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Abstract
The endocannabinoids anandamide and 2-arachidonoylglycerol, as well as several anandamide-
related N-acylethanolamines, belong to a family of lipid transmitter regulating fundamental
physiological processes, including neurotransmission and neuroinflammation. Their precise
quantification in biological matrices can be achieved by gas chromatography/mass spectrometry
(GC-MS), but this method typically requires multiple time-consuming purification steps, such as
solid-phase extraction followed by HPLC. Here we report a novel solid-phase extraction procedure
allowing for single-step and thus higher-throughput purification of endocannabinoids and N-
acylethanolamines before GC-MS quantification. We determined the minimal amount of mouse brain
tissue required to reliably detect endocannabinoids and N-acylethanolamines when using this
approach and provide direct evidence for quantification accuracy by using radioactive and deuterated
standards spiked into mouse brain samples. Using this approach we found that mouse brain contains
much higher levels of anandamide (> 1 nmol/g of tissue) than previously reported, whereas levels
of 2-arachidonoylglycerol and other N-acylethanolamines are well-within the range of previous
reports. In addition we show that mouse brain amounts of endocannabinoids and N-
acylethanolamines differ depending on animal gender, as well as on whether the tissue was fixed or
not. Our study shows that endocannabinoids and N-acylethanolamines levels quantified in mouse
brain by GC-MS closely depend on tissue amount and preparation, as well as on animal gender, and
that depending on such parameters, anandamide levels could be underestimated.
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INTRODUCTION
Endocannabinoids (eCBs) are lipid transmitters that act through cannabinoid receptors and
regulate many physiological processes, including neurotransmission and neuroinflammation
[1]. Several pathological conditions result in the disruption of eCB production and inactivation,
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and thus a better understanding of this signaling mechanism and how it is affected by
pathologies may lead to novel therapeutic approaches [2–4]. Two major classes of eCBs have
been identified: the N-acylethanolamines (N-AEs), which include arachidonoylethanolamine
(AEA, also known as anandamide), and the glycerolacylesters, which include 2-
arachidonoylglycerol (2-AG). The majority of what is known about eCB production,
pharmacology and inactivation focuses on AEA and 2-AG.

AEA was identified in 1992 and shown to bind to CB1 and CB2 receptors with high affinity
and regulate signal transduction pathways as partial agonist [5;6]. Accordingly its injection
into rodents mimics the effects produced by Δ9-tetrahydrocannabinol (THC), which also acts
as a partial agonist at CB1 and CB2 receptors [7]. Presence of AEA was demonstrated in intact
tissues (including rodent brains) and cells in culture (including neurons, astrocytes and
microglial cells in primary culture) [8–12]. The existence of 2-AG has been known for decades,
but its role as an eCB was only demonstrated in 1995. Micromolar concentrations of 2-AG are
required to activate CB1 and CB2 receptors, where it acts as a full agonist [13;14]. Many cell
types, including neurons and glial cells, produce 2-AG [15].

Several laboratories have suggested the existence of additional eCBs, including noladin ether
and virodhamine [16;17], but the presence of such lipids in intact tissue has been questioned
[18]. In 1993, two other N-AEs, N-homo-γ-linolenoylethanolamine (HEA) and N-
docosatetraenoylethanolamine (DEA), were found in brain, and shown to activate CB1
receptors with nanomolar affinity [19;20]. Our laboratory confirmed the presence of both these
N-AEs in intact brain and showed that focal cerebral ischemia leads to their accumulation in
the diseased tissue [21]. Our laboratory also showed that HEA and DEA are produced in an
activity-dependent manner by neurons, astrocytes and microglial cells in culture, and that they
stimulate microglial cell migration [11;12]. N-Palmitoylethanolamine (PEA), N-
oleoylethanolamine (OEA) and N-stearoylethanolamine (SEA) do not bind cannabinoid
receptors and hence are not considered bona fide eCBs. PEA likely activates a CB2-like
receptor and PPARα [22;23], OEA activates PPARα and possibly GPR119 [24;25] and SEA
activates an unknown receptor [26].

The fact that a wide variety of cell functions are modulated by eCBs and N-AEs, and that
pathophysiological conditions lead to differential changes in their amounts has fueled interest
in accurately quantifying these lipids in biological matrices. The most widely used methods to
quantify these lipids remain GC-MS and LC-MS. However, GC-MS is hampered by
painstaking purifications of the biological samples prior to analysis (for example solid-phase
chromatography followed by either HPLC or thin layer chromatography [27]; [11;28–31]. Here
we report the development of a more efficient purification method that provides samples ready
for GC-MS analysis and allows for higher throughput quantification of these lipids. We also
determined the minimal amount of tissue required to reliably detect eCBs and N-AEs, and
provide direct evidence for the accuracy of this approach by using radioactive and deuterated
standards spiked into mouse brain samples. We found that AEA brain levels are 10 fold higher
than those previously reported. We also used this method to determine if these lipids were
present at comparable amounts in male and female mouse brain, as well as in samples prepared
by following different methods.

MATERIALS AND METHODS
Materials

[3H]AEA, [3H]PEA and [3H]2-AG were from American Radiolabeled Chemicals (St Louis,
MO) and the National Institute on Drug Abuse drug supply system. CHCl3 and CH3OH were
of analytical grade, and ethylacetate and acetone of GC grade and were all from Fisher
Scientific (Pittsburgh, PA). Silica (230–400 mesh, 60 Å pore diameter) was from Sigma (St
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Louis, MO) and bis(trimethylsilyl)trifluoroacetamide (BSTFA) from Alltech (Deerfield, IL).
2-AG and 2H5-2-AG were from Cayman Chemicals (Ann Harbor, MI). N-AEs and 2H4-N-
AEs were synthesized in our laboratory as previously described [11].

Tissue preparation
All experiments were carried out according to the guidelines of the Institutional Animal Care
and Use Committee of the University of Washington, Seattle. Specifically, mice (C57BL/6.J)
were either: 1) deeply anesthetized with 0.5 ml of pentobarbital (25 mg)/ketamine (3.25 mg)/
xylazine (0.22 mg) and perfused with PBS, 2) deeply anesthetized with 0.5 ml of pentobarbital
(25 mg)/ketamine (3.25 mg)/xylazine (0.22 mg), perfused with PBS followed by
paraformaldehyde (4%) or 3) directly decapitated. Skulls were rapidly opened by using surgical
scissors, and brains removed and cut along their longitudinal axis. Each half brain was then
individually wrapped in aluminum foil and snap-frozen in either liquid nitrogen or on dry ice.
Typically less than 90 s elapsed between decapitation and freezing of the tissues. The latter
were then stored at −80°C until analysis.

Lipid extraction and purification
Each frozen half brain was weighed, placed into CHCl3 (100 mg/ml, 4°C), homogenized with
a tissue grinder (15,000 rpm for 1 min) and sonicated (2 × 10 sec). An aliquot corresponding
to the desired amount of tissue in CHCl3 (e.g. 300 μl of homogenate when needing 30 mg of
tissue) was added to 10 ml of ice-cold CHCl3 containing deuterated standards (200 pmol of
[2H4]AEA, [2H4]DEA, [2H4]HEA, [2H4]OEA, [2H4]PEA, [2H4]SEA and [2H5]2-AG). Folch
extraction was performed by adding ice-cold CH3OH (5 ml) and PBS (2.5 ml), yielding the
desired 4:2:1 ratio (v/v/v, CHCl3:CH3OH:H2O). The mixture was vigorously shaken and
sonicated (5 min at 4°C) for thorough lipid extraction. Centrifugation (5 min at 800 g) was
used to separate both phases, and the organic phase was recovered into a glass vial and dried
under N2. To accelerate the drying process, we systematically placed samples on a heating
plate. Dried organic phases were then reconstituted in 2 ml of CHCl3 by vortexing and kept at
room temperature (< 5 min) before solid phase extraction. Solid-phase extraction columns were
made in our laboratory by using Pasteur pipettes filled with 0.7 ml of silica-CHCl3 slurry (1:1,
v/v). Prior to loading each sample, columns were conditioned with 2 × 2 ml of CHCl3, 2 × 2
ml of CH3OH, and 2 × 2 ml of CHCl3. Samples in CHCl3 (2 × 1 ml) were then loaded onto
the columns, followed by 2 ml of CHCl3. eCBs and N-AEs were eluted with 2 ml of
ethylacetate: acetone (1:1) (see results for rationale) and eluates dried under N2 and derivatized
with BSTFA (50 min at 55°C). After evaporation of excess BSTFA under N2, samples were
dissolved in hexane (100 μl) and kept at −20°C until GC-MS analysis.

GC-MS analysis of eCBs and N-AEs
Derivatized samples were dried under N2 and thoroughly re-suspended in hexane (4–6 μl) and
injected (split-less mode) into a CP3800 Varian GC (CP-Sil8 CB 30 m silica column) equipped
with a capillary injector (1177, 250°C) containing a silanized liner with a carbofrit. Helium
(0.5 ml/min) was used as gas carrier. The sequence used for the oven temperature was: 150°C
for 1 min followed by a 20°C/min increase up to 300°C, which was held for 5.5 min to allow
complete elution of the seven analytes. After 4.5 min, the temperature was then further
increased to 350°C (2.5 min) before holding it at 325°C for an additional 10 min, allowing
thorough column cleaning. A Varian Saturn 2000 mass spectrometer was coupled to the GC
and CH3OH used for ionization (trap temperature was 230°C). For each run, total ion currents
were recorded. Hexane (i.e. blank) injections were performed between samples to avoid
memory effects.

Calibration curves were generated by subjecting non-deuterated and deuterated standards to
the same procedure as the biological samples. Specifically, mixtures of non-deuterated and
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deuterated eCBs and N-AEs were subjected to Folch extraction and solid-phase purification
prior to GC-MS analysis. Ion currents generated by the diagnostic fragments of each lipid (see
Table 1 and supplemental material) were determined manually. For N-AEs, diagnostic
fragments included TMS derivatives and acylethylamine radicals (see results for rationale).
For 2-AG, we added the ion currents generated by the diagnostic fragments of both 2-AG and
1-AG, as described [27;32;33]. Thus, isotope dilution calibration curves were generated by
calculating the ratio of ion currents generated by set amounts of each non-deuterated standard
(0, 2, 10, 20, 30, and 200 pmol) and 200 pmol of corresponding deuterated standards, followed
by linear regression.

RESULTS
Before quantifying eCBs and N-AEs amounts in biological matrices by GC-MS, these lipids
must be pre-purified. Typically, solid-phase extraction followed by HPLC is used, but HPLC
is quite time-consuming since each sample must be run sequentially. Thus we sought to
optimize the solid-phase extraction purification step with the goal of obtaining a one-step
process affording samples ready for GC/MS analysis. We tested several solvent systems that
have a narrower window of solvent polarity and yet still efficiently elute eCBs and N-AEs
while eliminating more contaminants. Our previous solvent system was CHCl3:CH3OH (9:1
v/v), with polarity indices (P′) of 4.1 and 5.1, respectively. We chose to replace CHCl3 by
ethylacetate since it is more polar (P′ = 4.4). We also replaced CH3OH by acetone since both
solvents have the same polarity index but acetone is less toxic and has a lower boiling point
and thus evaporates more rapidly. To assess for the amount of eCBs and N-AEs eluted from
the silica, we used [3H]AEA, [3H]PEA and [3H]2-AG. As expected, these lipids were not eluted
by CHCl3, but were efficiently eluted by either a 9:1 (v/v) mixture of CHCl3:CH3OH, pure
CH3OH or pure acetone (Fig. 1). Pure ethylacetate eluted 25–35 % of the N-AEs and 75% of
the 2-AG. We then tested 3:1, 1:1, and 1:3 ratios of ethylacetate: acetone (v/v), all of which
provided a near complete elution of the lipids. Based on these results, we selected a 1:1 mixture
of ethylacetate: acetone. These results show that a narrower window of solvent polarity allows
for an efficient one-step purification of eCBs and N-AEs.

We determined the GC-MS analytical properties (i.e. retention times and fragmentation
pattern) of eCBs and N-AEs standards (both non-deuterated and deuterated) subjected to Folch
extraction followed by our new solid-phase extraction procedure (Fig 2). For each non-
deuterated and deuterated N-AE, we found peaks that eluted with shorter retention times, the
mass spectra of which corresponded to N-acylethyl radicals (Fig 2C and Table 1). For example,
the predominant peaks for AEA and [2H4]AEA eluted at 11.56 min and are preceded by peaks
eluting at 9.14 min with m/z of 330 and 334 (from AEA and [2H4]AEA, respectively). These
earlier peaks were also present when standards were directly injected into the GC/MS and thus
do not represent a fragmentation artifact occurring during Folch extraction or our new solid-
phase extraction procedure (Fig. 2A). Considering this result, and to increase the accuracy of
our quantification method, we opted to include these peaks when analyzing N-AEs. Table 1
shows the fragments that we selected when analyzing each peak. For example, three fragments
were selected for the PEA-TMS peak that migrated at 9.42 min: m/z values of 282 ([M
+H-90]+ (i.e. ion produced by the loss of TMS alcohol), m/z values of 372 ([M+H]+ i.e.
protonated PEA-TMS), and m/z values of 444 (i.e. the double TMS PEA adduct). Using these
parameters, we found linear calibration curves, indicating that increasing amounts of non-
deuterated standards mixed with a set amount of corresponding deuterated standard yield a
linear increase in signal ratios (supplementary data). Thus our new analytical approach
provides accurate eCB and N-AE quantification capability.

Next we determined the amount of mouse brain tissue that is required to reliably quantify all
seven eCBs and N-AEs using this improved method and isotope dilution. Indeed, the deuterated
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standards used for isotope dilution always contain a small amount of non-deuterated standard
(typically a few percent) and thus we wanted to determine the amount of mouse brain tissue
required to generate a ratio that is statistically greater than the ratio obtained with deuterated
standards alone. To do so, we homogenized mouse brains in chloroform, sampled increasing
amount of tissue (i.e. 3, 10, 20 and 30 mg), and purified and analyzed them by GC/MS. We
found that 10 mg of brain gave a 2-AG/[2H5]2-AG ratio that was statistically greater than the
ratio obtained with standard alone, while 30 mg of brain was required for the N-AEs/[2H4]N-
AEs ratios to be statistically greater from the ratios obtained with corresponding N-AE
standards alone (Fig. 3A). This result indicates that 30 mg of tissue is required to reliably
quantify eCBs and N-AEs in mouse brain tissue. When using this approach, we found much
higher levels of anandamide (1.08 nmol/g) than previously reported, while levels of 2-AG and
other N-AEs were well-within the range of previous reports (Fig 4). Our results indicate that
30 mg of mouse brain tissue is necessary to enable efficient quantification of anandamide.

Two experiments were performed to directly test the reliability of our data. First we tested
whether the presence of 30 mg of brain tissue might affect the efficiency by which eCBs and
N-AEs are extracted from tissue when using a Folch extraction followed by solid-phase
purification. Thus we systematically quantified the radioactivity produced by [3H]AEA, [3H]
PEA and [3H]2-AG undergoing extraction and purification either alone or in the presence of
30 mg brain tissue. We found that – independently of the presence of brain tissue – over 97 %
of the initial amount of each lipid was recovered after extraction and purification (Table 2).
Second we tested whether tissue-derived eCBs and N-AEs spiked with a set amount of standard
eCBs and N-AEs equal to the mathematical sum of their amounts quantified independently.
Figure 3B shows that this was indeed the case, as the mathematical sum of tissue-derived eCB
and N-AEs (open bars) plus a set amount of standards (hatched bars) was calculated (gray bars),
and is not different from the levels of eCBs and N-AEs quantified in tissue spiked with these
standards (black bars). These results show that our method allows for reliable quantification
of eCBs and N-AEs in biological matrices.

Finally we tested whether the high levels of anandamide detected here could be due to the mode
in which mouse brain tissue were prepared. Thus we quantified eCBs and N-AEs amounts in
brains of female mice prepared according to four widely used techniques. Group I included
mice that were anesthetized, PBS-perfused and their brains snap-frozen in liquid nitrogen.
Group II included mice that were anesthetized, PBS-perfused and paraformaldehyde fixed, and
their brain frozen in liquid nitrogen. Groups III and IV included mice that were directly
decapitated and their brain snap-frozen either in liquid nitrogen (group III) or on dry ice (group
IV). N-AEs levels tended to be higher in tissue that was frozen on dry ice and PFA-fixed
versus tissue that was frozen in liquid nitrogen and PBS-perfused, but this difference did not
reach statistical significance (Fig. 5A). The only clear difference we found was in the amount
of 2-AG quantified in PFA-fixed brains, which was 3-fold lower than in non-fixed tissue. We
also compared eCBs and N-AEs levels in female and male mouse brains using one protocol of
tissue preparation (i.e. decapitation and liquid nitrogen snap-freezing) to determine if animal
gender determines eCB and N-AE levels (Fig. 5B). We found that AEA, HEA and DEA levels
were 2–3-fold higher in female brain compared to male brain. These results show that different
amount in eCBs and N-AEs are found in mouse brain depending on animal gender and the
method used to prepare samples.

DISCUSSION
GC-MS is commonly used to quantify eCBs and N-AEs in biological matrices. We have
improved this method at two levels: we 1) optimized the solid-phase purification step allowing
for higher through-put analysis and 2) determined the amount of tissue required to reliably
quantify eCBs and N-AEs in mouse brain. We directly tested the reliability of our
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quantifications by using tritiated and deuterated standards spiked into mouse brain samples.
Finally, we found different levels of specific eCBs and N-AEs in mouse brain depending on
animal gender and tissue preparation.

The hydrophobic nature of eCBs and N-AEs, as well as their low abundance compared to their
respective precursors and degradation products, renders the quantification of these lipid
transmitters by GC-MS unreliable when samples are analyzed directly following Folch
extraction. Therefore, additional pre-purification steps are commonly used (e.g. solid phase
extraction followed by HPLC or TLC). Many laboratories, including ours, routinely use silica
gel as first purification step using a CHCl3:CH3OH mixture to elute eCBs and N-AEs from
silica gel columns [34], although a recent report showed that reverse-phase extraction is also
effective [35]. While a CHCl3:CH3OH mixture completely elutes eCBs and N-AEs from the
silica, its wide window of solvent polarity also elutes contaminants, warranting the additional
(i.e. HPLC) purification step. Here we identified a 1:1 mixture of ethylacetate: acetone, which
has a narrower window of polarity index, as a solvent system achieving complete elution of
eCBs and N-AEs while reducing contaminant elution from the silica. Thus this solvent system
allows for single-step and thus higher throughput purification of eCBs and N-AEs ready for
GC-MS analysis.

When analyzing the chromatogram of standard eCBs and N-AEs that had undergone the
extraction and purification procedure, we found additional fragments corresponding to ions
produced by the loss of TMS alcohol. It is likely that the high temperature of the GC-MS
injector (250°C) leads to loss of the TMS alcohol moiety from the lipids. Thus the ion currents
produced by these additional fragments were systematically taken into account when
generating calibration curves. To assess if the AEA/[2H4]AEA ratio is affected by the
integration of the N-arachidonylethyl peak (see result section and table 1) we compared the
ratios obtained for the PBS perfused brains with and without the incorporation of this additional
fragment. The ratio value obtained including the N-arachidonylethyl peak (0.196±0.06) was
within the same range as the value obtained for the N-arachidonylethanolamine alone (0.201
±0.06), indicating that while improving the signal-to-noise ratio, incorporating this fragment
in our calculations does not account for the increase in AEA amount measured here when
comparing to the literature (Fig 4). Note that GC-MS analysis of strict silica eluate (i.e. without
any sample loaded onto it, Fig 2B) did not generate an ion current peak corresponding to the
AEA fragment that had loss the TMS moiety, showing that this peak truly comes from AEA.

Thirty milligram of mouse brain tissue is required to reliably quantify N-AEs. To our
knowledge this is the first report on the systematic determination of the minimum amount of
tissue required to reliably quantify eCBs and N-AEs in mouse brain. When analyzing lower
amounts of tissue, the ratio resulting from tissue-derived eCBs and N-AEs and respective
deuterated standards is not significantly different from the ratio obtained with deuterated
standards alone. Conversely, 2-AG levels are reliably detected using 10 mg of brain tissue,
most likely because of its higher amount in brain [27]. We believe that determining the minimal
amount of tissue required to measure ratios that are significantly above the signal-to-noise
ratios measured with deuterated standards alone enable efficient quantification and improves
quantification accuracy. As a matter of fact, when we analyzed either 3 mg or 10 mg of mouse
brain tissue, we found 50 pmol/g and 200 pmol/g of AEA, respectively [21;36], whereas here
we measured 1.08 nmol/g of AEA when analyzing 30 mg of tissue. To ascertain that the
amounts of eCBs and N-AEs measured in 30 mg of mouse brain tissue were indeed accurate,
we spiked a set amount of non-deuterated standards to brain homogenates and found that the
resulting quantification corresponds to the mathematical sum of eCBs and N-AEs measured in
brain plus the actual non-deuterated standards. Although post-mortem accumulation of AEA
has been observed [30;37;38], this phenomena is unlikely to be responsible for the higher levels
of AEA found here since less than 90 sec elapsed between sacrifice and freezing of the brain.
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Furthermore, other N-AEs also increase in post-mortem tissue and we found here only AEA
levels to be higher. In light of the controls that we performed, we suggest that the higher
amounts of mouse brain AEA levels measured here are due to the use of greater amount of
tissue (i.e. 30 mg) and reflect more accurately the actual AEA levels than analysis performed
with smaller amount of tissue. While many laboratories have reported 10–100 pmol amounts
of AEA per gram of tissue (Fig 4), some laboratories have also reported nmol amounts of AEA.
For example, Maccarrone and co-workers measured 16 nmol/g of tissue of AEA in whole
mouse brain [39]. The same laboratory found similar amounts of AEA and 2-AG (0.2 and 0.1
nmol/g of proteins, respectively) in mouse cortex and hippocampus [40], as well as in human
brain tissue [41]. Together with these reports, our results suggest that healthy mouse brain
contains nanomolar amounts of anandamide.

Are eCB and N-AE levels in mouse brain comparable when the tissue is prepared according
to four commonly used procedures? We found that PEA, OEA, SEA, and HEA levels were
higher when brain tissue was frozen on dry ice compared to perfused with PBS and frozen in
liquid nitrogen. AEA and DEA levels are similar in all four conditions. A striking result was
that 2-AG levels were significantly and selectively reduced in PFA-fixed brains compared to
other modes of tissue preparation. The anesthesia procedure is unlikely to account for this
difference since the PBS perfused mice received the same anesthesia procedure and yet 2-AG
amount in this tissue is not different from mice that were euthanized directly without anesthesia.
Note that we had reported the quantification of eCBs in PFA-fixed CNS tissue and can now
conclude that the reported 2-AG levels would have been 2–3 fold higher if the tissue had not
been fixed with PFA [42]. We also found that brain AEA, HEA and DEA levels had a tendency
to be higher (up to 3-fold) in female compared to male, albeit not reaching statistical
significance. This result suggests that the effects of estrogen cycle should also be taken account
into consideration in female cases.

In summary we describe a new method allowing for higher throughput and reliable GC-MS
quantification of anandamide, 2-AG and five pharmacologically active N-AEs. Our controls
show that tissue amount and preparation constitute critical parameters when quantifying these
lipid transmitters since we found higher levels of AEA in mouse brain than had previously
been reported.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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ABBREVIATIONS
2-AG  

2-arachidonoylglycerol

AEA  
anandamide or N-arachidonoylethanolamine

BSTFA  
bis(trimethylsilyl)trifluoroacetamide

DEA  
N-docosatetraenoylethanolamine
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eCB  
endocannabinoid

HEA  
N-homo-γ-linolenoylethanolamine

OEA  
N-oleoylethanolamine

P′  
polarity index

PEA  
N-palmitoylethanolamine

SEA  
N-stearoylethanolamine
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Figure 1. Selection of the elution solvent system
Solutions containing eCBs and N-AEs (200 pmol) and [3H]AEA, [3H]PEA, or [3H]2-AG
(6000–8000 dpm) were chloroform extracted (CHCl3: MeOH: PBS 10:5:2.5) and organic layer
dried under nitrogen. Residues were transferred on a silica column using 3 ml of CHCl3. Several
solvent systems were assayed for their ability to elute analytes from the silica. Results are
expressed as percentage of radioactivity added onto the silica and are the mean of 2 to 4
experiments performed in duplicate. Errors bars represent the SEM.
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Figure 2. Representative chromatograms showing the seven analytes
Representative total ion currents spectra of direct injection of non-deuterated and deuterated
standards (A), column ethylacetate: acetone eluate (B), non-deuterated and deuterated
standards after Folch extraction and solid-phase purification (C), and mouse brain lipid extract
following Folch extraction and solid-phase purification (D).
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Figure 3. A. Influence of brain homogenate amounts on the N-AEs/[2H4]N-AEs and 2-AG/[2H5]2-
AG ratios
Increasing amounts of mouse brain homogenate (half brains from 3 months old female mice
homogenized in CHCl3, 100 mg/ml) were used to determine the non-deuterated/deuterated
ratios using 200 pmol of [2H5]2-AG [2H4]N-AEs. Values are the mean ± SEM (n = 5–7 half
brains from independent mice, in duplicate). * P<0.05 and ** P<0.01 compared to the ratios
obtained in the absence of tissue homogenate (ANOVA one-way, Dunnett’s post test). B.
Testing quantification reliability by spiking eCBs and N-AEs standards into mouse brain
homogenates. eCBs and N-AEs levels were quantified in mouse brain in the presence (black
bars) or absence (open bars) of a set amount of non-deuterated standard (hatched bars). The
mathematical sum (gray bars) of the open and hatched bars is not statistically different from
the black bars. Values are the mean ± SEM (n = 3–4 half brains from independent mice, in
duplicate). (ANOVA one-way, Dunnett’s post test).
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Figure 4. Comparison of eCBs and PEA and OEA amounts reported in mouse brain
Comparison of AEA, OEA, PEA and 2-AG levels found in this study (▲) with those reported
in the literature (median and 25th and 75th percentile) for whole mouse brains.
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Figure 5. eCBs and N-AEs levels in mouse brain
A. Different procedures used to prepare brain tissue affect eCB and N-AE levels. Mice were
killed by decapitation and their brains were then either snap frozen in liquid nitrogen (N2) or
frozen by placing them on dry ice (dry ice). Other mice were anesthetized and PBS-perfused
(perfused) or anesthetized, PBS-perfused and PFA-fixed (PFA). For each condition, 30 mg of
tissue homogenate were used for quantifications. Values are the mean ± SEM (n = 4–7 half
brains from independent mice, in duplicate). (ANOVA one-way, Dunnett’s post test, P> 0.05).
B. Male and female mice brains were snap frozen in liquid nitrogen and 30 mg of tissue
homogenate used for eCBs and N-AEs quantification. Values are mean ± SEM (n = 4–7 half
brains from independent mice, in duplicate). (Unpaired t-test, the P values are indicated)
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Table 1
Retention times and m/z ratio of each eCBs and N-acylethanolamine measured.

Compound Retention time (min) Ion (m/z)
[2H4]PEA 7.38 a, b 286

PEA 282
[2H4]OEA 8.32 312

OEA 308
[2H4]SEA 8.43 314

SEA 310
[2H4]AEA 9.14 334

AEA 330
[2H4]HEA 9.24 336

HEA 332
[2H4]PEA 9.42 286; 376; 448

PEA 282; 372; 444
[2H4]DEA 10.30 362

DEA 358
[2H4]OEA 10.47 312; 402; 474

OEA 308; 398; 470
[2H4]SEA 10.62 314; 404; 476

SEA 310; 400; 472
[2H5]2-AG 11.23 438

2-AG 433
[2H4]AEA 11.56 334; 424; 496

AEA 330; 420; 492
[2H4]HEA 11.82 336; 426; 498

HEA 332; 422; 494
[2H4]DEA 13.56 362; 452

DEA 358; 448
a
The retention times underlined correspond to the N-acylethyl chromatographic peak.

b
Note that the retention times of labeled compound slightly differs from the retention time of the corresponding deuterated compound due to the isotopic

discrimination of the GC.
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