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Introduction

Atropine is a standard medical countermeasure for the treatment of 

chemical warfare nerve agent (CWNA) exposure. The knock-in knock-

out (KIKO) mouse is a new animal model for CWNA research (Marrero-

Rosado et al., 2021). A pharmacokinetic (PK) study on atropine in the 

KIKO mouse model can describe the time course of the concentration of 

atropine in the mouse’s body. A PK study for atropine requires a method 

to quantify atropine in KIKO mouse plasma. 

Liquid chromatography tandem mass spectrometry (LC-MS/MS) 

(Figure 1) is an analytical technique that involves physical separation of 

target compounds followed by mass-based detection. LC-MS/MS 

method development involves optimizing the procedures and conditions 

involved with extracting and detecting atropine. Method validation 

involves proving that the method is reliable and can accurately and 

precisely quantify atropine. The purpose of this project was to develop 

and validate an LC-MS/MS assay to quantify atropine in KIKO mouse 

plasma. 

Materials and Methods (continued)

The wells were washed with 1 mL of Milli-Q water before the analytes 

were eluted and collected with two 500 μL aliquots of methanol. 

Standards were dried in a Biotage SPE Dry 96 with low nitrogen flow 

at 80 °C, reconstituted in 150 μL of 0.2% formic acid in Milli-Q water, 

and vortexed before being injected in triplicate into the LC-MS/MS 

equipped with a Halo C18 column (50 mm × 2.1 mm, 2.7 μm).

The developed method was validated for interday and intraday 

precision and accuracy. A calibration curve is a plot of analyte response 

versus concentration and is used to quantitate unknown samples and QC 

standards using its linear equation. The intraday study ran one 

calibration curve and five sets of QCs in one day. The interday study ran 

one calibration curve and one set of QCs per day for five days. All 

chromatographic data were fit to a linear regression weighted at 1/y. 

Validation performance was assessed according to the Food and Drug 

Administration (FDA) Industrial Guidelines for Bioanalytical Method 

Validation.

Results

Table 2 (left): The criteria for accuracy (% 

error) was based on an average interpolated 

QC concentration within ±15% of the 

theoretical concentration. For precision, the % 

coefficient of variance (% CV) was required to 

be ≤ 15%. All intraday precision and accuracy 

values fell within the validation acceptance 

criteria. The method is accurate with the 

intraday accuracy of the low, middle, and high 

QC standards well within ±15% of the 

theoretical concentrations. The method is 

precise with intraday % CV of the low, middle, 

and high QC standards all below 5%, which is 

less than the required 15%.

Results (continued)

Table 3 (left): The criteria for accuracy (% 

error) was based on an average interpolated 

QC or calibrator concentration within ±15% of 

the theoretical concentration, except for the 

lower limit of quantitation (LLOQ) (lowest 

calibrator, 0.2 ng/mL) which is based on an 

average interpolated concentration of ±20% of 

the theoretical concentration. For precision, the 

% CV was required to be ≤ 15%, except for the 

LLOQ which was required to have a % CV 

≤ 20%. All interday precision and accuracy 

values fell within this validation acceptance 

criteria, although interpolated calibrator 

concentrations are not shown. The method is 

accurate with the interday accuracy of all QCs 

and calibrators falling well within ±15% of the theoretical concentrations (and ±20% for 

the LLOQ). The method is precise with interday % CV of all QCs and calibrators below 

15%.
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Conclusions

The purpose of this project was to develop and validate a 

quantification method for atropine in KIKO mouse plasma using an LC-

MS/MS system. An LC-MS/MS method was optimized to detect and 

quantify atropine in KIKO mouse plasma. Additionally, the method was 

validated for performance by assessing interday and intraday precision 

and accuracy. Since the interday and intraday studies satisfied all 

precision and accuracy validation criteria set forth by the FDA, the 

method was determined to be accurate and precise. The project was 

successful because a validated method can now be used as a reliable 

quantitation method and in a future study evaluating the PK parameters 

of atropine in KIKO mice.

Analyte Product ion
Q1 mass 

(Da)

Q3 mass 

(Da)
DP (V) EP (V) CE (V) CXP (V)

Atropine
Quantifying

290
124 65 6 35 7

Qualifying 93 65 6 42 7

Atropine-

D3

Quantifying
293

127 65 6 33 7

Qualifying 93 65 6 39 7

Table 1 (above): The MS method, 

optimized on the Triple Quad Sciex 

6500.
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Figure 1 (left): In an LC-MS/MS 

system, the column physically 

separates the analyte. Then, in Q1, 

mass-to-charge (m/z) ratios of 

precursor ions are detected; in Q2, 

precursor ions are broken into 

product ions; and in Q3, m/z ratios 

of product ions are detected. 

Finally, the concentration of 

precursor ions can be calculated.

Marrero-Rosado, B. M., Stone, M. F., de Araujo Furtado, M., Schultz, C. R., 

Cadieux, C. L., & Lumley, L. A. (2021). Novel genetically modified mouse 

model to assess soman-induced toxicity and medical countermeasure 

efficacy: Human acetylcholinesterase knock-in serum carboxylesterase 

knockout mice. International Journal of Molecular Sciences, 22(4), 1893. 

https://doi.org/10.3390/ijms22041893 

U.S. Food and Drug Administration. Center for Drug Evaluation and Research. 

(2018). Bioanalytical method validation: Guidance for industry. Center for 

Drug Evaluation and Research. 

Graph 1 (left): The LC method, 

optimized on the Agilent 1290 

Infinity using a Halo C18 column 

with a 5 μL sample injection volume 

and 0.5 mL/min flow rate. 

The MS method (Table 1) and LC method (Graph 1) were optimized 

to detect atropine in KIKO mouse plasma. 

Plasma was thawed, centrifuged, and spiked with atropine to create 

calibration standards of concentrations 0.2, 8, 16, 24, 32, and 40 ng/mL 

and low, medium, and high concentration quality control standards 

(QCs) at 0.6, 20, and 30 ng/mL, respectively, for each run. A constant 

amount of 10 uL of 37.5 ng/mL atropine-D3, the internal standard (IS), 

was added to each standard. Standards had total volumes of 260 uL and 

IS concentrations of 1.44 ng/mL. Plasma, atropine, and atropine-D3 

were stored at −20 °C.

Solid phase extraction is a method of sample preparation and 

purification. Standards were diluted with 1 mL of Milli-Q water. A 

Waters Oasis HLB 96-well plate (30 μm) was used on an ASPEC 

Positive Pressure Manifold on the low flow setting. The plate was 

pretreated with 1 mL of methanol followed by 1 mL of Milli-Q water. 

Next, the plate was loaded in duplicate with 500 μL of the diluted 

standards. 
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Elution Program

0.2% formic acid in water (aqueous)
0.2% formic acid in methanol (organic)

Theoretical Concentration 

(ng/mL)

0.6 20 30

Interpolated Concentration 

(ng/mL)

Day 1 0.535 21.026 30.675

Day 2 0.628 20.756 29.918

Day 3 0.616 20.452 29.782

Day 4 0.551 20.003 28.169

Day 5 0.674 19.531 30.048

Average 0.601 20.354 29.718

SD 0.06 0.60 0.93

% Error 0.17 1.77 −0.94

% CV 9.98 2.95 3.13

Theoretical Concentration 

(ng/mL)

0.6 20 30

Interpolated Concentration 

(ng/mL)

Replicate 1 0.674 19.531 30.048

Replicate 2 0.687 20.262 29.551

Replicate 3 0.625 19.780 30.081

Replicate 4 0.662 20.983 29.307

Replicate 5 0.656 20.506 29.601

Average 0.661 20.212 29.718

SD 0.02 0.58 0.34

% Error 10.17 1.06 −0.94

% CV 3.03 2.87 1.14

Solvents

C
o

lu
m

n

Collision 

Cell

Q3

Q1

Chromatogram 

data (computer)

Sample 

Injection

Pumps

Detector

Mixer

Q2 

(collision 

cell)

Q1

Q3

Liquid chromatography Electrospray

Injector


