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INTRODUCTION

To model neuronal injury secondary to oxidative stress,
cortical neurons were pretreated with NAE 12:0 and
exposed to the oxidant tert-butyl hydroperoxide. The
extent of neuroprotection was then measured with cell
viability assays using the fluorescent indicator dye calceinAM. To investigate the effect of NAE 12:0 on FAAH activity,
assays were performed using purified recombinant FAAH1
and its substrate analog AMC Arachidonoyl amide.
Hippocampal HT22 cells were treated with NAE 12:0 and
immunoblotting and immunocytochemistry assays were
performed to analyze changes in the expression levels and
subcellular distribution of proteins involved in the
termination of endocannabinoid signaling.

Lauroylethanolamide Increases Viability of Neurons Under Oxidative Stress
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Figure 1: Chemical structures of select endocannabinoids. Endocannabinoids
are synthesized “on-demand” in response to cellular stress or injury by N-acylphosphatidylethanolamine-selective phosphodiesterase (NAPE-PLD) from
phospholipid precursors located in the cell membrane. Following their release,
endocannabinoids can bind to plasma membrane receptors, cannabinoid
receptor 1 (CB1; more abundant in the central nervous system) and
cannabinoid receptor 2 (CB2; more abundant in the immune system).
Endocannabinoids are enzymatically inactivated by fatty acid amide hydrolase
1 (FAAH1) and N-acylethanolamine-hydrolyzing acid amidase (NAAA). In the
brain, 2-arachidonyl glycerol is more abundant than arachidonoyl
ethanolamide (anandamide; top). Their congener, palmitoyl ethanolamide
(NAE 16:0; middle) is also more abundant than anandamide but does not
appreciably interact with CB1 or CB2 receptors. Lauroylethanolamide (NAE
12:0: bottom) is abundant in plant seeds where it plays a role in seedling
development and growth.
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Figure 2: Calcein cell viability assay of cortical neurons treated with NAE 12:0 and exposed to oxidative stress. Primary cortical neurons were pre-treated for 1-2 hours with media, vehicle, or increasing concentrations of NAE 12:0. Cells were
either exposed to oxidative stress initiated by the addition of 20 µM tBHP (insult) or treated with an equal volume of phosphate buffered saline (mock). After 16-18 hours, fluorimetric calcein-AM viability assays were conducted to measure
neuronal viability.7 (A) For each experimental condition, calcein fluorescence of six replicates was averaged, and three separate experiments were performed using different neuronal cultures. Data was normalized to the vehicle, and statistical
significance was assessed using Student’s t-test. (B) One-way ANOVA comparing the viability of cells under mock conditions indicates that pre-treatment with NAE 12:0 does not significantly enhance cell viability when compared to vehicle alone. (C)
ANOVA analysis of cells exposed to tBHP indicates that while NAE 12:0 does not provide statistically significant neuroprotection when compared to the vehicle alone, we observe a consistent and repeatable increase in cell viability in cell treated
with 100 µM NAE 12:0. Bars represent mean SEM. The dashed line indicates % normalized cell viability of the vehicle control. A P-value of < 0.05, < 0.01, and < 0.001 is indicated by *, **, and ***, respectively, as determined by the Student’s ttest or Dunnett’s post-test.

Cortical neurons treated with NAE 12:0 exhibited an
increase in viability compared to untreated cells when
exposed to oxidative stress.
NAE 12:0 inhibits FAAH1 with an IC50 of 68 µM.
Treatment of HT22 cells with NAE 12:0 had no effect on
expression levels of FAAH1 or NAAA.
NAE 12:0 treatment had no effect on subcellular
distribution of FAAH1 as determined by co-localization
with calnexin, an endoplasmic reticulum marker
protein.

CONCLUSION
Lauroylethanolamide Inhibits FAAH1
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Figure 3: Inhibition of FAAH1 by NAE 12:0. Initial rates were determined based on the linear portion of the kinetic
curve. Data represents mean
SEM of 3 experiments. Reactions were carried out in black-walled 96-well plates. 100
ng of purified recombinant FAAH1 was incubated with indicated concentrations of NAE 12:0 in reaction buffer (125
mM Tris HCl pH 9.0, 1 mM EDTA) for 10 minutes at room temperature. Reactions were initiated by the addition of the
anandamide substrate analog AMC arachidonoyl amide. Substrate concentrations were maintained at 5 µM which is
equivalent to the Km. Final reaction conditions were: 113 mM Tris HCl, 0.9 mM EDTA, 5% ethanol, 0.05% Triton X-100,
pH 9.0 in a volume of 200 µl. Fluorescence was measured four times per minute at 340 nm excitation/455 nm
emission for 30 min at 37 oC.

Figure 4: Western blot analysis of FAAH1 and NAAA
expression levels after exposure to NAE 12:0. HT22
cells were grown until reaching 65-75% confluency
and then differentiated for 24 hours. Cultures were
then treated overnight with 100 µM NAE 12:0 or
vehicle. Cells were rinsed with ice cold PBS, scraped
from the flask, and pelleted by centrifugation. For
each condition, three separate replicates were
performed using different passages of HT22 cell
cultures.
SDS-PAGE and immunoblotting were
performed following standard protocols. The
cytoskeletal protein vinculin (126 kDa) was used as the
loading control. Band size and intensity were
measured using densitometry8 and normalized to the
loading control. Bars represent mean
SEM.
Statistical analysis using the Student’s t-test confirms
that there is no significant difference in FAAH1 or
NAAA expression between the vehicle or 100 µM NAE
12:0 treated cells. (A) Image of a Western blot
showing FAAH1 (63 kDa) bands just above the 53 kDa
marker. (B) Densitometry analysis of FAAH1
expression levels in vehicle and NAE 12:0 treated cells.
(C) Image of a Western blot showing NAAA (40 kDa)
bands between the 53 and 34 kDa markers. (D)
Densitometry analysis of NAAA expression levels in
vehicle and NAE 12:0 treated cells.
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N-acylethanolamines (NAEs) are lipid signaling molecules
involved in numerous physiological functions, including
neurotransmission, inflammation, and protection from cell
damage. They are synthesized on-demand from
components of the cell membrane in response to stress or
injury. Signaling is terminated by the enzymes fatty acid
amide hydrolase (FAAH) and N-acylethanolamine acid
amide hydrolase (NAAA).1 While the classical pathway for
NAEs involves binding to cannabinoid and vanilloid
receptors, NAEs also exert effects independent of these
receptors.2
Various NAE compounds exhibit
neuroprotective properties in models of ischemic stroke,
Alzheimer's disease, and Parkinson's disease. 3,4 For
example, palmitoylethanolamide (NAE 16:0), an
endogenous fatty acid amide, reduces infarct volume,
functional neurological deficit, and neuroinflammation
5
following
ischemia-reperfusion
(I/R)
injury.
Lauroylethanolamide (NAE 12:0), a structurally similar
molecule involved in plant germination and development,
also significantly improves functional outcome after I/R
injury in rodent models. 6 The goal of this study was to
further investigate the role and mechanism of NAE 12:0 in
neuroprotection by examining its effect on neuronal cell
viability, FAAH activity, expression levels of proteins
involved in termination of endocannabinoid signaling, and
subcellular localization of FAAH.

RESULTS
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Figure 5: Examples of methods to qualitatively assess colocalization of fluorescent labels. Left panels
demonstrate the “overlay” method. This representation is produced by acquiring separate images of each
label and digitally merging the images. Areas where pixels from both channels are in close proximity appear
yellow. Right panels are intensity scatterplots of the data presented in the corresponding left panels.
Intensity of pixels in channel one are plotted on the X axis and pixel intensity of channel two are plotted on
the Y axis. Linear regression can be applied to determine Pearson’s coefficient (a quantitative description
colocalization). (A) Complete or 100% colocalization produced by duplication. (B) Complete colocalization as
in A but with disparity in channel intensities. (C) Partial colocalization. (D) Exclusion or 0% colocalization as
when one signal is confined to the nucleus and the other to the cytoplasm.

NAE 12:0 enhances viability of cortical neurons under
oxidative stress and inhibits FAAH1 without altering
expression levels or subcellular localization. This suggests
that NAE 12:0 exerts indirect effects on endocannabinoid
signaling by reducing turnover of anandamide and/or
other neuroprotective NAEs at FAAH1, thus increasing the
availability of such neuroprotectants. Further research is
required to determine the effects of NAE 12:0 on activity,
expression levels, and localization of other proteins
involved in endocannabinoid signaling.

Figure 6: Immunocytochemical colocalization analysis of FAAH1 and the endoplasmic reticulum protein Calnexin. Primary
whole brain neurons were seeded onto poly-D-lysine/laminin coated coverslips and cultured for 7 days in neurobasal media with
B27 supplement and Glutamax. Cultures were then treated overnight with 100 µM NAE 12:0 or vehicle. Fixed, permeabilized cells
were incubated with primary antibody overnight at 4oC. After washing, the coverslips were incubated with fluorescently-labeled
secondary antibodies for 2 hours. Confocal images were collected at 40x 1 µm above and below the brightest plane in 0.17 µm
slices. Laser intensities and all other parameters were held constant for all images. Images were de-speckled and analyzed using
FIJI image analysis software.8 Scatterplots were generated using “Cololoc 2” with bisecting linear regression. Pearson’s and
Mander’s coefficients were determined using the “JACoP” plugin. Data is represented as mean SEM.
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Figure 7: Statistical analysis of FAAH1 colocalization with the
endoplasmic reticulum protein calnexin. Pearson’s and Mander’s
coefficients measured in Figure 6 were plotted and analyzed with
GraphPad Prism 5.0. Bars represent mean
SEM. Pearson’s coefficient
describes the extent of overlap between image pairs. A Pearson’s
coefficient > 0.5 indicates significant colocalization. Mander’s coefficient
describes the contribution of one color channel to overall colocalization. A
Mander’s coefficient > 0.5 indicates colocalization. Analysis using the
student’s t-test indicates that there is no significant change in FAAH1 and
calnexin colocalization when whole brain neurons are treated with NAE
12:0 compared to vehicle treated cells.
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