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IND/CTA-ENABLING STUDIES FOR OLIGONUCLEOTIDES: ALL NEED BIOANALYTICAL DATA
Oligonucleotides Quantitation by LC-HRMS or LC-MS/MS

� The physicochemical properties of 
oligonucleotide therapeutics (ASO, 
miRNA, siRNA, nucleic acid aptamers, 
and antibody-oligonucleotide conjugates) 
make quantitation of these compounds in 
biological matrices very challenging.

� Different quantitative approaches have 
been used, such as hELISA, hHPLC-
fluorescence, HPLC-UV, hUPLC-MS/MS, 
UPLC-MS/MS, and UPLC-HRMS. 

� This presentation will discuss the 
bioanalytical differences between LC-
MS/MS and LC-HRMS for this modality.

� Participant to understand
s the chromatographic conditions to separate 

oligonucleotide drugs and their metabolites.
s the differences between MS/MS format or 

HRMS format for oligonucleotides quantitation.
s the 'working' mass resolution requires to 

quantitate oligonucleotides in HRMS.
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IND/CTA-ENABLING STUDIES FOR OLIGONUCLEOTIDES: ALL NEED BIOANALYTICAL DATA
Oligonucleotides Quantitation by LC-HRMS or LC-MS/MS

� In vitro
s Metabolism

• Metabolic Stability / Clearance
• Metabolite Profiling / Identification
• Reaction Phenotyping

s Plasma Protein Binding
s Drug-Drug Interactions

• Up / down regulation of drug metabolizing 
enzymes; Cellular Uptake/Distribution

• CYP450 inhibition
• CYP450 induction
• Drug Transporters

� In vivo
s PK / PD / Biodistribution Studies

• Rat Single and/or Multiple Dose
• NHP Single and/or Multiple Dose

s General Toxicity Studies
• Rat DRF & TK
• Rat Definitive Toxicity & TK (4 weeks or 13 weeks)
• NHP DRF & TK
• NHP Definitive Toxicity & TK (4 weeks or 13 weeks)

s Genetic Tox / Safety Pharma Studies
• Rat Micronucleus & TK
• NHP CV & TK

� Radiolabel ADME Studies
s Mass Balance / Excretion
s QWBA
s Metabolite Profiling/ID (plasma/tissue)



© 2023 QPS. Confidential. All rights reserved.

IND/CTA-ENABLING STUDIES FOR OLIGONUCLEOTIDES: ALL NEED BIOANALYTICAL DATA
Oligonucleotides Quantitation by LC-HRMS or LC-MS/MS

� Bioanalysis
s Modifications (thiophosphorolate, PMO, 

cholesterol, GalNAc, lipids, …)
s Species

• Mice, rat, NHP, mini-pig, rabbit, human

s Matrices
• Hepatocytes, cellular fractions
• Plasma, Excreta (urine, cage wash, bile, feces)
• Tissues (liver, kidney, adrenal, thymus, thyroid, brain, 

CSF, lung, heart, intestine, pancreas, spleen, testes, 
ovaries, …)

� Criteria
s GLP: plasma and ‘critical’ tissues

s Non-GLP: urine for excretion; tissues for 
biodistribution

� Chromatography vs. Ligand Binding
s Perception

• hLBA, hLC-FLD or hLC-MS more sensitive
• LC-Mass Spec more specific

s Reality
• Mostly based on historical data & ‘comfort’
• Whatever works, driven by

• Potential non-specific binding
• Metabolism

• Nucleases (exo/endo) vs. oxidative deamination 
vs. glycosidases

• Sensitivity
• Tissue concentration usually high

• Transferability from plasma to excreta and  tissues
• LC-MS challenges: Formation of cation adducts 

can severely reduce the signal of the ion of interest 
and decrease the sensitivity of the assay
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ANTIBODY/PROTEIN OLIGONUCLEOTIDE CONJUGATES
Oligonucleotides Quantitation by LC-HRMS or LC-MS/MS

� Immuno pulldown (with antibody to protein/antibody)
s Protease digestion
s Quantitation of signature peptide reflective of the ‘total’ Protein/Antibody

• Typical reverse phase workflow
s Quantitation of oligonucleotides reflective of the original POC

• Typical ion-exchange / ion-pairing workflow

� Immuno pulldown (with complementary strand/antibody to oligonucleotides)
s Protease digestion
s Quantitation of oligonucleotides reflective of the original POC and 'free’ oligonucleotides

• Typical ion-exchange / ion-pairing workflow

Coat Capture Digest Liquid Chromatography Mass Spectroscopy

Magnetic beads are 
coated with antibody 
to antibody or protein 
target.

Antibody drug

or
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EXAMPLE: TIC OF ANTI-SENSE STRAND & STAND CURVE IN HUMAN URINE (LLOQ @ 2 NG/ML)
ASO (from an AOC) Quantitation by LC-MS/MS

ASO ASO IS
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EXAMPLE: BACK-CALCULATED CONCENTRATIONS (NG/ML) & INTRADAY PRECISIONS & ACCURACY
ASO (from an AOC) Quantitation by LC-MS/MS
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AS (n-2)

AS (n-1)

AS

Deconvolution & Deisotoping Simplifies Mass  SpectrumCalculate Average 
Mass

AS (n-2)

AS (n-1)

AS 

EXAMPLE: OLIGONUCLEOTIDES NEGATIVE ESI MASS SPECTRUM SHOWING AS3- (PARENT, N-1, N-2)
siRNA Quantitation by LC-QToF-MS
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EXAMPLE: TIC AND CORRESPONDING MASS SPECTRA OF ANTI-SENSE, AS (N-1), AND SENSE STRANDS IN HUMAN PLASMA
siRNA Quantitation by LC-QToF-MS
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EXAMPLE: STANDARD CURVES OF ANTI-SENSE, AS (N-1), AS (N-2), AND SENSE STRANDS IN HUMAN PLASMA (LLOQ @ 5 NG/ML AND 1 NG/ML)
siRNA Quantitation by LC-QToF-MS

Anti sense strand Anti sense 3'N-1 strand Anti sense 3' N-2 strand Sense strand
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PLASMA CONCENTRATION IN NHP FOLLOWING SC ADMINISTRATION OF 30, 100, AND 300 MG/KG DOSE
Oligonucleotides Quantitation by LC-HRMS
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MEAN LIVER CONCENTRATION IN NHP FOLLOWING SC ADMINISTRATION OF 10 MG/KG DOSE 
Oligonucleotides Quantitation by LC-HRMS
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MEAN PLASMA CONCENTRATION IN NHP SHOWING REPRODUCIBILITY OVER A PERIOD OF 3 YEARS
Oligonucleotides Quantitation by LC-HRMS
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PROCEDURE: LC-MS (HRMS OR MS/MS) METHOD
Oligonucleotides Quantitation by LC-HRMS vs. LC-MS/MS

� Calibration Curve
s Standalone curve vs. Standalone curve: depends 

on the purpose and matrix availability
s Part of method development process; whatever 

matrix that provide the best surrogate curve
� Sample Preparation

s Feces and tissues need homogenization followed 
by lysis

s Extraction: Recovery: ≥70% ↔ ≤95%
� Chromatography

s Run-time usually ≤5 min injection-to-injection
s Column

• C18 2.1 mm x 50 mm 1.7 µm 130Å fully porous 
• Column life: 300 – 400 injections
• 300Å for specific applications, e.g., AOC / POC

� Mass Spectrometry
s IS: Analogue or Stable Isotopically Labeled

• Analyte AS & S & analogue AS & S
• Cation adducts:

• HnNa0K0 → Hn-1Na1K0; Hn-1Na0K1 → Hn-2Na2K0; Hn-

2Na1K1; Hn-2Na0K2 → …
• Analogue IS: Potential overlapping isotopic mass
• SIL-IS: expensive, control isotopic overlap?

s Mass Resolution (Theoretic vs. Operating)
• Triple Quad (unit resolution)
• QTOF (uniform resolution; ~40K) vs. Ion trap (mass 

dependent; ≥120K @ 200 amu)
• UPLC peak width @ 3-6 seconds; with 12+ data-point 

operating resolution @~35K
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PROCEDURE: LC-MS (HRMS OR MS/MS) METHOD
Oligonucleotides Quantitation by LC-HRMS or LC-MS/MS

� Tripe Quadrupoles vs. QTOF
s -ve ion mode
s Assay range: 3 order
s LC-MS/MS (similar to peptides MS/MS) 

• Q1 (@ higher charge envelope, e.g., M9-) → Q3 (@ 
lower charge envelope, mostly <400 m/z)

s Full scan LC-HRMS
• Quan and Qual
• Sum multiple isotopic mass @ lower charge state, 

e.g., M4- and M3-

s Data Intensity: two 96-well plates: 2MB vs. 3 GB
s LLOQ:

• ≤2 ng/mL (QqQ) vs. ≤5 ng/mL (HRMS)
• Stoichiometry: nM double strand ~ single strand
• Stoichiometry: ng/mL double strand ≠ single strand

• 100µL sample volume, 100µL recon, 3µL – 5µL 
injection

• Sub-1 ng/mL (if higher sample volume, lower recon, 
higher volume injection)

� Why choose Tripe Quadrupoles
s Well known/established metabolites (per MIST guidance)
s Analogue or SIL IS has little or no to cross-talk
s Desired LLOQ @ sub-1 ng/mL

� Why choose QTOF
s No metabolism data available
s Analogue or SIL IS potential cross-talk
s Desired LLOQ @ 1 ng/mL

� Preliminary experiment
s Well-established historical metabolism data
s In vitro metabolism (simple ‘well-stirred’ hepatic model 

vs. more complexed long-term co-culture model)
s Confirm in vivo rat/NHP vs. in vitro metabolism data
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EXAMPLE: RECONSTRUCTED XIC OF SIRNA IN PLASMA SAMPLES
siRNA Quantitation by LC-QToF-MS: Power of LC-HRMS
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EXAMPLE: RECONSTRUCTED XIC OF SIRNA IN LIVER SAMPLES (METABOLISM VIA OXIDATIVE DEAMINATION)
siRNA Quantitation by LC-QToF-MS: Power of LC-HRMS

Metabolites Identified: 
AS – 20; S – 15
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