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Agenda
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• Evolution of Drug Design & Impact on Discovery Bioanalysis

• Issues with Direct Method Transfer of Peptides – GLP-1 Analogs

• The Challenge of Analyte Adsorption

• LC-MS/MS of Oligonucleotides



Evolution of Drug Discovery in LC-MS/MS
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• Small molecules represent the majority of compounds in development as drug 
candidates

• Increasing tendency to more complex molecular structures to address unmet medical 
needs. 

• Need in-house expertise to deal with a wide variety of molecules, particularly 
strategies for higher molecular weight entities

• Typically require much more focused development work than for a classic rapid 
turnaround small molecule LC-MS/MS assay. 



Peptide Drug Design to Meet Clinical Needs -
GLP-1 Analogs
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• GLP-1 enhances the secretion of insulin to decrease blood sugar levels

• Degradation by dipeptidyl peptidase-4 (DPP4) and neutral endopeptidases (NEP) limits 
endogenous GLP-1 plasma half-life to 1.5–2 minutes whilst intramuscular injection only 
increases half life to approximately 30 minutes

• Evolution of GLP-1 analogs from exenatide (synthetic version of Exendin-4) to 
liraglutide and then semaglutide involves going from a large peptide molecule to 
others with increasingly complex lipid additions to enhance their utility. 

• All three work with the same mode of action but have markedly different chemical 
properties.



GLP-1 Analogs - Structures
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H-His-Aib-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr-Leu-Glu-Gly-Gln-
Ala-Ala-Lys(C18diacid-γ-Glu-OEG-OEG)]-Glu-Phe-Ile-Ala-Trp-Leu-Val-Arg-
Gly-Arg-Gly-OH

Exenatide, Mr = 4187 Da

Semaglutide, Mr = 4114 Da

Liraglutide, Mr = 3751 Da



LC-MS/MS of Peptides in Discovery
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• To some extent, LC-MS/MS methods for free peptides (Mr < 6000 Da) can follow fairly 
standard approach 

• Protein precipitation
§ Use of organic solvents that prevent analyte precipitation (50:50 MeOH:MeCN)
§ Focus on mixing steps to keep analyte in solution

• Reversed-phase chromatography 
§ Evaluate both C18 and C4 stationary phases.   
§ Review for peak shape, sensitivity, and k’ to determine path forward
§ Mobile phases typically 0.1% formic acid in water and methanol/acetonitrile

• Possible addition of 2% DMSO for insolubility issues



Barriers to a Single Assay for GLP-1 Analogs
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• Initial expectations were that adapting an existing assay for exenatide to liraglutide or 
semaglutide should be relatively straightforward 

• The increasing size of the non-polar portions of the overall molecule introduce a 
number of different issues. 

• Detection and ionization efficiency is very different from the “native peptide” 
impacting sensitivity 

• Optimal chromatographic conditions for exenatide do not translate directly to 
semaglutide requiring additional optimization.



Combining Exenatide & Liraglutide in a Single Assay
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Exenatide
0.750 ng/mL LLOQ

Liraglutide
1.00 ng/mL LLOQ

Dog Plasma with K2EDTA
50 µL aliquot
Protein Precipitation
50:50 Methanol/Acetonitrile

Shimadzu LC-30AD system
Ascentis Express ES-C18

Sciex API-5000
Positive Ion Turbo Ion Spray
SRM of (M+5H)5+ Exenatide
SRM of (M+4H)4+ Liraglutide



Evolution of Semaglutide Assay
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• Optimized liraglutide assay used for starting conditions

• Observed poor sensitivity at LLOQ 

• Carryover and interference peaks observed in blank extracts



Evolution of Semaglutide Assay
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Initial Conditions: Optimized Conditions 1: Optimized Conditions 2:
MS/MS Platform: 5000 5000 6500
MP A: 0.1% Formic Acid in 

Deionized Water
0.2% Formic Acid in 
Deionized Water

0.2% Formic Acid in Deionized 
Water

MP B: 0.1% Formic Acid in 
Acetonitrile

0.2% Formic Acid in 
Acetonitrile

0.2% Formic Acid in Acetonitrile

Column: Peptide C18 C4 C4
Extraction Method: Manual Protein 

precipitation
Manual Protein precipitation Plate-Based Protein 

precipitation (Biotage PPT+)
Use of detergent to 
prevent binding:

Yes No No

Crash solvent: 50/50 
Acetonitrile/Methanol

0.2% Formic Acid in 50/50 
Acetonitrile/Methanol

0.2% Formic Acid in 50/50 
Acetonitrile/Methanol

1000 ng/mL Semaglutide
Initial Conditions

1000 ng/mL Semaglutide
Optimized Conditions 1

1000 ng/mL Semaglutide
Optimized Conditions 2

1.5 x 104 cps 1.4 x 105 cps 3.3 x 104 cps 



Bottom-up Approach for Large Peptides
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• Does digesting the polypeptide into smaller surrogate peptides offer an advantage?

• 1 peptide can be used for all 3 drugs… TSD… multiple transitions to monitor

Semaglutide & Liraglutide
Common Peptide 

Liraglutide
Unique Peptide

TSDTSDHAE

• Trypsin not a good choice due to 
modification at Lysine

• Chymotrypsin does yield good peptides 
for both Liraglutide and Semaglutide

• Would also work for Exenatide

H-His-Aib-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr-
Leu-Glu-Gly-Gln-Ala-Ala-Lys(C18diacid-γ-Glu-OEG-OEG)]-
Glu-Phe-Ile-Ala-Trp-Leu-Val-Arg-Gly-Arg-Gly-OH

Semaglutide

Liraglutide
H-His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr-
Leu-Glu-Gly-Gln-Ala-Ala-Lys(Palmitoyl-Glu-OH)-Glu-Phe-
Ile-Ala-Trp-Leu-Val-Arg-Gly-Arg-Gly-OH

Chymotrypsin
Digestion



Quantitation of GLP-1 Analogs (Intact v Digested)
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• No optimization – Comparison of neat solutions

Liraglutide
Digest
100 ng/mL

Semaglutide
Digest
100 ng/mL

Liraglutide
Intact
100 ng/mL

Semaglutide
Intact
100 ng/mL

1.5x106 cps1.3x107 cps8x106 cps 1.2x105 cps

Semaglutide
~ 50x Sensitivity increase 

with Digestion



Quantitation of GLP-1 Analogs (Intact v Digested)

• Advantages

§ Potential for increased sensitivity

§ Provides potential for 1 method for 3 
chemically diverse peptides – Generic Assay

§ May be combined with Hybrid approaches 
for specificity or sensitivity

• Disadvantages

§ May lose part of molecule need for 
differentiation

§ Additional complexity from extra steps 
(digestion)

13 kcasbio.com

Semaglutide
Chymotrypsin  Digested

0.78 to 100 ng/mL

Semaglutide - Chymotrypsin  Digested
0.78 to 100 ng/mL

Sensitivity at LLOQ – 4 x 104 cps 



Adsorption issues
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• Adsorption is a consistent issue for all peptides but can be particularly problematic for 
peptides with lipid additions

• Controls implemented for all peptide assays include 
§ Use of Lo-Bind plastic ware
§ Preferential use of methanol as a crash solvent (Research Grade Assays)
§ Specialist Peptide Columns

• Biggest challenge can be systematic carryover due to adsorption
§ Injector
§ Valves
§ Analytical column
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Case Study – Developing Assay for multi-functional macromolecule

• Molecular weight ~3,500 Da

• Needed as sensitive an assay possible
• Low recovery from protein precipitation, 
• High carryover from high standard to blank – 30% of LLoQ signal

• Both issues limit achievable LLOQ, Carryover limited dynamic range of assay
• This assay had been with multiple external groups who were unable to address problems

Adsorption Issues With Substituted Peptides



Adsorption Issues With Substituted Peptides
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Underlying Cause

• Strong binding to other macromolecules in matrix, sample container, column, and sample 
line in LC system
§ Effectively adsorption to everything

Solution: 

• Multiple gradient cycles per injection to clean system,

• Modification of extraction procedure by adding mixing times

• Modification of pH and organic content

• Post modifications - carryover from high standard blank <10% of LLoQ signal intensity



Bioanalysis of Oligonucleotides
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• Method development driven by chemical properties

• Extraction using custom SPE phases most successful – Weak anion exchange based

• Use of ion pairing reagents essential for chromatographic retention, peak shape

§ HFIP (Hexafluoroisoproanol)  and DIPEA (Diisopropylethylamine)

§ Assessment of use of ion pairing reagent strength and interaction with oligonucleotide critical to 
determine what works best

• Specialized, specifically designed, separation columns for oligonucleotides essential. 

§ Phenomenex Biozen Oligo, a core-shell particle bonded C18 phase

• Also watch for stability issues, binding of oligonucleotides to proteins (Use of lysis buffer)



Challenges with Modified Oligonucleotides
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• Similar to peptide examples, chemical modifications on the oligonucleotide can 
drastically affect predicted behavior

§ Using “standard” oligonucleotide approach for modified molecule showed 
reduced overall sensitivity
§ Likely extraction related – lack of interaction with custom substrate.

§ Tested liquid-liquid extraction, weak anion exchange SPE and a combination 
of both approaches with on-line column trapping

§ Increased focus on optimized MS source conditions



Evolution of Modified Oligonucleotide Assay
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Initial Conditions: Optimized Conditions:
MS/MS Platform: 6500+ 6500+
Source Temperature: 400 150
Ion Source Gas 1: 50 85
Ion Source Gas 2: 60 85

750 cps 5,000 ng/mL Standard

Original Conditions

3.3 x 104 cps 1,000 ng/mL Standard

Optimized Conditions

Optimized Conditions
Extraction - Liquid-liquid/WAX µElution SPE/Trapping on Waters Acquity Premier Oligo BEH C18
Analytical Column - TMC Triart Bio C4, 33 x 2.1mm, 3µm
Mobile Phase - 50 mM HFIP/5 mM DIPEA in Water : 100 mM HFIP/15 mM DIPEA in Acetonitrile



Conclusions
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• Chemically altering peptides can help PK characteristics but can make bioanalysis significantly 
more challenging

• Adsorption is a major issue for modified peptides & oligonucleotides

• Having good background information such as solubility can really help LC-MS/MS development.

• Essential to have in-house expertise who can develop flexible approaches for higher molecular 
weight entities

• Availability of complimentary approaches such as digestion & peptide quantitation provide 
alternative strategies for additional selectivity or sensitivity
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