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IN T RO DU C T IO N

Bradykinin is a physiologically and pharmacologically active peptide, consisting 

of 9 amino acids, and is derived from the kinin group of proteins (Figure 1). Kinins 

are effectors of vasodilation, vascular permeability, nitric oxide release and 

arachidonic acid mobilization. They are important regulators of blood pressure, 

kidney function and heart function, and are also involved in inflammation.1 

Bradykinin causes blood vessels to dilate, and therefore causes a lowering of 

blood pressure. The ability to measure changes of this peptide hormone with high 

sensitivity, selectivity and accuracy, as a function of disease progression or drug 

treatment is thus highly advantageous. Although biologics have historically been 

quantified using ligand binding assays (LBAs), over the past few years, there 

has been a trend toward the analysis of large molecules by LC-MS/MS. This is 

in part driven by the fact that LBAs can suffer from significant cross-reactivity 

issues and lack of standardization. LC-MS/MS has the advantage of shorter 

development times, greater accuracy and precision, the ability to multiplex, and can 

readily distinguish between closely related analogues, metabolites or endogenous 

interferences. Peptides in general are often difficult to analyze by LC-MS/MS, as  

MS sensitivity is low due to poor transfer into the gas phase and poor fragmentation, 

making LC and sample preparation method development challenging. Accurate 

quantification of bradykinin in plasma is particularly challenging because it is 

present in low pg/mL levels, is rapidly metabolized, and also artificially produced 

during blood sampling and sample preparation via proteolytic processes. 

This study utilizes specifically designed blood collection techniques to inhibit 

bradykinin formation ex vivo and takes advantage of mixed mode solid-phase 

extraction (SPE) and a high-efficiency, solid-core particle column to minimize  

and resolve interferences, while facilitating high sensitivity quantification.
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A P P L I C AT IO N B E N E F I T S 
■■ Use of the CORTECS UPLC® Column facilitated 

narrow peak widths, providing sensitivity 
and resolution from matrix interferences

■■ SPE using Oasis® WCX, a mixed-mode 
sorbent, reduced matrix interferences and 
enhanced selectivity of the extraction for 
Bradykinin in plasma

■■ The 96-well Oasis μElution plate format 
concentrated the sample and minimized 
peptide loss to reach detection limits of  
5pg/mL for Bradykinin in plasma

■■ Selective, fast SPE extraction (<30 minutes) 
without time-consuming immuno affinity 
purification

■■ High sensitivity achieved with Xevo TQ-S MS 
that is comparable to the more time-consuming 
and laborious immunoassay methods 

■■ More accurate and precise quantification 
than traditional LBA methods

■■ Rapid analysis time of 3.5 minutes  
increases productivity

Bradykinin Amino Acid Sequence: RPPGFSPFR 

Figure 1. Representative structure and amino acid sequence of bradykinin.
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E X P E R IM E N TA L 

Method conditions

System:	 ACQUITY UPLC 

Column:	 CORTECS UPLC C18 

Column, 1.6 µm,  

2.1 mm x 50 mm

Mobile phase A:	 0.1% Formic acid  

in water 

Mobile phase B:	 0.1% Formic acid  

in acetonitrile

Gradient: 	 see Table 1

Column temp.: 	 35 °C

Sample temp.: 	 15 °C

Inj. volume:	 10 µL

Total run time:	 3.5 minutes

Collection plates:	 Waters 1 mL ACQUITY 

Collection Plates

MS conditions

MS system:	 Xevo TQ-S

Ionization mode:	  ESI positive

Capillary voltage:	 3.0 kV

Desolvation temp.:	 500 °C

Cone gas flow: 	 150 L/hr

Desolvation gas flow:	 1000 L/hr

Collision cell pressure:	 3.58 x 10 (-3) mbar

Collision energy:	 Optimized by 

component, see Table 2

Cone voltage:	 Optimized by 

component, see Table 2

Data management

Chromatography 
software:	 UNIFI® 1.6

Quantification 
software:	 UNIFI 1.6

Sample preparation

Sample pre-treatment

10 μL of the internal standard (IS), [Lys-des-Arg9]-Bradykinin (10 ng/mL) was 

added to 200 μL of human plasma and mixed. The samples were then diluted  

1:1 with 5% NH4OH in water and mixed.

Sample extraction with Oasis WCX

Pre-treated plasma samples were extracted according to the protocol in Figure 2. 

All solutions are made up by volume. All extraction steps were applied to all wells 

of the μElution plate that were to contain samples.

Oasis WCX 
µElution Protocol 

Part Number: 
186002499 

Condition: 
200 µL MeOH 
Equilibrate: 

200 µL  5% NH4OH 
in H2O 
Load: 

400 µL Pretreated 
Plasma   

Wash 1: 
200 µL 5% NH4OH 

in H2O 
Wash 2: 

200 µL 10% ACN
in H2O 
Elute: 

2 x 25 µL of 1% 
TFA in 75:25 

ACN:H2O 
Dilute: 

50 µL H2O 

Figure 2. Oasis μElution WCX extraction protocol.

Table 1. UPLC gradient conditions.

Time  
(min)

Flow Rate  
(mL/min)

Composition 
A (%)

Composition 
B (%)

Curve

0.00 0.400 95.0 5.0 Initial

0.15 0.400 95.0 5.0 6

1.75 0.400 25.0 75.0 6

2.00 0.400 5.0 95.0 6

2.50 0.400 5.0 95.0 6

2.60 0.400 95.0 5.0 6

3.00 0.400 95.0 5.0 6

http://www.waters.com/waters/partDetail.htm?partNumber=186002499
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Figure 3. MS/MS spectra of the 3+ precursors for bradykinin (A) and [Lys-des-Arg9]-bradykinin (B). MRM transitions chosen for 
quantitation are indicated by asterisks (*).

Table 2. MRM transitions, collision energies, and cone voltages for bradykinin and [Lys-des-Arg9] bradykinin, the internal standard (IS).

419.18* 

408.18 

642.22 

321.77 

253.96 
210.26 

[M+3H]3+ 
 354.18 

555.3 
506.3 710.2 

[M+3H]3+ 
344.94 

386.03* 

434.42 

377.3 

166.25 
268.7 

277.6 

A 

B [Lys-des-Arg9]-Bradykinin (IS)  

Bradykinin  

R E SU LT S  A N D D IS C U S S IO N

Mass spectrometry

The 2+ and 3+ precursors at m/z 531 and m/z 354 were observed for bradykinin. Representative MS/MS 

spectra of the 3+ precursors for bradykinin (Panel A) and IS (Panel B) are shown in Figure 3. During method 

development, several different multiply charged precursors and fragments were monitored. Ultimately the 3+ 

precursors of bradykinin and IS were used as these were the most intense and selective in matrix. The fragment 

at m/z 419.18 y31+ was chosen as the primary fragment for bradykinin quantitative analysis. The 3+ precursor  

and the m/z 408.18 b41+ fragment were used for confirmatory purposes. For the IS, the 3+ precursor at  

m/z 344.94 and the fragment at m/z 386.03 b72+ were chosen. Optimal MS conditions are shown in Table 2. 

Although many peptides produce intense fragments below m/z 200, these ions (often immonium ions) result 

in high background in extracted samples due to their lack of specificity. In this assay, the use of highly specific 

b or y ion fragments with m/z values higher than their precursors yielded significantly improved specificity, 

facilitating the use of simpler LC and SPE methodologies. 

Compound Precursor MRM Transition
Cone Voltage 

(V)
Collision Energy 

(eV)
Product Ion type

Bradykinin
[M+3H]3+ 354.18 > 419.18 28 8  [1H+] 1/y3

[M+3H]3+ 354.18 > 408.18 25 10 [1H+] 1/b4

[Lys-des-Arg9]-Bradykinin(IS) [M+3H]3+ 344.94 > 386.03 28 10 [2H+] 1/b7



4Development of a Quantitative SPE LC-MS/MS Assay for Bradykinin in Human Plasma

UPLC separation

Unlike small molecules, peptides suffer from poor mass transfer in and out of fully-porous particles. Thus, 

using a column packed with solid-core particles allows for sharper peak shapes at the higher flow rate typically 

used for bioanalytical studies.2,3 With the CORTECS UPLC C18 Column, narrower peaks, reduced tailing, 

increased peak height and area were observed for bradykinin compared to a fully-porous particle column. Peak 

widths of 2.5- 3.0 seconds wide were obtained for bradykinin and the IS using the CORTECS UPLC C18 Column, 

compared to peak widths of 4 seconds on the fully porous column. Representative chromatograms of bradykinin 

and the IS using the CORTECS UPLC C18 Column are shown in Figure 4.

[Lys-des-Arg9]-Bradykinin (IS)  

Bradykinin  

Figure 4. UPLC separation of bradykinin and internal standard, from blank extracted plasma, using a 2.1 x 50 mm  
CORTECS UPLC C18 Column.
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Sample preparation 

Human plasma was obtained from blood collected in tubes containing EDTA and protease inhibitors to 

inhibit formation of bradykinin ex vivo. SPE was performed using Oasis WCX, a mixed-mode sorbent, to 

enhance selectivity of the extraction. The sorbent relies on both reversed-phase and ion-exchange retention 

mechanisms to selectively separate bradykinin from other high abundance poly peptides in complex plasma 

samples. The 96-well Oasis μElution Plate format concentrates samples without the need for evaporation and 

reconstitution. This provides the benefit of saving time and eliminating peptide loss due to adsorption to the 

walls of the collection plate during evaporation. Optimization of the pre-treatment and wash steps was critical 

to fully recover bradykinin during the sample pre-treatment and SPE extraction. Pre-treatment of the sample 

with acid or base reduces viscosity and improves contact time with the sorbent, aids in disruption of protein 

binding, and can also facilitate better retention of the peptide to the SPE device by using the ion exchange 

functionality. During initial method development, ~80% recovery was observed with acid pretreatment of 

the plasma prior to extraction. Because bradykinin is a basic polar peptide, as indicated by its pI (12.0) and 

HPLC index (47.8), it was suspected that it was partially eluting during the initial loading step. Recovery was 

improved to ~90% recovery with a switch to base pretreatment, facilitating initial retention of bradykinin 

by ion exchange during the loading step. A change from 20% to 10% acetonitrile in wash step 2 eliminated 

breakthrough of bradykinin during washing and improved recovery to 100%. The optimized SPE protocol  

using base pretreatment of the plasma prior to SPE loading, combined with the optimized wash step of  

10% acetonitrile, provided full recovery of bradykinin with less than 10% matrix effects. Additionally,  

binding of the peptides by ion-exchange imparted orthogonality into the overall method as the UPLC  

separation is performed in the reversed-phase dimension.

Linearity, accuracy, and precision

To generate standard curves, human plasma was fortified with bradykinin at the following final concentrations: 

5, 20, 30, 60, 100, 200, 400, 600, 1000, 2000, 6000, and 10000 pg/mL. Quality control (QC) samples 

were prepared in human plasma at the following concentrations: 25, 80, 250, 800, and 5000 pg/mL.  

[Lys-des-Arg9]-Bradykinin (final concentration of 0.5 ng/mL) was used as the internal standard (IS) for 

bradykinin. Peak area ratios (PARs) of the analyte peak area to the IS peak were calculated. The calibration 

curve, prepared in human plasma, was constructed using PARs of the calibration samples by applying a one/

concentration (1/x) weighted linear regression model. All QC sample concentrations were then calculated from 

their PARS against the calibration curve. Due to the presence of endogenous bradykinin, standard addition 

was used. The mean basal level of bradykinin in control plasma samples was determined by calculating 

the x-intercept. The calculated basal level of bradykinin was then added to the spiked concentration for all 

standard curve and QC samples to enable accurate quantification. Using 1/x regression, bradykinin was 

linear with an R2 value of >0.99. A summary of standard curve performance is shown in is shown in Table 3. 

Results from QC analysis are shown in Table 4, and representative chromatograms of endogenous bradykinin 

and QC’s are shown in Figure 5. QC samples, at all levels demonstrated very good accuracy and precision, 

easily meeting recommended FDA acceptance criteria outlined in the white papers describing best practices 

in bioanalytical method validation for LC-MS/MS assays.4,5 Mean endogenous basal levels of bradykinin were 

determined to be 79 pg/mL in human plasma with a SD and %CV of 4.4 and 5.5, respectively. This indicates a 

robust and reproducible method.
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Bradykinin 
Overspiked 

Concentration 
(pg/mL)

Bradykinin 
Concentration 

(pg/mL)
Area IS Area Response

Calculated 
Bradykinin 

Concentration 
(pg/mL)

Mean Accuracy

0 75.0 120000 991500 0.12 74.5      –

5 80.0 138928 931348 0.15 82.0 102.6

20 95.0 152184 941220 0.16 91.0 95.7

30 105.0 173525 1013404 0.17 97.5 93.1

40 115.0 189983 1056286 0.18 104.0 90.3

60 125.0 224125 1031234 0.22 130.0 104.2

100 175.0 292295 1022053 0.29 179.0 102.3

200 275.0 423025 992847 0.43 277.5 100.9

400 487.5 713385 991162 0.72 485.0 102.1

600 675.0 1098315 1030669 1.07 731.0 108.3

1000 1075.0 1710600 1037196 1.65 1140.5 106.1

2000 2075.0 3186097 1038521 3.08 2146.5 103.5

6000 6075.0 9407254 1118181 8.41 5913.5 97.3

10000 10075.0 14889560 1050281 14.18 9982.5 99.1

Table 3. Standard curve summary and statistics from 5-10000 pg/mL for bradykinin extracted from human plasma.

Figure 5. Representative chromatograms of bradykinin extracted from human plasma at the QC levels of 25, 80,  
250, and 800 pg/mL, compared to extracted blank plasma.

Blank/Basal Level 

QC 25 pg/mL 

QC 80 pg/mL 

QC 250 pg/mL 

QC 800 pg/mL 

79 pg/mL 

104 pg/mL 

159 pg/mL 

329 pg/mL 

879pg/mL 

Area 
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Importance of pre-analytical collection and handling

Accurate quantification of bradykinin in plasma is particularly challenging because it can be artificially 

produced during blood sampling and sample preparation, via proteolytic processes.1,6,7 In this study, particular 

attention was paid to the protocol for blood collection which employed the use of protease inhibitors to 

prevent ex vivo bradykinin formation. In Figure 6, panels A and B demonstrate an increase in bradykinin 

concentration from 90 pg/mL to 250 pg/mL from the same donor using the same collection protocol, but with 

blood collection in EDTA tubes with and without protease inhibitors, respectively. The artifactual formation 

of bradykinin is further demonstrated in Figure 6 (Panels C and D) in two additional donors obtained from 

a commercial vendor, with unspecified sample collection and protocol. In these cases, blood samples were 

collected in EDTA tubes that did not contain protease inhibitor upon collection and concentrations reached high 

ng/mL levels. These results further emphasize the need for proper sample collection to accurately quantify 

endogenous bradykinin plasma levels.

Bradykinin Overspike 
Concentration  

(pg/mL)

Bradykinin  
QC Concentration 

(pg/mL)

Mean (N=4)  
Calculated Concentration  

(pg/mL)
SD %CV Mean Accuracy

0 79 78.7 4.4 5.5           –

25 104 111.3 1.9 1.7 106.8

80 159 167.3 5.7 3.4 105.1

250 329 332.3 3.1 0.9 99.1

800 879 930.5 7.6 0.8 105.9

5000 5079 5069.8 25.2 0.5 99.8

Table 4. QC statistics from bradykinin extracted from human plasma.

Figure 6. Representative chromatograms of endogenous levels of bradykinin extracted from human plasma with and 
without protease inhibitors and from multiple donors.

Plasma Donor #1 EDTA 
With Protease Inhibitor 
90 pg/mL 

Plasma Donor #1 EDTA  
No Protease Inhibitor 
250 pg/mL 

Plasma Donor #2 EDTA 
No Protease Inhibitor 
Unknown Sample Collection  and Protocol 
4,300 pg/mL 

Plasma Donor #3 EDTA 
No Protease Inhibitor 
Unknown Sample Collection and Protocol 
3,100 pg/mL 

A 

B 

C 

D 

Area 
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CO N C LU S IO NS 

A mixed-mode SPE extraction method was developed for bradykinin 

from human plasma. The μElution format SPE plate eliminates 

the need for evaporation, minimizing the potential for losses 

due to non-specific binding and facilitated concentration of the 

sample. A fast, simple, analytical-scale LC method was developed 

for separation of bradykinin from closely related endogenous 

interferences; with a total LC cycle time of 3.5 minutes. The 

CORTECS UPLC C18, Solid Core Column provided improved 

peak shape and sensitivity for bradykinin versus traditional C18 

fully-porous columns. The use of the CORTECS UPLC C18 Column, 

mixed-mode weak cation exchange SPE and higher m/z b or y ion 

MS fragments provided the level of selectivity and sensitivity 

necessary to accurately quantify and distinguish subtle differences 

in bradykinin levels from only 200 μL of plasma. Standard curves 

were accurate and precise from 5-10000 pg/mL. The lowest level 

of bradykinin that could be accurately and precisely quantified 

above the basal level was 5 pg/mL. QC samples at all levels easily 

met FDA regulatory criteria4,5 with mean accuracies ranging 

from 99.8-106.8 and mean %CV’s of 0.5-5.5. This indicates an 

accurate and reproducible method. This study also demonstrates 

the importance of proper sample collection with protease inhibitors 

to accurately represent endogenous levels of bradykinin. This 

method shows great promise for high sensitivity quantification of 

bradykinin in patient samples from PK and clinical studies using 

LC-MS/MS if further validation was performed.
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