190 Brain Research, 170 (1979) 190-193
© Elsevier/North-Holland Biomedical Press

Neuronal cues regulate uptake in cultured astrocytes
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Astrocytes of the vertebrate central nervous system are postulated to nourish
neurons®10:13_ to electrically insulate cortical neuronal columns!3, to cue patterns of
developmental migrations of neurons!4, and to regulate the ionic environment of brain®:
17,19, Despite persistent investigation, the function or functions of this phylogenetically
ubiquitous cell type remain largely hypothetical. Neurons and their attendant glia are
considered to be a functional metabolic unit. For this to be the case, at least two criteria
must be met: (1) some mechanism must exist for communication of relevant informa-
tion about the metabolic state of one cell-type to the other; and (2) either cell-type must
be able to alter its metabolism in response to cues emitted by the other. Although the
spectrum of neuronally emitted cues is large, ideally, such cues should reflect some
aspect of neuronal activity. In the present study we have selected extracellular K+ and
3 putative neurotransmitters as neuronal cues, since it is known that the cerebral levels
of both reflect neuronal activity and that each also affects glial membrane potential®.18,
oxygen uptake! and cyclic nucleotide levels3.9.11. One manner in which neurons may
affect glial metabolism is by inducing alterations in the glial uptake of key metabolites,
such as glucose, possibly a rate-limiting step in cerebral glycolysis!é and selected amino
acids, the uptake of which by the glial cells may, in part, reflect transfer from the extra-
cellular space of brain tissue?.12.

Recently, we developed a technique for the cultivation of a purified population of
astrocytes, derived from neonatal rat forebrain? and in the present study we investigate
the effect of neuronal cues (see above) on the astrocytic uptake of the glucose analogue
2-deoxy-D-glucose (2-DOG) and of L-methionine (MET), the precursor amino acid
essential for the cerebral synthesis of the universal methyl donor molecule, S-adenosyl-
L-methionine.

Under the conditions of the experiment described in Fig. 1, the uptake of 2-DOG
remained linear for at least 15 min. To determine the effects of extracellular K+ on the
uptake of 2-DOG, KCl replaced NaCl on a molar basis. Plates of confluent cells were
incubated with 0.25, 0.50, and 1.0 mM 2-DOG at the indicated concentrations of extra-
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Fig. 1. The effect of extracellular K+ on the uptake of 2-DOG. Cerebra from 3-5-day-old male rats were
dissected under sterile conditions minced with a razor blade and trypsinized in 0.25%; (w/v) trypsin in
Hank’s or Earle’s balanced salt solution. Fragments were pelleted at 1000 X g, the pellet resuspended in
10 ml of tissue culture medium containing 109 fetal bovine serum, and aliquoted into Falcon flasks
or tissue culture dishes. Cells are confluent in 12-14 days2. All experiments were done on cells re-fed
within the preceding 48 h. For each experiment, dishes were washed free of media with 15 ml of isotonic
saline at 37 °C, and incubated in the presence of 2-DOG containing 1.0 zCi of [G-3H]2-DOG (10 Ci/
mmol, New England Nuclear, Boston, Mass.) in a buffer containing 5.3 mM KCl, 150 mM NacCl, 1.0
mM CaCls, 0.6 mM MgClz, 1.6 mM KH32PO4 and 4.3 mM NasHPO,, in a 95 %/5 % air/COzincubator
for 15 min. Uptake was terminated by pouring off the medium, and rapidly washing the dishes with ice-
cold saline. The cells were then digested with 2.0 ml of 0.4 M NaOH for the measurement of intracellular
2-DOGS. Aliquots were neutralized and counted in duplicate. 2-DOG concentration (in mM):0.25,
squares; 0.50, triangles; and 1.0, circles.

TABLE I
Uptake of 2-DOG or MET by primary cultures of astrocytes

Dishes of confluent cells were incubated with 500 uM 2-DOG (as in Fig. 1) or with 500 nM MET (as
in Fig. 2) in 2.0 ml of buffer (described above), with a final concentration of K+ of 6.9 mM. Agents were
added to the final concentration indicated. Controls contained no added agents. Uptake values repre-
sent the mean + S.E.M. of duplicate determinations on 3-5 dishes. Asterisk indicates a significant
difference (P < 0.05) from control values by the Student’s t-test. ND,.not done.

Agent 2-DOG uptake % Control ~ MET uptake % Control
( nmol/mg protein/ (pmol/mg protein/
15 min) 2.5 min)
Control 152 + 9 100 94 +3 100
Ca?*-free 86 4 9* 57 ND
5-HT (1 M) 111 + 6* 73 ND
dbcAMP (1 uM) 155 +4 102 5545 59
GABA (1 uM) 134 + 7 88 99 + 5 105
Ouabain (10 uM) 174 + 16 114 74 4+ 4 80
NE
50 nM ND 180 + 18* 191
500 nM ND 194 4 19* 206
1uM 130 + 5* 86 ND
5 uM ND 200 + 20* 213

50 uM ND 185 4 18* 197
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Fig. 2. K*-dependence of L-methionine uptake. MET, as indicated, was incubated in a buffer containing
[U-14C]L-methionine (spec. act. 213 mCi/mmol, New England Nuclear, Boston, Mass.); 6.9 mM K+,
squares; 11.9 mM K-, circles; and 16.9 mM K, triangles. Buffer as described above. Dishes were in-
cubated for 2.5 min, washed as above, and the cells were disrupted by the addition of 0.2 N perchloric
acid. Each point represents duplicate determinations on 3-5 dishes.

cellular K. Elevation of extracellular K* to 11.9 mM increased the uptake of 2-DOG
over the uptake at 6.9 mM K+. Further elevations in K+ caused no further increase in
2-DOG uptake.

Norepinephrine (NE), serotonin (5-HT), gamma-aminobutyric acid (GABA),
ouabain and N-6, O-2'-dibutyryl-3’,5'-cyclic AMP (dbcAMP) were tested to determine
their effect on 2-DOG uptake in a medium containing 6.9 mM K+. The 3 putative neuro-
transmitters reduced 2-DOG uptake, NE and 5-HT significantly, while ouabain and
dbcAMP had no effect. Omission of Ca2* from the incubation medium caused a highly
significant decrease of 2-DOG uptake, indicating that uptake may be a Ca2* requiring
process (Table I).

The uptake of MET was found to be linear for 2.5 min, for up to 2.4 uM (data not
shown). Fig. 2 shows MET uptake in the 100-500 nM range, and at 3 concentrations
of extracellular K+. Fig. 2 also shows that at the higher concentrations of MET,
elevation of extracellular K+ from 6.9 mM to 11.9 mM decreased MET uptake signif-
icantly.

To test the effect of NE on MET uptake, dishes containing buffer with 6.9 mM
K+ and 500 nM MET were incubated at several concentrations of NE. NE at concentra-
tions as low as 50 nM stimulated the uptake of MET significantly.

The present study shows that the uptake of 2-DOG and MET into cultivated
astrocytesis reciprocally modulated by extracellular K*+and putative neurotransmitters.
Whether the effects of K+ and NE are the result of direct interaction with the relevant
carrier system is not clear at this time. It is of particular interest that the extracellular
concentrations of K+ which elicited alterations in astrocytic uptake correspond closely
to the physiological upper limit of extracellular K+ in stimulated cortex8:18. Moreover,
our results also suggest the possibility of the regulation of glial uptake in vivo by eleva-
tions in extracellular K+ and neurotransmitter levels. Neurons may thus alter the phy-
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siological responses and/or the metabolism of astrocytes by modulating the uptake of
glucose and amino acids.
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