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Sample preparation is important in any type of chromatography analysis. While it can add on extra time, the process of cleaning up
samples before injection onto a system result in a range of benefits to the analyst - better recoveries, more reproducible analysis, less
downtime of instruments, reduction of troubleshooting, as well as less complex chromatograms due to the reduction of unwanted
compounds being injected. All of these can result in time saved which could be needed for repeated work or maintenance on

instruments.

Traditional SPE products consist of a loose-filled resin sandwiched
between two frits. While this is known to work, it can come with
some problems which can complicate analysis or result in poor data
being produced. These problems are a result from how the product
is packed into a well or cartridge - voiding can occur under the top
frit; channels could form through the resin bed which can cause
less efficient interactions between the resin and the analyte(s) or
there could be variation on compression or resin weight that was
dosed into each product.
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Figure 1. Common issues associated with loose-filled
SPE methods.

The Microlute® CP SPE products consist of a unique hybrid design
of a solid interconnected network of evenly distributed pores
combined with retentive media. The advantage of this design

is that flow through the product is consistent and increases

the interaction between the analytes and retentive media

present within the structure. These two features combined
results in a product which offers both high recovery values as

well as reproducible results. This technical note uses the 30 mg
Microlute® CP Strong Cation Exchange (SCX) 96 well plate to
compare performance in recoveries and reproducibility against five
competitor loose-filled 30 mg SCX products.
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Figure 2. Schematic of the hybrid polymeric structure showing
the porous structure of the frit with the active resin immobilised
throughout the pore structure.

Introduction

The Microlute® CP SCX product is a mixed-mode polymeric SPE
product - a combination of ion exchange and reversed phase. This
results in a product that has two retention mechanisms which

can be fine-tuned to allow more flexibility in the SPE method. The
reversed phase functionality allows for separation of analytes on
hydrophobic interactions, allowing for retention to be altered by
organic modifier concentration. Whereas ion exchange allows

for selective strong ionic interactions between the resin and the
charged analytes. The introduction of polymeric resins to SPE has
resulted in some extra advantages over using silica-based resins [1].
These include:

e Polymeric structures do not contain any of the highly active
sites found in silica. These include silanol groups which can cause



unwanted secondary interactions with analytes which in some
cases could cause irreproducible recoveries.

e Silica’s structure is also very susceptible outside of the pH range
of 2 - 7.5. If pH is outside this range, hydrolysis of the silica or
bonded functional group on the surface could occur [2]. This will
result in very poor and irreproducible recoveries. On the other
hand, polymeric resins are resistant to pH allowing them to work
over the whole pH range (pH 0 — 14).

e Functional groups bonded to a silica surface need to be
conditioned with an organic solvent to activate the retention
mechanism then equilibrated with an aqueous solution. Whilst
polymeric resins do not necessarily need to go through this
conditioning step.

e Polymeric resins are less sensitive to drying out during the SPE
process where silica resin can become dry and lose their retentive
function [3].

Strong ion exchange does not work well for strongly acidic or
basic analytes (analytes which have a charge over the whole
pH range) due to the irreversible binding of charged analyte
to the charged ion exchange resin. Weak analytes do work
well with strong ion exchange. This is because it is possible to
turn the analyte’s charge on or off for a weakly acidic or basic
analyte allowing selective binding with a change of pH. To
optimise this binding, the 2 pH rule is applied:

e When the pH of the solution in which an analyte is dissolved
is equal to the pKa value of the analyte, the analyte is

50% ionised, pH can then be used to adjust how ionised a
compound is:

¢ Acidic: 100% ionised: 2 pH above pKa or 100% un-ionised: 2 pH
below pKa

() Basic: 100% ionised: 2 pH below pKa or 100% un-ionised: 2 pH
above pKa
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Figure 3. A diagram to show the 2 pH rule for a weak acid
compound and weak basic compound, with a pKa of 4 and 8,
respectively.

For a typical strong ion exchange method, analytes are pre-
treated to a pH where they are charged and then loaded

onto the resin. This allows them to bind strongly to the resin
with the ionic interactions. The same pH will be maintained
on the wash steps of the method allowing the analyte(s) to
keep binding to the resin while washing off interfering com-
pounds. To allow elution, pH is changed to neutralise the
charge allowing the analyte(s) to stop binding to the resin and
elute from the product.

Experimental
Table 1. HPLC conditions.

LC system Agilent LC-MS, with a 1260 L
and Single Quadrupole Mass Spectrometer)
Column Raptor Biphenyl 30 x 2.1 mm,
1.8 pm
Column temp. 45°C
Injection volume 2.00 pL
Flow rate 600 pyl/min

Mobile phase A 0.1% Formic acid in water

Mobile phase B 0.1% Formic acid in methanol

Time (min) A% B%

0.10 95.0 5.0

4.30 57.5 42.5

Solvent Composition 6.50 57.5 425
6.51 20.0 80.0

8.20 20.0 80.0

8.21 95.0 5.0

14.00 95.0 5.0

Table 2. Mass Spectrometer Conditions.

Parameter Value
Gas Temperature 350°C
Gas Flow 13 /min
Nebulizer 30 psi
Capillary Voltage 4000 V
Dwell Time 100 V
Fragmentor Voltage SIM
Scan Type ESI
lon Mode ESI
Chemicals

Caffeine, salbutamol, procainamide, atenolol, pindolol,
propranolol, desipramine, protriptyline, imipramine, amitriptyline,
nortriptyline, formic acid, methanol, water, 35% ammonia
solution.

Sample Preparation

A stock of 1,000 pg/ml of all the basic analytes was made in
methanol. A basic load solution was made by diluting 500 pL
of the stock solution to 50 mL with water containing 0.1% (v/v)
formic acid.

Solid Phase Extraction Method

For both the Microlute® CP SCX product and competitor products,
a total of 12 wells were tested. Each well tested was conditioned



with 1,000 L methanol, then equilibrated with 1,000 pL of water.
1,000 pL of basic load solution was then loaded onto the plate in full.
Once loaded, 1,000 pL of water containing 0.1% (v/v) formic acid
solution in water was used to wash the sorbent. Followed by a strong
organic wash of 0.1% (v/v) formic acid solution in methanol.

To elute the analytes of interest, 500 pL of methanol containing 5%
(viv) ammonia was used. The eluent was then evaporated to dryness
at 35°C under N2 using a Porvair Sciences Ultravap® Levante (#
500226). A repeat elution was performed using another 500 pL of
methanol containing 5% (v/v) ammonia and evaporated to dryness
with the same method.

To reconstitute each sample, to each collection vial, 10 pL of 1,000
pg/ml caffeine (ISTD) was added, followed by 790 pL of 60% (vAv)
methanol/water containing 0.1% (v/v) formic acid to create a 12.5 pg/
mL solution. A further dilution was made using 40 L of 12.5 ug/mL
solution with 760 uL of 60% (vAY) methanolAvater containing 0.1%
(vv) formic acid, creating 0.625 pg/mL solutions ready for injection.

Results and Discussion
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Figure 4. Chromatogram of basic analytes calibration standard. Peak
assignments can be found in Table 3.

Table 3. Properties and MS parameters for the basic compounds
analysed - aPredicted value from Pubchem [4].

No. | Compound Type R.T Formula Molecular | LogP* | pKa®
(min) Mass
1 Salbutamol Basic 0.70 Cy3H,1NO3 239.31 0.3 10.3
2 Procainamide | Basic 1.04 Cq3H1N30 235.33 0.9 9.3
3 Atenolol Basic 1.23 | Cy4HpN,05 266.34 0.2 10.4
4 Pindolol Basic 3.09 | CygHyoN,0; 248.32 1.8 9.3
5 Caffeine ISTD 3.71 CgH1oN40, 194.19 -0.1 14.0
6 Propranolol Basic 5.56 CqgH21NO, 259.34 3.0 9.4
7 Desipramine Basic 6.87 CqgHooNy 266.40 4.9 9.6
8 Protriptyline Basic 6.98 CqgHy N 263.40 4.4 9.7
9 Imipramine Basic 7.09 CqgHaaNy 280.40 4.8 9.4
10 Nortriptyline Basic 7.32 CqgHz1N 263.40 3.9 10.5
1" Amitriptyline Basic 7.57 CyoHasN 277.40 5.0 9.4
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Recovery Comparisons

110 4
100 1 _ - - - - - - — -
90 1 n H H
80 4 H
70 A
60 +
50 4
40 4
30 A
20
10 A
0

Percent Recovery (%)

& F & ¢ & ¢ & &«
& S &S & S &9
S RS & &S ,« $ & & &
N & ¥ & o8 & <8 $ &
5 & o & § & &
OMicrolute™ SCX  BC itor1 OC itor2 @ C itor3 O C itor4 @ Ca itor 5

Figure 5. Analyte recovery comparisons against other commercial SPE
products.

Reproducibility Comparison
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Figure 6. Analyte %RSD comparisons against other commercial SPE
products.

For reproducibility, a lower %RSD means the recovery was more
reproducible. The analyte’s %RSD values can be seen in Figure 6. The
Microlute® CP SCX managed to maintain a %RSD value of less than
2.6% for every compound analysed. It outperformed every competitor
for reproducibility on each compound with only amitriptyline being
closely matched. There was no issue of irreproducible results for either
the most extreme hydrophilic compound or the most hydrophobic.
This again shows that the Microlute® CP SCX product is performing
excellently across a wide range of basic analytes.

Summary

The Microlute® CP SCX 30 mg 96 well plate can effectively retain

a wide range of hydrophilic and hydrophobic basic compounds. It
offers advantageous recoveries across the range of different classes

of analytes. Lower %RSD values are seen when comparing against
competitor plates for every compound analysed in this study - 1.6%RSD
on average for the Microlute® CP SCX compared to the 2.4%RSD (best
competitor) and 5.9%RSD (worst competitor). This ensures the product
gives reliable and reproducible results which is an important metric in
testing where confidence in the data output is required.
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