TECHNICAL NOTE

Importance of
hardware selection
IN peptide analysis

including GLP-1
receptor agonists

Recent advances in glucagon-like peptide-1 (GLP-1)
receptor agonists highlight the growing significance of
peptide-based therapeutics. The increasing relevance of these
therapeutics also places greater demands on the analytical
methods used for their development, quality assessment and
quantitation.

Achieving accurate and reproducible analytical results
requires consideration not only of conventional method
parameters but also of the surfaces of the column hardware.
Peptides can interact with stainless-steel surfaces in
conventional HPLC columns, potentially resulting in
adsorption, peak broadening, reduced peak height and loss
of sensitivity. These effects can be particularly pronounced
for larger peptides containing multiple acidic residues,

Peptide therapeutics have become an import-
ant and highly innovative area of pharmaceuti-
cal development.

including GLP-1 receptor agonists. Bioinert column hardware
addresses this challenge by shielding analytes from direct
contact with stainless-steel surfaces, thereby minimising
unwanted metal-analyte interactions during chromatographic
separation.

This Technical Note investigates the impact of column
hardware on peptide analysis, with a particular focus on
GLP-1 receptor agonists. Conventional stainless-steel
(SUS) columns are compared with bioinert-coated YMC
Accura columns to evaluate the influence of hardware on
chromatographic performance. As established through
previous analytical evaluations, the stationary phase used for
both types of column hardware was YMC-Triart Bio C18.
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Table 1: Overall chromatographic conditions unless otherwise stated.

YMC Triart Bio C18 (1.9 pm, 30 nm) 100 x 2.1 mm ID
YMC Accura Triart Bio C18 (1.9 pm, 30 nm) 100 x 2.1 mm ID
TA30SP9-10Q1WT

TA30SP9-10Q1PTC

A) aqueous solution

B) acetonitrile

10-60%B (0-10 min)

0.4 ml/min

40°C

2 pL (GLP-1 RA samples: 1 pL)

UV at 220 nm

0.5 mg/ml peptide and protein

Column:
Part Nos.:
Eluents:

Gradient:
Flow rate:
TEmperature:
Injection:
Detection:
Sample:

Table 2: Properties of different peptides and proteins analysed.

Met-Enkephalin 574
Bradykinin 1,060
y-Endorphin 1,859
Gastrin | 2,098
Liraglutide 3,751
Semaglutide 4114
Exenatide 4,187
Retatrutide 4,731
Tirzepatide 4,813
Ribonuclease A 13,700
B-Lactoglobulin 35,000

Mobile phase pH determines hardware-related effects

The interaction between peptides and column hardware
strongly depends on the pH of the mobile phase. To investigate
this relationship, conventional stainless-steel and bioinert-
coated columns are compared under acidic, neutral and basic
conditions. The study includes peptides and proteins covering
a broad range of molecular weights and isoelectric points,
including five GLP-1 receptor agonists. Measurements under
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acidic and neutral mobile-phase conditions are performed
in triplicates. The basic mobile-phase condition is evaluated
based on a single measurement due to the lack of hardware
impact. Hardware-dependent differences in peak area and
peak height are expressed as relative values (%), with the
response obtained using the bioinert column defined as 100%.
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Acidic mobile phase: 0.1% Formic acid (pH 2.7)
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Figure 1: Influence of mobile phase pH on GLP-1 receptor agonist analysis using stainless-steel (grey) and bioinert hardware (blue). The
gradient is adjusted to 30-60% B over 6 min and the temperature is 60 °C in the chromatograms of acidic and neutral condition.
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Under acidic conditions, using 0.1% formic acid at
approximately pH 2.7, hardware-dependent effects become
particularly apparent for higher-molecular-weight peptides
(Figures 1-3). For the investigated GLP-1 receptor agonists,
broader peaks are observed with stainless-steel hardware
compared with the bioinert YMC Accura column. The use of

conventional stainless-steel hardware results predominantly
in peak broadening (Figure 1) and consequently reduced
peak heights, although some column-to-column variability
is observed (Figure 3). This behaviour is attributed to metal-
analyte interactions that increase peak dispersion.
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Figure 2: Relative peptide peak areas at different mobile-phase pH values, with the bioinert column response defined as 100%.
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The behaviour changes under neutral conditions using GLP-1 receptor agonists exhibit sharper peak profiles under
20 mM ammonium acetate at pH 7. Here, high-molecular-  neutral conditions than under acidic conditions (Figure 1). The
weight peptides, including the investigated GLP-1 receptor reduced peak area and height observed with stainless-steel
agonists, show decreases in both peak area and peak height hardware suggest partial adsorption of the analytes onto the
when analysed with stainless-steel hardware (Figures 1-3).  stainless-steel surface.

Despite these hardware-related differences in response, the
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Figure 3: Relative peptide peak height at different mobile-phase pH values, with the bioinert column response defined as 100%.
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In contrast, under basic conditions using 50 mM ammonium
bicarbonate at pH 8, only minor differences between
stainless-steel and bioinert hardware are observed across the
investigated samples (Figures 1-3). This is also evident for the

five GLP-1 receptor agonists, for which the chromatographic
profiles obtained with both hardware types largely overlap
(Figure 1). Metal-related interactions therefore seem to be
largely suppressed under these conditions.

Effect of acidic modifiers on GLP-1 receptor agonist analysis

In reversed-phase peptide analysis, acidic modifiers are
commonly added to the mobile phase to control ionisation
and improve chromatographic performance. Therefore, the
influence of three different acidic additives, 0.1% formic acid,
0.1% trifluoroacetic acid (TFA) and 0.1% difluoroacetic acid
(DFA), on hardware-dependent effects is investigated.

The choice of acid has a considerable influence on the
differences observed between stainless-steel and bioinert
hardware in GLP-1 receptor agonist analysis (Figure 4). Under
formic-acid conditions, which are frequently employed for LC-
MS applications, larger hardware-dependent differences are
observed than with TFA or DFA.
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Figure 4: Effect of acidic modifiers on GLP-1 receptor agonist analysis using stainless-steel and bioinert column hardware. Relative peak
heights are shown with the bioinert column response defined as 100%.

This effect is especially apparent in the peak heights
of the GLP-1 receptor agonists. While peak areas can
remain comparatively similar (data not shown), interactions
with the stainless-steel hardware result in broader peaks
and consequently lower peak heights (Figure 4). The
chromatograms illustrate that the effect can therefore manifest

itself not only as analyte loss but also as a deterioration in
chromatographic peak shape.

Among the investigated acidic modifiers, DFA provides
improved peak shapes compared with formic acid when
bioinert-coated hardware is used. This observation suggests
reduced interactions under these conditions.
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Method optimisation by selection of the mobile phase

To further optimise the separation, the chromatographic
performance of the acidic modifiers is compared with neutral
20 mM ammonium acetate and basic 50 mM ammonium
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Figure 5: Comparison of peak widths at half-height of GLP-1 receptor agonists under different mobile-phase conditions using bioinert

column hardware. Stars indicate the selected conditions.

Formic acid consistently produces the broadest peaks for
all three GLP-1 receptor agonists. TFA and DFA substantially
reduce peak widths, while the neutral and basic mobile phases
result in even sharper peaks. Among the conditions evaluated,
20 mM ammonium acetate provides narrow peaks for all three

Quantitative analysis of tirzepatide

Table 2: Overall chromatographic conditions.
Column: YMC Triart Bio C18 (1.9 pm, 30 nm) 100 x 2.1 mm ID

YMC Accura Triart Bio C18 (1.9 pm, 30 nm) 100 x 2.1 mm ID

TA30SP9-10Q1WT

TA30SP9-10Q1PTC

A) 20 mM CH,COONH, / acetonitrile (95/5)

B) 20 mM CH,COONH, / acetonitrile (5/95)

34.4-43.3%B (0-16min)

0.2 ml/min

60 °C

1pL

UVat 220 nm

5-500 pg/ml tirzepatide

Part Nos.:
Eluents:

Gradient:
Flow rate:
TEmperature:
Injection:
Detection:
Sample:

The optimised conditions are finally evaluated for the
quantitative determination of tirzepatide. Calibration curves
obtained with the two hardware configurations reveal a clear
difference in quantitative performance. Although both values
indicate high linearity, the improved coefficient of determination
obtained with the bioinert column demonstrates the benefit
of reducing hardware-related interactions for precise and
consistent quantitative peptide analysis. Especially at lower

analytes and is selected as the preferred condition for further
GLP-1 receptor agonist analysis. These results demonstrate
that mobile-phase composition has a pronounced effect on
peak shape and that moving away from formic-acid conditions
can considerably improve chromatographic performance.

concentration levels, analyte interactions with stainless-steel
surfaces have a greater relative impact on the detected
signal, resulting in more pronounced differences between
the two hardware types. This result is consistent with the
broader observation that bioinert hardware provides improved
quantitative  performance under neutral mobile-phase
conditions.
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Figure 6: Calibration curves for the quantitative analysis of tirzepatide using stainless-steel (grey) and bioinert column hardware (blue)

under optimised mobile-phase conditions.

Benefits of bioinert hardware for MS detection of GLP-1 receptor agonists

Table 3: Chromatographic conditions for LC-MS analysis.

Column: YMC Triart Bio C18 (1.9 pm, 30 nm) 100 x 2.1 mm ID
YMC Accura Triart Bio C18 (1.9 pm, 30 nm) 100 x 2.1 mm ID
Part Nos.: TA30SP9-10Q1WT
TA30SP9-10Q1PTC
Eluents: A) water/formic acid (100/0.1)
B) acetonitrile/formic acid (100/0.1)
Gradient: 30-60%B (0-6 min), 90% (6-12 min)
Flow rate: 0.4 ml/min
TEmperature: 60 °C
Injection: 1 pL (0.4 mg/mL for UV and 4 pg/mL for MS)
Detection: MS (ESI+), UV at 220 nm
Sample: GLP-1 receptor agonists

The benefits of bioinert column hardware are observed with
both UV and MS detection. Under MS-compatible formic-
acid conditions, the bioinert column provides sharper peaks
and higher signal intensities for the investigated GLP-1
receptor agonists compared with conventional stainless-
steel hardware. While these differences are already visible

in the UV chromatogram, they become considerably more
pronounced with MS detection, for which substantially lower,
more interaction-prone concentrations of the analyte are
used. These results highlight the particular benefit of bioinert
hardware for sensitive LC-MS analysis of GLP-1 receptor
agonists.
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Figure 7: Analysis of GLP-1 receptor agonists using stainless-steel (grey) and bioinert column hardware (blue) under MS-compatible for-
mic-acid conditions. Analyte concentrations of 0.4 mg/mL and 4 pg/mL are used for UV and MS detection, respectively.
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Conclusion

The results demonstrate that column hardware is a critical
parameter in the HPLC analysis of peptides, particularly for
high-molecular-weight GLP-1 receptor agonists. Interactions
with conventional stainless-steel surfaces can lead to peak
broadening, reduced signal intensity and analyte adsorption,
with the extent of these effects strongly depending on mobile-
phase conditions.

Bioinert-coated YMC Accura hardware effectively reduces
these interactions and provides improved chromatographic
performance, with particularly pronounced benefits under
MS-compatible conditions at low analyte concentrations.
Mobile-phase optimisation furthner shows that neutral
20 mM ammonium acetate provides narrow peaks for the
investigated GLP-1 receptor agonists and is selected as the
preferred condition for subsequent analysis. The bioinert
column provides excellent linearity for the quantitative analysis
of tirzepatide as a representative of GLP-1 RAs under these
conditions.

YMCL turope GmbH

Schéttmannshof 19
46539 Dinslaken
Germany

Phone +49 2064 427-0
info@ymc.eu

Overall, these findings highlight the importan-
ce of considering column hardware alongside
mobile-phase composition during method
development to achieve robust, sensitive and
reproducible peptide analysis.
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