 8z
> Fm - M (I grooos
n—m Losers W 0s'e 3 r 00008 m.
2 ]
~ - ’ ) » RaCil-
Feret 5 ! LevZ's B
i . @
| 16/682 # AL 6011687
| /440 SNA e ) /440 SN
' ﬁ oty
oce “Ree e prozT
‘‘uelpsopty] ‘gL eq DO} LVOOZOSZ IR NN AN gm | 590 peGZ wep rapslset .l TG QDL GOL00T 002 (HIPd £ WHINJ? 21X

Ldd £# 8jews-| 8U0ISIS0IS |



PCT/US2012/040748

WO 2012/167254

13/31

TR LT
0v ¢ B'E L 9E 5 v €8 TE

L1 @inblg

gE 8¢ 8z L2 Q&c

Uil ALy ),
c..v a..m. m“m h”n a“m m”n v.ﬁ m”m N..m —.ﬁ o“m m..N m..ﬂ hﬁﬁ

503 QAGT KT

0
L 0og
- 000}
. cogt w. - 000! W
- onoz HM hoosr 2
T+af L~{asipNY ABQ'PASHE Loosz @ T+a7 6={a5ION) A9Q PISHE 2
erace=(agnsyixead /R  |ooe £:+89°2=(3g15) VI ¥ead Riasd
2k NS 60L/68C zszliwrs
\ZO m§o - O0GE \Zo mEQ Fo0eT
@®e osLe seE 9zLz
58 E0RLE WO 30163, iQ1 €0 00428007 08Z {(IRd £ MUN+10 1K py - {]'532 E'GTLT KON 1159 L 1] PQ O0Z'BOLO0Z 8BE (sjed £) WU+ IS 0Ty
upur 3wy, U AL
Ob G 8F Lt OF 8 VE £E TE VE OB 02 8T LT §2 Ov OE §E Lf OC FE VE €F TE V& O€ OF §T £z
;«.\rco L oo
A N/ NN \)ﬂ.
eV ] 88 Py 0000z
g Ta i) £8T
- 0000t
LV'E | = -
Fge0s W. . 00008 ..mw
L ogt o L goooe &
L6682 ° ?
L po0't
- 601/68¢
\H_“_O wEQ \H—lo M§D Rt
F 9997 —
EE IE'E
“ISOISP L 0] 70 OK L/00Z'06E (SIEd WU 0 O gy |59 b KPR oi3HL, 1q) £Q GOZ'O0HO0T 08T (HITY £) EK+10 X g

1Ldd Z Japun ualpjiyD pajood 8u018)s0)se |




Bl | ainbig

PCT/US2012/040748

14/31

WO 2012/167254

waen SRR viEEE [ o - wron R R [an wsén  FEERT wiGMMR . (3o
e XWW mbd WD xa W MGe Wewg xam  oma ww xOw  Guy oy Al pwru ma wa xsa w3 R
uju ‘auy, L ol L ‘aun )
gf 96 ¥E  TE O GC  §L 9F  ¥r  I% BC §¢  ¥E  ¥E  bE 8L 9 yr 2 8L 9E  PE XL 0t 82 8L ¥l 1T
LIRS 00 [
¥8-03 rEm0 Feho
£ 8800 FT
TEADY Mv 254D mu.u AT mu
3 2 S
e g 90 B LI
& 2 a
ar B a2 e 2
Q o o
TR g o = v =
R o 5 14 5
B 5 . =
4 T g T g
528 aTAY
llllllllllllllllllllllllllllll ¥ w:.ﬂo.lllill.l...lluaii....!l.l.al T T T TEAD
i e s i e mm ] e e e o e o e e e e e e e e s R — s ——r—— — —]
i ] Th H TS 084
g YL ,KN- R
H [Y7] L3
T ;
: ’ w ) TEH
i3 - .
Ip 3w} g fpe) ot [SS GAEUN ASOTHILG PUe 670 A5 - POIRT oM on) 19§ 0F FE0LEER1 uomieena), | (3 opse} b opvg gL 1S QBTN ASOTTUS U0 67E A5 10NT WML 15 08 OLERE] etmieeura, 18 BPRH B1OLS WSTORN AS IB01€a) HererL 02 5V 000L A% - AU TVOROL (COTER PemrSRaL,
UITTRETET Y U et it W)
¢ 9 K6 2L 06 &Y ®r  ¥T 22 . BT 9 FE E € 87 8T vZ 22 . 4T 56 FE TL 0T 8T 82 ¥z 22 00
s - / Howrs
0L . [
i o A4 ot
tos) ez kR £opy
UG
oeoz 0008 : 830y
oosz . e
ik . .
s F 5 s 5
@ & 205 @
) e @ g vt @,
2L wor € =3 @l €
) w09 .
{deo plob) osr {deo uaalb) 5L
TEL
sgnydss wnios : pres unedad wny w00 i . vt
uologlu
aL 1SS woss pUE [8Dp, LSd one oSl AiS 1
& Jauieindep g o008 @ lsuieinoen dg SUQIR)S0Isa ] ik
005 el
. . 8981
~mw,r foss 257 16 |
5 99k
Pymoan weatagn Juosinir 92] KW T OGOE A™'S5 03792H ASI 126 PU% E0T-687) *601 02 920 B4 Ik pagosi weesne ) Jruceon 2 s T 000E A d GTEOM ASD UE P £aLEag) see2) Or 290 wou i1 Isucmu 57) e vl 000E AS + PRPTS VB0 1038 US O ASDT 0168 19ra) TG 80 W HL

60} < 68¢ WHIN ANOH41501Sd1L



PCT/US2012/040748

WO 2012/167254

15/31

gL} sinbi

wn GEE TR w wn ] o “ wn (S an L w
[orrair-guswen ae o w g e e | (i g e re  zva wes  wmee
R Sy p upLaw) LILERETTTY
k17 k14 rt i 14 w.ﬂ 3T e (13 ac aL rt TE &t 14 L e 2 13 80 ka3 £49 114 114 a2 H 7
0o L L]
|
TR e _ THA
190 sen ! 8283
twr .M 1500 M [ m
b+ o
Er] g jees .m. w3
wo 2 2 2 et B
Qo o o
LU = L2 M T M
w2 g g
nwo g s B aw B
- - o
) .gzr0 EII)
IIIIIIIIIIIIIIII R T T T T T T T e e e e e e e B e
.Illlllllli,la.z.i,lilt:llllll EEeTo————— —————— —_———— o ot et e oo -
i YR ;i I3 L175]
£ 151 i
& it (375 it ) 260
e 3
e 35TE Mkt 4401 1SS QR ATDY IR B B0 A5+ iowed OAM SN 185 &4 LR s aeaga), ELL ] o |00 ) [ €3 3R AGDING [ G AS AT S S) (5090 LEea] sy, (D22 1) PSS e A DT L2l TOE2E6T 39 [l QOE A5+ FERAI5 TUC000E 13 81 Beeinna),
Lt T aturL e ‘aug UEW 'sullp
L - L L A L O L L L A L L S T
i R 5 0 g ol s b FIXT i — - 213
b . b \ Beeos
s ! s T T
pt
“H .
[ w, s 2o
1 H 8%
Rl Lo
- 4y
(1 . si06
- e 3 : wee T
Dy -
m P m . Sy nuw
0, o, e 4,
me g psc F ' ) ot T
{des pjob) - (d=2o uasaub) vos _ et
. fare
agnydas winlas upedsH e -
e y oy ea uciafly| py it .
w), 8% pue |95y, 18d 1199l PIg ' _.,”
rsT s i £
@& BUEnokA a8 @ laueinoeA Jg auola)s0lse ) i e
s it . s
. & £ a4
. s &3] £0%) 5% o9 1 LU H
- AT e TVION A AASY SAAY 55 03 ONASTIE S EOLEEEIEALTR M oo o2 51e Ve 000 A8 ERET AN SE S0 QUOTLASTI UG TR (bl B o angme L | (e a0) eglie TEADE AS - PAPOMIS TON0R T RAGLS SN LCER a1 T 25 v g

L6 < 68¢ WHIN ANOHILSOLSTL




PCT/US2012/040748

WO 2012/167254

16/31

Z1 ainbi4

SUGID}S0ISo §

A\ Ao

v
N NO+
S9oUBIS)IO|
agny Budwesg
snouabopug
seey podsuell Ul ploy olulo
(AS) ebejjop uoyeledeg
Buiseaiou} yIim JUS AD

N~

AG

A A

JUOIBISOIST].  SeuBISHEU|
sgn) Bujdwes
snousBopug

uaboniN

{(AS) oBejjoA uoneledag
Buiseatoup UM WIUS AD



PCT/US2012/040748

WO 2012/167254

17/31

¢l aunbiy

it b haddut: - INCLH ] H
LT 1 ) - L) L] -r e mEe Xw - e s YN
TR T iU ‘e
2 I 5 g g ¥ £ 4 b 7 [3 ) ] 4 € Z 3
o= AD Gl-=AD
0028 =AS 1 ZS: :
nﬂ>0 Ot_u.wu_:m,n K
.m:o._mﬂw.o“w.“m\_;., 0=AD 0=A3
S ik 5 Y d Dhe = AD Y Ol+=AD
T swbvmrs] 1 g e o5 brt) Guyiein 1L L VRY vt e By e [rasd Dl A3 Vil MnnineL 1L ool e W A T i DO A5 "RNL £S5
dyw Wy, ujw fewlL
g i a S v £ [ Lo i g [4 9 g 14 Z s
<o DeEpQ oRp
£80's
vep'L Fet
veg'y
el
peO'e =
= g
» - 2
Qbm Z m peg .W.
pepE  F Z
+95'8 Lad
oot ELe
SO I {ecm 1) fnd ~ suoInS OIS OL) pog
QUG suoMTEOIRa, ER a1 30178 - (04) 350 RORTRIAS LIS O IR,
-
RE) 52
. o0’

Popcont Lxie ] PAROOGS WS “Pogeoty 425 b WAOS] vy MO EpRS /UG SURBORAL - [§ ) Jpa YO AS (M4 QUERRNTIIOZL VT Y L

Pogils Louer) PACCES Urpanes) Troopirx 471 Hiies AN FI0Y DE00d [N-TOZ WRREIRS) - ¢ bt e e AS TS QLSOReTHAD LAY T 1t @
AT ey oo st TRl 511 M ¢ ISRy D 7T AT PRTL LTS /| Pl S SR AS IS YINL ST IRPE- LR r e T




PCT/US2012/040748

WO 2012/167254

18/31

1 ainbi

w
e R

s ]
o4 SL (1A g'g o'y ¢ o's k4 (34 €
0ze :_>m 18 Z'8-=A% 0} PayiuS =
: s m_._EBmbm ._.
PR . . . : =AY
. ADanpsod oseyis e
£82 SSBW J2 saaupiapal
nousBopus el
_ [} -‘.l-ntltb ‘I\ﬁ-—lﬁi!‘i.— L e Bl Lo d | —w.thnﬂm AR :.—cﬁﬂ Oh.*! ._’wmiln.
Ujiet QL
oe A oL 'S o8 56 0's = 4 [ R e 1) gz (134 o 8 L3 50 5

/.\ e - geQ's

bep'g

Iswo 1

*

‘geg 1 .
[R+114 04 m.
i Z

5052

BU01SISO)SAL, JO AD T8 68¢ 40 WIS 10§ JIX — e0B1L Huld cooc

(sentea AD IR} 682 10 WIS Jo) welsBojewioayd uo] |Bjo ) — 83ei} anjg
' GRSTE

P nl U 8 3 i AT [WROIA R ST) Mk Ty vy Uk f il XL AS]

AL o | W ) ] AR 3 ¥ O A BT Y RORe (LA KL Sb) e (O

AT .Ibnﬁ
iEEina!_E.iilh:w;‘ﬂ«fwﬂ—- 1-30 L I | e d |yt !-l>n§£!|¢¢-¢!an LIRZ LI O~




PCT/US2012/040748

WO 2012/167254

19/31

eqT 24n314

upw ‘g ' (TR
o [ ._w_ 5 L) 4 2 5 £ i z L “ 1] a # § t [ 1] + € L4 f -
v v v oo e
q k A
656 g ¥oi
EL T, e
2 Z
¥ st 9§ e &
o
BOL-GLE PUB J6-GLE INHN | § B0L-GLE PUE /6-GLE NI [ &
suotaisalbold e \ auorelsaboid e
asol 440 SINd qonr 656 {G'7 ACD) NO SNQ }e
et ke AT T Rk R R M skt Ak et gidmh_ﬂﬁﬁ.mn._ﬁnﬁﬂu&,ﬁ_w.ﬁ..._ﬁhﬁurﬂmvﬁmuﬁﬁﬁmﬁ-
Ljur Iy uiu "ol
t [}] § w 4 L 5 ¥ t k4 L 14 L] 13 13 £ 1] 5 T £ 4 1
v ..h..»ﬁ)ﬁww; ¥ e e L2 T .4 ﬁ SRS : °
Pl g ,c B ¥nar
T8l 1058 0! otns e
_ 9 - w5
o ®
i G . - = 3 g
601-L8C Pue [6-/9¢ INHIN = B0L-182 PUE [6-/82 WHIN e &
suopaucjsaipy [, \4 BUOIPBLOISRIPUY  [we
(53 .
- 440 sna s {5y A0J) NO swa ™
e A I SmETIg e Sy T A 1IN S0 s TS et e v LS
LI ‘aun Uiy “euitg
1 o [ 1] 1 L4 E F (4 T t 1y a1 [ L] £ g 5 M £ i *
i W g s e g [T
H s /...\\ - g
4 ¢ .&RZ
i 5 5351
1) w3 il EC TR
S 8 @
5 g soc B
(o11) wesBojewoyd uol [ejoL |, = (O1L) wesBojewolya uol ejo) |, =

430 ST s

e

Fasopitmra 120 bRAYS "230 (KD $Ei} Lrd b 7 hama ip - {r Soey] gunmsi psad 1EEHS o] i

EFS

%9

(' AOD) NO SWQ 1™

e
580%
5355

FABTUAY 120 MiHe TIA0T 1O SIHE 143 370 4 %4 871« [2 SRAI] jrd St gt Spusile s i

(deq ploo @g ui psos]|oo poojg) se|duies | 44 Sjew pue ajewa) pauiquion)
(pasojuow NI 1) seifjeue plossis Q| Jo [eued




PCT/US2012/040748

WO 2012/167254

20/31

qST 24n3iy

_\ |eaue] _ ﬂ

EP-auIaoIsa)

Z Sro|50)5a Y

| au0ss0)sa

Z 9uosz)sebaId HO-Z 1
| auois30e-H 4 L
Z aueiasabiony

{ aupla)sabiolg

¢ [oipens3

Liepensa

Z 5¥3Hg

1 §¥3HT

2 ¥3Hq

L ¥3HT
Z1051909fx03 (- LL

| Josninafzoac]: |

7 810133000107

| AUDIBISOSNDY

Z josi0]
1103003
2 SUTIPAUBISOtY

(psJojucw WMIN L 2) selfjeue plosals () JO [sued




PCT/US2012/040748

WO 2012/167254

21/31

aomfﬁﬁqw-w.msﬁ
A0Q) adjeue plole)s J0) sanjea ADD Jo 2Buey

(00ZE AS 10} ("L 1-07L WOl AGD)
agn | uoljoa)o) paojg A¢ paanpca
BduziaUalul Jof SaNjEA ADD 30 aBuey

Bg| a.nbi4

(uiw) awiy o7
i)
¥r 5k ¥y n.v IF v oy &L T T ¥ ST ¥L £¥ m“n e d¢ £ B2 r2
o2
A
'y
..... e g 9c O
m gr <
e et 41300 w8 s B i £t 8 e 54 e e BB e e e T veimemsrine | 0D ,W
||||| e T T e S §
\@ vg
R 98 |
b e b e o ot s o s A et et bt ey e e v T e e i e 2oL

L v (LT

= @ G000 e B
EUETTY
A 5 ¥y EF Z¥ LF 0 KE B (E ML SE WO EC ZE 1T O 61 ¥ 12 o
o ; 531
Ht M_ { 597
t W )
e 1668 WHW 1., 3
<
LSS BURINAIZA JF WOl (s
- joRIjXa | dd Blora}solsa ][5 j
— ST

Facipem ] pase 'e2a BEESE) 1o 200 B Gostil Wl e Soita £ eRe wie ) _




PCT/US2012/040748

WO 2012/167254

22/31

49} 2inbi4

UL "swli}
m.:. qil 501 no_ m B3 £l 0l 59 3 55 0% HJ 14 k14 23 57 [} 1 a1 <0
! 7 ; A ! ) A A .
\4) /\J; \H ﬂc), ﬁc kst
auosalsatiotd <5 » a0 s 3
[} [l
o = TR - =)
s m:m a 55 {uoifiad plosays se) EC S
204300 vaua g 29 0 Z
PAR R E4 / 0028 ASIE G AOD o
p 9 <
& 9 =2 o 10
£(-9U0I9IS0159 ). o W. W ® @0y [OSIHOD NO SWT 404 JEL s
[=] u b
v a (o 178 YRS G300 S S0 18 S50 | 3FEag gt 12 platst 1 i) s cpeiarg ooy 31
5 EE.aE_._.
5t a1l sat ol 58 ® §5 s \m-w or st ag 114 n.u a1 a._ m..u 0
.\I(.!.l./.j\li \/\(\\J&\ .C..il..(....l)).\f\l B
)
%7 =
el
3
5601 (uoiBas asjou jo eaprjuaseldes sey (1 3
g
00ZEASIE 0’6 AOD [
i NO SWO Joy OIL [
g X
[rocsg=Rn §21 1RGN CAED 34 THO B3 33 Y SEURE ML~ IF PpRaCe) ih SquTkpnm) AR <)) )
e aw,
sit i ot ant £1 a6 i1 [ i-1] as 51 111 54 -39 b1 ar ST 139 E14 2 41 91 0 o
(/Z’ /{.\\:‘[l..\llr\.\ o
gz
o2 El
7285 i &
@ 2
bt} o F
5%

viog) 95€ 8

440 sWa lo) DIL

5

i 120 I 250 1O G0 LT Y kW XH - I 3rAMHS GATRIFACS TRKIG BT 1]

(den ploo g uI pa1os)jod poolg) sajdwes | 4d 2jew pue sjews; pauigquio)
(paJoyuow AMN |Z) SeiAjeue plolsls Q| JO |aued



PCT/US2012/040748

WO 2012/167254

23/31

auoIsabiotg

ALOSHIIERI

LT 24n3id

UILIOIISS5|DJ0 M [UOIDISOIDUY

P
=" aH
'e H
\x\h\\ OH

SUGIPINBIE0OIPDUY

DU QSRS SUQJBISOISDIALNB -2 L L

=T

HO

[UHOIOIED N SUQIDISOISD |




PCT/US2012/040748

WO 2012/167254

24/31

gT 24ndi

QL-F012a ) (%730 L TIBIAR KON 005 AS - 10 1 210wz s 1a1po jy D104~ Per ™)L LOZ- L L AINFwo 31 +

81 91 ¥ 2L oL g 0~ a- ut- 2L i~
. L 2 4 t - - - a0
/ o
f J
h 0L
! .u
H i
i w0z
PPV 2ii04 i i
: b : i | 7e0E =
; | a2
/ =
i | w500 w©
P 2,
m %08 =
| =
w_ ka9 +~
| [e)
H 0L %
M_ 00SEAS
00S AS / o8
\ | sr08
B
Wi L vz00t
POLEOONIE UCEETIRT] "POLIRUIIT BRITTIA ) "PRLInows Umsane ) (601 / L GOZI GO L3050 L I LT IMAInOg aind 005 AS - [1 od JIACISHIPO W INEEIGITEIGIN ST | LGEZ- L L S0 wol) T35 @ -
81 gL i zi ol =3 G- &- at- zZl- v
. + %20
oo
.M i Lesan
— 1
) §
| c.‘ F 208
b
1 i
43fipoiAl oN L A
(. =
b b esor 8
_, i @,
{ L =508 =
] —
i =
H COS AS | 2a0a —
i o,
[ <]
W M | w02 =)
]
I s
00SE AS b :
[
{ ~ : L 2206
Vi .
Ly 3., - 004 ;
R T LR En B PR LES ) PO 10 0WS U] 97(0°G0L s L'EBRIG

|



PCT/US2012/040748

WO 2012/167254

25/31

6T 24n3i4
9T°¢ £ 19 | SSOSdTEHSTY | LT £67 705 | TT0S ajeuordold suoseangy
| rar G- 'y SOZT48THTED et £6¢ 11ty ity SUQSELBWN|
9%'7 'L L'y SO46ZHTZD 5T cee | TEee | 1g6E BUOSEY1BWEX(
6T°C 6- g€ SO8THTZD Ut e | 7198 | 7ioE 3u0|0SIUPaId
80'C 8- TS SO9ZHIZD ££T b1 1668 | 165 auosiupaid
e 601~ ov | ZONszHIZD | ¥t o9z | zoge | ToTE UIW04)SIB|2I0N
ey Te 5G ZOOZHTTD 6 so1 | zsie | 7T 3U012359801d
50°¢ 'T- ¢'9 ZOTEHOTD 52T g1 | TsoE | Teoe auojoNsIN
£5°C 98- T9 £08THETD Ly 12T | Tsos | zsos U013150)531A%0IPAH-BTT
87T gL- L9 ZOOEHOTD 50T 6 7'E0E | €08 30121501523 AY1a -8 /T
‘eu P11 T ZOYTHOTD 671 WL | 6T | TS 3ue}SAWBN3
ey Sy 5/ ZOTZHBID geT 661 sz | Tz 20453
9.7 9- 16 ZOSTHETD 60T L6 7687 | T'68C BU04IS0ISI
16'C 17'9- LS Z08ZHETD 60T 6 1687 | T'6%¢C 8U012150)53}1d3
81z ‘p'u LS COVZHETD £t £01 68T | 167 jotns3
98'C g'g- L ZOYZHETD 16 60T TI87 | TIST 3UOIPBUR)SOIPUY
797 11 L LOOZHETD GET 12T 8T | TIST BU013)5035330.pAYRa-T
(unw} 'y jonuiog IN | ejnwiod | €D €0 | ID | +HW aUIeN




PCT/US2012/040748

WO 2012/167254

26/31

0z 24n814

Fm wee] RIUTE 0 OFRE VRN {50257y TRETLY o] S 0 102 S0o] aly e g sy 00 075 s SR IR 188

[T 1) Ul aun|
11 3 it 143 5t § 113 11} &0 i or 3t B 5¢ [ & Gl St

] - o)

*
Fi 21
- 13 - s
[ 5 Sl e oM

]

wooZ E
WY o s
W R

FUpTRs WD QT ¢ OEIHYA ARREEIISE] BRORALY B3 ) T Akl s ] 3o 0 s el WO IR

Alsuau|

w3k

Alsuaiug

PRams ) ANE s SISV 1S 4P (MR Ui DAY B RS [T 1) 2 38 O s eI ey T

Ansusiuy

IR Upt "3
I B it [ 5 [ H] Gt 0 ir ar st it 5 [ 51 ot [13
- [ . - o - 0%
1 d [ v
113 [}
512 M 154
@ v
O @ s
o < i st
S5
P B
saLe ) 1y
d
Fepmttareg o 2 G I8 el PEa L 30 (7 RRE) al R [} TR0 S s ey ICSRIRY TITINTY B T Figanes wmerey 6] £ 0B Lo 3259 (Rmmna ) b 9ol b ety i gl 2ey n I WS RAWERERL IUESHIY 359 08
TR0 g Ul stulE
5F ar m.n &L 5L 37 118 gl 1) " ar ar H - " [}4 §1 f £ .
fn. d s =y ‘_n.é
i
a1 ki
(1N = 5
2
g8 .
[T a ! 153
< Q a5l or
3]
auo|osiupasd oUQJo1s0)selids
R oU0Ja15015a) 5
5 1
oAy

PR TIEE) YES PO 1N 10 BTN W Ly T skl onimmenis g 3y e i S Sn0  QERlSY 48 r

PIOB JiULIO
SING

13i}ipow ou
SINQ

3O SO



PCT/US2012/040748

WO 2012/167254

27/31

T¢ 2814

asiop

[x: 19

T =N/S

pIoe 310
SWA

FOqraws o230 ¥ LT Brssa fl ol 1be T () Ty 0 A m e wme Tty v a0

Ansusiu

}ueﬁ
4t 7t TE 9r ocd 3 e T 87 AL W

VI

P8 = N/S

Jayipow ou
SWG

6311

=

s

Prd
39
s
=l

i

Apsuaiuy

PRy (IO Y GRS SRS I NG D § B Seed e SO D RS e s DM MR

Uit ‘o)

af  f T 0L &1 Al

FLOIT 4T 81 LT

“hn

GaE Ay

HO SWG

Feeamn vty Py 93t IRAAmSYIHIOIDY @

g™

pige
bl

L

leay's

e
5831
S
9L
535
954
5997
LIt
bl e
5433
588
b1
bt
Lake
4eat
L1
EL 2
it
gerr
St
bark
599%
5%
55
5925
5735
g
5P
siry
4%
Lok ]
Ll
5eIy

Aysuan

BEs BN H LUl el s



PCT/US2012/040748

WO 2012/167254

28/31

72 2INn31

U ‘shiLp LT TR [UERE T
¥E 4L 20 18 80 £ B 42 47 §& ot P o3r W2 Bt 2 OLE OF 2 81 £ 9T 4T T £ 1 AT vEOED L A O€ B2 B2 X0 51 & ¥ L2 I IR
L < = ;! Ll 30 i AILA AITINN A - +.
] * 4 [
£435 1534 3
=i L (=T
e
LA L Wil [T
3 3 5
e = =
@ a a
i og 7 4 K
g Z g
[t R H 424 w31
3 [ g
3¢ v5¢ 15E
FSLT
FRAORIRCHED B 5 £ QU0 0] 2R5) £ TR0 2eA) L NS A ORAER) DI T o8 N peonye LR ) (5 DERIASELE Loy g wa QT R R TSN Y el Fogmes ol 34 QR UER) 580 SRnd 68 Dy GBIy gy vy I
gk "3ty I "Bl Ry Al
POEC TEOME Db B2 BT LY 87 40 KOG 2 W2 RfOEE ¥t 12 BF A7 BZ 2T 8T &7 ¥Y LD 2T 7 FEO€L T OLE G0 BT BY 42 40 40 B £2 I 47
- . . Pt S 3 [-H] i =L
. > ¥
1 vy
1511 93 far k]
- P31 s LT
9978
31 LT #51

z
Apsuaug

a4

Eopemos WeTRY VAL 2 D657 G AP 6L 2R o SRS R ORI T Ry e 30

£
fyauoiy)

st 3]

FmRs WEREY 40T 2 0 L) ean dar ety o v W R R TG R T

]
Aysusu|

WLl

Lacl

(213

e R L R TR T ) R RS R T A s i e T U

16/682
YA

601/682
WHIN



PCT/US2012/040748

WO 2012/167254

29/31

€z 24n3i4

Ui Bl
4] k13 (13 42 LT3 5% n.m 5% E L] 5F

'H

SE

L 13

-

114 €l at S0
- (5]

00°GE-

<l

SLEN

OW-N | R e

L1 1

sell-

060 |-~

JJ I

20113

SL'g-

0S'L ———

¥

S8

s

[aliE]

GL¢-

=L

05'Z
.Y CISp——

060
mN-— - Lo e s L )

GZ'G e e g A B ST AR bW 4 =

a5 g S e e i R A e e

e

08

a1

S01

St

&

&l

L}

5%51

5231

¥

533l

%l

553

e

e

B¢ Diageagl A S (2] > "0 AR 300 3mSR, BT Lpz] oo iz opospina ) 30 avotsespuy - {3 Siwealj o ja 1 HIW e Rt apopkia g secpsuaitacay 1102 SHSYLSII0S .L

Ansuajug




PCT/US2012/040748

WO 2012/167254

30/31

g 24n3i4

UILLE “BUHY
08 58 02 51 oL 53 1] 5§ 9% §r

[

g &e [ gl i

50
i1

a1

L]

YD
g0t

gazl
5.8

UEXA

oo.mmN.@u y

SLE

o0 g .14

SRR, 1)
D g Pl | §

sz1 BT /s

0S¢ R

O
hicld
5
0§
Eal 13
bai1]
w05
5904
i
1
IO
wr
o5t
593
/A
Fic 53
i3
502
512
ez

Aysueip

{0262 GBS AY Exomes £2) et o ARD - (J009] om0 B57E SHY Booslied]

b (- ouog ypny+[L 1" 3 M §

oDy ZEOZ SHEV R DI @4

uw ‘aw)y

woon T IEEE. D9
o

weap g owa o ual

B BY Ly 9% SF ¥R EF IR Ly 0P BE BC L€ 90 FE ¥ {T Z€ LT OC 67 @ ST §2 ST ¥Z ET 2T 1T T &) 81 L) 91 §1 KL £ 21 UL Q) B0 B0 (D 90 S0 $0 £¢ 0 10

o

ouoipauslsolpuy \

au0l19s0]153]04 U\F_mD -T

S1-42)

ST-AD
(110, 04]
G4
AR
STA)
A2
524
S0
FLAS

¥

§TLA%T
R G R




PCT/US2012/040748

WO 2012/167254

31/31

Gz 9Indid

LRGN
B0 3t L0 80 6 St 48 M b 66 &2 g2 M #1 g ®lowr moab ot

I
B o6 M A0 SL Rb Tf 30 1 B 60 $F &l 1 St i £f 0 W 0T

e

Ju..ﬂj Sy “l(lfﬁ:i..l if r()/\ \
ig s . <
: ez - %LTT ki
%56'S w0
o5 3
: :
[T g
< o %
33
K 543
P
e o3y i < 134
" — . e DYt . .
o0t seetd ) T L4 (Pl 5y 10e B3 )% S0 ot (5 9 ) A N PRI R RRCORFIIN LT Sy B e Fasaas iy $ 0T Ira t B gGe K55 BT IS - T 3R 05 W I FRH g RRASTE SR ) PROAIRERUT I EROY 5 0]
LR HT UJHr *aur |
st 3 T S0 SO ¥E L€ $F 30 40 62 T T I 0 0 £ T 1T W 68 3 (€ ST SC fE L0 7L 0 OC KT B2 T ST S eE £ iY 17 o
£40 a0
J i Bea) (S.Jﬁ e
38 :
. I 1o
%9L°E . . s
s %ES'T .
var Lok
s 3 w5 g
@ ES TR
(22} B | )
a 222
LTI >
7 e F
Y T
g [ )
1) 541
6538 2 F3z s
A A} RS sy
’ e g A L E
PR WTVR] Dy (0 (3R NERET ) WA i - (00 BT vr - T S e U R AR R R I DU A T Lk T - T ol e e e I e R T e e L s ol e T
LTIV TT] IR T
G 3 o« 90 5 ri £C 30 b BE ST 37 27 YT A7 KL 40 Tr 1 el a0 L L L S I L T L L o I .
A L]
Bed . o
e %8¢'T
&3
=1
e oot L 5
%EST W 2 w3
=
z“ “ e <
e ks
Srat ear
o) B = e
oo YD L T

PR N2 W ¢ G SR 1ol b T AW I S pegpIndastnieepip et par it

2UOIPAUBISOIPUY

papa 2 i1 ¢ | GF 1T DA e ] R

X vy Ly G e et g AR AT TR TS, DY € Ty

auotesoisaloipAyaq-

WIS
pIoE 21U

SWWa

C-WHIN
440 SIAd

T-INHIN
440 SWnd



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US 12/40748

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - GO1N 31/00 (2012.01)
USPC - 702/27

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

IPC(8)- GON 31/00 (2012.01);
USPC- 702127

Minimum documentation searched (classification system followed by classification symbols)

USPC- 707/713; 707/E17.017; 706/8;
Patents and NPL (classification, keyword; search terms below)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of

search terms: spectrometer, differential, mobility, ion, ionize, ionisatio

data base and, where practicable, search terms used)

PubWest (US Pat, PgPub, EPO, JPO), GoogleScholar (PL, NPL), FreePatentsOnline (US Pat, PgPub, EPO, JPO, WIPO, NPL),

n, steroid, testosterone, curtain, gas, vacuum, serum, blood

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
US 2010/0282966 A1 (SCHNEIDER et al.) 11 November 2010 (11.11.2010), Figs. 1,2, 5, 6, 9;

Y para [0006], [0008], [0034]-[0040], [0046), [0051], [0054], [0062], [0068], [0069], [0078], (0082}, | 1-55
[0087], [0091]-[0094]

Y US 2008/0166697 A1 (CAULFIELD et al.) 10 July 2008 (10.07.2008), para [0008], [0015], 1-565
[0020]-[0022], [0027], [0030], [0032], [0081]

Y,P US 2011/0183431 A1 (COVEY et al.) 28 July 2011 (28.07.2011), para [0011]-[0110] 1-55

Y US 2009/0256073 A1 (GUO et al.) 15 October 2009 (15.10.2009), para [0004]-[0112] 1-55
US 2006/0255261 A1 (WHITEHOUSE et al.) 16 November 2006 (16.11.2006), para [0018]- 1-55

Y (0074}

Y US 6,703,609 B2 (GUEVREMONT et al.) 09 March 2004 (09.03.2004), col 7-16 1-55

I:l Further documents are listed in the continuation of Box C.

[]

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
. to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0” document referring to an oral disclosure, use, exhibition or other
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