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Introduction
Oligonucleotide therapeutics have experienced tremendous growth in the  
past decade, with revenues expected to exceed $1.2B by 2020. However, one 
unexpected hurdle for such rapid growth has proven to be the development of 
sensitive and selective bioanalysis methods for such compounds. While the 
molecular basis for these therapeutics may be similar, the addition of 
modifications such as phosphorodiamidate, locked nucleic acids, gapmers, etc., 
may drastically change the physicochemical properties of these compounds. 
Furthermore, addition of groups to increase bioavailability or target specific 
organs adds to the complexity of analysis. Taken together, such modifications 
often necessitate development of highly specific and time-consuming extraction 
methods coupled with the difficult and inconsistent analysis on a triple 
quadrupole. Here, we present a straightforward approach for analysis of 
oligonucleotides with a wide range of physicochemical properties: a  
DNA seq 1345 having a molecular weight of 6690, a DNA seq 1051 having a 
molecular weight of 6040, and a DNA seq 8134 having a molecular weight of 
6645. By utilizing the specificity afforded by LC-HR/AM MS, we are able to 
quantify these compounds with good linearity over 2.5 orders of magnitude, 
achieving an LLOQ of 5 ng/mL.  

Methodology
LC-MS/MS
Mass Spec:  Q Exactive 
Source and ionization: HESI (negative ion mode) 
Column:   C18, 2.1 x 50 mm
Flow Rate:  0.500 mL/min
Mobile Phase:   A: 1% HFIP & 0.1% DIPEA     
   B: 0.075% HFIP, 0.1%DIPEA:MeCN (35:65 v/v) 
   C: 10/90 water/MeCN
LC Program:   Gradient with column backflush
Source Temperature:  350°C  
MS Monitoring Parameters: 600-1100 m/z

LLE
Aliquot:   150 μL Human Plasma (K2EDTA)
Extraction Solvent: Phenol-Chloroform-Isoamyl alcohol
Reconstitution:  175 µL of 1% HFIP & 0.1% DIPEA 

DNA seq 1345 was purified by Liquid-Liquid Extraction using phenol-chloroform-
isoamyl alcohol with human plasma as the biological matrix and a 150 µL aliquot 
volume. DNA seq 1051 was used as an internal standard (IS). Extracts were 
further dried down and reconstituted in an ion pairing mixture containing 
1% HFIP & 0.1% DIPEA. The extracts were analyzed by liquid chromatography 
coupled with high-resolution/accurate-mass mass spectrometry (LC-HR/AM MS) 
i.e. Q Exactive® (Thermo Fisher Scientific San Jose, CA). 

Results and Discussion
Method Development
▶  SPE and LLE were explored for the extraction. However, LLE was chosen due 

to lower production cost.
▶  Oligo RP-2.0x50 mm, C18 2.1x50 mm, Max RP-30x2.0 mm were considered; 

after final chromatographic development, DNA seq 1345 and DNA seq 1051 
were baseline resolved using a C18 2.1x50 mm column. 

▶  In order to obtain improved sensitivity, multiple charge states were summed for 
DNA seq 1345 and 1051.

▶ Extraction recovery was greater than 90%.
▶ The method was validated under current regulatory guidelines.

Advantages of the Q Exactive® (HRAM Method)
▶ No tuning

–  Compound tuning is not required for the Q Exactive® mass spectrometer 
and data was acquired in full scan mode and compared with tSIM.

▶ Increased sensitivity

– The HR/AM method provided improved signal to noise. 

–  Full MS-SIM HR/AM enables summing of multiple charge states to improve 
sensitivity.

▶ Enhanced selectivity achieved by use of exact mass rather than fragment ions. 

Comparison of Full MS-SIM and tSIM
Although desired compounds and unwanted interferences can have the same 
nominal masses which may interfere with single unit resolution, their exact 
masses often differ by a fraction of a mass unit which can be resolved by 
HR/AM. Therefore, by coupling Full MS-SIM with HR/AM detection, selectivity 
may be achieved for very complex matrices based on the charge state of the 
parent mass without fragmentation. DNA seq 1345 was evaluated by full scan 
analysis (Full MS-SIM) utilizing a scan range of 600-1100 m/z, which enabled 
the use of multiple charge states (-8 and -7) in order to maximize sensitivity. The 
full scan analysis also enables future data mining for metabolites or other 
compounds of interest within the existing data file.  

DNA seq 1345 was also evaluated by targeted selected ion monitoring (tSIM) in 
order to determine the optimum scan mode for the validation. In tSIM, the mass 
spectrometer is independently trapping a narrow mass range for each selected 
mass in the inclusion list. Only compounds with the selected masses are 
detected; therefore, the overall background noise is reduced. Although we found 
that analyzing the data using targeted selected ion monitoring of the most 
intense charge state resulted in a lower background, it was also observed that 
tSIM had fewer data points per peak in comparison with full scan analysis. The 
increased data points provided by Full-MS-SIM improved the precision at the 
LLOQ concentrations; therefore, Full-MS-SIM was chosen as the scan mode for 
the validation. 
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Table 1. Intra-Assay Quality Control Precision (n=6)
Run 1 Run 2 Run 3

DNA Seq 1345 %CV %Bias %CV %Bias %CV %Bias

LLOQ 12.4 9.2 16.2 -11.6 14.4 2.4

Low 2.9 -4.7 2.2 -8 3.9 -0.7

Low-Medium 3.2 1.5 2.2 2.5 6.1 3.5

Medium 4.5 8.8 1.9 8 4.8 6.3

High 3.8 3.1 0.6 3.3 4.5 0.3

Table 2. Inter-Assay Quality Control Precision 
DNA Seq 1345 %CV %Bias
LLOQ 17.3 -1.2

Low 3.0 -6.3

Low-Medium 2.6 2.0

Medium 3.3 8.3

High 2.6 3.3

Dil Ln 4.6 -7.5

Table 3. Quality Control Precision for Rep LLOQ (n=10) and 
Freeze-Thaw and Bench-Top Stability (n=6)

DNA Seq 1345 %CV %Bias
Rep LLOQ 13.2 9.2

Low F/T 4 -70 °C/RT 11.5 9.3

Low MTX RT 5.0 -7.3

High F/T 4 -70 °C/RT 9.2 -4.8

High MTX RT 5.4 -7.1

Figure 1. LLOQ chromatograms of DNA seq 1345 and 
DNA seq 1051 (IS) from extracted human plasma.

Figure 3. Blank chromatograms of DNA seq 1345 and 
analogue IS from extracted human plasma.

Figure 4. QC0 chromatograms of DNA seq 1345 and analogue 
IS from extracted human plasma.

Figure 5. Calibration curve of DNA seq 1345 from extracted 
human plasma.

Figure 6. Comparison of scans across the peak for 
Full MS-SIM vs tSIM.

Figure 2. ULOQ chromatograms of DNA seq 1345 and 
analogue IS from extracted human plasma.

Conclusion
A lower limit of quantitation (5 ng/mL) was achieved with a linear 1/x2 regression 
model over 2.5 orders of magnitude. Extract stability was within the acceptance 
criteria of 15% for 4 days and reinjection reproducibility for 10 days. Processing 
of data was done with a mass tolerance set to 20 ppm at 4 decimal points. 
Quantification of oligo therapeutics using LC-HR/AM MS was validated with GLP 
acceptance criteria. 
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