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The goal of  the liquid-liquid extraction was to extract all six nerve agent 
metabolites from one sample of  plasma. Eight different sets with each of  
three different solvents (dichloromethane (DCM), ethyl acetate (EtAc), 
and hexane) were tested for a total of  24 different test groups. There were 
three samples per group and a triplicate negative control (no AMPAs) each 
time a parameter was changed. Each set is described in Table 1.

Plasma with 1 ppb of  each AMPA was added to centrifuge tubes. 
Solvent was added followed by 50 µL concentrated HCl and other 
reagents. One µL of  internal standard (methylphosphonic acid-d3) at 200 
ppb was added. The samples were vortexed and centrifuged at 13,000 rpm 
and 20 °C for 10 minutes. One hundred µL aliquots of  the solvent layers 
were transferred to GC vials with inserts and frozen overnight. Two µL of  
derivatizing agent (MTBSTFA with 1% t-BDMCS) was added to derivatize 
the metabolites to volatile derivatives. The samples were vortexed for five 
seconds, incubated at 40 °C for 1 hour, and transferred to the GC-MS/MS 
(Figure 1) for analysis. A GC-MS/MS chromatogram is shown in Figure 2.

The positive control standard was prepared the same way as the 
samples except blank plasma was used instead of  AMPA-spiked plasma.

Nerve agents are a class of  organophosphorus chemicals that bind to 
acetylcholinesterase, an enzyme that catalyzes the breakdown of  
acetylcholine, a neurotransmitter. A person affected by a nerve agent will 
likely have seizures and total organ failure, which will cause death. The 
production and trade of  chemical weapons is banned internationally. 
Tabun (GA), Sarin (GB), Soman (GD), Cyclosarin (GF), Venomous Agent 
X (VX), and Russian VX (VR) are common deadly nerve agents that were 
developed during World War II (Young & Capacio, 2019). Detection of  
these deadly substances is important for safety and condemnation of  
parties that are involved in their usage. Their presence in blood specimens 
can be detected by analyses of  their plasma. During natural hydrolysis of  
the nerve agent in blood, unique alkyl-methylphosphonic acid (AMPA) 
metabolites are formed (Young & Capacio, 2019). The nerve agents’ 
respective AMPAs are EDPA, IMPA, PMPA, CMPA, EMPA, and MMPA. 
In this study, gas chromatography tandem mass spectrometry (GC-
MS/MS) was used to determine AMPA concentration in plasma samples. 
The purpose of  this project was to determine the best conditions to 
optimize the recovery of  these metabolites. This is important because if  a 
person is affected by a nerve agent, there should be a reliable method 
available to make a conclusive diagnosis. Optimum recovery was 
determined by the highest mean percent yield of  the metabolites after 
extraction.

The AMPAs and internal standard were spiked after extraction and before 
derivatization.

Figure 1 (above): Agilent 7890A/ 7000 
GC-MS/MS (GC/MS Instruments).

Chromatographic Conditions:
Instrument: Agilent 7890A
Inlet Temperature: 230 °C
Transfer Line Temp: 280 °C
Carrier Gas: Helium, 1.1 mL/min
Oven Temperature Gradient: 35 °C hold 
1.5 minutes, ramp 30 °C/min to 275 °C, 
ramp 5 °C/min to 290 °C
MS Conditions:
Instrument: Agilent 7000
Ionization Mode: Positive Electron Impact
Source temp: 230 °C

Table 2 shows the mean percent recovery of  MMPA after being 
prepared by the procedures in each set and using each solvent. An 
independent-samples t-test was used to compare mean percent recovery 
between Set 1 and Set 3 using EtAc. Set 1 is the most common reagent 
combination which is why it was chosen to do statistical tests with. There 
was a significant difference in the percent recovery between Set 1 EtAc (M
= 35.38, SD = 18.69) and Set 3 EtAc (M = 131.84, SD = 17.14); t(4) = 
8.31, p < 0.01. Another independent-samples t-test was used to compare 
mean percent recovery between Set 1 and Set 3 using DCM. There was a 
significant difference in the percent recovery between Set 1 DCM (M = 
1.55, SD = 0.45) and Set 3 DCM (M = 4.97, SD = 0.55); t(4) = 8.36, p < 
0.01. The normalized mean percent recoveries shown in Table 2 and 
Figure 3 were calculated by dividing the percent recovery of  each set by 
the highest percent within each solvent group.

Plasma (µL) Solvent (µL) Other reagents

Set 1 500 500 Acid

Set 2 500 500 No acid

Set 3 500 500 250 mg sodium chloride, acid

Set 4 500 500 250 mg diatomaceous Earth, acid

Set 5 500 500 250 mg sodium sulfate, acid

Set 6 500 250 Acid

Set 7 500 750 Acid

Set 8 250 500 Acid

Set Solvent Mean Percent 
Recovery

Normalized Mean 
Percent Recovery

SD of  
Normalized 

Means

1
EtAc 35.38 26.84 18.69
DCM 1.55 7.83 0.44
Hex 0.05 3.00 0.05

2
EtAc 0.17 0.13 0.07
DCM 0.35 1.75 0.23
Hex 0.00 0.00 0.00

3
EtAc 131.84 100.00 7.12
DCM 4.97 25.08 0.55
Hex 0.04 2.44 0.01

4
EtAc 1.23 0.93 0.02
DCM 0.02 0.11 0.01
Hex 0.00 0.12 0.00

5
EtAc 40.96 31.07 50.94
DCM 0.68 3.45 0.07
Hex 0.03 1.72 0.01

6
EtAc 18.82 14.28 5.67
DCM 1.55 44.81 0.77
Hex 0.28 16.18 0.15

7
EtAc 24.38 18.49 10.01
DCM 0.84 4.26 0.07
Hex 0.00 0.00 0.00

8
EtAc 5.98 4.53 3.02
DCM 0.85 4.29 0.13
Hex 1.51 86.86 0.23

Table 1 (above): The matrix of  conditions for 
the study.
Table 2 (right): Representative data for the 
percent recovery and standard deviation (SD) of  
MMPA using each set and solvent.

Figure 2 (above): Extracted chromatogram 
for the identification of  five AMPAs. The 
lower molecular weight AMPAs elute first as 
shown by early elution of  EMPA and 
concluding with CMPA.

Comparison of  extraction efficiency 
for each reagent combination

Extracted ion chromatogram for 
100 ppb AMPA mixture in methanol

Figure 3 (right): The normalized mean 
percent recoveries (n = 3) of  the five 
AMPAs using each solvent: DCM (top), 
EtAc (middle), and hexane (bottom). 
Standard deviation bars are shown.

A rapid (12.5 minute) method for the extraction of  AMPAs from 
guinea pig plasma using liquid-liquid extraction procedures was validated 
for efficiency and sensitivity. Using EtAc with concentrated HCl and NaCl 
(Set 3) yielded the highest mean percent recovery (131.34%). Despite this 
fact, EtAc had poor chromatography limiting the method limit of  
detection. DCM had lower recoveries, but better chromatography and a 
lower limit of  detection. The internal standard was not detected in 
significant amounts which made it impossible to correct for GC variability. 
EDPA was not detected in any samples due to rapid hydrolysis to MPA 
(methylphosphonic acid, a secondary breakdown product of  nerve agent). 
Future studies should explore a higher concentration of  internal standard. 
Similar procedures could be used for analyses of  other chemicals of  
concern resent in urine samples. These results are useful in the medical 
research field and will serve as a basis for future extraction studies.
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