Accelerate LC-MS/MS Method Development
Using the Pro EZLC Chromatogram Modeler

o Cut method development time and cost dramatically with highly accurate simulated separations.
Related Products
« Explore different LC columns and conditions virtually so lab instruments stay online

running samples. Pro EZLC Chromatogram Modeler

+ Raptor Biphenyl Columns
o Refine methods in real time to instantly see effects and optimize performance for critical

. Raptor C18 Columns
separations.

Method development is one of the most critical, time-consuming, and costly activities in LC-MS/MS laboratories. Traditionally, heavy
investments of time, equipment, and expertise are needed to establish methods experimentally and to ensure that they perform ruggedly
and reproducibly for routine sample analysis. But now, reliable method development can be done in a fraction of the time using ResteK’s Pro
EZLC chromatogram modeler. With this free chromatogram simulator, separations can be developed quickly and easily without tying up an
instrument in the lab. Using a set of drugs of abuse compounds as an example, this article explores how to use this powerful, free, simulation
tool to simplify and speed up LC-MS/MS method development.

Comparing Lab-Based and Pro EZLC Method Development

The first step of LC-MS/MS method development—whether in the lab or using a chromatogram simulator—is establishing analytical goals.
Requirements for sensitivity, runtime, and resolution will vary by lab and method. For example, chromatographic resolution of critical pairs
may be essential for one application, even at the expense of speed. But, for another application, a shorter run time may be required in order
to meet sample throughput goals. Labs must evaluate and assess their own needs for each application before beginning method development.

Typical instrument-based LC-MS/MS method development includes time spent optimizing chromatographic conditions, mass spectrom-
eter parameters, and sample preparation procedures (Figure 1). Method development with the Pro EZLC chromatogram modeler replaces
days of lab work spent optimizing the chromatographic separation, identifying precursor and product ions, and selecting the correct mode
for each compound with just minutes of simulation to accomplish the same task. No experimental input is needed because Pro EZLC models
are based on robust algorithms and experimental data already generated by Restek’s scientists. With method simulation, the chromato-
graphic method can be optimized quickly, allowing more time for other aspects of method development, such as optimizing MS parameters
or sample preparation procedures. The time savings also means that method validation and routine sample analysis can start sooner.
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Figure 1: LC-MS/MS method development requires optimization of chromatographic conditions, mass spectrometer
settings, and sample preparation procedures. Using the Pro EZLC modeler to simulate different conditions, the chromato-
graphic method can be optimized in minutes without any time-consuming lab work.
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Once analytical goals for resolution, speed, and sensitivity have been set, method developers may spend days to weeks in the lab testing and
establishing optimal conditions. When doing so, they are limited by the availability of instruments, columns, and other materials. In contrast,
with a chromatogram simulator, analysts can explore the effects of parameter changes without preparing solutions, installing columns, and
waiting for analytical results. You can even test columns you do not have before you buy them to assess different chemistries and dimensions
and determine if they will work for your specific set of analytes. While sensitivity assessments, sample preparation, MS optimization, and
matrix effects evaluation must still be done in the lab, Figure 2 illustrates the relative speed, savings, and simplicity of using free Pro EZLC
software to develop the chromatographic portion of new methods.

Figure 2: Simulated method development with the Pro EZLC chromatogram modeler is faster and simpler than lab-based
approaches.

In-Lab Method Development Pro EZLC Method Development
« Confirm instrument availability. « Select analytes and critical pairs from list,
« Select compounds and prepare standard solutions. « Choose a column phase to try.
« Use compound infusion to establish mode and ion transitions. - Click "Generate Model!
« Run experiments to select column. « Use your model in the lab or optimize further to meet specific goals
« Stationary phase
+ Dimensions
« Run experiments to select mobile phase. Time Required:
+ Organic solvent Only Minutes
«Buffers
« Additives
+ Run experiments to optimize chromatographic conditions.
+ Flow rate
« Gradient
« Temperature

Time Required:
Days to Weeks

L~
2 www.restek.com RESTEK



Does It Work? Let’s Try It Out!

While using a chromatogram simulator is faster than lab-based method development, that benefit is only realized if the modeler accurately
predicts actual results. To test this, we will walk through the Pro EZLC software to develop methods for drugs of abuse and then compare the
modeled results to lab-generated results.

Select Analytes & Phase on the Compounds Tab

The Pro EZLC chromatogram modeler is organized into three tabbed sections: Compounds, Conditions, and My EZLC. Work begins in
the Compounds tab, and Figure 3 identifies the input fields that we will use to create a model. Our first step is to select a Compound Class
(3A) and then click on individual compounds (3B) to build a list of target analytes. This can be done by scrolling through the list or entering
a compound name (or CAS number) in the search box (3C). A Help file (3D) is also available within the tool, and it provides more detailed
instructions on how to perform specific tasks.

Figure 3: The Pro EZLC chromatogram modeler Compounds tab (circled in red) interface and input fields: (3A) compound
class pick list; (3B) compound list; (3C) search box; (3D) help file; (3E) isobars alert; (3F) stationary phase pick list; (3G) gener-
ate model button; (3H) model view area.
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For this demonstration, we have selected the following 15 drugs of abuse because they cover a wide span of the chromatographic space (from
early to late eluting) and include isobars and other challenging separations.

1. Codeine 6. Dihydrocodeine 11. Normorphine
2. N-Desmethyltapentadol 7. Methamphetamine 12. Noroxycodone
3. O-Desmethyl-cis-tramadol 8. Morphine 13. Oxymorphone
4. Desomorphine 9. Morphine-N-oxide 14. Pentazocine
5. Dextromethorphan 10. Norcodeine 15. Phentermine
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This list contains four groups of isobaric compounds that share the same molecular weight: desomorphine/ dextromethorphan/normor-
phine (m/z 272); dihydrocodeine/morphine-N-oxide/noroxycodone/oxymorphone (m/z 302); morphine/norcodeine/pentazocine (m/z
286); and methamphetamine/phentermine (m/z 150). The Pro EZLC chromatogram modeler conveniently identifies such compounds as
Isobars to Resolve (3E) and automatically alerts us with a white check in a blue box. Since the modeler preselects isobaric compounds for
resolution, users do not need to worry about overlooking isobars during method development, and they can simply scan the list and dese-
lect compounds if desired. Isobar resolution is an area where it is particularly important to optimize for one’s own goals for resolution versus
speed because if certain compounds are less important, or if they can be distinguished by different fragmentation ions, then deselecting them
for resolution can speed up analysis time considerably. (Note that deselecting isobars for resolution by removing the white checkmark in the
blue box for each specific compound is different from deselecting compounds for inclusion in the model. A compounds inclusion in the
model is indicated by the compound’s whole row being blue.)

The final step on the Compound tab is to select the Stationary Phase (3F) that you want to evaluate. The pick list of phases is limited to
those on which ResteK’s scientists have already collected and validated compound libraries; this protects users from selecting columns that
are not well suited for particular target analytes. For our list of compounds, we will choose the Biphenyl stationary phase because it can sepa-
rate a wider range of compound chemistries than is possible on a C18. The Biphenyl phase has heightened aromatic selectivity compared to
a Cl18, and it separates many difficult analytes, often including isobars. In addition, the Biphenyl’s stronger retention protects early eluting
compounds from matrix-related ionization suppression. Once the phase has been selected, click the Generate Model button (3G), and the
modeled result will appear in the model view area (3H). Note that once the model is generated some additional prompts will appear at the
bottom of the Compounds tab. You can request help with your model from Technical Service directly from here, and you can also report any
analytes that you wanted to include in your model but that were not on the list. Missing compounds will not be available immediately, but
they will be considered for addition to future versions of the modeler.

Evaluate the Initial Model

The initial modeled separation produced by the Pro EZLC software for our compound list is shown in Figure 4. The only modification we
made to the automatically generated conditions was to change the dwell volume from the default value (0.25 mL) to 0.38 mL. Dwell volume
is discussed later in this article when we explore optimization, but this initial change was made to match the dwell volume of the specific
instrument that we will use in the lab to assess the model’s accuracy. After evaluating the initial model and testing it in the lab, we will further
optimize it.

Figure 4: The initial model generated by the Pro EZLC chromatogram modeler (4A). This model can be used directly in the
lab or refined further by the user through the Conditions tab (circled in red) interface and input fields: (4A) initial model
view (scroll down through a live model for peak list and compound details); (4B) Optimize Gradient Slope button; (4C) user
input fields; (4D) isobar selector; and (4E) results field.

Pro EZLC Chromatogram Modeler
.\

# Initial Biphenyl Model

— s5.101
Length 10000 mm I
Inner Dismeter 210 mm If

Particle Size 270 yem |
Avaiiable Columns 100, 2.10. 2.70 ~

Dwell Voluma 038 mL | '] 5 |! |
| 1 u 13
| 1

- Eidsoe Viser I\ meoarLp N 1 '
Q 1% Formic Acd I I 1 | T A I\ N l||
ac — ™ J\ I 1 \ AN |
EluanzB Mezhancl w <3 as a1 L R TR P G oAt DD e R 23 a8
.15 Feemic Acid
Tempersture 000 ¢ Povailable lsobars: Select an lsobar v

Back Pressure Bt 5597 pai

Extrs-Column Volume 2500 L

Moblle Phase

Column  Raptor Biphenyl (cavs 9309412)
Dimensions: 100mmx 2.1 mm ID
1 Particle Size; 27 pm

Gradient Program

T Time ¥
| Add Start lsgcratic Hold i} N (mUimin) Temg: 30°C
1 8ot Gragient Steps 0 4 04 Mobile
1 74 100 04 Phase
_} Add Final Isccratic Hold Al Water, 0.1% Formic Acid
[ Add Re-squilibration Tima B: Methanol, 0.1% Farmnic Acid

= Targe: Resolution Time [min)  Flow (mUimin) %A %E

m 150
S . )
Results

? Q4 L 4
74 04 o 00
Datector
i Time + Delay / T BT6/876 mil
‘Gracient Tima + Delay / Run Time min Notes T 0.41 min
TO 041 min DwellVolume: 035 mL
Isabaric Compounds Separated & EXraCommn ok 23 1L
Eack Pressure: 3554 pai (You may have exceeded your

Critical Pair &7 instrument's standard HPLE pressure.)
Critical Pair Resolution 02410.03-050) Rs -

When altering values, check that the bock pressure does not
exceed th trument's maximum pressure. Resolution may
wary with injection amount/technique/instrument.

L~
4q www.restek.com RESTEK



Looking in greater detail at the specific results for our initial model (Figure 5), we see the chromatogram simulator generated a 7.4-minute
analytical run time using a simple gradient that separates most compounds. The peak list table below the model provides additional informa-
tion for all compounds, including retention time, resolution, peak width, elution %B, ionization mode, and commonly monitored ions.

In our initial model, two groups of coelutions are predicted: methamphetamine/phentermine and dihydrocodeine/noroxyco-
done/O-desmethyl-cis-tramadol/codeine. Using the peak list information, we see that the compounds in the first group (methamphetamine/
phentermine) share both precursor and product ions, so chromatographic resolution is essential for accuracy if they need to be reported
independently. However, in the second group, all four compounds have different fragmentation product ions so they can still be distin-
guished by the MS even though they coelute. To better visualize the degree of coelution for isobaric compounds, users can select an isobaric
ion from the Available Isobars list (Figure 6).

In addition to compound information, the chromatogram modeler provides a helpful warning that these conditions may exceed the pres-
sure limit of a standard HPLC instrument. The void time (T0) is also displayed, so we can minimize matrix effects by considering if there is
adequate distance between T0 and early eluting compounds.

Figure 5: Initial Pro EZLC modeled separation of 15 drugs of abuse on a Restek Biphenyl column.
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Figure 6: Chromatographic separation of isobaric compounds can be highlighted visually. Isobars that are not separated to
your resolution specification (which can be set on the Conditions tab) are shown in red or orange depending on the degree

of coelution; isobars that are properly resolved are shown in green.
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Having reviewed the initial modeled results, we next went to the lab to test how well Pro EZLC software predicted real-life separations.
Figure 7 shows the results of an in-lab injection on an LC-MS/MS run under the exact modeled conditions. Note that a re-equilibration step
was added to the in-lab test because it is necessary to return the instrument to the set conditions before the next injection. Comparing the
modeled and empirical results, all compounds eluted in the same order and at similar retention times. In-lab and modeled coelution patterns
were also similar, but the predicted methamphetamine/phentermine coelution was actually separated in the lab on the Raptor Biphenyl
column. Because the Pro EZLC chromatogram modeler is conservative and designed to underpredict resolution, modeled coelutions are

sometimes separated during analysis on an instrument.
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Figure 7: Lab-generated chromatographic separations closely match the initial Pro EZLC model, but the predicted metham-
phetamine/phentermine coelution was actually separated in the lab.
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Optimize Models on the Conditions Tab

As demonstrated above, the initial model generated by the Pro EZLC software can be implemented directly in the lab with excellent results.
However, further optimization, if desired, can also done using the Conditions tab interface shown in Figure 4. In our next example, we will
optimize the initial model to reduce the analysis time.

The fastest way to refine a method is by clicking the Optimize Gradient Slope button (4B), which can be done iteratively if further improve-
ments to resolution and speed are possible through gradient changes under the current conditions. Alternatively, analysts can optimize
methods with greater control by modifying conditions through the user input fields (4C), which allow users to change column dimensions,
system volumes (volume effects area), organic mobile phase, column temperature, the gradient program, and resolution requirements. For
our example, we will use these fields to manually change parameters and instantly see the effect in both the model view and the Results field (4E).

When optimizing, carefully consider your specific analytical goals as well as the following information about the variables in each user input
section. As you optimize, pay close attention to the how the changes you make affect the modeled results. With the Pro EZLC chromatogram
modeler, you can review results in real time instead of spending days in the lab only to discover that column selectivity is not adequate or
that the pressure exceeds your instrument’s limit.

o Column

When selecting column dimensions, choosing a shorter, narrower column can result in solvent savings, faster runtimes, and higher
sample throughput (as long as resolution requirements are still met). Alternatively, if more resolution is required, a longer column may
be needed, though this may increase runtime. Note that all possible column formats are not shown because the choices presented by the
Pro EZLC chromatogram modeler only include those that have been demonstrated to provide good results for the target analytes. The
modeler results are only verified on Restek columns and may not transfer to columns from other manufacturers because variables such as
silica specifications, bonding strategies, and packing protocols impact column performance.

o Volume Effects

Dwell Volume and Extra-Column Volume are instrument-specific values that can affect retention time and peak width, respectively.
The chromatogram modeler uses conservative default values in these fields but changing them to your instrument’s exact values will help
generate models that are more accurate to the instrument that will be used for analysis. To find these volumes, consult your instrument
documentation or contact the instrument manufacturer. For more information on how these volumes affect modeled results and how to
determine them on modified instruments, click the Help button on the Pro EZLC interface.

o Mobile Phase

When selecting the organic solvent for a mobile phase, the relative eutropic strength of the solvent should be considered because it can
affect both retention and selectivity. Acetonitrile (an aprotic solvent) has a higher elution strength than methanol (a protic solvent), so
all else being equal, analytes will elute earlier using acetonitrile. If more retention is needed, especially to keep early eluting compounds
from eluting in the void volume or being affected by early eluting matrix components, methanol may be a better choice. If less reten-
tion is needed, increasing the amount of methanol or switching to acetonitrile could be considered. In addition to overall retention being
affected by solvent choice, shifts in relative retention (selectivity) and even elution order, can also be seen as compounds with differ-

ent characteristics (e.g., acidic compounds vs. their neutral counterparts) responded differently. Note that as is the case with the column
choices presented by the chromatogram modeler, the mobile phase choices are only those that have been tested by Restek chemists and
determined to perform well for the target analytes.

In addition to selecting which organic solvent to use in the mobile phase, this section of the chromatogram modeler allows users to
modify the column temperature (up to a maximum of 60 °C). When doing so, note that temperature increases can decrease back pres-
sure due to reductions in viscosity. When selecting column temperature, always be aware of the temperature limitations of the column
and your instrument to avoid damaging equipment.

o Gradient Program

The Pro EZLC Gradient Program uses a default target resolution value of 1.50, which users can change to match their specific needs.
If the target resolution value is not met for all isobaric compounds, the modeler displays a warning symbol (['*]) next to the Target
Resolution field.

While an initial gradient is automatically supplied by the software, it can be modified either by using the Optimize Gradient Slope
button or by making changes manually. To add gradients, change the value in the # of Gradient Steps field to a value from 1 to 3. The
modeler will automatically insert the new steps, assigning values that maintain the original gradient programs’ slope. The steps can then
be adjusted to change the slope of the gradient profile. In addition to the gradient steps, holds can be added at the beginning and end

of the slope. A final re-equilibration can also be added to aid in resetting the system for the next run but, while it may be necessary for
in-lab analysis, it is not required for modeling. Note that the chromatogram simulator automatically updates values as changes are made
to the gradient program. When producing gradients, the software is designed to, first, attempt to meet the target resolution value for the
closest eluting isobars and, second, provide the fastest run time possible with the fewest isobaric coelutions.
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Returning to our drugs of abuse example, we decided to optimize the initial model to reduce the runtime. In order to speed up analysis, we
changed the organic mobile phase to acetonitrile, added an isocratic hold to the start of the run, added two gradient steps, modified the %B
values, and increased the flow rate. As noted earlier, the dwell volume was already changed to 0.38 mL to match the specific instrument we
will use in the lab. Based on the modeled results in Figure 8, our user-optimized method is much faster (3 minutes) than the initial method
(7.4 minutes). While completing the analysis in less than half the time provides a significant increase in sample throughput, there is a cost in
terms of resolution, particularly for phentermine and methamphetamine which are again predicted to coelute.

Figure 8: User-optimized Pro EZLC model speeds up the analysis of 15 drugs of abuse on a Restek Biphenyl column.
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In our final test, we took the speed-optimized model conditions to the lab to evaluate the accuracy of the chromatogram simulator (Figure
9). Again, the Pro EZLC software correctly predicted elution order and closely predicted retention times. In this case, phentermine and
methamphetamine were predicted to coelute, and they did in the actual lab analysis. Because phentermine and methamphetamine are
isobaric compounds that also share the same product ion, the MS will not be able to distinguish them, and users must determine for them-
selves if speed or resolution of these particular compounds is most important.

Figure 9: Lab-generated chromatographic results closely match the speed-optimized Pro EZLC model.

14
15
9,10
13
1
12
34 6,78
2
il
N '\ ”\ N
0.5 1.0 15 2.0 2.5 3.0 35 40 4.5 5.0 55
Time (min)
LC_GN0685
Peaks t,(min)  Precursorlon Productlon
1. Normorphine 0.89 2723 165.2
2. Morphine 167 286.2 152.1
3. Oxymorphone 117 302.1 2212
4. Morphine-N-oxide 1718 302.3 285.2
5. Norcodeine 2.07 286.1 151.9
6. Phentermine 2.21 1503 911
1. Methamphetamine 221 150.3 91.1
8. Dihydrocodeine 2.23 302.2 199.0
9. Codeine 231 300.2 152.0
10. 0-Desmethyl-cis-tramadol 2.32 250.2 58.0
11. Noroxycodone 236 302.1 2210
12. Desomorphine 2.40 2721 152.1
13. N-Desmethyltapentadol 2.56 208.1 1212
14. Pentazocine 271 286.2 2181
15. Dextromethorphan 2.76 212.2 215.1
Column Raptor Biphenyl (cat.# 9309A12)
Dimensions: 100mmx2.1mmID
Particle Size: 2.7ym
Pore Size: 90
Temp.: 30°C
Standard/Sample
Diluent: Water
Conc.: 100 ng/mL
Inj. Vol.: 1L
Mobile Phase
A Water, 0.1% formic acid
B: Acetonitrile, 0.1% formic acid
Time (min)  Flow (mL/min) %A %B
0 0.6 96 4
0.50 0.6 96 4
1.50 0.6 85 15
3.00 0.6 0 100
3.01 0.6 96 [
6.00 0.6 96 A
Detector MS/MS
lon Source: Electrospray
lon Mode: ESI+
Mode: MRM
Instrument APILC-MS/MS

L~
10 www.restek.com RESTEK



Pro EZLC Software Speeds Up and Simplifies Method Development

As shown here, LC-MS/MS method development can be done effectively and more efficiently using a chromatogram simulator. The Pro
EZLC chromatogram modeler from Restek—which is free to use and does not require user data—accurately predicts real-life separations
in seconds, allowing chromatographic methods to be developed in a fraction of the time compared to traditional, lab-based approaches.
Using Pro EZLC software simplifies method development, saves time and money, and allows users to change chromatographic parameters
and instantly see the effects. Whether you implement an initial Pro EZLC model directly in the lab or optimize it further for your particular
speed and resolution requirements, this powerful tool is the basis for faster, easier method development.

Raptor Biphenyl LC Columns (USP L11)

o Ideal for bioanalytical testing applications like drug and metabolite analyses. LG Colimms

upior

o Heightened selectivity and retention for compounds that are hard to resolve or elute early
on C18 and other phenyl chemistries.

o Limits ionization suppression and allows simple, MS-friendly mobile phases.

o Part of ResteK’s Raptor LC column line featuring 1.8, 2.7, and 5 pm SPP core-shell silica.

ID Length qty. cat.#
2.7 pm Particles Raptor Biphenyl
30 mm ea. 9309A32
o ss0oh2 .
150 mm ea. 9309A62 Orde”ng nOteS
zg ::} ::: :gg:ii Certificates of analysis for new Restek LC columns
3.0mm 100 mm o 9309ALE are now provided electronically. To view and
150 mm ea. 9309A6E download, visit www.restek.com/documentation
30mm ea. 9309A35 then enter your cat.# and serial #.
L6mm 50 mm ea. 9309A55
100 mm ea. 9309A15
150 mm ea. 9309A65

Raptor C18 LC Columns (USP L1)
aptor

o A traditional end-capped C18 ideal for general-purpose use in reversed-phase rliian

chromatography. /p‘f

» Wide pH range (2-8) provides excellent data quality for many applications, matrices, and y
compounds.

« Offers the highest hydrophobic retention of any Raptor phase.

o Part of ResteK’s Raptor LC column line featuring 1.8, 2.7, and 5 pm SPP core-shell silica.

ID Length qty. cat.#
2.7 pm Particles Raptor C18
30 mm ea. 9304A32
50 mm ea. 9304A52
2.1mm .
100 mm ea. 9304A12 orde”ng notes
150 mm ea. 9304A62
30 mm ea. 9304A3E Certificates of analysis for new Restek LC columns
3.0mm 50 mm ea. 9304ASE are now provided electronically. To view and
100 mm €a. 9304A1E download, visit www.restek.com/documentation
150 mm ea. 9304A6E .
then enter your cat.# and serial #.
30 mm ea. 9304A35
46mm 50 mm ea. 9304A55
' 100 mm ea. 9304A15
150 mm ea. 9304A65
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RESTEK

Create Drugs of Abuse Methods in Minutes with
Restek’s New Pro EZLC Chromatogram Modeler

Pro EZLC Chromatogram Modeler
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- Cut method development time and cost dramatically with highly accurate simulated separations.
- Explore different LC columns and conditions virtually so lab instruments stay online running samples.
- Refine methods in real time to instantly optimize performance for critical separations.

Try it today! www.restek.com/proezic

RESTEK

Pure Chromatography

Questions? Contact us or your local Restek representative (www.restek.com/contact-us).

Restek patents and trademarks are the property of Restek Corporation. (See www.restek.com/Patents-Trademarks for full list.) Other trademarks in Restek literature or onits
website are the property of their respective owners. Restek registered trademarks are registered in the U.S. and may also be registered in other countries. To unsubscribe from
future Restek communications or to update your preferences, visit www.restek.com/subscribe To update your status with an authorized Restek distributor or instrument
channel partner, please contact them directly.
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