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The effects of arachidonic acid (20:4) on the uptake of
glutamate were studied in primary cultures of cere-
bellar granule cells and were compared to cortical
neurons and astrocytes. At a dose of 0.005 mM, the
glutamate uptake was significantly inhibited in cere-
bellar granule cells. This inhibition was dose and time
dependent. The uptake of glutamate was equally sen-
sitive to 20:4 in primary cell cultures of cortical neu-
rons, whereas the uptake in astrocytes was much less
sensitive to 20:4. Glutamine uptake was inhibited by
20:4 in cultured cerebellar granule cells and cerebral
cortical astrocytes but was not affected in cerebral
cortical neurons. Furthermore, the uptake of gamma-
aminobutyric acid was not affected by 20:4 in cerebel-
lar granule cells.
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INTRODUCTION

Using brain slices and synaptosomal preparation
Chan and his associates had demonstrated that arachi-
donic acid (20:4) was able to inhibit uptake of amino acid
neurotransmitters glutamate and gamma-aminobutyric
acid (GABA) [Chan et al, 1983]. Uptake inhibition of
these amino acids in CNS is important because reuptake
is the major mechanism for eliminating these extracellu-
lar accumulated neurotransmitters under normal physio-
logical conditions [Johnson, 1978; Schousboe and Hertz,
1981]. Inhibition or malfunction of this reuptake system
would lead to the accumulation of amino acids in the
extracellular space. This is particularly critical in the case
of glutamate and other excitatory neurotransmitters that
have properties such as neuroexcitation [Johnson, 1978],
depolarization [Bowman and Kimelberg, 1984] and
edema induction [Van Harreveld and Fifkova, 1971;
Mgller et al, 1974; Chan et al, 1979].

We reported previously that 20:4 inhibited gluta-
mate uptake in primary cultures of cerebral cortical astro-
cytes and neurons [Yu et al, 1986]. Results demonstrated
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that the uptake mechanism for glutamate in cerebral cor-
tical neurons was more sensitive to 20:4 treatment than
that of cerebral cortical astrocytes. In the case of GABA
uptake, 20:4 only affected cerebral cortical neurons,
whereas GABA uptake in astrocytes was not affected.
The present investigation has been aimed at extending
the study of 20:4 effects on cerebellar granule cells, a
different type of neuronal culture, which is known to be
glutamatergic in nature [Herndon and Coyle, 1977; Mes-
ser, 1977]. Thus, the purposes of these experiments are
twofold. First, it is not clear whether the inhibitory effect
of 20:4 on glutamate uptake is specific in cerebral cortex
cultures; using cultures from cerebellum allows compar-
ison of the 20:4 effect on uptake in cells of different
origin. Second, the effect of 20:4 on glutamate and
GABA uptake in both cerebellar granule cells (glutama-
tergic) and cerebral cortical neurons (GABAergic) can
be compared. Furthermore, the effect of 20:4 on the
uptake of glutamine is studied. This study is considered
to be important because glutamine has no neurotransmit-
ter properties but, metabolically, it is closely related to
glutamate and GABA.

MATERIALS AND METHODS
Cell Cultures

Primary cultures enriched in cerebellar granule cells
were prepared on the basis of the work by Messer [Mes-
ser, 1977], with minor modifications [Yu and Hertz,
1982a]. Cerebellar hemispheres of 7-8-day-old Sprague-
Dawley rats were freed from the meninges, cut into small
cubes, and trypsinized for 2-3 min with 0.2% trypsin in
Puck’s solution at room temperature. The trypsinized
tissue was triturated with a 10-ml pipette. The resulting
cell suspension was centrifuged for 5-10 min at 900g and

Received December 15, 1986; revised March 3, 1987; accepted March
6, 1987.

Address reprint requests to Albert C.H. Yu/ Pak H. Chan, Depart-
ment of Neurology, M-794, University of California, San Francisco,
CA 94143.



pelleted cells were resuspended in a modified Eagle’s
minimum essential medium (MEM) [Hertz et al, 1982]
containing an increased concentration of potassium (24.5
mM) and glucose (30 mM), as well as 0.1 mg/mi of p-
aminobenzoic acid [Messer, 1977; Yu and Hertz, 1982a]
and 5% horse serum (from Sterile System, Logan, UT).
Tissue corresponding to one cerebellum per two dishes
was seeded in 60-mm Falcon plastic tissue culture dishes
precoated with D-polylysine [Yu and Hertz, 1982a; Yu
et al, 1984]. After 15-20 min of incubation at 37°C,
unattached cells (mostly nonneuronal cells) were re-
moved together with the medium which was replaced
with fresh medium. At day 4, the cultures were treated
with 40 uM of cytosine arabinoside—for 24 hr to elimi-
nate the proliferating astrocytes in the cultures. These
cultures were used for uptake studies at day 21.

Primary cultures of cortical neurons were obtained
from the brain hemispheres of 16-17-day-old Sprague-
Dawley rat embryos and primary cultures of cortical
astrocytes were prepared from newborn Sprague-Dawley
rats. The procedure for the preparation of these cultures
is described in previous publication [Yu et al, 1986].

Uptake of Amino Acids

Uptake of glutamate (50 uM), glutamine (500 uM),
and GABA (50 uM) were determined as previously de-
scribed [Yu and Hertz, 1982a; Yu et al, 1984, 1986]. For
measurement of the effects of 20:4 on the uptake of these
amino acids, cultures were washed two times with 37 °C
serum-free modified MEM, then pre-incubated in me-
dium containing the desired amount of 20:4 (0.005, 0.01,
0.05, and 0.1 mM). The preincubation times were 30
and 90 min. Corresponding control cultures had the same
preincubation period of time but were not exposed to
20:4. At the end of the preincubation period, radioactive
amino acid (0.1 uCi/ml) (Amersham, Arlington Heights,
IL) was added directly to the culture. The uptake incu-
bation lasted for exactly 5 min, a time needed to ensure
that the uptake occurred at close to their initial rates [Yu
and Hertz, 1982a]. In addition to this, the short uptake
incubation time minimizes the loss of accumulated amino
acid as CO;, a metabolic process that may be quite
pronounced in the case of glutamate [Yu and Hertz,
1982b]. After the incubation period, the cultures were
rapidly washed twice with ice-cold MEM. One milliliter
of 1 M NaOH was added and radioactivity and protein
were determined in the dissolved cultures. Uptake rates
at 5 min were calculated from the radioactivity per mil-
ligram of protein and the specific activity in the incuba-
tion media [Yu et al, 1984, 1986; Yu and Hertz, 1982a].

RESULTS AND DISCUSSION

Evidence from several lines of research have shown
that cerebellar neuron-enriched cultures maintained in

Arachidonic Acid Effect on Cerebellar Granule Cells 425

serum-containing medium are about 95% enriched by
one particular neuronal cell population—the granule cells
[Gallo et al, 1986]. These neurons are considered gluta-
matergic [Messer, 1977; Drejer et al, 1982]; therefore
their cultures should be well suited to compare the differ-
ences in response to 20:4 of these neurons to GABAergic
neurons obtained from cerebral cortex [Dichter, 1980;
Yu and Hertz, 1982a; Yu et al, 1984, 1986]. Figure 1
shows cerebellar granule cells 21 days in culture. These
neurons were cells attached to the polylysine-coated sur-
face within the first 20 min of incubation. They can be
kept in culture for over a month. Uptake of glutamate by
the granule cells was at a rate of 4.92 nmole X mg™!
protein X min~! and uptake of glutamine occurred at a
rate of 1.85 nmole X mg~! protein X min~!, GABA
was taken up at a lower rate of 0.73 nmole X mg™!
protein X min~!. These findings were similar and in
agreement with those reported in mouse cerebellar gran-
ule cell cultures by Yu and Hertz [1982a]. The uptake of
GABA in this culture was very low, which agrees with
others’ findings that glutamatergic granule cells did not
take up GABA [Messer, 1977; Drejer et al, 1982; Yu and
Hertz, 1982a]. The development of rat cerebral astro-
cytes and neurons in culture has been previously reported
[Yu et al, 1986].

Figure 2 shows that 20:4 inhibited the uptake of
glutamate in cerebellar granule cells. Similar observation
was reported in cerebral cortical neurons and cerebral
astrocytes [Yu et al, 1986]. For 30-min treatment studies,
0.005 and 0.01 mM 20:4 did not affect the uptake,
whereas at doses of 0.05 and 0.1 mM the uptake was
significantly (P < 0.0001) inhibited. For 90 min studies,
the glutamate uptake was inhibited significantly at a dose
as low as 0.005 mM and an 80% inhibition was observed
at 0.1 mM 20:4. This indicates that the effect of 20:4 on
glutamate uptake is not only dose but is also time depen-
dent. In comparison to cerebral cortical neurons, the
uptake was equally sensitive to 20:4. As previously re-
ported [Yu et al, 1986], astrocytic glutamate uptake was
only inhibited at doses at least above 0.05 mM. There-
fore, it is reasonable to believe that neurons, even from
different origins and using different neurotransmitters,
are more sensitive to 20:4 than astrocytes. Since the
inhibition of glutamate uptake may have a detrimental
effect on neuronal cellular swelling, this may also con-
tribute to the greater vulnerability of neurons to edema
inducing factors (eg, 20:4) than astrocytes.

Glutamine was taken up by cerebellar granule cells,
astrocytes, and cerebral cortical neurons at a rate of 1.85
nmole X mg~! protein X min~!, 4.74 nmol X mg~!
protein X min~! and 0.69 nmole X mg™! protein X
min~!, respectively. The glutamine uptake, after a 90
min exposure to 0.1 mM 20:4, was inhibited significantly
(40%) in cerebellar granule cells and in cerebral astro-
cytes (35%). The same concentration of 20:4 did not



Fig. |. Phase-contrast micrograph of primary colture of cerebellar granule cells.
Cells were obtained from T-day-old ez and grown for 21 days in colture with
eytosinge arabinoside tresiment between day 4 and 5. Bar equals 40 pm.

affect glotamine uptake in cerebral cortical neurons, The
reason for the lack of effect of 2004 on glutamine uptake
in cershral cortical neuronal cultures is not clear at pres-
ent. [t may imply that these cells have different mem-
brane properties than astrocytes and cerebellar granule
cells, The above specificity was also observed in the case
of GABA uptake.

GABA was tuken up by all three types of cultures.
Cerebral corlical neurons wok up GABA al a higher rate,
1.3 nmole % mg ! protein % min~ ' [Yu et al, 1986,

Fig. 2. Changes in the uptake rale of ["C-U] glutamate,
expressed as percentazes of control values in primary culturs
af il cerebellar gramule cells atter 36 (topd and 90 (hottom)
min of exposire o virious concentrations of 2004 The uptake
rates were measured at 5 min. The concentration of glutamate
was 50 pM. Results are means of 4-6 experiments and S1EM
vilues are shown by vertical bars,
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compared to astrocytes and granule cells, 0.13 nmol X
mg~! protein X min~! and 0.73 nmole X mg™~! protein
x min~!, respectively; 0.1 mM of 20:4 affected GABA
uptake in cerebral neurons [Yu et al, 1986], a GA-
BAergic preparation [Dichter, 1980; Yu et al, 1984,
1986], but not in cerebellar granule cells and astrocytes
as indicated in the present study.

It has been shown previously that the granule cells
have a nonsaturable GABA uptake [Yu and Hertz, 1982a].
Thus, 20:4 may interfere with saturable neuronal GABA
uptake but not with nonsaturable neuronal uptake. Based
on these observations, the GABA uptake inhibition seen
in brain slices [Chan et al 1983] may only be a GA-
BAergic neuronal phenomenon, whereas the glutamate
uptake inhibition in brain slices involved both neurons
and astrocytes.

In summary, 20:4 affects glutamate uptake in cere-
bellar granule cells to the same extent as GABAergic
cerebral cortical neurons, even though the neurons are
cultured from different parts of the brain and utilize
different neurotransmitters. The uptake of glutamate in
neurons is more vulnerable to 20:4 than astrocytes. The
effect of 20:4 on the uptake of amino acids (glutamine
and GABA) in different types of cultured neural cells is
very specific. This suggests that the inhibition is not due
to a general alteration in membrane integrity caused by
20:4. Further studies are needed to elucidate the actual
mechanisms and factors involved in the inhibitory effect
of 20:4 on amino acid uptake.

ACKNOWLEDGMENTS

This work was supported by NIH grant NS-14543.
We thank Ms. Sheryl Colwell for help in preparation of
this manuscript.

REFERENCES

Bowman CL, Kimelberg HK (1984): Excitatory amino acids directly
depolarize rat brain astrocytes in primary culture. Nature
311:656-659.

Chan PH, Fishman RA, Lee JL, Candelise L (1979): Effects of
excitatory neurotransmitter amino acids on swelling of rat
brain cortical slices. J Neurochem 33:1309-1315.

Chan PH, Kerlan RA, Fishman RA (1983): Reductions of GABA and

Arachidonic Acid Effect on Cerebellar Granule Cells 427

glutamate uptake and (Na* + K*)-ATPase activity in brain
slices and synaptosomes by arachidonic acid. J Neurochem
40:309-316.

Dichter MA (1980): Physiological identification of GABA as the
inhibitory transmitter for mammmalian cortical neurons in
culture. Brain Res 190:111-121.

Drejer J, Larsson OM, Schousboe A (1982): Characterization of L-
glutamate uptake into and release from astrocytes and neurons
cultured from different brain regions. Exp Brain Res 47:259-
269.

Gallo V, Ciotti MT, Aloisi F, Levi G (1986): Developmental features
of rat cerebellar neural cells cultured in a chemically defined
medium. J Neurosci Res 15:289-301.

Herndon RM, Coyle JT (1977): Selective destruction of neurons by a
transmitter agonist. Science 19:71-73.

Hertz L, Juurlink BHJ, Fosmark H, Schousboe A (1982): Astrocytes
in primary cultures. In Pfeiffer SE (ed): “Neuroscience Ap-
proached Through Cell Culture,” Vol 1. Boca Raton, Florida:
CRC Press, pp 175-186.

Johnson JL (1978): The excitant amino acids glutamic acid and aspar-
tic acid as transmitter candidates in the vertebrate central ner-
vous system. Prog Neurobiol 10:155-202.

Messer A (1977): The maintenance and identification of mouse cere-
bellar granule cells in monolayer culture. Brain Res 130:1-12.

Mgller M, Mollgard K, Lund-Anderson H, Hertz, L (1974): Concor-
dance between morphological and biochemical estimates of
fluid spaces in rat brain cortex slices. Exp Brain Res 22:299-
314.

Pearce BP, Dutton GR (1981): K™ -stimulated release of endogenous
glutamate, GABA and other amino acids from neuron- and
glia-enriched cultures of the rat cerebellum. FEBS Lett
135:215-218.

Schousboe A, Hertz L (1981): Role of astroglial cells in glutamate
homeostasis. DiChara G, Gessa L (eds): “Glutamate as a
Neurotransmitter, Advances in Eiochemical Psychopharmacol-
ogy,” Vol 27. New York: Raven Press, pp 103-113.

Van Harreveld A, Fifkova E (1971): Light- and electron-microscopic
changes in central neuron tissue after electrophoretic injection
of glutamate. Exp Mol Pathol 15:61-81.

Yu ACH, Hertz L (1982a): Uptake of glutamate, GABA and glutamine
into a predominantly GABA-ergic and a predominantly gluta-
matergic nerve cell population in culture. J Neurosci Res 7:23-
35.

Yu ACH, Hertz L (1982b): Metabolic fate of *C-labeled glutamate
in astrocytes in primary cultures. J Neurochem 39:954-960.

Yu ACH, Hertz E, Hertz L (1984): Alteration in uptake and release
rates for GABA, glutamate and glutamine during biochemical
maturation of highly purified cultures of cerebral cortical neu-
rons, a GABAergic preparation. J Neurochem 42:951-960.

Yu ACH, Chan PH, Fishman RA (1986): Effects of arachidonic acid
on glutamate and gamma-aminobutyric acid uptake in primary
cultures of rat cerebral cortical astrocytes and neurons. J Neu-
rochem 47:1181-1189.



