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We studied the effects of endocannabinoid anandamide and its cyclooxygenase derivative
prostamide E2 on cultured cerebellar granular cells and C6 glioma cells from rats. Prostamide
E2 prevented apoptosis in cerebellar neurons induced by potassium deprivation of cultures,
while anandamide had no neuroprotective properties. Prostamide E2 did not modulate the
survival rate of glioma cells, while anandamide produced a cytotoxic effect. Our results indi-
cate that cyclooxygenase transformation of anandamide is followed by the loss of antitumor
activity of this agent. By contrast, prostamide E2 exhibited strong neuroprotective properties.
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Fatty acid-acylated derivatives of ethanolamine belong
to a recently discovered family of endogenous neu-
rolipins with a wide range of properties. They serve
as modulators of the brain endocannabinoid and en-
dovaniloid systems [7]. Much attention was paid to
endocannabinoid N-arachidonoyl ethanolamine (anan-
damide, AA-EA), which belongs to this family. This
substance is synthesized and released from neurons in
response to membrane depolarization. AA-EA serves
as a neuronal messenger [5]. Under the effect of fatty
acid amide hydrolase, AA-EA is degraded with the
formation of arachidonic acid and ethanolamine [11].
Another possible pathway of AA-EA metabolism is
oxidation by cyclooxygenases with the formation of
prostaglandin ethanolamides, or prostamides [12]. It
cannot be excluded that oxidized derivatives exhibit a
specific range of biological properties.
Endocannabinoids regulate processes determining
cell viability. They can produce either cytoprotective
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or cytotoxic effect depending on environmental con-
ditions and stage of differentiation. Published data
show that endocannabinoid production is increased in
the damaged brain [9]. Moreover, the cells not carry-
ing cannabinoid receptors are more sensitive to injury
[8]. It was hypothesized that endocannabinoids play
a role in the neuroprotective mechanisms. However,
endocannabinoids produce the cytotoxic and antipro-
liferative effect on some tumor cells (including nerve
cells) [6]. The involvement of AA-EA cyclooxygenase
metabolites in these processes received little attention.

Here we studied the protective and toxic proper-
ties of AA-EA and prostamide E2 (PGE2-EA) in cul-
tures of normal and transformed nerve cells.

MATERIALS AND METHODS

Ethanolamides of arachidonic acid and prostaglandin
E2 (AA-EA and PGE2-EA; Fig. 1) were synthesized
and characterized at the Laboratory of Oxylipins (M.
M. Shemyakin and Yu. A. Ovchinnikov Institute of
Bioorganic Chemistry) [3].

Primary cultures of rat cerebellar granular cells
were obtained as described elsewhere [4]. The neuro-
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Fig. 1. Structural formulas of AA-EA and PGE2-EA.

protective effect in cultured cerebellar granular cells
from 7-day-old rats was studied on the model of K*
deprivation. To this end, K™ concentration in the nu-
trient medium was reduced from 25 to 9 mM on day
7-8 of culturing, which induced apoptosis of neurons.
The survival of neurons in the presence of AA-EA
or PGE2-EA was evaluated by the reduction of di-
methylthiazole diphenyl tetrazolium bromide to water-
insoluble formazan (MTT test) after 24 h. The survival
was expressed in percentage (relative to the control
cultures not exposed to K™ deprivation).

C6 glioma cells were cultured as described pre-
viously [1]. The cells were put in wells of a 96-well
plate (2x10* cells per well). The test substances were
added after 24-h culturing (1 concentration in 4 wells).
Matrix solutions were prepared in the nutrient medium
with 10% fetal bovine serum, which improved solubi-
lity of lipid compounds. Cell survival was estimated
in the MTT test after 24-h incubation. The cells were
dissolved in DMSO. Formazan absorption (A) was
measured on a Packard plate photometer at 570 and
620 nm. The relative number of viable cells was cal-
culated as follows: A -A . The effect of the test
compounds was evaluated in 3 independent experi-
ments. The percentage of survived cells was calculated
(relative to the intact control).

The significance of differences was estimated by
the analysis of variance and Dunnet’s test.

RESULTS

The presence of AA-EA or PGE2-EA (0.1-10 uM)
in the control nutrient medium with 25 mM K" for

AA-EA

PGE2-EA

24 h had no effect on survival of neurons (data not
shown). Under conditions of K* deprivation, AA-EA
in concentrations of 0.1-1 uM had no neuroprotective
effect (Table 1). The survival of neurons increased by
20% with increasing AA-EA concentration to 10 pM.
PGE2-EA in the same concentrations produced a po-
tent protective effect, which reached 77% at a concen-
tration of 1 uM (Table 1).

Neurodegenerative processes are often accompa-
nied by inflammation. Published data show that activi-
ty of induced cyclooxygenase 2 (COX-2) in astrocytes,
neurons, neutrophils, and capillary endothelial cells in-
creases under these conditions [10]. Increased synthe-
sis of N-acyl ethanolamines in damaged nerve tissues
probably contributes to the improvement of neuronal
survival [9]. Our results indicate that transformation
of N-acyl ethanolamines into the corresponding pros-
tamides can be a protective mechanism realized in the
ischemic area.

Opposite results were obtained in experiments on
rat C6 glioma cells. AA-EA in concentrations of 1-10
UM caused a moderate decrease in the viability of
cells, while PGE2-EA in concentrations of 0.1-5 uM
had no toxic effect (Table 2). Published data show
that the content of N-acyl ethanolamines and expres-
sion of COX-2 increase in some primary tumors and
metastases [2]. These data suggest that transformation
of unsaturated N-acyl ethanolamines into prostamides
in tumors serves as a pathway for inactivation of these
compounds.

We conclude that AA-EA and PGE2-EA (cyclo-
oxygenase derivative of this compound) produce vari-
ous effects on normal and transformed nerve cells. It

TABLE 1. Survival of Neurons after K* Deprivation-Induced Apoptosis in the Presence of AA-EA and PGE2-EA (% of intact

control; M+m)

Concentration, pM
Compound
0.1 0.5 1
AA-EA 0.20+1.07 0.00+0.65 2.4+2.3
PGE2-EA 21.1+£8.6* 59.3+4.9* 77.40+2.87*

Note. Here and in Table 2: analysis of variance, p<0.05. *p<0.01 compared to the intact control (Dunnet’s test).
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can be hypothesized that activation of cyclooxyge-
nases in tumors is a protective mechanism reducing
AA-EA activity. The formation of PGE2-EA in normal
tissues prevents apoptosis of neurons, which increases
their resistance to adverse factors.
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