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Release of Fatty Acid Amides in a Patient With
Hemispheric Stroke
A Microdialysis Study

Wolf-R. Schäbitz, MD; Andrea Giuffrida, PhD; Christian Berger, MD; Alfred Aschoff, MD;
Markus Schwaninger, MD; Stefan Schwab, MD; Daniele Piomelli, PhD

Background—Excitotoxic insults such as stroke may induce release of fatty acid ethanolamides (FAEs), contributing to
the downstream events in the ischemic cascade. We therefore studied release of FAEs such as anandamide,
palmitylethanolamide (PEA), and oleylethanolamide (OEA) in the brain of a patient suffering from malignant
hemispheric infarction treated with hypothermia.

Case Description—A patient with life-threatening hemispheric stroke was treated with moderate hypothermia (33°C) that
was maintained for 3 days, followed by a 3-day rewarming period. Microdialysis was applied to measure glutamate,
lactate, and glycerol by using a microdialysis analyzer. FAEs were measured by microdialysis coupled with
high-performance liquid chromatography/mass spectrometry. Release of neuroprotective fatty amides occurred within
the first day after ischemia and reached high concentrations for all 3 substances in tissue surrounding the primary
ischemic lesion: anandamide up to 42 pmol/mL, PEA up to 120 pmol/mL, and OEA up to 242 pmol/mL. There was a
significant correlation with elevation of lactate as early marker for the hypoxic insult.

Conclusions—This is the first report demonstrating release of FAEs in vivo during human stroke and may suggest
contribution of the FAE signaling system to the pathophysiological events after ischemia. (Stroke. 2002;33:2112-2114.)
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Amides of long-chain fatty acids with ethanolamine (fatty
acid ethanolamides [FAEs]) are a family of ubiquitous

signaling molecules that include the endogenous cannabinoid
anandamide (arachidonylethanolamide), the analgesic and
anti-inflammatory mediator palmitylethanolamide (PEA),
and the anorexic mediator oleylethanolamide (OEA).1–5

Though widely divergent in function, FAEs may share a
common biosynthetic mechanism, which consists of 2 enzy-
matic reactions occurring in parallel. A phospholipase D
activity may release FAEs by hydrolyzing the distal phos-
phodiester bond in N-acyl phosphatidylethanolamine
(NAPE), a minor membrane phospholipid. Simultaneously, a
Ca2�-regulated N-acyltransferase activity may resynthesize
NAPE by translocating fatty acid from phosphatidylcholine
to the amino group in phosphatidylethanolamine.6–8 Intracel-
lular Ca2� plays a key role in initiating these reactions, and
Ca2�-mobilizing stimuli such as membrane depolarization or
glutamate receptor activation are potent triggers for FAE and
NAPE biosynthesis in neurons.2,7–9

The finding that FAEs are produced on demand in neurons
via a Ca2�-dependent mechanism suggests that these com-
pounds may participate in neural signaling. This possibility is

supported by a variety of evidence indicating a primary role
for anandamide in cannabinergic neurotransmission and for
other, noncannabinoid FAEs in the endogenous regulation of
pain and feeding.3–5,10 In addition to these physiological roles,
FAEs may also contribute to the pathological response of
brain tissue to postischemic damage. Results from in vitro
and in vivo experiments suggest that anandamide and other
FAEs are generated in brain neurons after excitotoxic insults
such as traumatic brain injury and that these compounds exert
significant neuroprotective effects that are in part linked to
their ability to inhibit glutamatergic neurotransmission.11–14 It
is at present unclear whether FAEs endogenously occur in
human brain and whether stroke triggers this release. To
examine this possibility, we used microdialysis coupled with
high-performance liquid chromatography/mass spectrometry
to measure FAE release in the brain of a patient suffering
from malignant hemispheric infarction. Our results show that
anandamide, OEA, and PEA are detectable in the human
brain in vivo. They also suggest that stroke triggers FAE
release in tissue surrounding the primary ischemic lesion
associated with elevations in extracellular lactate, an early
marker of the hypoxic insult.
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Subjects and Methods
In a 75-year-old man with left-sided hemiplegia and drowsiness, CT
and MRI analyses revealed an ischemic stroke that involved more
than two thirds of the territory of the middle cerebral artery. We
treated the patient with moderate hypothermia (33°C), following a
protocol approved by the University of Heidelberg and described
elsewhere.15 Briefly, we induced hypothermia 8 hours after onset of
symptoms and maintained it for 3 days, followed by a 3-day
rewarming period during which mannitol was administered to
prevent edema. An intracranial pressure–measuring probe (Spiegel-
berg AG) and a flexible microdialysis probe (length, 10 mm; external
diameter, 0.5 mm; molecular size cutoff, 20 kDa; CMA) were
inserted into the brain when hypothermia was initiated. The probe
was aimed at the stroke penumbra by using diffusion- and perfusion-
weighted MRI.16,17 The microdialysis probe was perfused with a
sterile isotonic solution (in mmol/L: Na� 147, K� 4.0, Ca2� 2.3, Cl�

156) at a flow rate of 0.3 mL/min. After a 60-minute equilibration
period following probe implantation, we collected microdialysis
effluent for 6 days over 2- to 3-hour periods. We measured the
concentrations of glutamate, glycerol, and lactate in the microdialy-
sis effluent by using a CMA 600 analyzer (CMA), following the
manufacturer’s instructions. We measured anandamide, OEA, and
PEA by using an isotope-dilution high-performance liquid chroma-
tography/mass spectrometry method previously described.18 We

monitored body temperature continuously by using a probe inserted into
the urinary bladder and documented other clinical variables such as
blood gas and blood pressure. For statistical analysis, we used the
hypergeometric model of co-occurrence, setting a probability value at
�0.05. The institutional review board at the University of Heidelberg
reviewed and approved patient treatment and sample collection; the
institutional review board at the University of California at Irvine
approved the use of stored samples for FAE analysis. Patients’ relatives
were informed of the potential harmful effects of the hypothermic
treatment and monitoring procedure and gave their informed consent.

Results
As shown in the top panel of the Figure, glutamate level was
increased (15 to 110 �mol/L) compared with values in
normal patients (1 to 3.5 �mol/L).17,19,20 This moderate
increase of glutamate was much lower than glutamate mea-
sured in ischemic tissue (up to 200-fold), indicating that the
probe was located in the penumbra.17 Levels of glycerol as
marker for neuronal disintegration and lactate as marker for
metabolic stress were within normal ranges compared with
their release under ischemic conditions.17,20 Release of neu-
roprotective fatty amides occurred within the first day after

Microdialysis studies of the penumbra of
a 75-year-old patient with left-sided
hemispheric infarction. Release of gluta-
mate (GLU), glycerol (GLY), lactate (LAC),
and the FAEs (anandamide [AEA], PEA,
and OEA) during the first day after ische-
mia is shown. Note the significant
co-release for lactate and anandamide
(P�0.01) as well as lactate and PEA
(P�0.05) (y axis: units of microdialysis
measurements; x axis: probe interval 2 to
3 hours).
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ischemia and reached high concentrations for all 3 substances
measured: anandamide up to 42 pmol/mL, PEA up to 120
pmol/mL, and OEA up to 242 pmol/mL. Significant co-release
occurred for lactate and anandamide (P�0.01) as well as lactate
and PEA (P�0.05). Values then returned to lower levels for
PEA (range, 4.1 to 50 pmol/mL) and OEA (range, 3.1 to 61
pmol/mL; 1 peak up to 300 pmol/mL occurred in the rewarming
phase) or disappeared (anandamide). Intracranial pressure re-
mained �20 mm Hg during the cooling and rewarming period.
Body temperature was maintained at 33.2�0.4°C and increased
by 0.1°C/4 h to 0.2°C/4 h during rewarming.

Discussion
As shown here for the first time, neuroprotective FAEs such
as anandamide, PEA, and OEA are detectable in humans and
are released after stroke, as measured by in vivo microdialy-
sis. This release occurred in penumbral tissue surrounding the
primary ischemic lesion and was significantly associated with
elevations in extracellular lactate, an early marker of the
hypoxic insult. The release pattern with transient sharp
increases of cannabinoids after stimulation with depolarizing
substances or dopamine was comparable to that seen in our
patient after cerebral ischemia, probably indicating receptor-
stimulated cleavage of membrane lipid precursors and imme-
diate release.10,18 Release after ischemia may suggest an
activation of the FAE signaling system recently suggested by
Hansen et al11: N-methyl-D-aspartate exposure– or traumatic
brain injury–induced release of the endocannabinoid precur-
sors N-acylethanolamine phospholipids, probably catalyzed
by the activation of the calcium-dependent N-acyltransferase.
Furthermore, endogenous cannabinoids such as arachidonoyl
glycerol were recently reported to be released after traumatic
brain injury and to exert significant neuroprotective effects.14

Microdialysis is a safe and feasible monitoring technique
in critically ill patients with subarachnoid hemorrhage, head
trauma, and stroke.16,17,20,21 Microdialysis monitoring in-
cludes bedside measurements of extracellular metabolic
changes as indicators of the condition of the brain in the
affected and nonaffected hemispheres and detects patient
deterioration due to secondary ischemia earlier than other
routine measures such as intracranial pressure, evoked poten-
tials, or Doppler sonography.21–23 Microdialysis monitoring
may be further used to predict outcome in large hemispheric
strokes or to guide therapy such as hypothermia.17,20

In conclusion, our results show that anandamide, OEA, and
PEA are detectable in the human brain in vivo. Our results also
suggest that stroke triggers FAE release in tissue surrounding the
primary ischemic lesion associated with elevations in extracel-
lular lactate, an early marker of the hypoxic insult. These
findings point toward involvement of the FAE signaling system
within the ischemic cascade. However, further studies are
needed to fully understand the role and function of the endocan-
nabinoid system after cerebral ischemia.

Acknowledgment
This work was supported by a grant from the German Research
Foundation (Drs Schwab and Schäbitz; Ku 294/18-5).

References
1. Devane WA, Hanus L, Breuer A, Pertwee RG, Stevenson LA, Griffin G,

Gibson D, Mandelbaum A, Etinger A, Mechoulam R. Isolation and

structure of a brain constituent that binds to the cannabinoid receptor.
Science. 1992;258:1946–1949.

2. Di Marzo V, Fontana A, Cadas H, Schinelli S, Cimino G, Schwartz JC,
Piomelli D. Formation and inactivation of endogenous cannabinoid anan-
damide in central neurons. Nature. 1994;372:686–691.

3. Calignano A, La Rana G, Piomelli D. Antinociceptive activity of the
endogenous fatty acid amide, palmitylethanolamide. Eur J Pharmacol.
2001;419:191–198.

4. Calignano A, La Rana G, Giuffrida A, Piomelli D. Control of pain
initiation by endogenous cannabinoids. Nature. 1998;394:277–281.

5. Mazzari S, Canella R, Petrelli L, Marcolongo G, Leon A. N-(2-
Hydroxyethyl)hexadecanamide is orally active in reducing edema for-
mation and inflammatory hyperalgesia by down-modulating mast cell
activation. Eur J Pharmacol. 1996;300:227–236.

6. Schmid HH, Schmid PC, Natarajan V. The N-acylation-
phosphodiesterase pathway and cell signalling. Chem Phys Lipids. 1996;
80:133–142.

7. Cadas H, Gaillet S, Beltramo M, Venance L, Piomelli D. Biosynthesis of
an endogenous cannabinoid precursor in neurons and its control by
calcium and cAMP. J Neurosci. 1996;16:3934–3942.

8. Cadas H, di Tomaso E, Piomelli D. Occurrence and biosynthesis of
endogenous cannabinoid precursor, N-arachidonoyl phosphatidylethano-
lamine, in rat brain. J Neurosci. 1997;17:1226–1242.

9. Hansen HS, Moesgaard B, Hansen HH, Schousboe A, Petersen G. For-
mation of N-acyl-phosphatidylethanolamine and N-acylethanolamine
(including anandamide) during glutamate-induced neurotoxicity. Lipids.
1999;34(suppl):S327–S330.

10. Piomelli D, Giuffrida A, Calignano A, De Fonseca R. The endocan-
nabinoid system as a target for therapeutic drugs. Trends Pharmacol Sci.
2000;21:218–224.

11. Hansen HH, Ikonomidou C, Bittigau P, Hansen SH, Hansen HS. Accu-
mulation of the anandamide precursor and other N-acylethanolamine
phospholipids in infant rat models of in vivo necrotic and apoptotic
neuronal death. J Neurochem. 2001;76:39–46.

12. Skaper SD, Buriani A, Dal Toso R, Petrelli L, Romanello S, Facci L,
Leon A. The ALIAmide palmitoylethanolamide and cannabinoids, but
not anandamide, are protective in a delayed postglutamate paradigm of
excitotoxic death in cerebellar granule neurons. Proc Natl Acad Sci
U S A. 1996;93:3984–3989.

13. Nagayama T, Sinor AD, Simon RP, Chen J, Graham SH, Jin K, Greenberg DA.
Cannabinoids and neuroprotection in global and focal cerebral ischemia and in
neuronal cultures. J Neurosci. 1999;19:2987–2995.

14. Panikashvili D, Simeonidou C, Ben-Shabat S, Hanus L, Breuer A,
Mechoulam R, Shohami E. An endogenous cannabinoid (2-AG) is neu-
roprotective after brain injury. Nature. 2001;413:527–531.

15. Schwab S, Schwarz S, Spranger M, Keller E, Bertram M, Hacke W.
Moderate hypothermia in the treatment of patients with severe middle
cerebral artery infarction. Stroke. 1998;29:2461–2466.

16. Schäbitz WR, Berger C, Schellinger PD, Aschoff A, Steiner T, Schwab S.
Neurometabolic changes during treatment with moderate hypothermia in
a patient suffering from severe MCA infarction. Cerebrovasc Dis. 2001;
12:298–302.

17. Berger C, Schäbitz WR, Georgiadis D, Steiner T, Aschoff, Schwab S.
Effects of hypothermia on excitatory amino acids and metabolism in
stroke patients: a microdialysis study. Stroke 2002;33:519–524.

18. Giuffrida A, Parsons LH, Kerr TM, Rodriguez de Fonseca F, Navarro M,
Piomelli D. Dopamine activation of endogenous cannabinoid signaling in
dorsal striatum. Nat Neurosci. 1999;2:358–363.

19. Hillered L, Persson L, Ponten U, Ungerstedt U. Neurometabolic moni-
toring of the ischaemic human brain using microdialysis. Acta Neurochir
(Wien). 1990;102:91–97.

20. Schneweis S, Grond M, Staub F, Brinker G, Neveling M, Dohmen C,
Graf R, Heiss WD. Predictive value of neurochemical monitoring in large
middle cerebral artery infarction. Stroke. 2001;32:1863–1867.

21. Persson L, Valtysson J, Enblad P, Warme PE, Cesarini K, Lewen A, Hillered L.
Neurochemical monitoring using intracerebral microdialysis in patients with
subarachnoid hemorrhage. J Neurosurg. 1996;84:606–616.

22. Mendelowitsch A, Sekhar LN, Wright DC, Nadel A, Miyashita H,
Richardson R, Kent M, Shuaib A. An increase in extracellular glutamate
is a sensitive method of detecting ischaemic neuronal damage during
cranial base and cerebrovascular surgery: an in vivo microdialysis study.
Acta Neurochir (Wien). 1998;140:349–355.

23. Berger C, Annecke A, Aschoff A, Spranger M, Schwab S. Neurochemical
monitoring of fatal middle cerebral artery infarction. Stroke. 1999;30:460–463.

2114 Stroke August 2002




