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Luxon Parameters

• Laser power pattern:

- Increase laser power to

65% in 6 sec

- Hold 2 seconds

- Decrease laser power to

0%

• Carrier gas flow: 6 L/min (Air)

Chloroquine (CQ) and hydroxychloroquine (HCQ) are commonly used as antimalarial

drugs. Recently, they have become more popular for their potential treatment of the

coronavirus disease 2019 (COVID-19). These drugs are currently used for the treatment

of rheumatoid arthritis, systemic lupus erythematosus, antiphospholipid syndrome and

primary Sjögren syndrome. There have been reports that high dosages of CQ and HCQ

can lead to irreversible side effects. To reduce the analysis time below 10 seconds per

sample and allow multiple patients to be monitored at a fast-paced rate, a high-

throughput sample analysis system is required.

For this project, a generic method extraction method is developed. Quantification using

Laser Diode Thermal Desorption and tandem mass spectrometry (LDTD-MS/MS

Technology) is chosen as a fast-analytical technique.

Purpose

•Optimization of a generic extraction process for the quantification of Chloroquine 

(CQ) and Hydroxychloroquine (HCQ) in whole blood.

Method 

• Protein and red blood cell precipitation. 

• Samples dried and analyzed by LDTD-MS/MS

Quantification

• Linearity: r2> 0.99 over the calibration range

• Accuracy between 91.7 to 109.5% nominal for the within-run and between-run

• Precision lower the 4.3% CV for the within-run and between-run

• Recovery between 90.2% to 96.3%.

• Samples analyzed with a runtime of 8 seconds using LDTD-MS/MS system

MS Parameters

• APCI (+) 

• Curtain: 20

• CAD: 8

• NC: 3

• Time: 20 msec

• MRM mode

For Research Use Only. Not for use in diagnostic procedures.

Instrumentation

• Ion source: Phytronix Luxon S-960 Ion Source

• Mass spectrometer: Sciex, Q-Trap System 5500  

• Efficient Protein precipitation is used to extract the drugs

• High-throughput quantification using LDTD-MS/MS 

• Linearity, accuracy, precision, stability and recovery within the acceptance criteria for all compounds

• Sample-to-sample analysis of 8 seconds

Compound
Q1

(Da)

Q3

(Da)

CE

(V)

CQ (Quant.) 320.2 247.1 30

CQ (Conf.) 322.2 249.1 30

HCQ (Quant.) 336.2 158.1 30

HCQ (Conf.) 336.2 247.1 30

HCQ-d4 (IS-1) 340.3 162.2 30

HCQ-d4 (IS-2) 340.3 247.2 30

Table 1 MRM transitions parameters

Linearity

Negative blood is spiked with drugs to prepare QC

(L-low, M-medium and H-high) and standards

within the calibration range (20 to 2000 ng/mL).

Standards are extracted and used to generate a

calibration curve. Correlation values greater than

0.99 are obtained for all drugs. Figure 4 shows

calibration curve results for Chloroquine (a) and

Hydroxychloroquine (b). Table 2 shows linearity

correlation value.

Automated extraction process 

The whole blood is fortified with HCQ and CQ at

concentrations ranging from 20 to 2000 ng/mL. 25 µL of

the whole blood sample are mixed with 30 µL of an internal

standard solution. Finally, 250 µL of acetonitrile are added

to precipitate red blood cell and protein using an

automated system (Figure 3). After centrifugation, 3 µL of

the upper layer are deposited onto a 96-LazWell plate and

evaporated to complete dryness before analysis by LDTD-

MS/MS.
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Accuracy and Precision
Within-run accuracy and precision were

determined by analyzing five quality control

samples, in six replicates, in a validation run at

LLOQ (20 ng/mL), QC-L (60 ng/mL), QC-M (600

ng/mL), QC-H (1400 ng/mL) and ULQC (2000

ng/mL). Between-run accuracy and precision were

determined by analyzing six replicates of four QC

levels (LLOQ, QC-L, QC-M and QC-H) in at least

three different runs. The accuracy should be ±15%

of the nominal value except for the LLOQ level,

which should be at ±20% of the nominal value. The

precision should be ±15% CV except for the LLOQ

level, which should be at ±20% CV. Table 3 and 4

show the within-run and between-run results,

respectively.

Recovery
To evaluate the recovery, the blank and quality control samples (QC-L, QC-M and QC-H) were extracted first, then blank sample extracts were spiked with

working solution to get a 100% recovery value. The peak areas acquired for the quality control samples were compared to the respective 100% recovery result.

Blood samples after protein precipitation showed recoveries that ranged between 92.9% to 95.5% for Chloroquine and 90.2% to 96.3% for Hydroxychloroquine.

LUXON Ionization Source:

The Luxon Ion Source (Figure 1) is the second-generation

sample introduction and ionization source based on the

LDTD technology for mass spectrometry. The Luxon Ion

Source uses a Fiber-Coupled Laser Diode (Figure 2) to

obtain unmatchable thermal uniformity giving more

precision, accuracy and speed. The process begins with

dry samples which are rapidly evaporated using indirect

heat. The thermally desorbed neutral molecules are

carried into a corona discharge region. High-efficiency

protonation and strong resistance to ionic suppression

characterize this type of ionization and is the result of

the absence of solvent and mobile phase. This thermal

desorption process yields high-intensity molecular ion

signal in less than 1 second sample-to-sample and

allows working with very small volumes.

Figure 1 Luxon Ion Source

Figure 2 Schematic of the 

Luxon Ion Source

Matrix effect
The variability from different sources of matrix was evaluated in

blood samples of six individual donors spiked at low quality

control (QC-L) levels. The inter-individual variation in matrix effect

did not affect the precision and accuracy of the assay. All results

are within the acceptance criteria. Results are reported in Table 5.

Figure 3 Azeo: Automated 

extraction system

RESULTS

Figure 4 Calibration curve. A) CQ. B) HCQ 

A) B)

Run
CQ

(r)

HCQ

(r)

1 0.99916 0.99971

2 0.99715 0.99978

3 0.99956 0.99982

4 0.99904 0.99987

5 0.99870 0.99985

Table 2 Linearity correlation value (r) 

Analyte QC Conc
(ng/mL)

Mean
(ng/mL)

%CV %Nom

CQ (Quant.)

LLOQ 20 21.0 2.3 105.0

QCL 60 60.6 1.3 101.0

QCM 600 630.3 2.1 105.1

QCH 1400 1333.7 4.3 95.3

ULQC 2000 1959.1 2.0 98.0

HCQ (Quant)

LLOQ 20 21.9 2.0 109.5

QCL 60 57.2 1.1 95.3

QCM 600 583.8 1.5 97.3

QCH 1400 1343.0 3.2 95.9

ULQC 2000 1979.0 1.4 99.0

Analyte QC Conc
(ng/mL)

Mean
(ng/mL)

%CV %Nom

CQ (Quant.)

LLOQ 20 20.3 3.8 101.4

QCL 60 60.8 1.9 101.3

QCM 600 633.2 4.0 105.5

QCH 1400 1369.1 4.1 97.8

HCQ (Quant)

LLOQ 20 21.0 3.7 105.2

QCL 60 57.9 2.2 96.5

QCM 600 596.7 3.1 99.5

QCH 1400 1357.0 3.3 96.9

Table 3 Within-run results (N=6) Table 4 Between-run results (N=30)

Analyte Sample Conc
(ng/mL)

N Mean
(ng/mL)

%CV %Nom

CQ 

(Quant.)

M1 60 6 59.0 1.6 98.3

M2 60 6 60.1 3.0 100.2

M3 60 6 57.6 1.8 96.0

M4 60 6 65.5 5.6 109.2

M5 60 6 55.1 0.8 91.8

M6 60 6 59.6 2.9 99.3

HCQ 

(Quant)

M1 60 6 57.0 2.0 95.0

M2 60 6 57.2 1.3 95.3

M3 60 6 55.8 1.4 93.0

M4 60 6 60.8 0.7 101.3

M5 60 6 54.8 1.4 91.3

M6 60 6 57.2 0.4 95.3

Table 5 Matrix effect result

Analyte Test Condition Conc
(ng/mL)

N Mean
(ng/mL)

%CV %Nom

CQ 

(Quant.)

WS (QCL)
24h at 4°C

60 6 65.3 7.4 108.9

WS (QCH) 1400 6 1357.4 4.6 97.0

DS (QCL) 
5h at RT

60 6 58.7 2.1 97.9

DS (QCH) 1400 6 1471.3 3.4 105.1

HCQ 

(Quant)

WS (QCL) 
24h at 4°C

60 6 59.2 2.2 98.7

WS (QCH) 1400 6 1375.2 1.7 98.2

DS (QCL) 
5h at RT

60 6 58.6 1.8 97.7

DS (QCH) 1400 6 1368.3 1.6 97.7

Stability
For the LDTD-MS/MS analysis, instead of studying the autosampler stability, the wet

stability (WS: extracted solutions kept at 4°C for 24 hours) and the dry stability (DS:

extracts on LazWell plate for 5 hours at room temperature) were evaluated. After the

stability time, a calibration curve and quality control samples were analyzed. The

precision obtained for QC-L and QC-H were between 0.9 to 7.4%CV and their accuracy

was between 95.5% to 108.9% of nominal values. Results are reported in Table 6.

Table 6 Wet stability (WS) and dry stability (DS) results
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