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Statement of the Problem
CBS was envisioned nearly 7 years ago with the aim of delivering not only 

faster turnaround times, but also more sensitive tests, simpler workflows, and 

cheaper sample cost when compare to SPME devices interface with mass 

spectrometry instruments via chromatographic systems. Whilst the majority of 

the publications reported to date rely on “non-commercial” grade devices, this is 

the work focus on assessing commercial CBS and understanding what 

analytical parameters are pivotal to enhance the efficiency and speed of this 

technology. Although drugs abuse and pain-management drugs were selected 

as target analytes to optimize the extraction and elution steps, this work 

presents a small tutorial towards proper utilization and optimization of coated 

blade spray which can be implemented to other set of target compounds

A split-plot design help optimizing for multi-analyte collection 

Only a fraction of analyte collected is utilized during direct-to-MS

Elution happens in just a few seconds, yet it’s quantitative!

Coated Blade Spray = open-bed SPE device 

How does CBS work: the journey from the sample to the MS

Quantitative Analysis

1. Data analysis was performed using 

TraceFinder 5.0 and the area under 

the curve for the entire chronogram 

was integrated.

2. Ratio of analyte signal (area under the 

curve) to the one of the internal 

standard was calculated.

3. Preferably, isotopic label of the 

analyte of interest were used for 

correcting potential variability in the 

instrumental response.

Elution/Ionization

1. CBS device is installed on an 

interface mounted in the front-end of a 

Thermo TSQ Altis.

2. The interface positioned the device at 

the right distance from the MS inlet.

3. Then, 7.5 µL of a 95:5 methanol:water 

0.1% FA solution  is added to the 

coated area of the device and, after 5 

seconds, high-voltage is applied to the 

non-coated area of the blade for 5 

seconds to generate an electrospray 

from the tip of the blade. 

Sample Preparation

1. HLB coated blades were immersed 

on a well plate containing the 200 

µL of plasma sample.

2. 100 µL of matrix modifier (buffer 

95/5 Water:ACN, 10mM K2CO3) 

containing the internal standard was 

added and shake for 5 min.

3. Then, CBS devices were immersed 

for 5 min and agitated at 1000 rpm

4. Then, the coating was rinsed with 

LC-MS water for 10 s.

Heat maps were used to visualize 

abundance of neutral states across the 0–14 

pH range as shown in the two figures below. 

Dark blue indicates higher abundance. 

Zwitterions were summed into the neutral 

state. 

Biological pH for several biofluids is roughly 

around 7. HLB is an extraction material 

primarily intended for the collection of neutral 

molecules. In order to exploit full potential of 

the technology one can use matrix modifiers 

(e.g. a basic buffer) to shift the pH towards 

the optimum (i.e. 10.8) for most compounds 

and enhance the analyte collection.

Best parameters for analyte collection (i.e. extraction time, 

buffer-to-sample ratio, and buffer composition) were 

optimized based on the signal-to-noise ratios of plasma 

samples spiked at 25 ng/mL. The bar plot above shows 

the mean signal-to-noise response by compound. From a 

practical standpoint, it is important to see that some of the 

compounds have much higher signal-to-noise ratios than 

others, and improvement of these higher S/Ns is not as 

critical as improving the lower S/Ns.

CBS Recovery
Extraction with CBS device, then run 

by LC-MS/MS and amount collected 

compared against total amount of 

analyte spiked to the matrix

CBS Consumption
CBS-MS/MS assay, then

followed by elution on 200 µL 

methanol for LC-MS/MS assay 

CBS Carry-over
Second desorption performed 

from the same device and run 

via LC-MS/MS. Then, it was 

compared against 1st elution

3.18

0.79

20.5

0 5 10 15 20 25

Recovered

Consumed

Carry-over

% Analyte Collected

99.2% remains 

on the blade

>95% remains 

on the matrix

>75% elutes from blade 

in less than 1 min

Although less than 5% of the analyte 

spiked in the matrix, the results 

below demonstrated that the 

technology is fully quantitative. 

Given less than 0.1% of the analyte 

collected is consumed per CBS-MS 

experiment, the device can also be 

utilized for confirmation experiments 

via LC-MS/MS

Variable Type Levels

Extraction Time Continuous 1 & 5 min

Buffer Comp Discrete
70:30 Water/ACN or 

95:5 Water/ACN

Sample/Buffer 

Ratio (SBR)
Discrete 25-275, 100-200, 200-100

The response optimizer recommends a setting 

of Extraction Time 5, Buffer 95:5, and SBR 

200-100 for plasma samples at a pH of 10.8 

(buffer 95/5 Water:ACN, 10mM K2CO3)
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In order to understand the kinetics of elution, different 

elution times were studied via LC-MS. As can be seen 

in the plot above, no significant differences were 

observed between 5 and 60s. These results evidence 

that even after 1 minute of interaction between the 

coating and the elution solvent, a great percentage of 

the analyte still remains on the extracting phase. Yet, as 

can be seen in the right plots, quantitative results were 

achieved for all optimized target analytes.


