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1. INTRODUCTION 

Liraglutide, a human glucagon-like peptide 1 (GLP-1) 

analogue with high homology to native GLP-1, has 

structural modifications sufficient to amend 

pharmacokinetics for once-daily administration without 

compromising biological activity. Liraglutide (Victoza; 

Novo Nordisk A/S, Bagsvaerd, Denmark) has been 

approved for the treatment of type 2 diabetes. Human 

GLP-1 is released from the gut in response to meals and 

has the capacity to regulate insulin secretion, exert extra 

pancreatic glucoregulatory actions and affect appetite 

and food intake. However, the very short half-life of 

GLP-1 in the circulation (t1/2 = 1–2 min), due to rapid 

metabolism by the widely distributed enzymes dipeptidyl 

l peptidase-IV (DPP-IV) and neutral endopeptidase 24.11 

(NEP), reduces its usefulness for the treatment of type 2 

diabetes. Hence GLP-1 receptor agonists are now being 

developed as a new class of antidiabetes drugs. Native 

GLP-1 is a 30-amino acid peptide produced by cleavage 

of the transcription product of the preproglucagon gene, 

differs by substitution of Lys 34 to Arg and by addition 

of a C16 fatty acid at position 26 using a γ-glutamic acid 

spacer. Liraglutide is administered as an isotonic solution 

by subcutaneous injection. Pharmacokinetics of 

liraglutide is suitable for once-daily administration, with 

a Tmax of 9–13 h and a T1/2 of 13 h.
[1-6]

 

 

A rugged quantitative bioanalytical method is required 

for routine pre-clinical and clinical estimation of drug 

concentration in plasma. Quantification of large peptides 

remains difficult, mainly because of interferences from 

biological matrices. Conventionally, immunoassays have 

been widely employed for the quantification of 

therapeutic peptides and proteins. Agerso et al 

determined the human plasma concentration of 

liraglutide by using enzyme linked immunosorbent 

assay. The reported sample preparation is tedious time 

consuming procedure which involves preincubation of 

plasma samples and further the incubation continuous to 

overnight before detection.
[7]

 However, accurate 

quantification is limited with this technique since cross-

reactivity can occur when the used antibodies cannot 

discriminate structurally related compounds.  
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Currently only immunoassay has been reported to 

estimate liraglutide and elsewhere no LC-MS/MS 

method has been published to quantify liraglutide in 

biological matrices. Thus an attempt was made to 

establish selective determination of liraglutide in human 

plasma. A first UHPLC-MS/MS method for liraglutide in 

human plasma was developed using ABSciex 6500 

QTRAP mass spectrometer. Sample cleanup prior to 

analysis was performed by using weak cation exchange 

solid phase extraction step to remove potential 

interference from the biological matrix. Finally the 

developed method was validated as per the regulatory 

guidelines. 

 

2. MATERIALS AND METHODS 

2.1. Chemicals 

Liraglutide was procured from Bachem (USA) and 

internal standard (IS) leuprolide was purchased from 

Sigma biotech, India. HPLC-grade methanol was 

purchased from Merck (Darmstadt, Germany). 

Trifluroacetic acid was purchased from (Sigma–Aldrich, 

Germany). HPLC grade water from Milli-Q system 

(Millipore, Bedford, MA, USA) was used. All other 

chemicals used in the method were of analytical grade. 

Pooled K2 EDTA human plasma was procured from life 

care blood bank to prepare calibration standards and 

quality control (QC) samples. 

 

2.2. Instrumentation 

The UHPLC system (GL bio systems Japan) consisted of 

an integrated binary pump, degasser and an auto sampler 

with thermostated column oven. The separation was 

performed by using the Phenomenax Aeris WIDEPORE 

3.6µ C18 (150mm x 2.10mm), at a temperature of 40ºC. 

Mass spectrometric detection was performed by using 

API 6500 triple quadrupole instrument (AB SCIEX, 

Concord, Ontario, Canada), which was equipped with an 

electrospray ionization (ESI) source and operated by AB 

SCIEX, Analyst 1.6 software. 

 

2.3. Mass spectrometric and chromatographic 

conditions 

Infusion of liraglutide in presence of 0.01% trifluroacetic 

acid influenced the charge distribution and as well as 

more prominent (M+3H)
3+

 ions. The compound and 

source parameters were optimized by manual tuning. 

Multiple reaction monitoring (MRM) at unit resolution 

with protonated transition 1251.3-1245.4 m/z 

(liraglutide) and 605.6-249.1 m/z (IS) was finalized. 

Optimized MS conditions were described as follows: 

curtain gas, gas 1 and gas 2 (all nitrogen) with 25, 50 and 

60 units respectively; dwell time with 100 ms; ion spray 

voltage with 5500 V; source temperature with 600; 

declustering potentials with 80 V for liraglutide and 50 V 

for leuprolide; collision energies with 55 eV for 

liraglutide and 38 eV for leuprolide. 

 

A gradient HPLC method was employed for separation. 

Eluent composition was raised linearly from 20 to 95% 

of eluent B within 3 min. After maintaining at 95% B 

until 6 min, the eluent composition returned to 20% B for 

re-equilibration for 1 min. Total run time was 7.0 min. 

The flow rate was 0.6 mL/min. Chromatography was 

performed on a Phenomenax Aeris WIDEPORE 3.6µ 

C18 (150mm x 2.10mm) maintained at 40ºC using a 

gradient elution with 0.01% trifluroacetic acid as solvent 

A and methanol as solvent B. 

 

2.4. Calibration standards and Quality control 

samples 

A stock solution of liraglutide (Fig 1) with a 

concentration of 1 mg/mL was prepared in a low 

adsorbent polypropylene tube by dissolving an 

accurately weighed sample of liraglutide acetate in 

methanol. A series of standard working solutions were 

obtained by further dilution of the stock solution with 

methanol–water (50:50, v/v) to yield the final 

concentration range of 0.5–100 pg/mL in human plasma. 

Calibration curves were prepared by spiking 50 µL of the 

appropriate standard working solution into 950 µL of 

blank human plasma. Quality control (QC) samples were 

similarly prepared at concentrations of 1.5, 40, 80 pg/mL 

in human plasma, by a separate weighing of the 

reference compound. Leuprolide (Fig 2) stock solution 

was prepared in methanol. A 4.0 ng/mL internal standard 

(IS) working solution was prepared by diluting a stock 

solution of leuprolide with methanol–water (50:50, v/v). 

All the solutions were stored at 4°C and while using 

were brought to room temperature. QC samples were 

aliquoted into 1.5 mL polypropylene vials and stored at 

−20ºC until analysis.  

 

2.4. Evaluation for adsorption 

The adhesion problem was more severe for standard 

solution (without plasma), might be due to the adsorption 

loss to the vessel walls. To minimize the effect during 

preparations of standard solution for calibration curve 

and quality control samples, low adsorbent 

polypropylene tubes were used which apparently 

nullified the adsorption loss to vessel walls. Thus fresh 

standard spiking solutions were prepared whenever 

required to prepare the plasma calibration standards and 

quality control samples to avoid any loss during storage. 

Unlike neat standard solution, post extracted samples did 

not exhibit the adhesion problem reflected by the 

stability data of the extracts. 

 

2.6. Sample preparation 

A simple protein precipitation method with 1:1, 1:2 and 

1:3 ratios using plasma sample/acetonitrile and plasma 

sample/methanol were investigated. Good recovery was 

obtained while using ice cold (-20ºC) acetonitrile as a 

plasma protein denaturing agent at higher concentration, 

but a strong interference was observed at analyte RT in 

lower concentration. So to enhance the sample cleanup 

solid phase extraction was utilized for the isolation of 

investigational peptide, liraglutide. SPE methods have 

been widely chosen for the separation of peptides from 

different biological matrices and it allows enrichment of 

analytes for better sensitivity.
[8-13]
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Plasma samples (1000 μL) containing liraglutide and 50 

μL internal standard (leuprolide, 4.0 ng/ml) were 

vortexed and spiked with 50 μL of orthophosphoric acid 

(OPA). Samples were extracted on weak cation exchange 

cartridges conditioned with methanol followed by 50 

mM ammonium acetate solution. After loading, samples 

were washed in three steps: 1) 2% OPA/methanol (80:20 

v/v); 2) 2% NH4OH/Methanol (60:40 v/v); and 3) 

Water/methanol (60:40 v/v). Analytes were eluted with 

5% acetic acid in methanol, dried under nitrogen at 40°C 

and reconstituted with 200 µl of 5% acetic acid in 

methanol. A 20 µL aliquot was injected onto the 

UHPLC–MS/MS system for analysis. 

 

2.7. Method validation 

Assay validation was performed according to the FDA 

guidelines.
[14]

 Specificity was performed by analyzing 

blank plasma samples from six different subjects. Three 

independent standard curves and six replicate of low, 

medium and high QC samples were analyzed on three 

different days. Linearity was analyzed by weighted linear 

regression (1/X
2
) of analyte-internal standard peak area 

ratios. The precision (represented by the relative standard 

deviation, RSD) and the accuracy (represented by % 

Nominal) were evaluated based on the assay of six 

replicates of QC samples in three consecutive days. 

Recovery was determined by comparing peak areas of 

QC samples with those of post-extraction spiked blank 

plasma. Matrix effects were evaluated by comparing 

peak areas of the analyte in post-extracted spiked blank 

plasma samples with those in standard solutions. 

 

Stability tests were conducted to evaluate the analyte 

stability in plasma samples under different conditions. 

Room temperature stability (6 h), processed samples 

stability (autosampler stability at 4ºC for 24 h), freeze-

thaw stability (three cycles) was performed using QC 

samples (low and high) using six replicates at each level. 

Samples were considered to be stable if assay values 

were within the acceptable limits of accuracy (± 15% of 

Nominal) and precision (≤ 15% CV). 

 

3. RESULTS AND DISCUSSION 

3.1. Optimization of the mass spectrometric condition 

Liraglutide was infused by using methanol-water (50:50) 

to optimize the parent ion, but due to absence of charge 

distribution acidic condition using 0.1% formic acid was 

used where [M+ 3H]
3+

 ions at m/z 1251.3 with less 

sensitivity was observed. The mass spectrometric 

conditions for the detection of analyte and the IS was 

screened in both modes, and found positive ion ESI 

optimal. By infusing 0.01% TFA containing liraglutide 

solution, mass spectrum of liraglutide exhibited high 

abundant peak, corresponding to [M+ 3H]
3+

 ions at m/z 

1251.3 and less abundant peak to [M+ 6H]
6+

 ions at m/z 

625.8. Fragmentation of the [M+ 3H]
3+

 ion yielded more 

abundant product ions as m/z 1245.3 which was used for 

the MRM transition. A full-scan product ion mass 

spectrum of liraglutide was shown in Fig.3. The triple 

charged transitions (M+3H)
3+

 m/z 1251.3-1245.4 for 

liraglutide and doubly charged transitions (M+2H)
2+

 

605.6-249.1 for IS were chosen for the quantification 

studies, as they exhibited better sensitivity. 

 

3.2. Optimization of chromatographic condition 

Mobile phase combinations of acetonitrile, methanol 

with formic acid were investigated to optimize the 

chromatography for sensitivity, speed and peak shape. 

Peak splitting for liraglutide was observed while using 

0.1% formic acid, but stable response was seen with IS. 

Methanol gave a better response than acetonitrile and the 

peak shape was improved by the addition of 

trifluroacetic acid. The effect of different strengths of 

trifluroacetic acid on peak shape and mass spectrometry 

was investigated. 0.01% trifluroacetic acid was used as 

there was no significant ion suppression when used with 

electrospray ionization. A waters symmetry C4 column 

using gradient elution relatively long analytical run time 

(about 12 min) was needed to equilibrate the column. 

Improper peak shape resulted while using Zorbax 300 

Extend C18 (150 x 2.1 mm, 3.5 μ) and Phenomenax 

Kinetics C18 (50 x 2.1, 1.7µ) columns. By maintaining 

% B gradient upto 95% after elution of parent and IS 

peaks, to remove the deeply retained parent peak, which 

helped to reduce the analyte carry over in subsequent 

analysis. 

 

Finally after a series of trials Phenomenax Aeris 

WIDEPORE 3.6µ C18 (150mm x 2.10mm) column was 

considered to be optimal because of its reproducibility 

and compatibility (Analyte RT-2.9 min & IS RT-2.3 

min) while using 0.01% TFA and methanol as mobile 

phase. 

 

3.3. Sample Preparation 

SPE cartridges like Strata X (Phenomenax) and Oasis 

(Waters) were investigated to extract both liraglutide 

(analyte) and leuprolide (IS) from human plasma. After 

extensive trials for conditioning, washing and elution, an 

extraction method of consistent recovery with negligible 

matrix effect was finalized using weak cation exchange 

cartridge (Strata X, Phenomenax). Recovery of 

liraglutide ranged from 85-90% in the tested low, mid 

and high QC concentrations. When 5% acetic acid in 

methanol was used as elution solvent, the recovery of 

liraglutide improved relatively when compared with 

methanol alone.  

 

Plasma samples (1000 μL) containing liraglutide and 50 

μL internal standard (leuprolide, 4.0 ng/mL) were 

vortexed with 50μL of orthophosphoric acid (OPA). 

Samples were extracted on weak cation exchange 

cartridges conditioned with methanol followed by 50 

mM ammonium acetate solution. After loading, samples 

were washed in three steps: 1) 2% OPA/methanol (80:20 

v/v); 2) 2% NH4OH/methanol (60:40 v/v); and 3) 

Water/methanol (60:40 v/v). Analytes were eluted with 

5% acetic acid in methanol, dried under nitrogen at 40°C, 

and reconstituted with 200 µL of 5% acetic acid in 
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methanol. A 20 µL aliquot was injected onto the 

UHPLC–MS/MS system for analysis. 

 

3.4. Method Validation 

3.4.1 Selectivity 

Representative MRM chromatograms of extracted K2-

EDTA blank human plasma with IS (Fig 4), liraglutide at 

LLOQ concentration (Fig 5) demonstrate the selectivity 

of the method. No endogenous compounds were found to 

interfere at the retention time of liraglutide. 

 

3.4.2 Linearity and LLOQ 

The assay was linear over a concentration range from 0.5 

pg/mL to 100 pg/mL for liraglutide. Correlation 

coefficient (r) ranged from 0.98 to 0.99 for the tested 

calibration standards for liraglutide. Calibration 

standards were analyzed in three separate runs and 

concentrations were back calculated from nominal 

concentrations (Table 1). The analyte peak of LLOQ 

sample was found to be discrete and reproducible within 

±20% of nominal and a precision ≤20%.  

 

3.4.3 Accuracy and precision 

Intra-day and inter-day precision and accuracy for 

quality control samples were summarized in Table 2 and 

Table 3 respectively. The deviation at each concentration 

level from the nominal concentration was within ±15.0% 

except QC of LLOQ, for which no more than 20.0%. 

Similarly, the mean accuracy was found to be ±15.0% 

except for the QC of LLOQ where it was found to be 

±20.0% of the nominal concentration. 

 

3.4.4 Recovery 

The extraction recoveries for analyte at three QC 

concentration levels were determined by measuring the 

mean peak area response of six replicates of extracted 

quality control samples against the mean peak area 

response of six replicates of reconstituted matrix samples 

containing analyte at concentrations that mimic the final 

extract for low, middle and high quality control samples. 

Result indicates that the extraction efficiency for 

liraglutide using solid phase extraction was satisfactory, 

consistent and concentration independent (Table 4).  

 

 3.4.5 Matrix effect 

Matrix effect was determined by measuring the 

corresponding analyte peak area response in 

reconstituted matrix samples against the analyte mean 

peak area response in reference solution. Table 4 

indicates that the obtained matrix effect for liraglutide 

was found to be within the acceptable limits. Blank 

extracted samples were reconstituted with reference 

solution, prepared in 5% acetic acid in methanol, 

containing liraglutide at two QC concentration levels 

(low and high QC concentrations).  

 

3.4.6 Stability 

The stability studies were evaluated using low and high 

quality control samples. Freeze–thaw stability (3 cycles), 

bench-top stability (6 h) and autosampler stability (36 h) 

were tested with freshly prepared calibration standards. 

Back-calculated concentrations of investigational quality 

control samples were compared with the freshly prepared 

quality control samples and found to be within the 

acceptance limit (Table 5). 

 

 

 

 

Table 1: Concentration response data of precision and accuracy batch: Linearity of liraglutide 

 Concentration (pg/mL) 

Liraglutide 
STD A STD B STD C STD D STD E STD F STD G STD H 

0.50 2.50 5.00 10.00 20.00 40.00 80.00 10.00 

1 0.505 2.475 4.691 9.558 19.242 40.069 88.321 103.782 

2 0.506 2.275 5.559 9.665 17.026 40.498 87.661 104.087 

3 0.493 2.618 5.504 8.684 19.107 45.649 76.916 93.851 

Mean 0.50 2.46 5.25 9.30 18.46 42.07 84.30 100.57 

S.D (+/-) 0.01 0.17 0.49 0.54 1.24 3.11 6.40 5.82 

C.V. (%) 1.44 7.02 9.26 5.79 6.73 7.38 7.6 5.8 

% Nominal 100.26 98.24 105.03 93.02 92.29 105.18 105.4 100.6 

N 3 3 3 3 3 3 3 3 

 

Table 2: Intra-Run Precision and Accuracy (PA) (Batch 01, 02 and 03) of liraglutide 

Liraglutide 

Concentration (pg/mL) 

LLOQ QC LQC MQC HQC 

0.501 1.496 40.0 80.0 

PA BATCH-01 

Mean 0.58 1.34 38.85 78.54 

SD 0.01 0.16 1.66 3.90 

C.V.% 1.81 11.62 4.27 4.96 

% Nominal 114.93 89.57 97.12 98.17 

N 6 6 6 6 
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PA BATCH-02 

Mean 0.49 1.36 37.31 79.27 

SD 0.03 0.08 1.07 5.54 

C.V.% 5.41 5.71 2.87 6.98 

% Nominal 98.06 90.83 93.28 99.08 

N 6 6 6 6 

PA BATCH-03 

Mean 0.55 1.60 43.73 89.28 

SD 0.04 0.06 1.60 3.44 

C.V.% 8.18 3.61 3.65 3.86 

% Nominal 109.28 107.12 109.32 111.60 

N 6 0 6 6 

 

Table 3: Inter-Run Precision and Accuracy (PA) (Batch 01, 02 and 03) of liraglutide 

Liraglutide 

Concentration (pg/mL) 

LLOQ QC LQC MQC HQC 

0.501 1.496 40.0 80.0 

Mean 0.54 1.43 39.96 82.36 

SD 0.05 0.16 3.13 6.51 

C.V.% 8.52 11.05 7.84 7.90 

% Nominal 107.78 95.59 99.90 102.95 

N 18 18 18 18 

 

Table 4: Recovery and matrix factor of liraglutide 

QC % Recovery 

LQC 99.1 

MQC 90.8 

HQC 88.5 

Mean Recovery 92.8 

QC Matrix Factor 

LQC 0.90 

HQC 0.92 

 

Table 5: Stability studies liraglutide 

Stability Studies QC 
Nominal Conc 

(pg/mL) 

Observed Conc 

(pg/mL) 
% CV % Stability 

Bench Top  (6 h) 
LQC 1.496 1.39 7.76 93.25 

HQC 80.0 89.99 2.59 112.49 

Freeze Thaw (3 cycles) 
LQC 1.496 1.58 7.47 105.54 

HQC 80.0 84.62 2.91 105.78 

Autosampler 36 h) 
LQC 1.496 1.65 1.94 110.22 

HQC 80.0 85.76 5.18 107.20 

 

 
Figure 1. The chemical structure of liraglutide 
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Figure 2. The chemical structure of leuprolide (internal standard) 

 

 
Figure 3. The Product ion spectra of liraglutide 

 

 
Figure 4. Typical MRM Chromatogram of liraglutide in blank extracted K2-EDTA human plasma 
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Figure 5. Typical MRM Chromatogram of liraglutide and leuprolide (IS) in K2-EDTA human plasma 

 

4. CONCLUSIONS 

A first UHPLC–MS/MS bioanalytical method to 

quantify liraglutide in human plasma was developed and 

validated with respect to linearity, precision and 

accuracy. Sample stability evaluations showed that the 

peptide was stable under the assayed conditions. The 

sensitivity of the established method with the lower limit 

of quantification at 0.5 pg/mL was comparable with the 

reported immunoassays having significant advantage of 

selectivity between structurally similar degradants. The 

results showed that the developed method was a valuable 

analytic technique for the determination of liraglutide in 

biological matrix by UHPLC–MS/MS. 
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