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APPLICATION NOTE

RP-MS analysis of therapeutic oligonucleotides 
without the use of ion pair reagents

Ion pair reversed phase liquid chromatography (IP-RP) is the 
gold standard for the analysis of oligonucleotides. However, 

the costs and the environmental aspects of commonly used 
fluor alcohols like 1,1,1,3,3,3-hexafluoro-2-propanol (HFIP), 
require alternative approaches.
This application note based on the work of Hayashi and Sun 
[1] shows a non-IP-RP method for the analysis of therapeutic 
oligonucleotides using ammonium bicarbonate as mobile 
phase additive. Ammonium bicarbonate seems to have a 
positive effect on the MS sensitivity. Under heated conditions 
(about 60 °C), it degrades into ammonia and highly volatile 
CO2 forming bubbles in ESI droplets [2]. Furthermore, the 
equilibrium between ammonia and ammonium ions could 

be an important factor (NH4
+ ⇌ NH3+ H+). In an electrospray 

ionisation (ESI) droplet the ammonia vaporises leaving 
protons in the droplet, that can form adducts with the 
analytes. Therefore, ammonium bicarbonate in combination 
with the high performance of the used bioinert coated  
YMC Accura Triart C18 column are the ideal prerequisites 
for a highly sensitive detection by mass spectrometry (MS). 
The method’s applicability is proved by analysing various 
commercially available oligonucleotides with chemical 
modifications including six antisense oligonucleotides 
(ASO), three siRNA as well as four of their analogues. The 
analysis of lumasiran (Lum, Oxlumo®) in reconstituted plasma 
demonstrates the applicability of this method for bioanalyses.

Table 1: Chromatographic conditions.

Column: YMC Accura Triart C18 (12 nm, 1.9 µm) 50 x 2.1 mm ID
Part No.: TA12SP9-05Q1PTC
Eluents: A) 10 mM ammonium bicarbonate (pH 8)
 B) Methanol
Gradients: Standard: 2%B (0–1.5 min), 2–30%B (1.5–10.0 min), 95%B (10.1–11 min), 2%B (11.1–15.0 min)
 Bioanalysis: 10%B (0–0.5 min), 10–25%B (0.5–5.0 min) 95%B (5.1–6.0 min), 10%B (6.1–7.0 min)
Flow rate: 0.35 mL/min
Temperature: 85 °C
Injection: 2 ng
Sample: ASO and siRNA oligonucleotides; reconstituted plasma
Detection: ESI-MS, positive mode
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Fig.1: Structures of the used oligonucleotides [1]. *double stranded oligonucleotides

All oligonucleotides can be detected using the ammonium 
bicarbonate-based mobile phase. However, the retention 
time depends on the oligonucleotide and the ammonium 
bicarbonate concentration. For example, the antisense 
strand of patisiran (Onpattro®) elutes too close to the 
void volume using 10 mM ammonium bicarbonate (not 
shown), but the retention time is almost three times 
longer with 20 mM ammonium bicarbonate [1].   

Figure 2 presents the extracted ion chromatograms of the 
evaluated oligonucleotides. The oligonucleotides show sharp 
peaks, except for the phosphorothioated oligonucleotides 
like fomivirsen (Fom, Vitravene®) and mipomersen (Mip, 
Kynamro®) exhibiting much broader peaks. This is likely due 
to the presence of various stereoisomers.
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Figure S1. Structure of the oligonucleotide therapeutics used in this study. 

*: Indicates a double strand (single strand is assumed unless specified otherwise), S: sense strand, 

AS: antisense strand. 

In this experiment, the fitusiran and lumasiran used different N-acetylgalactosamine (GalNAc) linker 

structures from the original versions. However, the oligonucleotide sequence and modifications 

remain identical to those of the original fitusiran and lumasiran. 

dT: deoxythymidine, ASO: antisense oligonucleotide, siRNA: small interfering RNA 
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Figure S4. Continued 
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Figure S4. NonIP-RP-LC/MS extracted ion chromatograms for various oligonucleotides. 

AS: antisense strand, S: sense strand. 

On-column amounts were 2 ng for all compounds, except for Pat_AS at 20 ng, and Lum, Lum_3N-1, and 

Lum_MOE at 4 ng each. 
  

phosphorothioate modifications, likely due to their optical
chirality properties, as they form a mixture of many
stereoisomers. Therefore, the difference in the peak width
was thought to be attributed to the presence of stereoisomers.
Next, the effect of the concentration of ABC ions on RT and

peak was examined (Figures S5 and S6). The RT for all
compounds increased with the concentration of ABC. Notably,
for patisiran antisense strand (Pat_AS), concentrations of 1
and 10 mM ABC were insufficient to retain it on the column,
as its RTs (0.17 min at 1 mM and 0.36 min at 10 mM) were
close to the theoretical void volume time (0.17 min). At 20
mM ABC, the RT was sufficiently extended, being three times
longer than the void volume time (0.87 min). As for the MS
intensity, the largest peak area for almost all tested OTs was
observed at a concentration of 10 mM ABC (Figure S6). Based
on these data, it is recommended that the ABC concentration
be optimized between 1 and 20 mM, depending on the
retention time and the MS sensitivity of target OTs, when
developing the method for OT analysis.
Evaluation of the Applicability of NonIP-RP-LC/MS

Method for Oligonucleotide Bioanalysis. To assess the
method’s adaptability to bioanalysis, we examined the
measurement linearity of the current method using recon-
stituted plasma. In the investigation, Lum was used as a model
OT (Figures 3 and S7), and the linearity was examined over a
concentration range of 0.1−1000 ng/mL for both AS and S
strands using PRM-based MS measurement. As the fragment
ions (m/z 111.044, 136.062, 152.057) produced from the
precursor ions (m/z 1527.04 for Lum_AS, m/z 1260.59 for
Lum_S) displayed relatively high intensity (Figures S8 and
S9), these ions were used for calculating the calibration curve.
In addition, no interfering peaks were detected at the relevant
retention times of Lum_AS and Lum_S in the blank sample
(Figure S7). As a result of the measurement of calibration
standards, Lum_AS demonstrated good linearity from 1 to
1000 ng/mL (r2 = 0.9926), and Lum_S from 0.5 to 1000 ng/
mL (r2 = 0.9932) (Figure 3). This broad quantification range
and sensitivity are in line with those typically used in OT
bioanalysis (Lower limit quantification; approximately 0.2−50
ng/mL).3 These findings indicate that ABC-based nonIP-RP-
LC/MS is suitable for OT bioanalysis, although further
validation based on the guidelines such as ICH M1013 is
recommended in future studies.

■ CONCLUSION
In this study, we developed a new ammonium bicarbonate
(ABC)-based nonIP-RP-LC-MS method devoid of IP reagents
for the effective analysis of OTs. The use of ABC as the mobile
phase additive in nonIP-RP-LC/MS proved advantageous,
with the presence of carbonate and ammonium ions being
crucial. Additionally, our data indicate that the ABC-based
mobile phase was shown to be applicable to the analyses of
various OTs. Using lumasiran as an example, the quantification
range and sensitivity achieved with the ABC-based nonIP-RP-
LC/MS approach are comparable to those of existing IP-RP-
LC/MS, further validating its potential as a reliable
bioanalytical method for OTs. Furthermore, the ABC-based
nonIP-RP-LC/MS method is expected to offer a more reliable
bioanalysis option, potentially overcoming issues related to
residual reagents, reagent costs, and instability associated with
IP-RP-LC/MS.

■ ASSOCIATED CONTENT
*sı Supporting Information
The Supporting Information is available free of charge at
https://pubs.acs.org/doi/10.1021/jasms.4c00270.

Figure 2. Representative extracted ion chromatograms of various
oligonucleotide types in ABC-based RP-LC-MS measurement. AS:
antisense strand, S: sense strand. Fomivirsen is a phosphorothioated
ASO, and fitusiran is a therapeutic siRNA with partial phosphor-
othioate modifications. The sample amount of injected oligonucleo-
tides was 2 ng each.

Figure 3. Calibration curve for lumasiran antisense strand and sense
strand in reconstituted plasma. Area ratio was calculated as follows:
peak area of Lum_AS or Lum_S/peak area of MOE-modified
lumasiran. Dynamic ranges were 1−1000 ng/mL (Lum_AS) and
0.5−1000 ng/mL (Lum_S). W: weighting factor. The acceptance
criteria for calibration curves were based on ICH M10. The
calibration point of 500 ng/mL for Lum_S was excluded from the
calculation of the calibration curve because the accuracy of its back-
calculation value was below 85%, failing to meet the acceptance
criteria.
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Figure S4. NonIP-RP-LC/MS extracted ion chromatograms for various oligonucleotides. 

AS: antisense strand, S: sense strand. 

On-column amounts were 2 ng for all compounds, except for Pat_AS at 20 ng, and Lum, Lum_3N-1, and 
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Figure S4. NonIP-RP-LC/MS extracted ion chromatograms for various oligonucleotides. 
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phosphorothioate modifications, likely due to their optical
chirality properties, as they form a mixture of many
stereoisomers. Therefore, the difference in the peak width
was thought to be attributed to the presence of stereoisomers.
Next, the effect of the concentration of ABC ions on RT and

peak was examined (Figures S5 and S6). The RT for all
compounds increased with the concentration of ABC. Notably,
for patisiran antisense strand (Pat_AS), concentrations of 1
and 10 mM ABC were insufficient to retain it on the column,
as its RTs (0.17 min at 1 mM and 0.36 min at 10 mM) were
close to the theoretical void volume time (0.17 min). At 20
mM ABC, the RT was sufficiently extended, being three times
longer than the void volume time (0.87 min). As for the MS
intensity, the largest peak area for almost all tested OTs was
observed at a concentration of 10 mM ABC (Figure S6). Based
on these data, it is recommended that the ABC concentration
be optimized between 1 and 20 mM, depending on the
retention time and the MS sensitivity of target OTs, when
developing the method for OT analysis.
Evaluation of the Applicability of NonIP-RP-LC/MS

Method for Oligonucleotide Bioanalysis. To assess the
method’s adaptability to bioanalysis, we examined the
measurement linearity of the current method using recon-
stituted plasma. In the investigation, Lum was used as a model
OT (Figures 3 and S7), and the linearity was examined over a
concentration range of 0.1−1000 ng/mL for both AS and S
strands using PRM-based MS measurement. As the fragment
ions (m/z 111.044, 136.062, 152.057) produced from the
precursor ions (m/z 1527.04 for Lum_AS, m/z 1260.59 for
Lum_S) displayed relatively high intensity (Figures S8 and
S9), these ions were used for calculating the calibration curve.
In addition, no interfering peaks were detected at the relevant
retention times of Lum_AS and Lum_S in the blank sample
(Figure S7). As a result of the measurement of calibration
standards, Lum_AS demonstrated good linearity from 1 to
1000 ng/mL (r2 = 0.9926), and Lum_S from 0.5 to 1000 ng/
mL (r2 = 0.9932) (Figure 3). This broad quantification range
and sensitivity are in line with those typically used in OT
bioanalysis (Lower limit quantification; approximately 0.2−50
ng/mL).3 These findings indicate that ABC-based nonIP-RP-
LC/MS is suitable for OT bioanalysis, although further
validation based on the guidelines such as ICH M1013 is
recommended in future studies.

■ CONCLUSION
In this study, we developed a new ammonium bicarbonate
(ABC)-based nonIP-RP-LC-MS method devoid of IP reagents
for the effective analysis of OTs. The use of ABC as the mobile
phase additive in nonIP-RP-LC/MS proved advantageous,
with the presence of carbonate and ammonium ions being
crucial. Additionally, our data indicate that the ABC-based
mobile phase was shown to be applicable to the analyses of
various OTs. Using lumasiran as an example, the quantification
range and sensitivity achieved with the ABC-based nonIP-RP-
LC/MS approach are comparable to those of existing IP-RP-
LC/MS, further validating its potential as a reliable
bioanalytical method for OTs. Furthermore, the ABC-based
nonIP-RP-LC/MS method is expected to offer a more reliable
bioanalysis option, potentially overcoming issues related to
residual reagents, reagent costs, and instability associated with
IP-RP-LC/MS.

■ ASSOCIATED CONTENT
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The Supporting Information is available free of charge at
https://pubs.acs.org/doi/10.1021/jasms.4c00270.

Figure 2. Representative extracted ion chromatograms of various
oligonucleotide types in ABC-based RP-LC-MS measurement. AS:
antisense strand, S: sense strand. Fomivirsen is a phosphorothioated
ASO, and fitusiran is a therapeutic siRNA with partial phosphor-
othioate modifications. The sample amount of injected oligonucleo-
tides was 2 ng each.

Figure 3. Calibration curve for lumasiran antisense strand and sense
strand in reconstituted plasma. Area ratio was calculated as follows:
peak area of Lum_AS or Lum_S/peak area of MOE-modified
lumasiran. Dynamic ranges were 1−1000 ng/mL (Lum_AS) and
0.5−1000 ng/mL (Lum_S). W: weighting factor. The acceptance
criteria for calibration curves were based on ICH M10. The
calibration point of 500 ng/mL for Lum_S was excluded from the
calculation of the calibration curve because the accuracy of its back-
calculation value was below 85%, failing to meet the acceptance
criteria.
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Figure S4. NonIP-RP-LC/MS extracted ion chromatograms for various oligonucleotides. 

AS: antisense strand, S: sense strand. 

On-column amounts were 2 ng for all compounds, except for Pat_AS at 20 ng, and Lum, Lum_3N-1, and 

Lum_MOE at 4 ng each. 
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Fig.2: Extracted ion chromatograms of the tested oligonucleotides [1].
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To prove the applicability to bioanalyses the antisense and 
sense strands of lumasiran (Lum_AS and Lum_S) are used 
as model oligonucleotides. The analysis of the blank sample 
does not show any interfering peaks at the relevant retention 
times. 

The lower limit of quantification (LLOQ) is 1 ng/mL for Lum_AS 
and 0.5 ng/mL for Lum_S, respectively. The findings of this 
study indicate that this ammonium bicarbonate-based 
RP method is suitable for the bioanalysis of therapeutic 
oligonucleotides.
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Fig. 3: Extracted ion chromatograms of the antisense and sense strands of lumasiran (Lum_AS and Lum_S) in the reconstituted plasma at the LLOQ [1].
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