K %

FAL (FXE)

AR ER

FHAFS OB A

FAREORMF

H
=3
g
¢
G
m

mXBEEEER

x| Btk

Bt (%)

R RHFSE 972 &

FEk 1 84 3H24H

EmBEMER AEBFEFER
FARAGE 6 45 1 Hx Y

Channel-mediated release of glutamate and ATP from

astrocytes
¥ A OEE U S
g MH Zfd
£ €5 FiE IE
B Wr BEERRIERKE)

— 273 —




MXABRDEE
CHANNEL-MEDIATED RELEASE OF GLUTAMATE AND ATP
FROM ASTROCYTES

Astrocytes release glutamate upon hyperexcitation in the normal brain, and in
response to pathologic insults such as ischemia and trauma. In the first part of his study,
the pathway responsible for release of glutamate from astrocytes was examined. Both
hypotonic and ischemic stimuli caused the release of glutamate from cultured mouse
astrocytes. The basal glutamate release from astrocytes was relatively low in standard
Ringer solution and did not exceed 0.28 = 0.05 uM over a 45-min incubation time. In
contrast, when the cells were transferred to hypotonic or ischemic solution, the
extracellular glutamate concentration rapidly increased and reached a level of 1. 7 - 2
uM within 15 min. In hypotonic solution, the extracellular glutamate concentration
rise was transient; the extracellular glutamate reached a maximum level and then
gradually decreased. In contrast, in ischemic condition the extracellular glutamate
concentration remained at the maximum level up to at least 45 min of incubation.
Pharmacological study by using the relative specific inhibitors demonstrated that the
glutamate release occurred with little or no contribution of gap junction hemichannels,
vesicle-mediated exocytosis or reversed operation of the Na-dependent glutamate
transporter. In the cell-attached (on-cell) configuration, no single -channel events were
observed in astrocytes perfused with standard Ringer solution. When the isotonic bath
solution was replaced with hypotonic solution, he could consistently observe
single-channel events of large amplitude. The channel events had the mean unitary
amplitudes of 10.5 = 0.7 pA (n = 10) and -6.0 = 0.8 pA (n = 10) at +25 and -25 mV,
respectively. Similar events with the mean u nitary amplitudes of 10.3 = 1.2 pA (n = 12)
and -6.0 = 0.8 pA (n = 10) at +25 and -25 mV, respectively, were also observed when
astrocytes were stimulated with chemical ischemia. The unitary I-V relationship for
these events exhibited slightly outward rectification and had a reversal potential of
-5.1 = 0.7 mV. The mean slope conductances for channels activated by hypotonicity
were 409 = 18 pS and 241 = 20 pS for outward and inward currents, respectively; the
channels activated by chemical ischemia had the mean slope conductances of 430 = 20
pS and 272 + 19 pS for outward and inward currents, respectively. Channel activation
occurred after a lag time, which varied from patch to patch and ranged from 6.8 to 16.6
min for hypotonic stimulation and from 7.6 to 1 5.9 min for chemical ischemia. Mean
values, however, did not differ significantly for hypotonic and ischemic stimulation.
Further study demonstrated that maxi-anion channel is anion-selective with a
permeability ratio of glutamate to CI” of 0.20 + 0.01. Gadolinium, arachidonic acid
(AA), NPPB and SITS shared consistent effects on both the activity of maxi -anion
channel and glutamate release from astrocytes in either hypotonic or ischemic stress

which indicated that maxi-anion channel is a major pathway for glutamate release in
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these situation.

The volume-sensitive outwardly rectifying (VSOR) CI™ channel, which was also
expressed in astrocytes, exhibited an intermediate unitary conductance (~80 pS) and
inactivation kinetics at large positive potentials of mor e than +40 mV, was permeable
to glutamate with a permeability ratio of glutamate to chloride of 0.15 = 0.01. However,
the release of glutamate was significantly more sensitive to Gd>*, a blocker of
maxi-anion channel, than to phloretin, a blocker of the VSOR CI™ channel.

In the second part of the present study, the possible relation between activity of
maxi-anion channel and ATP release was tested in mouse astrocytes in primary culture
upon hypoxia. In response to hypoxia stress, astrocytes exhibited both activation of
maxi-anion channel and massive release of ATP. Hypoxia-induced ATP release was
inhibited by blockers of maxi-anion channel, but not by those of the VSOR CI™ channel
and other candidate pathways for ATP release, such as gap junction hemichanne I, ABC
(ATP-binding cassette) transporters (CFTR, MDR), and exocytosis. Using a biosensor
technique based on ATP responses of P2X; receptors overexpressed in HEK293 cells,
the local ATP concentration on a single astrocyte surface was found to increase to
about 3.7 uM during hypoxia.

Based on his results, he concluded that cultured mouse astrocytes abundantly
express both the maxi-anion channel and the volume-sensitive outwardly rectifying
(VSOR) chloride channel. The maxi-anion channel and VSOR CI™ channel jointly
represent a major conductive pathway for release of glutamate from swollen and
ischemia-challenged astrocytes, with a predominant contribution from the maxi -anion
channel. The maxi-anion channel but not the VSOR Cl1~ channel, contributes to the
release of ATP from astrocytes under hypoxic stress. Hypoxia could induce maxi -anion
channel activation in astrocytes of acutely isolated mouse hippocampus slices further
indicated that maxi-anion channel properly functioning for some important roles in
physiological/pathological conditions.
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