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Abstract

An Ultra High Performance Liquid Chromatography method that uses an Arc Premier System with MaxPeak
Premier Columns was used to evaluate the batch-to-batch reproducibility of multiple columns. Different batches
of both the construction material and the packing material of MaxPeak Premier XBridge BEH Cyg and XSelect
HSS T3 were studied. Results showed that MaxPeak Premier Columns were very reproducible when used for the
analysis of a mixture of metal chelating and non-metal chelating compounds. Various chromatographic
parameters including relative retention time, critical pair resolution, and peak area were all investigated for
reproducibility on the different columns. The columns showed excellent reproducibility for all the studied
chromatographic parameters. For example, the %RSD for the peak areas for all peaks was always in the range of
0.1%-5.6% for all analytes. These findings indicate that the batch to batch reproducibility of MaxPeak Premier

Columns is very high and these columns are very robust.
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Benefits

Batch-to-batch reproducibility of the construction material of MaxPeak Premier XBridge BEH Cyg and XSelect
HSS T3 Columns

Batch-to-batch reproducibility of the packing material of MaxPeak Premier XBridge BEH C;g and XSelect HSS

T3 Columns

Introduction

Stainless-steel has widely been used as material to build liquid chromatography instruments and columns
because of its unique properties of corrosion resistance’ manufacturability, and inertness. However, some classes
of analytes such as metal chelating compounds can interact with metal oxide films because of the electron
deficient nature of these metal ions. For example, phosphorylated analytes can readily adsorb to the electron
deficient surfaces of stainless-steel within the flow path of the chromatographic system. Such interactions can

result in poor chromatographic peak shape, severe analyte losses, and quantitative inaccuracies.?

To address this, Waters has recently developed a family of technologies named MaxPeak High Performance
Surfaces (HPS). These surfaces are composed of a highly crosslinked layer related to that of ethylene-bridged
hybrid (BEH) chromatographic particles. The MaxPeak HPS Surfaces are designed to increase analyte recovery,
sensitivity, and reproducibility by mitigating undesired interactions with metal surfaces. Column reproducibility is a
key parameter that has a critical impact on the long-term reliability and robustness of analytical methods. This is
because column-to-column and batch-to-batch variability can result in unacceptable chromatographic
performance that could require the method to be revalidated for regulatory acceptance. As such, it is essential that
the selected columns are rugged and reproducible when developing analytical methods to reduce the risk of

having out-of-specification and out-of-trend results throughout the method life.

The main goal of this study is to investigate the lot to lot reproducibility of three different XBridge BEH Cyg
Columns that were constructed using different lots of High Performance Surfaces material. Additionally, the
reproducibility of three different stationary phase batches of XBridge BEH C4g Columns with the same lot of High
Performance Surfaces material will also be examined here. The same study will be performed on XSelect HSS T3

Columns, too. To do this a UHPLC method that has previously been developed for the analysis of metal-sensitive
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pharmaceuticals/related compounds (See Figure 1 for structures) will be used to evaluate the different XBridge

BEH C,5 and XSelect HSS T3 Columns.*

Na o;i) 0 HO d
A H
Na o~ O
Betamethasone sodium phosphate Dexamethasone acetate Dexamethasone

Figure 1. Chemical structures of hydrocortisone phosphate, dexamethasone phosphate, and its three related

compounds,

When looking at the repeatability of chromatographic parameters using different batches of columns, variances
may occur in retention times, peak areas, peak symmetries, efficiencies, and various other parameters.
Reproducibilities of the retention and several other profile characteristics of the peaks obtained with these

different columns will be evaluated.

Experimental

Hydrocortisone phosphate triethylamine, dexamethasone sodium phosphate, betamethasone sodium phosphate,
dexamethasone, and dexamethasone acetate were all purchased from the United States Pharmacopeia (USP)
(Rockville, MD, USA). Stock solutions of these compounds were prepared by accurately weighing the desired

amounts of each standard and dissolving them in 50/50 (v/v) water/acetonitrile solvent. The stock solutions
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were then used to make a test mixture that contains the two APIs and three dexamethasone phosphate related
compounds. This mixture was prepared by diluting the stock solutions of each one of the standards in 90/10 (v/v)
water/acetonitrile as sample solvent. The final concentration of each analyte in the test mixture were
approximately: 0.1 mg/mL Hydrocortisone phosphate triethylamine, dexamethasone sodium phosphate, and 0.07

mg/mL for each related compound.

LC Conditions

LC system: Arc Premier with Quaternary Solvent Manager
(rQSM), Sample Manager (rFTN), Column
Manager, and a CM Aux, PDA Detector, ACQUITY
QDa Mass Detector

Detection: PDA

Column(s): MaxPeak HPS XSelect HSS T3, 4.6 x 100 mm, 2.5

pum pH range: 1-10

MaxPeak HPS XBridge BEH Cyg, 4.6 X 100 mm, 2.5

pum pH range: 1-10

Column temp.: 35°C

Sample temp.: 10 °C

Injection volume: 3L

Flow rate: 0.5

Mobile phase A: 10 MM Ammonium formate in water

Mobile phase B: Acetonitrile (0.1% Formic acid)

Gradient: 10 to 90% B/5 or 15 min* Gradient starts at t=0
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and a final hold of 2 minutes was applied before

returning to initial conditions.

UV detection: 254 nm

MS Conditions

MS system: ACQUITY QDa Mass Detector
lonization mode: ESI+

Acquisition range: 100-500 Da

Capillary voltage: 0.8 kV

Source temperature: 600 °C

Cone voltage: 15V

Data Management

Chromatography software: Empower 3 Chromatography Data System

Results and Discussion

Relative Retention Time

A key parameter to consider when evaluating batch-to-batch reproducibility of columns is the relative retention
time of compounds. Table 1 summarizes the relative retention times of dexamethasone phosphate and its related

compounds (referenced to hydrocortisone phosphate) when analyzed on different batches of HPS material for
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the MaxPeak XSelect HSS T3 and the MaxPeak XBridge BEH C;g Columns. Results showed that the relative
retention time is very reproducible on the different batches for all the analytes on both column chemistries. For
example, the %RSD for the relative retention times of dexamethasone phosphate and its related compounds
were always £0.1% on the different batches of HPS material for both column chemistries. These results indicate

that the in-house specialized manufacturing process for the HPS material is highly precise.

ta
Hydrocortisone
phosphate
(minutes)

Relative t, Relative t, GEEGTRS Relative t;
Betamethasone phosphate/ | Dexamethasone phosphate/ Dexamethasone/ Dexamethasoneacetate/
Hydrocortisone phosphate | Hydrocortisone phosphate | Hydrocortisone phosphate | Hydrocortisone phosphate

Column Type/HPS Material Batch #

MaxPeak Premier XSelect HSS T3/1 8.16 1.06 1.08 1.40 1.70
MaxPeak Premier XSelect HSS T3/2 815 1.06 | 1.08 1.40 170
MaxPeak Premier XSelect HSS T3/3 8.16 1.06 | 1.08 1.40 1.70
%RSD 01 0.0 0.0 0.0 0.0
MaxPeak Premier XBridge BEH C /1 7.62 1.07 [ 1.08 1.37 1.65
MaxPeak Premier XBridge BEH C,,/2 7.62 1.07 | 1.08 1.37 1.64
MaxPeak Premier XBridge BEH C,,/3 7.63 1.07 | 1.08 1.37 1.65
%RSD 0.1 0.0 0.0 0.0 0.1

Table 1. Relative retention time of betamethasone phosphate, dexamethasone phosphate, dexamethasone, and
dexamethasone acetate when analyzed using the UHPLC method described in the text. Each value represents
the average of 6 replicate injections. The %RSD value represents 18 injections made on 3 columns, packed with

the same batch of packing material but different batches of HPS material.

It should be mentioned here that reproducibility of different batches of packing material (with the same lot of the
construction material) was also studied here. Results showed, as can be seen in Table 2, that the relative
retention times for dexamethasone phosphate and its related compounds were also remarkably reproducible
with %RSD values of £0.1% for all analytes when injected on three different batches of packing material for both

column chemistries.
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t, Hydroceortisone Relative t, Relative t, Relative t, Relative t,

Column Type/Packing Material Batch # phosphate Betamethasone phosphate/ | Dexamethasone phosphate/ Dexamethasone/ Dexamethasone acetate/
(minutes) Hydrocortisone phosphate | Hydrocortisone phosphate | Hydrocortisone phosphate | Hydrocortisone phosphate

MaxPeak Premier XSelect HSS T3/1 8.16 1.08 1.08 1.40 170
MaxPeak Premier XSelect HSS T3/2 8.1 | 1.06 | 1.08 [ 140 170
MaxPeak Premier XSelect HSS T3/3 8.15 1.06 1.08 1.40 170

%RSD 0.3 | 0.0 | 0.0 0.0 0.0
MaxPeak Premier XBridge BEH Cy3/1 7.62 1.07 1.08 1.37 1.85
MaxPeak Premier XBridge BEH C /2 762 1.07 1.08 137 1.64
MaxPeak Premier XBridge BEH C,,/3 7.63 1.07 108 137 | 1.65

Table 2. Relative retention time of betamethasone phosphate, dexamethasone phosphate, dexamethasone, and
dexamethasone acetate when analyzed using the UHPLC method described in the text. Each value represents
the average of 6 replicate injections. The %RSD value represents 18 injections made on 3 columns, packed with

three different batches of packing material.

Critical Pair Resolution

Another chromatographic parameter that is important to consider when evaluating column-to-column
reproducibility is the resolution of the “critical pair”. A critical pair represents the two components of the
chromatogram with the lowest calculated resolution between them. In this case, our critical pair was
betamethasone phosphate/dexamethasone phosphate. The ability of the different columns to reproducibly
resolve the critical pair was also evaluated here for both the different batches of HPS material and the different
packing material batches. Results revealed that all columns for both chemistries were able to resolve these two
components very reproducibly as can be seen in Table 3. Representative chromatograms of dexamethasone
phosphate and related compounds on the different batches of the construction material for the two column

chemistries used in this study are depicted in Figure 2.
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Column Type

Construction

Material Batch #

Packing
Material Batch #

USP Rs
Betamethasone phosphate/
Dexamethasone phosphate

MaxPeak Premier XSelect HSS T3

MaxPeak Premier XSelect HSS T3 2.0
MaxPeak Premier XSelect HSS T3 2 2.1
MaxPeak Premier XSelect HSS T3 3 \ 2.0

MaxPeak Premier XSelect HSS T3

MaxPeak Premier XSelect HSS T3 3 i 3 2.1
\ %RSD \ | 2.8

MaxPeak Premier XBridge BEH C,s 1 ‘ 3 2.0
MaxPeak Premier XBridge BEH C,, 2 21
MaxPeak Premier XBridge BEH Cy, 3 \ 3 2.0
%RSD | 18

MaxPeak Premier XBridge BEH C,q 3 | 1 2.0
MaxPeak Premier XBridge BEH Cyq 3 2.0
MaxPeak Premier XBridge BEH Ci, 3 ‘ 19
%RSD | 24

Table 3. USP resolution of the critical pair (betamethasone phosphate/dexamethasone phosphate) on all

columns used in this study. Each value represents the average of 6 replicate injections. The RSD value

represents 18 injections made on 3 columns of the same batch number of the HPS material or the column

packing material,
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Figure 2. Overlay chromatogram of 18 injections on A: three different batches of the construction material for the
MaxPeak Premier XSelect HSS T3 Column and B: three different batches of the construction material for the
MaxPeak Premier XBridge BEH C;g Column. Peaks according to elution order are: hydrocortisone phosphate,
betamethasone sodium phosphate, dexamethasone sodium phosphate, dexamethasone, and dexamethasone

acetate.

Peak Area

Consistency in peak area when the same amount of sample is injected onto different columns is also another key
parameter to consider when studying batch-to-batch reproducibility. This is particularly important for
quantification purposes when consistency in area is key for obtaining correct results. Table 4 shows the peak
areas of Dexamethasone phosphate, related compounds, and hydrocortisone phosphate when analyzed on the
different columns tested in this study. The peak area of all analytes showed excellent reproducibility across the

different batches of the construction material as well as the different batches of packing material.
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Column Type

HPS

Packing

Peak Area

Peak Area

Peak Area

Peak Area

Peak Area

MaxPeak Premier XSelect HSS T3
MaxPeak Premier XSelect HSS T3
MaxPeak Premier XSelect HSS T3

MaxPeak Premier XSelect HSS T3

MaxPeak Premier XSelect HSS T3
MaxPeak Premier XSelect HSS T3

MaxPeak Premier XBridge BEH Ciy

Material Batch #

Material Batch #

Hydrocortisone phosphate
738937
726356
742684

749502
827448

742684

795018

Betamethasone phosphate
42539
41144
42635

42793
46396

42635

46056

Dexamethasone phosphate
683180
675114
687894

691590
770815

687894

727737

Dexamethason

76803
76288
77334

77853

BBBOS

77394

84433

Dexamethason acetate
53523
52652
53668

53324
59278

53668

55953

MaxPeak Premier XBridge BEH Cig

608063

46992

740812

85934

56662

MaxPeak Premier XBridge BEH C,,

MaxPeak Premier XBridge BEH Cyy

830079

833987

48550

48558

769476

7rogsz

82646

81644

62878

63794

MaxPeak Premier XBridge BEH C,;

833235

48855

770869

82245

63825

MaxPeak Premier XBridge BEH Cyy

830079

4B550

769476

82646

62878

Table 4. Peak area of betamethasone phosphate, dexamethasone phosphate, dexamethasone, and
dexamethasone acetate when analyzed on the different columns used in this study. Each value represents the
average of 6 replicate injections. The %RSD value represents 18 injections made on 3 columns of either the same

batch number of packing material or the construction material.

Conclusion

This application note clearly demonstrates the robustness of MaxPeak Premier XSelect HSS T3 and XBridge

BEH Cqg Columns when used for the analysis of dexamethasone phosphate and related compounds.

Using high batch-to-batch reproducibility MaxPeak Premier Columns for analytical methods is very

advantageous especially for methods that are used for a long time.

This application note also demonstrates the excellent control of the column temperature, the mobile phase

flow-rate, and the mobile phase composition obtained with the Waters equipment.
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