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In recent years, pharmaceutical research and 
development has shifted their focus to biologic 
therapeutics. Liquid chromatography mass 
spectrometry (LC/MS) has become an alternative 
method to analyze these large molecules because of 
its high specificity, analytical sensitivity, and fast 
method development1. At the same time, LC/MS can 
avoid cross-reactivity and has proven to overcome 
reagent availability comparing to traditional ligand 
binding assay (LBA). Here we developed an 
automated  hybrid/ LC/MS method to quantify intact 
monoclonal antibody (mAb) drugs in mouse plasma. 
Our results demonstrate that this automated LC/MS 
assay can be used for biologic therapeutics 
quantitative analysis with excellent analytical  
sensitivity and reproducibility.

Introduction Experimental

All data was collected with an Agilent 1290 Infinity II 
UHPLC coupled to an Agilent AdvanceBio 6545XT Q-
TOF with large molecule SWARM autotune using the 
following conditions:

Experimental

All materials (trastuzumab, rituximab, biotinylated 
anti-human Fc antibody, streptavidin cartridges, 
buffers, 96-well LoBind plates) were purchased from 
commercial sources. 

All sample preparation steps were performed by using 
the AssayMAP Bravo platform. First, 2.5 µg of 
biotinylated anti-human Fc antibody was immobilized 
on streptavidin cartridges at 3 µL/min and washed 
twice with 100 µL PBS buffer at 20 µL/min. Then, 50 
µL of plasma aliquots fortified with different 
concentration of mAb were loaded onto each 
cartridge at 3 µL/min. After loading, the cartridges 
were washed two times with 150 µL PBS buffer at 20 
µL/min. The final elution step was carried out by 
loading 25 µL of 0.1% trifluoracetic acid to the 
cartridge at 2 µL/min. 5 µL of 50mM ammonium 
bicarbonate buffer was added to the final elution and 
15 µL was injected into LC/MS for intact protein 
analysis.

Figure 1. AssayMap Bravo Platform and AdvanceBio
6545XT LC/Q-TOF system.

LC Conditions

Column
PLRP-S 1000Å,
2.1x50mm, 5 μm
(P.N. PL1912-1502)

Column
temperature

80 ºC

Injection volume 15 μL

Autosampler temp 4 ºC

Needle wash
3 seconds in wash port
(50:50/water:methanol)

Mobile phase
A = Water + 0.1% formic acid
B = Acetonitrile + 0.1% formic
acid

Flow rate 0.4 mL/min

Gradient program Time %B
0 5
1 20
6 50
7 70
7.1 90
8 90
8.1 5

Stop time 10 min

Table 1. UHPLC gradient and conditions

MS Conditions

Gas temperature 360 ºC

Drying gas flow 13 L/min

Nebulizer gas 45 psi

Sheath gas temperature 380 ºC

Sheath gas flow 12 L/min

Capillary voltage 5500V

Nozzle voltage 2000V

Fragmentor 380 V

Skimmer 140 V

Table 2. AdvanceBio 6545XT Q-TOF conditions.
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Results and Discussion

Figure 2. (A) Raw spectrum of trastuzumab; (B) Raw spectrum of rituximab; (C) EIC of lowest calibration point of 
trastuzumab in mouse plasma; (D) EIC of lowest calibration point of rituximab in mouse plasma; (E) Calibration curve of 
trastuzumab from 0.02 to 10 µg/mL in mouse plasma; (F) Calibration curve of rituximab from 0.02 to 10 µg/mL in 
mouse plasma.

Intact protein LC/MS analysis sensitivity and dynamic range of trastuzumab and rituximab in mouse plasma.

Representative spectra of trastuzumab and rituximab in mouse plasma after immunoaffinity purification were shown in 
Figure 2 A and B. Notice the excellent spectral quality by using AssayMAP Bravo automation platform for sample 
preparation and AdvanceBio 6545XT LC/Q-TOF for data acquisition. 

MassHunter Quant 10.0 was used to do quantitative analysis, extracted ion chromatograms (EICs) of two glycoform
peaks from the top four charge states were summed with an extraction window of 1.0 m/z for each peak. As shown in 
Figure 2 C and D, the low limit of quantification for both trastuzumab and rituximab in mouse plasma were 0.02 µg/mL 
by using 50 µL of plasma as starting material, and the calibration curve is linear up to 10 µg/mL with quadratic fit and 
1/x2 weight (Figure 2 E and F). The bending at top of the curve was probably contributed by the immunoaffinity 
saturation. 

The intra-day and inter-day analytical precision and accuracy were determined from three independent runs performed 
over three days. The precision and accuracy results for both drugs in mouse plasma were shown in Table 3. All levels of 
quality control samples (n=6) met acceptance criteria of 20% (25% for LLOQ) as recommended by the US Food and Drug 
Administration. The results demonstrated excellent assay performance by using automated sample preparation and 
high resolution mass spectrometer for intact protein quantification.  
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The AssayMAP bravo automated sample preparation
platform and AdvanceBio 6545XT LC/Q-TOF are ideal
for intact protein LC/MS analysis.

• The workflow achieved lower limit of quantification of 
20 ng/mL by using 50 µL sample for two mAb drugs in 
biological matrix. The final on column quantification 
limit was about 0.3 ng for both drugs, which is the 
lowest among all published literatures.

• In three qualification runs, intra-day and inter-day QC 
sample’s precision and accuracy all met regulatory 
acceptance criteria demonstrating excellent assay 
performance and reproductivity. 

Results and Discussion

Conclusions
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Analyte extraction efficiency

Recovery test to evaluate the extraction efficiency was 
performed to ensure optimal analyte recovery during 
sample preparation. Three concentrations, 0.06, 1.0 and 
7.5 µg/mL, were evaluated.  

As shown in Table 4, the average recovery of trastuzumab 
in mouse plasma was 64.9% for mid and high QC 
samples; the average recovery of rituximab in mouse 
plasma was 53.7% for mid and high QC samples. Due to 
non-specific binding of monoclonal antibody to the tubes 
at low concentration, the low QC sample showed more 
than 100% recovery (data not shown). 

Based on the recovery of trastuzumab and rituximab in 
mouse plasma, the actual final on column quantification 
limit was only 0.32 ng and 0.27 ng for trastuzumab and 
rituximab respectively. 

Table 3. Precision and accuracy of quality control samples in mouse plasma (n=6)

Day Statistic LLOQ QC (0.02 µg/mL) Low QC (0.06 µg/mL) Mid QC (1.0 µg/mL) High QC (7.5 µg/mL)

Trastuzumab Rituximab Trastuzumab Rituximab Trastuzumab Rituximab Trastuzumab Rituximab

Day 1 Mean 0.0234 0.0240 0.0519 0.0508 1.08 1.11 8.08 7.70

% bias 17.0 20.0 -13.5 -15.3 8.0 11.0 7.8 2.7

% CV 11.3 3.1 9.7 4.9 5.0 5.4 5.9 5.1

Day 2 Mean 0.018 0.0199 0.054 0.0568 1.19 1.19 7.85 6.97

% bias -10.0 -0.5 -10.0 -5.3 18.5 19 4.6 -7.1

% CV 6.7 9.3 11.7 13.3 3.3 5 8.0 2.8

Day 3 Mean 0.0176 0.0207 0.0494 0.0540 1.03 1.18 7.42 7.78

% bias -12.0 3.5 -17.7 -10.0 3.4 18 -1.1 3.7

% CV 10.2 6.5 6.2 5.3 2.4 4.3 6.4 5.2

Inter-
day

Mean 0.0197 0.0215 0.0518 0.0539 1.10 1.16 7.78 7.48

% bias -1.7 7.7 -13.7 -10.2 10.0 16.0 3.8 -0.2

% CV 16.5 10.1 4.4 5.6 7.0 3.8 4.3 6.0

Mid QC High QC Average

Trastuzumab 60.1 69.6 64.9

Rituximab 51.4 56.0 53.7

Table 4. Recovery of quality control samples in mouse
plasma (n=4)


