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The late Michael Walker had just installed a triple quadrupole mass spectrometer
(HPLC/MS/MS) in 2001 when | joined his lab (HB). He had successfully measured
Anandamide using a single quad (LC/MS; [1]); however, the amount of material needed

to get a reading and the reliability of the accuracy was limiting, so he focused his resources
towards obtaining this cutting-edge instrument. The triple quad technology generates a more
exacting mass fingerprint of the molecule by measuring the parent mass, dissociating the
molecule, and then measuring the fragments of that collision. In 2017 we published a
review [2] outlining some of the different types of mass spectrometric (MS) techniques
used for endocannabinoid analysis (e.g. isotope dilution gas chromatography, electrospray
ionization, tandem mass spectrometry), so an overview of these will not be provided here.
Suffice to say that each of these mass spectrometric techniques has been used to quantify
endocannabinoids (eCBs) and related lipids, so the process of building MS methods is

an issue of manufacture and instrument type and will be regarded, only in the context

of this chapter, as equivalent. Even with the level of molecular fingerprinting accuracy

of an instrument like the triple quadrupole mass spectrometer, if one is not getting the
most optimized sample to the detector in a way that this improved technology can be of
use, then advancements can be stymied. Here, our focus is on review and discussion of
sample preparation methodologies used to isolate the eCB, Anandamide (A-arachidonoyl
ethanolamine; AEA) and its close congeners (A-acyl ethanolamines; NAEs; Fig. 1) and its
structural congeners (a.k.a. lipo amino acids, lipoamines, A-acyl amides; [3-12]; Fig. 2) in
biological fluids. Most of our focus will be on the analysis of these lipids in plasma/serum,
but we will also discuss how the same techniques can be used for analysis of saliva and
breast milk.

Sample preparation prior to introduction to mass spectrometric detectors
is critical for optimizing eCB measurements

Excellent reviews have outlined the history, chemistry, and physics of lipidomics techniques
and there use in biological systems [13-16]. There are entire subfields of science dedicated
to understanding the relationships of chemistry and physics that allow us to accurately
measure molecules and lipidomics is a further specialization of this intersection. The use of
some type of “liquid-liquid extraction” (LLE) extraction typically using chloroform as the
initial solvent is often considered the standard protocol for the most general lipid extraction
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that will capture the most different types of lipid species [13,16]. However, multiple recent
studies have also highlighted the importance of the choice of the initial solvent choice for
lipid extraction in the pursuit of more targeted lipidomics analyses [17-19]. These studies
highlight the importance in recognizing that if the goal is to measure only specific types

of lipids (e.g. eCBs and related lipids), a general type of LLE preparation may provide

you with an enriched sample of many lipids; however, by doing so, it has the potential to
diminish the likelihood of enriching the sample of specific lipids being identified for study.
The question remains as to whether using an all-inclusive LLE to extract “all” lipids could
actually functionally drown out the signal of the least abundant species, like eCBs even with
advanced MS techniques?

With an increase in the ability for sample preparation optimization techniques with an aim
to measure specific types of lipid species, this also allows for a wider range of lipids that
can be analyzed within that subspecies. AEA and the NAEs (Fig. 1) are arguably the most
abundant members of their class as evidenced by their relative levels throughout the body
[6,20-26]. It is also easily argued that it is this abundance that made it possible to isolate
and characterize these lipids decades ago [27]. Optimized lipidomics techniques coupled
to MS analysis has provided the opportunity for the scientific community to move beyond
simply measuring only these abundant lipids within biological fluids and towards being able
to analyze a much broader arrays of lipids within the class (Fig. 2; [2,4,6,8,21-26,28-33]).
To do so, we must recognize which of the techniques will best allow for this broader range
of lipids to be analyzed.

Tables 1-3 contains summaries of lipid extraction methods in published reports used to
isolate AEA and, in some cases, related lipids in biological fluids such as plasma, serum,
saliva, and breast milk [34-55]. Some of these studies also measured lipids in other tissues;
however, the focus here is on the methods used for biological fluids. The methodological
details are as close to verbatim as possible to maintain the integrity of the details. Only
minor edits have been made to clarify abbreviations and jargon. This is not meant to be an
exhaustive list of methodologies or published data on biological fluid analysis of eCBs and
related lipids, but it does provide a representative overview of the current techniques. There
was an attempt to highlight the most recent publications in the field and have, therefore, also
indicated when those papers referenced earlier work if the methods were not provided in the
most recent publication. In these cases, information from the referenced article is provided.
The species of lipids analyzed are also listed and illustrates that most authors only report a
few lipids even though the process used would isolate hundreds or more.

Methodologies highlighted in Table 1 are from publications that use some version of an LLE
technique that relies upon the chemistry of lipophilicity wherein those compounds that are
most like the organic solvent would remain within that solvent and those that are more polar
would be retained in the more aqueous phase. LLE typically requires that the organic layer
be evaporated and reconstituted in a solvent that is more amenable to chromatographic and
mass spectrometric techniques. The evaporation and reconstitution steps are also the primary
way in which this method can concentrate the sample to be able to, at least theoretically,
increase the signal at whatever detector is be employed (e.g. MS, MS/MS). While a detailed
discussion of the chemistry and physics of signal suppression in MS detectors is beyond
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the scope of this chapter, it is important to state that this phenomenon is an issue that can
cause a sample to have a false negative for a compound of interest or dramatically increase
variability with a highly enriched sample. There are excellent reviews that discuss this
phenomenon [56,57], in brief, signal suppression refers to the loss of MS “signal”, which
is the ability to measure a specific lipid within a complex matrix, due to the interference
by all the other lipids in the matrix. Therefore, signal suppression very often happens when
a sample consists of a wide range of lipids from a sample that was extracted using a
general lipid extraction (e.g. LLE alone) and then further concentrated. Some of this can
be overcome with chromatography as part of the analysis technique and more sensitive
MS/MS methods; however, arguably the most effective way is to have a pre-separation of
lipid classes prior to introduction to the HPLC/MS system [57].

A means to overcome signal suppression that is often observed with LLE alone is to partially
purify the sample matrix through separation with solid phase extraction (SPE) columns

prior to MS analysis [56,57]. Multiple laboratories, including the Bradshaw lab, use SPEs

in sample preparation for eCB and related lipid analyses and these methodologies are
highlighted in Table 2. This is not a new technique and the Balvers 2009 paper [35], was
added to illustrate that this technique has been used for at least few decades for biological
fluids. Of interest, is that many of these methodologies that use SPE also use an evaporation
and reconstitution step to further enrich the sample, though what this means for signal
suppression is an open question. The methodology in the Bradshaw lab highlighted in
Bashashati et al, 2021 (Table 2,[36], does not employ an evaporation step and the signal

to noise level is robust ([36], Figure 3). Likewise, evaporation is not used in the methods
described by Luque-Cordoba et al. 2018 [58], Biernacki, 2021 [37], and Gaisberger, 2021
[59]. In addition to a reduction in signal suppression, an argument for the use of SPE without
the evaporation/reconstitution steps is that the loss of lipids via oxidation, degradation, or
adherence to the vial that does occur with this step is eliminated. Taken together, the use of
SPE to drive targeted lipidomics allows for an enhanced ability to measure compounds of
interest in a smaller amount of starting material with a greater signal to noise and less signal
suppression.

A final grouping of methodological summaries shown in Table 3 is for those publications

in which the sample preparation methods are not stated or are vague to the point of being
unknown. This is an overall issue for both reviewers and authors. There is no suggestion of
subterfuge on the part of the authors, but merely a lack of attention to detail for an aspect

of the methodology that can be thought of so standardized as to lack the need for attention.
Tables 1 and 2 illustrate that no two labs are using the same sample preparation technique,
so this sentiment could not be further from the reality of the situation. There is quite literally
a lack of any standardization of sample preparation across labs that investigate endogenous
levels of eCB related lipids; therefore, the need to explain how the samples were prepared is
important.
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Additional factors to consider for optimization of eCB measurement in
biological fluids

While a detailed discussion of advances in MS technology is not appropriate here, it is
important to state that the evolution of MS technologies has driven an advent of no sample
preparation prior to MS analysis in some cases. There is an assumption based on the lack

of any discussion of sample preparation beyond the addition of internal standards in the
Manca et al 2020 report [45] that plasma samples were directly analyzed via HPLC/MS/MS
with no sample preparation. Figure 3A shows data from promotional materials for the API
6000 and the API 7500 from Applied Biosystems in which AEA is analyzed from 100l

of plasma that was dissolved in methanol (unknown amount) and reconstituted in 50pl of
50:50 methanol:water and then all 50l injected for HLPC/MS/MS analysis. One aspect of
the data was to show that the improved technology of the API 7500 is superior to the API
6000; however, another is to demonstrate that one should not need to have much sample
preparation to detect AEA. As mentioned previously, AEA is a relatively abundant lipid in
biological systems, and it is important to note that the sample is 200ul. In Figure 3B, we
show that with an AP1 3000 (~20 years older than the API 7500), we can use 25pl of plasma
and the SPE-dependent sample preparation describe in Table 2 and our previous report [36]
and have a clear AEA signal as well as be able to measure multiple other lipids (Figure 4).
One can only speculate what one could measure by combining the power of SPE partial
purification with these improved MS/MS techniques.

If, as we argue, one of the keys to optimization for the measurement of AEA and related
lipids in plasma and other biological fluids is to work towards enriching the sample with
fewer lipids, would changes in the amount of initial methanolic solvent coupled to SPE
preparation be a primary way to achieve this end? Is it possible to refine this process

by reducing the lipid noise further by the introduction of water into the initial solvent
extractions step and not separating the organic phase? Here, we show data of a lipidomics
screen of a range of eCB endogenous analogs and free fatty acids from plasma with changes
in the percentage of the initial methanolic extraction. Plasma samples were pooled, mixed,
and separated into 75l aliquots. The only exception to the protocol for sample preparation
for MS analysis previous described by the Bradshaw [36] was that the percent of methanol
as the initial extraction solvent was either 100% (as used in the original protocol), 90%,
80%, 70%, 60%, and 50%. N=6 for each treatment group. To determine if changing the
initial extraction solvent would change the recovery of endogenous analytes, fold differences
from the mean were calculated from the standard protocol solvent (e.g. 100% methanol) for
each analyte measured in plasma in all 6 samples for each solvent group. 80 lipid analytes
were assayed and 49 had measurable chromatographic peaks in all 6 samples in each group
(Figure 4). Fold change was separated into 3 categories. Category A (shown in green in Fig.
4) had a greater than or equal to 1.05-fold increase; category B (shown in yellow in Fig.

4) had a fold change between 0.95 and 1.049; and finally, category C (shown in red) had a
fold change equal or less than 0.949. The actual fold changes are shown for each analyte in
Fig. 4 in the cell that corresponds to the specific lipid and the initial staring solvent. These
data show that 23 of the 49 lipids analyzed were in category A with an initial methanolic
percentage of 90; 13 with 80%; 8 with 70%, 10 with 60%, and 8 with 50%. It is important
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to note that the lipid species most effected by the change in initial solvent percentage were
free fatty acids and that other endogenous AEA analogs were differentially affected such
the same 8 lipids were not increased in both 80% and 50%. Likewise, the largest deficit

in recovery was measured using 50% methanol as the initial solvent with 32 of the 49
lipids having lower recovery. These data are provided to illustrate the point that the staring
extraction solvent influences the lipids that can be measured and that it is not possible to
have a “one size fits” all approach to sample preparation for MS analysis of lipids.

Is a standardized sample preparation for eCB and related lipids possible to
achieve? Is it even important?

As we journeyed through the methodological landscape of our peers to gather information
for this Chapter it became evident that there are many ways to achieve a similar end when
it comes to analyzing eCBs and related lipids. That the individuality of sample preparation
techniques is quite literally as different as the individuals who developed and published them
is both a source of consternation and delight. In our own lab as our scientific questions take
us to situations that require samples that are smaller in size than our previous limits (e.g.
primary cell culture, capillary blood draws, 1mm brain tissue punches), the need to couple
SPE with evaporation becomes more apparent. Having moved away from the evaporation
technique over a decade ago, it is challenging to think of this is a viable option; however,
evaluating the data from peers who can combine the techniques brings into focus the need
to continue to evaluate the types of sample preparation to match the needs of the study.

Is it a hope that those who use only LLE analysis and evaluate only a small number of
eCB-class lipids will consider using SPE sample preparation and provide the scientific
community with much needed data on how their disease or behavioral model of choice is
driving changes in a broader array of lipids? Yes, of course. So, does this mean that there

is a recommendation for everyone to move towards a unified sample preparation with SPE
for each preparation? Actually, no. An argument against standardization is that the richness
gained by labs continuing to develop novel analytical techniques would be lost if there

was a push for all techniques to be standardized. It can be difficult enough to maintain the
systems in place to accurately measure eCBs and related lipids, so advocating for a change
in this neither equitable nor realistic. The only argument towards any standardization is a
drive towards clearer methodological details within publications. Many of the summaries
in Tables 1-3 required deep dives into multiple aspects of the publication and to dig

back into multiple previous publications, sometimes to no avail. Sample preparation is the
cornerstone to all levels of endogenous lipid analysis and should not simply be relegated

to the oft used phrase “as previously described”. Even small changes in methodologies

can have larger effects. When we finally zeroed in on the combination of LLE and SPE
coupled to HPLC/MS/MS that allowed us to identify many previously unidentified lipo
amino acids (sometimes in the upper attomole range of sensitivity;[3-5,31,60]) the late
Michael Walker was looking through the data and exclaimed, “You can measure everything
and see nothing!” The beauty is that the “nothing” (e.g. low-abundance lipids) we were
seeing has now been shown to have many different biological effects in multiple disease and
genetic KO models [6,20-26,29,31,36], with the scientific community still only scratching
the surface on understanding what they do. Having the methodological capability to continue
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to “see nothing” is reliant on our ability to learn from each other and use the best sample
preparation methodology for the question and the tissue type. Optimization processes can be
tailored to fit the tissue, and biological fluids are specialized tissue that deserve a specialized

approach. It is the hope of the authors that the overviews provided here will spark new

thoughts and ideas for how to best approach this goal in future experiments and discoveries.

Abbreviations
ACN

MeOH
EtOH
2-AG
2-AG ether; 2-AGE
2-AG
2-PG
2-LG
2-0G
2-DG
NAE
AEA
PEA
POEA
SEA
OEA
LEA
DHEA
EPEA
O-AEA
DLE; DH-g-LEA
DEA
EEA

SA

Acetonitrile

methanol

ethanol

2-arachidonoyl glycerol
2-arachidonoyl glycerol ether
1-arachidonoyl glycerol
2-palmitoyl glycerol
2-linoleoyl glycerol

2-oleoyl glycerol
2-docosahexaenoy! glycerol
N-acyl ethanolamine
N-arachidonoyl ethanolamine
N-palmitoyl ethanolamine
palmitoleoylethanolamide
N-stearoyl ethanolamine
N-oleoyl ethanolamine

N-linoleoyl ethanolamine

N-docosahexaenoyl ethanolamine

N-eicosapentaenoyl ethanolamine

O-arachidonoyl ethanolamide

dihomo-y-linolenoyl ethanolamide

docosatetraenoyl ethanolamide
eicosenoyl ethanolamide

stearic acid
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Figure 1.
Examples of A-acyl ethanolamines (NAES).
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Figure 2.

Examples of Lipoamines (a.k.a, lipo amino acids, A-acyl amides).
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Fig. 3. Comparisons of AEA method used on plasma between Sciex APl 7500, Sciex API 6000,

and API 3000.

A) Data are from equivalent amounts of NIST human plasma (100ul) dissolved in methanol,
supernatant dried, and reconstituted in 50 pl in 50:50 water: methanol and 50 pl injected

on a C18 Phenomenex analytical column. The pink line represents the output from the API
7500 and the blue line is the API 6000. B) Data are from a 20 pl injection on a Zorbex

C18 column from 25 pl of plasma partially purified on C18 solid phase extraction column
and eluted in 1.5ml 100% methanol. The identical parent and fragment pairs [H+]348/62 in

positive ion mode were used for analysis in each instrument.
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Figure 4. Changein percent recovery of lipid analytesin plasma as a function of initial

Percent Methanol Initial Extraction Solvent

| so%

Endogenous lipid species | 90% 70% 60% 50%
N-acyl! alanine
N-palmitoyl alanine 0.87 0.83 0.82 0.85 0.91
N-stearoy! alanine 1.33 1.13 1.89 .28 0.62
N-oleoyl alanine 0.98 0.96 0.91 1.02 1.09
N-linoleoy! alanine 0.90 0.94 0.97 1.05 1.01
N-acyl ethanolamine
N-palmitoy! ethanolamine 1.11 1.04 0.99 1.00 0.90
N-stearoy! ethanolamine 1.07 1.23 0.78 0.67 0.84
N-oleoy! ethanolamine 1.08 0.98 0.95 1.00 0.90
N-linoleoyl ethanolamine 0.99 0.94 0.93 1.06 0.88
N-arachidonoy! ethanolamine 1.02 0.90 0.85 0.95 0.91
N-docosahexaenoyl! ethanolamine 0.98 0.95 0.90 0.94 0.92
N-acy! glycine
N-palmitoy! glycine 0.93 0.94 1.04 0.86 0.94
N-stearoy! glycine 1.13 1.36 1.50 1.05 1.08
N-oleoy! glycine 1.16 1.10 0.88 1.00 1.09
N-linoleoyl glycine 0.68 0.67 0.67 0.67 0.98
N-acyl leucine
N-palmitoy! leucine 0.97 0.98 1.04 0.97 0.83
N-stearoyl leucine 0.83 0.89 0.89 0.86 0.59
N-oleoyl! leucine 1.06 1.03 1.07 1.05 0.83
N-linoleoy! leucine 1.02 1.01 1.05 0.94 0.95
N-docosahexaenoyl leucine 1.22 1.41 1.34 1.34 1.88
N-acyl methionine
N-palmitoy! methionine 1.09 1.14 0.94 1.00 0.95
N- stearoyl methionine 0.96 1.00 0.73 0.84 0.93
N-oleoyl methionine 0.89 0.86 0.92 0.90 0.86
N-linoleoyl methionine 0.87 0.76 0.86 0.85 0.75
N-acyl phenylalanine
N-palmitoyl phenylalanine 0.95 0.91 0.89 0.81 0.69
N-stearoyl phenylalanine 0.93 0.95 0.79 0.66 0.55
N-oleoy! phenylalanine 1.05 0.94 0.99 0.94 0.75
N-linoleoyl phenylalanine 0.97 0.90 0.90 0.98 0.99
N-arachidonoy! phenylalanine 0.84 1.05 0.84 0.87 0.81
N-docosah oyl phenylalani 0.96 0.91 0.82 0.93 0.67
N-acyl serine
N-palmitoy! serine 0.86 0.77 0.77 0.95 0.67
N-stearoyl serine 1.13 0.99 0.80 0.97 1.01
N-oleoy! serine 1.11 1.06 0.88 1.05 1.05
N-linoleoyl serine 1.16 1.17 0.91 1.14 1.14
N-acyl tyrosine
N-palmitoy! tyrosine 1.11 0.85 0.43 0.67 0.82
N-oleoyl! tyrosine 1.07 0.96 0.63 0.69 0.85
N-linoleoy! tyrosine 1.09 0.94 0.50 0.69 0.90
N-acyl valine
N-palmitoyl valine 1.02 0.91 0.99 %28 1.07
N- stearoy! valine 0.92 0.81 0.97 0.70 0.61
N-oleoy! valine 0.69 0.79 0.75 0.85 0.91
N-linoleoyl valine 0.85 0.63 0.85 0.71 0.82
2-acyl-sn-glycerol
2-palmitoyl-sn-glycerol 0.73 1.01 0.85 0.60 0.49
2-oleoyl-sn-glycerol 1.22 1.25 1.21 1.07 0.97
2-linoleoyl-sn-glycerol 1.10 1.01 0.98 0.94 0.73
2-arachidonoyl-sn-glycerol 1.08 0.99 0.82 0.92 0.81
Free Fatty Acids
Oleic acid 1.12 1.27 1.29 1.18 1.06
Linoleic acid 1.17 1.21 1.15 1.13 1.15
Arachidonic acid 1.16 1.16 1.13 1.10 1.22
Eicosapentaenoic acid 1.04 0.98 0.90 0.92 0.95
Docosahexaenoic acid 1.43 1.64 0.97 1.24 1.35

methanolic extraction solution.
See text for methodological and analytical details.
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Table 1.

Summaries of sample preparationsthat rely on lipid-lipid extractions (LLE) to enrich
lipids prior to MSanalysis.

See “List of Abbreviations” for a key to those reagents abbreviated. Comments in 7talics were not in the
original manuscripts but are clarifications by the authors here. Only the first author and publication year are
listed in the table, though the full reference is available at the end of the Chapter.

Author, year | Sample eCB Lipids Methodsthat use LLE plus evapor ation/reconstitution asthe primary means of lipid
type Measured enrichment
Ney, 2019 Saliva, 2-AG, AEA Saliva and plasma samples were frozen at —20C until processed. After thawing then
plasma centrifugation, 400uL of saliva supernatant was added to 1600uL of 1:1 methanol: acetone.
400pL of plasma was added to 1mL of ethyl acetate: cyclohexane 1:1. 20ng/mL of d5-2-AG
and d4-AEA were added as internal standards and solutions vortexed. Saliva was frozen
(=20°C, 1h) and then both saliva and plasma were centrifuged at 4°C. Each was evaporated
under nitrogen and reconstituted with either 150uL methanol for saliva or 100uL acetonitrile
for plasma. Samples were evaporated again and reconstituted in 50% MeOH for saliva or
acetonitrile for plasma to a final volume of 30uL.
Ulu, 2021 Plasma AEA, DHEA, To analyze plasma eCBs, they collected blood in K,EDTA tubes, purified lipids as reported
OEA 2-AG, 2- in Argueta, 2017.
DG,
Argueta, Plasma 2-AG, AEA Collected blood via cardiac puncture and kept it in EDTA tubes on ice, then centrifuged
2017 1,500xG, 10min at 4°C to separate plasma and stored at —80°C. Plasma (0.1mL*) was
combined with 0.9% saline (0.9 ml) then added to 2mL chloroform. The organic phase was
separated on open-bed silica gel chromatography, the resulting eluate dried under nitrogen,
resuspended in 0.1mL MeOH: chloroform (9:1), which was used for MS analysis.
*amount of plasma used was inferred by the statement that “0.1 mL plasma at the expense
of saline” in reference to the 1ml volume of saline. Otherwise, no clear statement on the
amount of plasma per sample was used.
Martin- Plasma 2-AG, AEA, Collected blood in K,-EDTA tubes, centrifuged at 1,700xG, 15min, 4°C, then stored at
Perez, 2021 POEA -80°C. Plasma (0.5mL) was spiked with deuterium labeled standards in 0.5mL of 0.1M
ammonium acetate buffer. Tert-butyl methyl ether (6.0mL) was added to the spiked plasma
solution and the organic layer separated then evaporated at 39°C under nitrogen. Sample
was reconstituted in 100pL water: acetonitrile (1:9, v/v) that contained 0.1% formic acid,
and used for MS analysis.
Sempio, Plasma NAEs, 2-AG, 200pL of plasma was spiked with deuterium-labeled standards and added to 800uL
2021 DH-g-LEA, acetonitrile. The solution was mixed via vortex for 10min, then centrifuged (25,000xG,
NADA, 2-AGE, 4°C, 10min). 750uL of the supernatant was added to 450uL of 0.1% formic acid in water
ODA and mixed via vortex. 400uL of the solution was used for MS analysis.
De Icco, Plasma AEA, PEA 500uL of plasma was mixed with 1mL of methanol + d4-AEA and d4-PEA and added
2021 to 2mL of chloroform, centrifuged at 3000xRPM (n0 g indicated) for 15min at 4°C. The
organic phase was transferred to glass vials, and the aqueous fraction extracted again with
chloroform (1 mL) and 500pL phosphate buffered
saline. The 2 resulting organic phases were combined, dried under N, and the residues
dissolved in 2mL chloroform. Silica Gel G columns were used to fraction the extracts,
eluting into 2mL chloroform/MeOH (9:1), then 2mL chloroform/MeOH (8:2). The solutions
were evaporated under nitrogen and reconstituted in 75uL of 9:1 chloroform/MeOH to be
analyzed via MS.
Manca, 2021 | Plasma NAEs 2-acyl Same protocol as Turcotte 2020 to extract lipids (below)
glycerols
Turcotte, Plasma 2-acyl glycerols 200pL plasma was added to 300uL TRIS buffer, then added 2mL toluene + internal
2020 LPA, free fatty standards. Solution was mixed via vortex and then separated via centrifuge at 4,000xG for
acids including 5min. Samples were then placed in an ethanol-dry-ice bath (-80°C) to freeze the aqueous
AA; AEA phase (bottom). The organic phase (top) was then collected and evaporated to dryness under
a stream of nitrogen. Samples were reconstituted in 25uL of HPLC solvent A (H,O with
0.05% acetic acid and 1 mM NH,4*) and 25uL of solvent B (MeCN/H,0, 95/5, v/v, with
0.05% acetic acid and 1 mM NH,*). A 25uL aliquot was used for MS analysis.
Brunk-horst | Plasma AEA, 2-AG, 1- Blood was collected in K¥-EDTA tubes on ice, centrifuged at 3000RCF (10 G provided), for
Kanaan, AG, OEA, PEA 4°C, 10min, then plasma stored at =80°C until processing.
2021 Plasma was thawed and internal standard added. Ethyl acetate/hexane was added to the

plasma solution as 9:1 (v:v). Organic phase was removed, evaporated, then reconstituted in
acetonitrile for MS analysis.
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Author, year | Sample eCB Lipids Methodsthat use LLE plus evapor ation/reconstitution asthe primary means of lipid
type M easured enrichment
Kirkwood, Serum AEA, OEA, Collected blood was “spun” to separate serum, then frozen in aliquots at —-80°C. Sample
2016 PEA, 2/1-AG preparation protocol was adapted from Zoerner, 2012. 50uL of serum was added to 1mL of
toluene + 100pg/mL internal standards, mixed via vortex for 15min, medium speed at room
temperature. 400uL of water + 3% formic acid was added and mixed via vortex for 5min.
Samples were held at -80°C for 2hr, then moved to 4°C to thaw and centrifuged at 3,000xG
for 15min at 4°C. Organic phase was evaporated under nitrogen, resuspended in 40uL of
50/50 acetonitrile/MeOH, then mixed via vortex for 2min. 60puL water + 0.2% formic acid
was added and mixed via vortex for 2min and then used for MS analysis.
Siebers, Plasma AEA, 2-AG, Collected blood in a tube coated with EDTA and centrifuged 10min, 2000xG, at 4°C then
2021 PEA, AA stored at —85°Cs. eCBs were measured from 100pL plasma. Detailed methods were not
provided and authors referenced Post 2020, Lerner 2019, and Lerner 2018.
Post et al N/A N/A This reference is to a “Jove” video presentation that is still inaccessible with a notice that
2020 “Video is coming soon” in a Jan 2022 search, so it was not accessible to evaluate.
Lerner, 2019 | Brain, 2-AG, AEA, free | 40uL of plasma was combined with 1000uL MTBE/methanol (10:3), spiking solution, and
plasma fatty acids 250 pL water+ 5pM THL/URB597 and 10ug/mL BHT. The authors then reference the
including AA, methods of Lerner 2016; however, there was no “Lerner 2016” that matched the reference;
LA, and EPA, however, this was likely due to an online publication date, as there is a Lerner 2017 that
matches the title. (see below).
Lerner, 2017 | Brain, NAEs including Blood was collected in chilled 500uL EDTA tubes containing 10uM indomethacin and
liver, OEA, PEA, 25 pM tetradydrolipstatin/URB, and centrifuged 2,000xG, 4°C 10min to separate plasma
plasma AEA; 2-AG; AA; | which was removed and stored at —80°C. To extract lipids they used 100uL of plasma +
eicosanoids 1200uL ethylacetate/n-hexane (9:1) + internal standards + 600uL of 0.1M formic acid. They

vortexed for 2 min at 4°C, then centrifuged 13,000xRPM for 20min at 4°C, froze them for
10 min, then evaporated under nitrogen at 37°C and reconstituted in 50uL ACN/water (1:1).

Methods Mol Biol. Author manuscript; available in PMC 2024 February 06.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Bradshaw and Johnson

Page 18

Table 2.

Summaries of sample preparationsthat rely on Solid Phase Extraction partial
purification techniquesto enrich specific lipid speciesprior to MS analysis.

See “List of Abbreviations” for a key to those reagents abbreviated. Comments in 7talics were not in the
original manuscripts but are clarifications by the authors here. Only the first author and publication year are
listed in the table, though the full

Author, Sample | Measuring Methods that use SPE columnsto partially purify and enrich samples with specific lipid
year type classes
Balvers, Plasma 2-AG, 2-AG Collected blood in K3EDTA tubes on ice, centrifuged at 2,000xG, 15min, 4°C, added
2009 ether, AEA, phenylmethanesulfonyl fluoride (PMSF) to plasma then stored at —80°C. 1mL plasma was
DEA, NADA, added to 4mL acetonitrile + d8—2-AG, d8-AEA, d8-NADA, d8-NAGly + 100pM PMSF, then
DLE, NAGly, centrifuged at 3,000xG for 5min, and decanted into 15mL water + 0.133% trifluoro acetic
O-AEA, OLDA, | acid (TFA). Partial purification was performed on C8-SPE columns. Columns were initially
OEA, PEA, washed with 1ImL methanol, then 1mL water, sample was loaded, washed with 2mL of 20%
SEA acetonitrile/ 80% water / 0.1% TFA, and eluted with 2mL of 80% acetonitrile/20% water/0.1%
TFA. This elution was evaporated with a vacuum and stored at —80°C until analysis. At the
time of MA analysis, sample was reconstituted the in 100uL acetonitrile/0.1% TFA spiked
with d4-PEA. 5uL was used for MS analysis.
Taglia- Plasma 2-AG, AEA, Blood was collected by venipuncture in tubes containing EDTA and kept on ice. Plasma
monte, OEA, LEA, samples were centrifuged 3,000RPM (information on g not provided), 15min, 4°C within
2021 PEA 15min of collection, then stored at =80 °C. On day of processing, samples were thawed at 4°C
and then kept on ice. 500pL of plasma was diluted 1:2 in distilled water + 50uL of 200mg/mL
d8-AEA. Samples were vortexed, then centrifuged at 21,1000xG, 5min, 4°C. Supernatant
partially purified on HLB Oasis solid phase extraction columns that had been conditioned with
1mL MeOH and 1mL water, were washed with 1ImL 40% MeOH, and eluted with 1mL of
acetonitrile. The eluate was dried under nitrogen, reconstituted in 100uL of acetonitrile: water
(50:50), which was used for MS analysis.
Gaisber-ger, | Plasma AEA Collected blood in serum- and plasma-specific tubes, then froze and stored at -80°C until
2021 processing. Samples were thawed and prior to partial purification via C18 solid phase
extraction column separation. Columns were conditioned with 1mL acetonitrile (0.1% formic
acid), and 1mL water (0.1% formic acid). 500pL of plasma spiked with 1uL of 1ng/mL
d4-AEA was added to the column. The column was washed with 1mL of 20% acetonitrile
(0.1% formic acid), then eluted with 400uL of acetonitrile (0.1% formic acid), which was used
for MS analysis.
Biernacki, Plasma AEA, 2-AG Blood was collected in tubes with EDTA and butylhydroxytoluene, centrifuged at 3,000xG
2021 4°C to collect plasma. Luque-Cordoba 2018 is referenced the as protocol for sample
preparation and MS analysis.
Luque- Serum DHEA, AEA, Samples were thawed on ice then centrifuged at 20,200xg for 10 min, then filtrated by a nylon
Cordoba, NAGIy, NADA, filter with a 0.2 um pore size. 200uL of the filtrated sample is introduced in an opaque vial
2018 2-AG, PEA, with a glass insert and located in the autosampler of the SPE (CI8 solid phase extraction)
DEA, OEA, 2- system, which is maintained at 4°C. SPE column is conditioned with 10mL of methanol, then
AG ether, 1mL of methanol, followed by two solvation steps each with 1 mL of 25% (v/v) ACN in water
PALDA, OLDA/ | containing 0.7% of formic acid. The 100uL sample loop is filled with the analytical sample
ODA, SEA, that is then loaded in the sorbent cartridge with 1.5mL of solvation solution. In this process,
STEARDA the analytes are retained in the sorbent and the sample matrix removed to the waste. Then,
the analytes are eluted with the chromatographic mobile phase (elution time 90 s), and the
cartridge is cleaned by five rinsing steps with 5 mL of water, methanol, water, 30% (v/v) ACN
in water, and water.
Bashashati Plasma AEA, OEA, Plasma was aliquoted into 150uL volumes for each participant and then added to 2mL
et al, 2021 LEA, DEA, of (HPLC)-grade methanol. Solutions were spiked with 500 picomoles deuterium labeled
SEA, PEA, 2- N-arachidonoyl glycine (d8-NAGly; Cayman Chemical) and centrifuged at 19,000 x g for 20
AG, 2-PG, 2- minutes at 24°C. Supernatants were diluted with HPLC water to make a 15% supernatant
LG, 2-0G, AA, solution. Lipid extractions were performed using C18 solid-phase extraction columns. SPE
LA, OA columns were conditioned with 5 mL HPLC methanol followed by 2.5 mL HPLC water. Then,
the supernatant/water solution was loaded onto the column, followed by 2.5 mL HPLC water.
A series of 5 elutions with 1.5 mL 40%, 60%, 75%, 85%, and 100% methanol were collected
for MS analysis.
#Extractions and MS analysis performed in Bradshaw lab.
Gaitan, Milk AA, DHA, EPA, | Participants expressed milk at home and kept in the fridge for a maximum of 24h until
2018 AEA, PEA, transferred to lab on ice. In lab, samples were heated with a 37°C water bath, gently mixed,
OEA, DHEA, and aliquoted into 15mL to store at —80°C. To process, samples were thawed in 37°C water
EPEA, EEA, 2- bath, vortexed 10sec and then added to an un-specified volume of acetonitrile + PBS + internal
acyl glycerols standards then centrifuged at 14,000xG, 4°C for 5min. The supernatant was mixed with 4
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Author, Sample | Measuring Methods that use SPE columnsto partially purify and enrich samples with specific lipid
year type classes
volumes of 5% phosphoric acid before partial purification on solid phase extraction columns
(OASIS HLB reverse phase cartridges). SPEs were conditioned with MeOH and water. Sample
loaded, they washed with 40% MeOH, then eluted with acetonitrile. The elution was the
evaporated under nitrogen, reconstituted in EtOH, vortexed, sonicated, and centrifuged prior to
MS analysis.
Bruun, Milk OEA, SEA, Milk was collected in lab, aliquoted to 10mL, and stored at 5°C for a maximum of 3 days.
2018 PEA The sample was then centrifuged3,600RPM, 21°C, 5min, the fat, skimmed and solid fractions

separated, and stored at —80°C. To extract lipids, they centrifuged to remove particles, added
20uL of a 20mg/mL d4-OEA, d3-SEA, d4-PEA, and then passed them through solid phase
extraction columns. They washed with 5% MeOH, 0.1% acetic acid, then eluted into 2mL of
acetonitrile and 2mL MeOH. Then they dried w/speed vacuum, reconstituted in 100uL MeOH,
added 10uL recovery (0.025ug/mL 12-[[cyclohexylamino)carbonyl amino] dodecanoic acid),
and centrifuged again using an Eppendorf tube filter prior to MS analysis.
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Table 3.

Summaries of publicationswith ambiguous or missing details on sample preparation
prior to MSanalysis.

See “List of Abbreviations” for a key to those reagents abbreviated. Comments in italics were not in the
original manuscripts but are clarifications by the authors here. Only the first author and publication year are
listed in the table, though the full reference is available at the end of the Chapter.

OG, AEA, DHEA,
OEA, PEA

Author, Sample Measuring M ethods wher e the sample preparation was unclear/unknown

year type

Diaz-Rua, Brain, AEA, 2-AG The methods described for eCB analysis only detail the MS parameters. There is

2021 plasma no description of any aspect of sample preparation in this study and references 2
previous studies. 1) Diaz-Rua et al 2020a, which does not describe any aspect of
sample preparation and only describe MS parameters. 2) Diaz-Rua et al 2020b, which,
likewise, does not describe any aspect of sample preparation.

Manca, Plasma Free fatty acids, 2- An “aliquot” (no specific volume) of plasma was used eCB analysis. d8-AEA, d5-

2020 AG, 2-PG, 2-LG, 2- 2-AG, d2-OEA, d4-PEA, d3-SEA were added as internal standards to the plasma

aliquots. There is no further information on sample preparation. It is possible that the
samples were used in this state with no further preparation for MS analysis.
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